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Nuclear Data Sheets for#23*
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Lawrence Berkeley National Laboratory
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Berkeley, California 94720

Anagha Chakrabort¥f

Department of Physics,
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Santiniketan- 731 235, West Bengal, India

Abstract: Evaluated spectroscopic data and level schemes from @ili@alecay and nuclear reaction studies are
presented fof3N, 220, 23F, 23Ne, 28Na, 23Mg, 23Al, and 23Si. This evaluation for A23 supersedes the earlier
one by R. B. Firestone2Q07Fi03.

Highlights of this evaluation are the following:

The recommended absolugeray emission probability (% in the 23Ne - decay was reported with 3.0% systematic
uncertainty in1986BrZQ In 2007Fi02 the P for the most intense ray was recommended with 4% uncertainty.
These uncertainties are comparable with the total exctizte 8 feeding uncertainty of 33, resulting from 100
- 67 1 (g.s. B feeding) in23Na (1963Ca08. In this evaluation, notes are added for relative and aisglray
emission probabilities.

From new measuremen2)20KwO01 constrain the spin of the 7788 keV level, the dominant rescasstate for the
22Na(py)?2Mg reaction rate at stellar temperature 2iMg to (32*,5/2%). Earlier assignment wagZ.

The 23Al ¢ decay scheme appears to be incomplete. Some of the latesteplata on thé3Al & decay study in the
literature need verification.

Cutoff Date: All data received by June 1, 2020 have been evaluated. Duhisgevaluation, the NSR database
(2014Pr09 was used extensively.

General Policies and Organization of Material:  See the January issue of tiMuclear Data Sheet®r httpy/
www.nndc.bnl.goyndgNDSPolicies.pdf.
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NUCLEAR DATA SHEETS

Properties of A=23 Mirror States (T=1/2)

E(%%Na) Jr E(*%Mg) Jr AEx
0.0 3/2%F 0.0 3/27F 0
440.2 4 5/2F 450.70 15 5/2* +10.5
2076.2 4 7/2% 2051.6 4 7/2% -24.6
2390.9 3 1/2% 2357.0 7 1/2% -33.9
2640.5 6 1/2~ 2771.2 7 1/2° +130.7
2703.8 5 9/2% 2714.5 5 9/2% +10.7
2982.0 5 3/2%F 2905.2 7 (3/2)* -76.8
3677.9 5 3/2” 3794.1 4 3/27 +116.2
3847.9 5 5/2” 3971.7 6 5/27 +123.8
3914.6 4 5/2F 3860.6 7 3/2%,5/2% -54.1
4429.63 16  1/27 4356.4 20 1/2* -76.6
4775.2 5 7/2% 4681.5 7 (7/2)* -93.7
5378.56 15 5/2% 5287.5 8 3/2%,5/2% -91.1
5534.2 6 11/2% 5453.7 6 (11/2)* -80.5
5741.0 15 5/2% 5658 4 5/2% -85
5965.9 9 3/2” 5992.8 9 1/27,3/27 +26.9
6041.9 6 7/2° 6129.3 7 (7/27) +87.4
Isospin Quadruplet States (T=3/2) in A=23

N E(%3Ne) E(%3Na) E(%3Mg) E(%3A1)

5/2F 0.0 7891.2 3 7803.0 6 0.0

1/2% 1016.93 2 8665.0 18 550 20




NUCLEAR DATA SHEETS
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NUCLEAR DATA SHEETS

Skeleton Scheme for A=23

or 0.0 4+ 00 0F 0.0
72ms 5 2.053s4 i 141.4 ms 15 i
24 l 24 24ai
8016 137l 145110
41% 0.0012% 45%
Q(B~n)=7140170 Q(B*p)=2192.023 Q(ep)=893020
S) 25470670
SP 24180480
S(n) 3120470
""""""""""""""""" S(P) 24430240
0.0
14.1 12-1
;n: * 3 S(a) 20220160
N I\ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
7'V16
Q =22100440 100%
S(n) 19525syst
S(a) 1500040
S(n) 2730130 o
""""""""""""""""" S(P) 1329070
S(a) 860611
1/2+ 0.0 e
97ms 8 :
230
8 “~15
S(n) 758040 s
Q-=11340130  100% S 1523612
S(n) 13144.94 2
""""""""""""""""" 5 )
S(@)  10911.826 [~ 246ms6
S(a) 9650.4823 23
(5/2) 0.0 G aogng mpg o e 13710
S(n)  12419.6617 100%
223514 } """"""""""""""""" S(p) 7580.9723 Q=12221.64
23
9F14 S(") 52006510
Q =844030 100%
5/2+ 0.0 3ot 0.0
3725510 )\ 11.3046 s 45
23
1oNes Mg,
100%
_ 3/2+ 0.0100%
=4375.8010 _
Q <abie Q*=4056.17B2
23
7iNay,




NUCLEAR DATA SHEETS

Skeleton Scheme for A=23 (continued)

S(n) 17712syst

S(a) 10556syst

(5/2) 0.0

/ 423ms4
23a;i
1450y

100%
Q"=16950syst

Ground-State and |someric-L evel Properties
Nuclide  Level Jt T1/2 Decay Mode
2N 0.0 14.1ms+12-13  %B=100; %3 n=426; %3 2n=84...
230 0.0 1/2 97 ms8 %B-=100; %3 n=72
23F 0.0 (5/2") 2.23s14 %B~=100; %3 n<14
2Ne 0.0 5/2 37.25s10 %B-=100
23Na 0.0 3/12 stable
Mg 0.0 3/2 11.3046 A5 %e+%B*=100
23] 0.0 5/2+ 446 msb %e+%B*=100; %£p=1.043
23gj 0.0 (5/2f  42.3ms4 %e+%B3=100; %ep~88; %e2p=3.64
240 0.0 o 72 ms5 %B Nn=416
24 0.0 4+ 2.053 4 %pB*p=0.00123
245 0.0 0 141.4 msl5 %ep=454




Nl NUCLEAR DATA SHEETS 2N, -1

Adopted Levels

Q(87)=22.10<10® 44; S(n)=3.12<10° 47; S(p)=24.18<10° 48, Q(a)=—25.4%10° 67 2017Wal0

QB Nn)=19.3%10° 42 (2017Wall; Q(3~2n)=12.5¢<10° and QB 3n)=8.7x10° — deduced by evaluators using mass data in
2017Wal0

S(2n)=4.7x10® 4, S(2p)=55.2<10° 10 sys(2017Wal).

Particle stability established in tantalum?CAr reactions {985La031986P013. Produced by®1Ta(*°Ar,X) E=95 MeV/nucleon
(1998Y008.
Precise mass measureme2@12Ga452007Ju03

23N Levels

Cross Reference (XREF) Flags

A 2H(**O,p)

E(level) Ti2 XREF Comments

0.0 14.1ms+12-13 A %8~ =100; %~ N=42 6, %B~2n=8 4; %3~ 3n<3.4 (2003Y002
<r2>Y2(23N)=3.41 fm 23 (matter radius)Z0010z03.
J: 1/2- from shell model calculation2017Jo08. 2015Zh05assume&IN core and two
valence neutrons, wheré&(3!N) assigned as (27) in 2015Fi05

T1/2: Fromg-n(t) coin 2003Yo02 Other: 14.5 mdl4 (1998Y0o06— same research group of
2003Y003.

Neutron Emission Probability %P~ 58 10 (From Fig. 5b— %Pn=X i x %Pin
(2003Y003). Other: 8021 (1998Yo06— same research group 2003Y003.

~3600 A
~5000 A



https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1985La03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Po13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1998Yo06,B
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2007Ju03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Yo02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2001Oz03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Jo06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Zh05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Fi05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Yo02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1998Yo06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Yo02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Yo02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1998Yo06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Yo02,B

FNy62 NUCLEAR DATA SHEETS BN, -2

2H(**0,p)  2017J006

Target: Liquid deuterium (LB); Projectile:2%0O beam, E= 83.4 MeV/nucleon, was produced from fragmentation of primary beam
of 48Ca, E=140 MeV/nucleon, bombarding #Be target at NSCL facility. A1900 fragment separator wasiuseselec4O from
reaction products. Remaining contaminants were removetifisrof-flight (TOF) in the @-line analysis. Finally, thé*O beam
was directed to bombard the liquichDarget.23N promptly decayed t82N. The resulting charged fragments were swept 483
a 4-Tm superconducting sweeper magnet into a collectiorositipn- and energy-sensitive charged particle detectiesmental
identification was done byA\E and TOF; Isotope identification was done through cormfatin the TOF, dispersion position,
dispersive angle following the sweeper magnet. Neutron® wetected by Modular Neutron Array (MoNA) and the Largeaar
multi-Institutional Scintillation Array (LISA), each caiisted of 144 bars of plastic scintillator. Measured deaasrgy of the
22N+n system, deduced excited energies above th&8h(Shell model calculations.

23N Levels

E(level)f  J¥
0.0 127
~3600 32~ E(level): Decay Energyl070 keV100. Sn@3N)=2460 keV380 (2012Ga45 gives an excitation energy of

3530 keV400 (100 (staty400 (sys)) (SkDecay energy). In 2016-AME S#{N)=3120 keV470 (2017Wa10.
~5000 32~ E(level): Decay Energy2500 keV+500-700. Sn&3N)=2460 keV380 (2012Ga4} gives an excitation energy of
4960 keV+630-800 (Sn+-Decay energy). In 2016-AME SfiiN)=3120 keV470 (2017Wal0.

Comments

 Level energies were interpreted 2017Jo08within the context of shell-model predictions, as it was possible to discern

between any number of degeneracies or level orderi2@%7Jo06deduce Sr#eN)=2460 keV380 using data ir2012Ga45 In
2017Wal10 Snf3N)=3120 keV470.

¥ From shell model calculations.



https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Jo06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012Ga45,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012Ga45,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Jo06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Jo06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012Ga45,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B

%0451 NUCLEAR DATA SHEETS 20,1

Adopted Levels

Q(87)=11.34<10® 13; S(n)=2.73x10° 13, S(p)=2.443<10* 24; Q(a)=-2.02210* 16  2017Wal0

QB Nn)=3.76x10° 12 (2017Wal0.

S(2n)=9.58<10° 12, S(2p)=45.6x10° 6 sys(2017Wal).

1970Ar09— First production— 232Th(*2Ne,X), E=174 MeV.

20000201~ Measured production cross section 0.20764 for 230 from fragmentation of9Ar on Be target, E~1 Ge\/nucleon.

20045t08 9Be8s,X),CE%S,X) E=77.5 MeVnucleon. Recoil mass spectrometer, Babincidence array. Produced 7500 and
19620230 nuclei using the Be and C targets, respectively. No gamiysmweare observed in coincidence wiPO recoils
suggesting that the first excited state lies above the nesgparation energy or below the detector threshold of 180 ke

Other measurement€020Tall- proton knockout reactiohH(2°F220), E=277 MeV/nucleon, cross section measured to be:B1
26.

230 Levels

Cross Reference (XREF) Flags

A 1H(*0,Z0) E  9Be(®Ne,2pnX)
B 2H(*0p%0) F  C(**0,r%0)
c  9Be*02P0) G C(*0220),Pbf30220)
D °Be®F2rr20) H  12C(2*Fp*0)
E(level) F TorT XREF Comments

0.0 y2* 97 ms8 ABCDEFGH %B =100; %8 n=7 2

<r2>12(23N)=2.95 fm 23 (matter radius) Z011Ka3§ using Fermi density and
2.97 fm 11 using harmonic oscillator density; deduced using Glaubedeh
(2011Ka3§. Also 3.20 fm4 and 3.24 fm27 in 20010203

J: L=0 from analysis of single neutron removal cross sectiongi® £20).

Configuration:vsy, (2007EI02— 2H(??0,P)).

T or I': From 2007Su05 Others: 82 ms-45-28 (1990Mu0§, 89 ms76
(2008ReZzZ 1995ReZ3.

%B~n: From2007Su05 Others: 317 (1990Mu0§, 28 30 (2008ReZZ
1995ReZZ, and<29 (1991Re0}.

2.7810°T 13 (52 <5keV A DE %n~100

E(level): FromH(?*0,2%0).

J: L=2 (longitudinal momentum distribution 1H(340,230)). Configuration:
v(00s2)* (*®Ne,2pnX) - (2007Sc32008Fr19.

I': From @Ne,2pnX)— 2008Ch07 Other:'=100 keV Q007Sc32-
(®®Ne,2pnx)) and 2011Ho05- (25F,2r?20)) — value should be considered
as upper limit— see comments irtfNe,2pnx). Same research group

2007Sc32and 2011Ho05
4000' 20  (3/2)* B Possible configurationzds, (2007E102- 2H(?20,p?%0)).
5300 40 B It is a state in fp shell. Possible configuratiomg, with S~ 1.0. Also a

smaller probability fornfz, with S ~ 0.02. RQO07EI02- 2H(?20,p?%0)).

f Unbound state.



https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ar09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2000Oz01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2004St08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Ta11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2011Ka36,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2011Ka36,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2001Oz03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2007El02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2007Su05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Mu06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008ReZZ,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1995ReZZ,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2007Su05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Mu06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008ReZZ,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1995ReZZ,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Re02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2007Sc32,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Fr10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Ch07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2007Sc32,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2011Ho05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2007Sc32,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2011Ho05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2007El02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2007El02,B

%0152 NUCLEAR DATA SHEETS 20,2

1H(2%0,2%0) 2014Ts04

Other: 2015J014- 2H(%40,2r?20), E=83.4 MeV/nucleon— sequential neutron decay through intermediate stafé®f

Based on XUNDL: Compiled by B. Singh (McMaster), Oct 28, 2014

Target: Liquid hydrogen bt 2O beam, E62 MeV/nucleon, was produced by fragmentation*®r primary beam, E95
MeV/nucleon, bombarding 2Be target at RIKEN facility. The reaction products were gmatl by fragment separator RIPS, energy
loss and TOF methods. THAO beam was tracked using two multiwire drift chambersays were detected by an array of 48
Nal(Tl) detectors. The mass and charge of the fragmentsvioiy thelH+240 reaction were analyzed using & OF-AE
technique, by using two multiwire drift chambers fop,Bolastic scintillator charged particle hodoscope for T@QE anergy-loss
information. Neutrons were detected using a plastic dkitdr placed at a distance of 4.7 m from the target. Meas(#&@d)n
coincidence. The decay energy spectrum was reconstruatedthe measured four momenta%30 fragment and emitted neutron.
A resonance was observed at a decay energy of 50 keV, whicaspmnded to the first excited state’80 decaying by neutrons.
Shell-model calculations.

230 Levels
E(level) F L cC2s Comments
0.0 2+t J': From Adopted Levels.
2.78%10° 13 52 2 4.14 E(level): deduced from measured E(resonaabé)keV 3 (2014Ts04, and S(n)t30)=2730 keV

130(2017Wal0.

L,J*: from longitudinal momentum distribution.

o1n(expt=61 mb6 (2014Ts03.

C2S: deduced from experimental and single-particler calculated using distorted wave impulse
approximation (DWIA) and eikonal approximation.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2014Ts04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Jo14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2014Ts04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2014Ts04,B

%0153 NUCLEAR DATA SHEETS 20,3

2H(%20,p230)  2007EI02,2008E102

Based on XUNDL: Compiled by: B. Singh (McMaster), April 5,0

220(d,p) in inverse kinematics.

2007EI022008EI02—- Target: CD; Projectile: 220 beam at an energy of 34 Mgcleon was produced from fragmentation of
primary beam of'®Ar, E=94 MeV/nucleon, bombarding 2Be target at RIKEN facility. The reaction products were gmatl by
fragment separator RIPS, energy loss and time-of-flighhots. The position of the incident particles was determimgd
parallel-plate avalanche detectors. The scattéfédparticles were detected and analyzed by a silicon telescbipe protons were
detected by an array of 156 Csl(Tl) scintillation detectdrse y rays were detected with a stack of 80 Nal(Tl) detectors. toagt
emitted from the decay of excited states?®® were detected by a neutron wall of four layers of plastiatiitators. The
time-of-flight method was used to obtain the energy of theinoes. Also measured angular distribution of one of theasit
channels from 05to 3.2. Analysis ofo(6) data by DWBA calculations. Deduced excitation energy spet of 230, FWHM ~
200 keV.

230 Levels
E(level) F L S Comments
0.0 2+ J': From Adopted Levels.
Configuration:vsy,.
4000 20 (32*) 2 051 Possible configuration:dsy.
0=0.84 mb17.
5300 40 It is a state in fp shell. Possible configuratigos, with S~ 1.0. Also a smaller probability for
Vf7/2 state with S~ 0.02.
0=0.33 mb10.

f Unbound state.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2007El02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008El02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2007El02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008El02,B

%0574 NUCLEAR DATA SHEETS 20,4

9Be(240,230)  2018Di09

Secondary beam &0, E=92.3 MeV/nucleon, or’Be target (thickness 188 ru?) located at target position in the S800
spectrograph2*0O was produced from fragmentation of primary beanf&ta, E=140 MeV/nucleon, on &Be target. Thé‘O
beam with 1% momentum spread was selected with the A190@n&agseparator at NSCL. The projectile-like neutron-reahov
residues were characterized with the spectrograph. Twwdatreadout drift chambers, an ionization chamber forgsnkeiss

measurements, and a plastic scintillator that served ggetriand time-of-flight reference. Measured one-neutramral cross
section 0f240.

230 Levels

E(IeveI)Jr i Comments

0.0 Y2t oin(expt=74 mb1l

Determined a FWHM of 115 Me)¢ 13 for the intrinsic230 parallel momentum distribution by fitting the
measured values.

* From Adopted Levels.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Di09,B

%0155 NUCLEAR DATA SHEETS 20,5

9Be(?5F,2n?20)  2011H005

Based on XUNDL: Compiled by M. Birch and B. Singh (McMastekygust 6, 2011.

Be target (thickness 470 rfayr?); 25F beam, E85 MeV/nucleon, produced at the Coupled Cyclotron Facility at NSGsed
Modular Neutron Array (MoNA) to measure E(rf20(n-n) coincidence and identifiédO recoil fragments by energy loss and
time-of-flight (TOF). Deduced a two-neutron cascade fronesonant state iA*O decaying to?30 and finally t0?20 g.s.

230 Levels

E(level) Fi r L Comments

0.0 y2*
2.8x10° (52" 100 keV 2 E(level): from observed neutron-neutron seqaketnission o020 fragment -nn coin;

first neutron with E(ny0.6 MeV from a level at=7.5 MeV in 240, the second with
E(n)<0.1 MeV from a 2.8 MeV level irf30, the latter considered as 45 k&V
resonance if20 (2011Ho03.

L,I': assumed value for Breit-Wigner line shape to describe wgomances for simulating
the sequential decay of=F600-keV resonance i8*O through this state using Monte
Carlo simulations.

Decays by neutron t820 g.s.

T From Adopted Levels.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2011Ho05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2011Ho05,B

%0156 NUCLEAR DATA SHEETS 20,6

9Be(®5Ne,2pnX)  2007Sc32,2008Fr 10

Other: 2008Ch07- 9Be(*8Ca,X), E=60 MeV/nucleon.

Based on XUNDL:

Compiled from2007Sc32by S. Geraedts and B. Singh (McMaster) Sep 17, 2007.

2007Sc32008Fr10 °Be®Ne,2pnX)— 26Ne beam, E86 MeV/nucleon, provided by NSCL at MSU. THENe beam produced in
the primary reactio?Be(*°Ar,X) with E(*°Ar)=140 MeV/nucleon. The fragments were separated by A1900 fragmentatep
26Ne beam purity about 93%. Measured (neutron)(fragmentjoidénces using position-sensitive parallel-plate aneiia counters
(PPAC) for charged fragments and Modular neutron array (Modf plastic scintillators for neutrons.

230 Levels

E(level) J r Comments

0.0 Y2t J*: From Adopted Levels.
2.7%10° 13 52t <5keV  %n~100

This state decays mainly by neutrons. Calculated paytiay width=0.15 meV, corresponding
to y-decay lifetime of 4.5 ps.

E(level),F¥: 5/2* hole state, 45 ke\2 (2007Sc32008Fr10 above S(n).

I'decayfrom 2008Ch07 2007Sc32note the width (100 keV) due to experimental conditions
overshadows the Wigner limit by about 3 orders of magnitudl o its lifetime was not
determined. However, note their calculated value of totlay widthI'gecay=5 €V is
extremely small. [Measured values 2007Sc32and 2008Ch07should be considered as
upper limit due to experimental resolutienemail communication with ¢goorresponding
author M. Thoennessen (March 10, 2017)].
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2007Sc32,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Fr10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Ch07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2007Sc32,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2007Sc32,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Fr10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2007Sc32,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Fr10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Ch07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2007Sc32,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2007Sc32,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Ch07,B

%0157 NUCLEAR DATA SHEETS 20,7

C(**0,n%%0)  2009K al4

Based on XUNDL: Compiled by B. Singh (McMaster); May 1, 2009.

One-neutron knockout reaction.
2009Kal4 20 beam, E920 MeV/nucleon, was produced from fragmentation*8€a, E=1 GeV/nucleon, on a thick Be target at

GSi facility. The nuclei produced in fragmentation proce&se separated and identified event-by-event using FRS @&hdive
magnetic rigidity, energy lossAE) and time-of-flight information. The charge of the inciteniclei was measured using a
multisampling ionization chamber. The secondary (reajttarget was 4.05/gm? thick carbon. The outgoing®0O fragments were
tracked using two time-projection chambers and then ti@msg for Bo-AE-TOF analysis. Measured momentum distribution.
Comparison of experimental spectroscopic factor withlsieldel calculations using various interactions. The diatthis
experiment did not show any significant d-wave componentHerpopulation of first excited/3" state.

230 Levels

E(level) J S Comments

0.0 Y2t 1.7419 J: From Adopted Levels.
Measured momentum distribution has a Gaussian wi@hMeV/c 4.
Measured one-neutron removal cross seet@gmb7.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Ka14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Ka14,B

%0158 NUCLEAR DATA SHEETS 20,8

C(ZSO,ZZO),Pb(ZSO,ZZO)

Other references2004Co025 2000Sa47
2005N001 PbE30,220) — 230 beam, E422 MeV/nucleon, produced b§PAr(C,X), E=500 MeV/nucleon. Recoil fragment

separator, Csj-ray coincidence.
2004C011 2005C024 C(230,220)- 230 beam produced b§PAr(C,X) E=938 MeV/nucleon. Recoil fragment separator, Natay

coincidence.
2002Ka20 C(330,220) — 230 beam, E72 MeV/nucleon, produced b§PAr(C,X), E=92 MeV/nucleon. Recoil fragment separator,

particle identification by time-of-flight information, meé height information from Nal(Tl) E andE (Si) detectors. Measured
momentum spectrum of one-neutron removal fragnfé& FWHM ([)=94 MeV/c 12 (Lorentzian fitting). Deduced spin-parity for
230 g.s. from fitting of the measured momentum data. SPEG speeter,

2000Sa47 C(230,220) - 230 beam produced b$PAr(C,X), E=70 MeV/ nucleon at GANIL. The reaction products were collected
and selected according to magnetic rigidity using SISSlagegoupled with the beam analysis spectrometer. lon ifieation by
energy loss from a gas ionization chamber and time-of-fligftrmation. Measured momentum distribution and one-roeut
removal cross section, deduced spin and parity’far g.s.

230 Levels

E(level) J L S Comments

0.0 ¥2* 0 0.7710 J.L: From analysis of single neutron removal cross sectiasrechined fron20 y-ray emission
yields and compared to theoretical models based on the &ilapproximation 2004Co11
2005C024. 2002Ka20propose 12 or 52*. 2000Sa4propose 122+ from their work.

S: C*S from 2005N001
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2004Co25,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2000Sa47,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2005No01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2004Co11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2005Co24,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2002Ka20,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2000Sa47,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2004Co11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2005Co24,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2002Ka20,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2000Sa47,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2005No01,B

%0159 NUCLEAR DATA SHEETS 20,9

12c(2%Fp2%0)  2003ThO7

Also 12C(2°F,pr30) and12C(26F,p2rt20).

Other references2004Th13 2003Th10- both are conf. paper from the same research group2603Th07

One-proton knockout reaction.

2003Th07 2*F beam, E46.7 MeV/nucleon, was produced from fragmentation*®€a, E=110 Me\/nucleon, on a thick Be target.
The fragments were separated by A1900 fragment separalt8@t.. Three 508um thick Si surface barrier detectors followed by
three 50068.um thick Li-drifted Si diodes. Fragments were identified byery loss AE) and time-of-flight information. The
secondary (reaction) target was 146/omy? thick 12C. The outgoing?30 fragments were tracked hyE-E signals. Deduce
one-proton knock out cross section, spectroscopic factor.

230 Levels

E(level) F  C2S Comments

0.0 Y2t 6.69 J: From Adopted Levels.
C2S: For12C(34F,p220).
Measured cross sectief.6 mb10 for 12C(2*F,p?20), 6.4 mb9 for 12C(25F,pr30), and 8.9 mk4 for
12C(25F,p21t20).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Th07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2004Th13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Th10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Th07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2003Th07,B

BF1 NUCLEAR DATA SHEETS SFl

Adopted L evels, Gammas

Q(B7)=844030; S(n)=758040; S(p)=1329070; Q(@)=—1500040 2017WalO

Q8 N)=3.24x10° 3 (2017Wal0.

S(2n)=1281030, S(2p)=36.5%10° 14 (2017Wal0.

1970Ar0% First production- 232Th(22Ne,X), E=174 MeV.

2006Kh08 Measured cross sectis@112 mb16 at magnetic rigidity o)= 2.753 Tm, E53.64 MeVu and cross
sectior=2048 mb13 at Bp=2.575 Tm, E-46.92 MeVu for Si¢®Ne,X) and related reduced strong absorption radius
<r(2)>=1.170 fnf 6. The later one is used to study the isospin dependence oktheed strong absorption radius.

20000201 Measured?®F production cross-sections:;z=94 ub 30 from “OAr fragmentation, E1.06 GeVu, on Be target.

23F Levels

Cross Reference (XREF) Flags

A 80p decay (97 ms) D  ?Be(®S,Xxy)
B 20 pBn decay E  22Ne(8017F)
C  “Hef?07Fy)

E(Ievel)T J Ty XREF Comments

0.0 (52%) 2.23s14 A CDE %3 =100; %8 n<14

<r2>Y2(23F)=2 79 fm4 (matter radius) Z0010z03.

J': From single neutron removal cross section, core fragnmrgiiudinal
momentum distributions and calculatiorZ004Sa142000Sa4y. L=2 and
configurationr ds; (2004Salf

T1/2: From 1974Go17(?°F g~ decay)- summed yield(t) of 1702-, 1822-,
3431-, and 2734-keV rays in four 1.7-sec periods.

%B n: From1995ReZZand 2008ReZZ

22468  (1/2)* A CE J:L=(0)in 320,2%Fy) (2006Mi16) and logft=4.3 from }2* parent 30
B~ Decay).

29203 A CDE

337311 AC

38315 A CD

386515 (1/2*,3/2)F AC

396428 C

406111 (3/2%) ACE J:L=(2)in (20,2Fy) (2006Mi16 and logft=4.3 from 32* parent £30
B~ Decay). Configurationrdg, ((?20,2%Fy) — 2006Mi16).

461012 (1/2*,32%)% AC

473269 C

492313 C

5000760 E E(level): Possible multiplet.

55478  (12*,32°)F AC

559315 (1/2*,3/2)* AC

6250780 E E(level): Possible multiplet.

636560 C

662925 C

690541 C

8.18<10° 11 E neutron unbound state.

T Fromy ray energies, otherwise from particle dataset as of the ‘KRE
¥ From logft values from 12* parent 30 g~ Decay).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ar01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Kh08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2000Oz01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2001Oz03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2004Sa14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2000Sa47,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2004Sa14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Go17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1995ReZZ,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008ReZZ,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Mi16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Mi16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Mi16,B

23
9 F14'2

NUCLEAR DATA SHEETS 25)':14'2

Adopted L evels, Gammas (continued)

¥(3F)
Ei(level) J Eﬂ Iy Et X Comments
2246 (12)* 22468 100 0.0 (32%)
2920 2925 10 100 0.0 (32%)
3373 3368 13 100 0.0 (32%)
3831 91 4 100 2920
3865 (¥2+,32%) 16216 5610 2246 (¥2)* E,,l,: Reported "0 g~ Decay only.
3867 15 10016 0.0 (52%)
3964 1698 28 100 2246 (R2)
4061 (32%) 4065 16 100 0.0 (32%)
4610 (12,32) 12374 100 3373
4732 473% 69 100 0.0 (32)
4923 2008 19 100 2920
5547 (¥2+,32%) 17166 100 3831
5593 (12+,32*) 267314 100 2920
6365 344% 60 100 2920
6629 1708 25 100 4923
6905 3984 51 100 2920

* From230 B~ Decay, except otherwise noted.

¥ From weighted average of data froffO s~ Decay and 420,p2ny), considering total uncertainty of the latter datasetaFin
uncertainty is the lowest input value.

# From @%0,2Fy).
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23
9 F14'3

NUCLEAR DATA SHEETS

23
9 F14'3

Adopted L evels, Gammas

Level Scheme

Intensities: Relative photon branching from each level

6905

6629

6365

(1/2",3/2)

5593

(172 312)

5547

4923

4732

[AI)

(312"

Az 327

4610

4061

3964
3865
3831

3373

2920

(/2

2246

(5/2%)

00 223s14

23
9 F14
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BF 4 NUCLEAR DATA SHEETS R4

230 g~ decay (97 ms)  2007Su05

Parent:>20: E=0.0; F=1/2*; T1,,=97 ms8; Q(87)=11.3410° 13, %3~ decay-100

230-9%43~ decay: %~ =100. %8 n=7 2 (2007Su05.

Other reference1990Mu06

Based on XUNDL: Compiled by S. Geraedts, J. Roediger and Byt5{McMaster), Apr 26, 2007.

230 source was produced from primat§Ca beam, E140 MeV/nucleon, fragmentation on a thiéBe target at NSCL facility.
The fragments were separated by A1900 fragment separattrednasis of magnetic rigidities. The beam?80 was used in a
pulsed mode with a time period of 300 ms. Thelecay of230 was monitored during the beanfEgeriod of 300 ms. The
detection system consisted of an implantation detectas{jol scintillator), an array of 16 neutron time-of-flighgtdctors and eight
y-ray detectors of SeGA array. ParticRQ) identification was achieved by time-of-flight and energysl information in silicon
detectors. MeasuredyEly, yy, (particle)y coin, y8 coin, delayed neutrons, isotopic half-life by timing pfays,s rays and
delayed neutrons. Comparisons with shell-model cal@nati

1990Mu06 Projectile fragmentation reaction 6¥Ca beam at 44 MeNucleon on Be-target was used at GANIL. Fragment
identification was carried out using LISE spectrometer. At &xit from LISE, fragments were implanted into semiconadiuc
telescope. MeasuredO half-life.

23F Levels
E(Ievel)i i Comments
0.0 (52%)
22448 (1/2)* J: 1/2* in 2007Su05
292610
336713
383711
38659 (1/2*+,3/2%)
406616  (3/2)
460414  (1/2*,3/2%)
555313  (1/2*,3/2%)
559914  (1/2*,3/2%)
7580+x E(level): From S(n¥758040 (23F) and x3.76E314 [from Q(8~) (2330=11.34E313-S(n)E3F)

(2017Wa19).

T From Adopted Levels.
¥ From least-squares fit to gamma energies by the evaluators.

B~ radiations

E(decay) E(level) ,B*WL?t Log ft Comments
1.x1@ 19) 7580ix 72 I8~: %Bn 7 2 (from 230 Adopted Levels).
(5.74¢10° 13) 5599 5210 4.3111
(5.79<103 13) 5553 2.16 47214
(6.74¢10° 13) 4604 3.19 4.8614

(7.27x1C° 13) 4066 17.117  4.277

(7.48<10° 13) 3865 15.819  4.368

(7.97><103# 13) 3367 1.414 >55 I3~ No feeding quoted bp007Su05

Log ft: Lower limit.
(9.10¢10° 13) 2244 45816  4.305
(1.134<10* 13) 0.0 I8~ g.s.B feeding can be expected3 considering3 to the excited states

and % n=7 2, which yields a logft > 5.9. ForAJ=2" and Axr=no
expected logt ~12.

T Fromy-ray intensity balance.

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2007Su05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2007Su05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Mu06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Mu06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2007Su05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2007Su05,B

23
9 F14'5

NUCLEAR DATA SHEETS

23
9 I:14'5

 Absolute intensity per 100 decays.
# Existence of this branch is questionable.
@ Estimated for a range of levels.

230 8~ decay (97 ms)  2007Su05 (continued)

B~ radiations (continued)

E, LT Ei(evel) T Es X

9114 2712 3837 2926
12374 319 4604 (12,32%) 3367
16216 5710 3865 (12°,32%) 2244 (12)*
17166  2.16 5553 (12+,32%) 3837
22438 51512 2244 (12)* 0.0 (52%)
26739 5210 5599 (12,32%) 2926
292610 7.218 2926 00 (R
336713 4510 3367 0.0 (R
386815 10.116 3865 (12+,32") 0.0 (52%)
406616 17.117 4066 (32%) 0.0 (52%)

T Absolute intensity per 100 decays.

¥(>%F)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2007Su05,B

%F,46 NUCLEAR DATA SHEETS SF .46

230 B~ decay (97 ms)  2007Su05

Decay Scheme

Intensities: | per 100 parent decays Legend

ly < 29%xIma
ly < 10%x]7a

vz 20, 97 ms8 Iy > 109178
Qp-=11.3410° 1 %B~=100
23
8015

1B~ Log ft \

7.0 7580+x
v
o N
\ &
5.2 431 (1/27,327) VA 5599
2.1 472 (1/2+,3/2%) ~ 5553
[t-3 ~
(\‘:/9\ $ Q'T’ A
31 486 \(1/?,3/?) ndl A 4604
171 427 (312%) Y&V o, 4066
158 436 L \(3/27,3/77) A 3865
\ O?W*«'-” 3837
14 >55 4 & 3367
o) B2
vy 2926
Ge)
N

458 430 \‘(1/2)+ v 2244

0 \(5/2+) 0.0

23
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SR 7 NUCLEAR DATA SHEETS SFT

240 g ndecay  1990M u06,2015Ca09,1999Rel6

Parent:>40: E=0.0; F=0"; T1/,=72 ms5; Q(87n)=7.14x10° 17, %3 n decay-41 6
240-Ty/2: From 2015Bi05(Weighted average of 61 ms32-19 (1990Mu0§, 65 ms5 (1999Relf, and 80 ms5 (2015Ca0y).
240-9%B~n decay: Fron2015Bi05(Weighted average of 582 (1990Mu0§ and 394 (corrected value from 43 in 2015Ca0y.

Other reference2001Pel4
1990Mu06 Projectile fragmentation reaction 6¥Ca beam at 44 MeNucleon on Be-target was used at GANIL. Fragment

identification was carried out using LISE spectrometer. At &xit from LISE, fragments were implanted into semiconadiuc
telescope. The beta-delayed neutrons were detected bysméameutron detector surrounding the semi-conductosdefee. These
neutrons were detected in coincidence with fhey detected in a Si(Li) detector. Measur®® half-life, %5n.
2015Ca09 240 was produced via fragmentation of 77.6 Ma\Mcleon36S primary beam on &Be target of thickness237 mgcn?,
and separated by LISE achromatic spectrometer at GANIltopsoidentification was performed by energy loss in two silic
detectors AE) of thickness 50@:m and time-of-flight.24O isotopes implanted in double-sided-silicon-strip-dege (DSSSD). A
Si(Li) detector was placed after DSSSD to control implaotatiepth. Four segmented Ge clover detectors of EXOGAMyarra
placed around DSSSD detector. Measured I, yy andBy coincidences. MeasurédO half-life and ¥s-n branch.
1999Re1®@001Pel4 Projectile fragmentation reactions of 86,X), E€6S)=2.8 GeV:; Magnetic Spectrometer (LISE3); nuclides
were identified by TOF and energy loss in Si; 6 Si and 4 HPGe &mtHé proportional counters; MeasuredfO half-life, %3 n.

24


https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Mu06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Ca09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1999Re16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Bi05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Mu06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1999Re16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Ca09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Bi05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Mu06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Ca09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2001Pe14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Mu06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Ca09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1999Re16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2001Pe14,B

SF.1,8 NUCLEAR DATA SHEETS SF.8

‘He(320,23Fy)  2006Mi16

Others:2005Sh462005Mi32 2007Mi25 — All from the same research group aB@06Mil6 supersedes all the other papers.

Based on XUNDL: Compiled by B. Singh and J. Roediger (McMagstday 16, 2005.

Includes*He-induced reactions in inverse kinematiéste220,23Fy), *He(®3F,23Fy), *He(®*F23Fy), and*He(>Ne 23Fy).

Beams 0220, 23F, 2F, and?°Ne were produced as secondary beams from 63 Mesleon*CAr primary beam impinging on a
9Be target. Fragments were analyzed by RIPS separator atNRfe€ility. The secondary beam particles were identified
event-by-event according to the energy loss signals froificars detector and the time of flight between two plastinstators at
5 meters apart along the beamline. The secondary beams l@vedto bombard a liquid helium target. The reaction pidu
detected by a\E-E telescope. The identification of the reaction produasewcarried out using time-of-flight (TOF), energy
loss(AE), and energy (E). ThAE-E telescope consisted of 9 silicon (faE measurement) and 36 Nal(Tl) (for E measurement)
detectors. The gamma rays from the reaction products weeetdd with an array (DALI2) of 150 Nal(Tl) detectors. Megeili
Ey, vy, y(6) and angular distribution of the outgoifgF particles.

Relative cross sections of population of levels are giver2®@Q6Mil6in a bar chart.

23F Levels

E(level? F L Comments

0.0 (52%) _ J: From Adopted Levels.
2268 5@ 21 (12*) (0) (2+1)C?S=0.73+21-33 C?=isospin Clebsch-Gordan oeient.
L: from observed population strength of the staterimelastic scattering, proton transfer in
(?20,23F), DWBA comparison.

2020#@ 2
3.38<10%% 3
3833% 25
3.86<103% 4
3.96¢103% 4
4.06x103T 4 (3/2t) (2) (231)C?S=0.95+29-35, C2=isospin Clebsch-Gordan cieient.
L: from observed population strength of the staterimelastic scattering, proton transfer in
(??0,%%F), DWBA comparison. Configurationtds, (2006Mi16).
4.621037@ 4
4.73%10%& 7
4.9210314# 3
5.54<103#@ 3
5.56<1031 6
6.37103T 7
6.6x18@ 4
6.91x1037+ 6

* Populated in320,23Fy).
 populated in BF23Fy).

# populated in3*F.23Fy).

@ populated inNe 23Fy).

& populated in all four reactions.
@ From Ey and recoil correction.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Mi16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2005Sh46,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2005Mi32,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2007Mi25,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Mi16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Mi16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Mi16,B
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NUCLEAR DATA SHEETS

23
9 I:14'9

“He(?20,2%Fy)  2006Mi16 (continued)

y(*%F)

Eﬂ Ei(level) J E¢ X Comments
91310 3833 2920 E: Uncertainty from 7 (stat) 7 (syst).
124015 4.62<10° 3.3810° E,: Uncertainty from 12 (stat) 9 (syst).
169628 3.96<10° 2268 (¥2*) E,: Uncertainty from 25 (stat) 13 (syst).
170625 6.63x10° 4.92¢10° E,: Uncertainty from 21 (stat) 13 (syst).
171115 5.54<10° 3833 E: Uncertainty from 8 (stat) 13 (syst).
200319 4.9210° 2920 E: Uncertainty from 12 (stat) 15 (syst).
226821 2268 (12%) 0.0 (527) E,: Uncertainty from 12 (stat) 17 (syst).
264453 5.56x10° 2920 E: Uncertainty from 49 (stat) 20 (syst).
292022 2920 0.0 (") E,: Uncertainty from 3 (stat) 22 (syst).
337828 3.38«10° 0.0 (92") E,: Uncertainty from 11 (stat) 26 (syst).
344560 6.3710° 2920 E: Uncertainty from 54 (stat) 26 (syst).
385838 3.86x10° 0.0 (92") E,: Uncertainty from 24 (stat) 29 (syst).
398551 6.91x10° 2920 E: Uncertainty from 41 (stat) 30 (syst).
405933 4.06x10°  (3/2%) 0.0 (92") E,: Uncertainty from 11 (stat) 31 (syst).
473269 4.73%10° 0.0 (527) E,: Uncertainty from 59 (stat) 36 (syst).

T Statistical and systematic uncertainties in quadraturstématic uncertainty 0.76% ofyE- Fig. 3. caption— 2006Mi16).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Mi16,B
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39, 5

4H e(ZZO,ZSFV)

2006Mi16

Level Scheme

6910

1%%

6630

G’qqs

6370

5. 2y

5560

3 )\71

2003

50

5540

4920

1940

4730

(3124

¢059

4620

4060

16:96‘

‘;859

\9]6)

33 0

3960
3860
3833

3380

29 2

2920

(12

?968

2268

(5/2%)

0.0

23
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BF 1 NUCLEAR DATA SHEETS SF 1

22Ne(180,17F)  19890r04

No significant revision from previous evaluatioP0Q7Fi03.

22Ne(80,17F) at E=108 MeV using the 14 UD Pelletron facility at ANU. Enrichedgats. The gaseous neon target was confined
in a gas cell. The reaction products were momentum-analpgeah Enge split-pole spectrometer equipped with a muttireint
gas filled detector. The energy resolutiod20 keV FWHM.

23F Levels
E(level) Comments
0.0
231080
293080
405050

500060 E(level): Broad resonance, possibly unresolved multiplet
625080 E(level): Broad resonance, possibly unresolved multiplet
8.18<10° 11  E(level): AE dominated by energy calibration extrapolation; neutrohaund state; larger uncertainty is because of
extrapolation of calibration.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Or04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2007Fi02,B

SF12 NUCLEAR DATA SHEETS

23
oF14712

9Be(®6S,Xy)  2002AZ02

Others:2002Az01 2002Gu08- Same research group 2002Az02
Minor change from previous evaluatioBQ07Fi032.

2002Az02(also 2002Az01 2002Gu08: 23F produced from projectile fragmentation ¥S beam, E77 MeV/nucleon, on a

Be-target at GANIL. The SPEG spectrometer along with anyanfa’4 BaF, detectors and 4 Ge detectors were used. FWHM

35 keV at 1500 keVy-ray emitted at 35% of the speed of light.

23F Levels
E(levelff  FT
0.0 (52%)

2900 (72%)
3810 (92*)

* From shell model calculations.

¥ Fromy-ray energies.

¥(%F)

E, E;(level) J E¢ NH

910 3810 (@) 2900 (72%)
2900 2900 (2") 0.0 (52%)

9Be(®6SXy)  2002Az02

Level Scheme

Q
@2ty & 3810
S
S
(712%) l v 2900
(5/2) 0.0
23
oF14

29


https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2002Az02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2002Az01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2002Gu08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2002Az02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2007Fi02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2002Az02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2002Az01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2002Gu08,B
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NUCLEAR DATA SHEETS igNels'l

Adopted L evels, Gammas

Q(8~)=4375.8010; S(n)=5200.6510; S(p)=1523612; Q(a)=—10911.826  2017Wal0

Other reaction:

1979Gr16 27Al(«,8Be), E=109 MeV, first observation of thex(Be) reaction.
2018MuZY list 23 resonance levels féfNe.

23Ne Levels

Cross Reference (XREF) Flags

A 2F B decay E  22Ne(n,n),(my)res I 2Na(n,p)
B 2INe(t,p) F 22Ne(d,p) 3 BNa(n,p)
C  22Ne(ny) E=thermal G 22Ne(d,p),(pol d,p) K  298ppE2Ne23Ney)
D 22Ne(ny) E=15-60keV H  ZNa ,y)
E(IeveI)Jr J Tl/z& XREF Comments
0.0 52* 37.25s10 ABCD FGHIJK %B =100

u=-1.079410; Q=0.14513

5<r?>(?"Ne 23Ne)=—0.572 fnf 34 (2013An02 2011Ma48.

The r.m.s. charge radiusr®>%2=2.910 fm7 (2013An03.

J': 5/2 from LASER spectroscopy2005Ge062013Maly, L=2 in
(d,p).

Ty/2: From 37.151 $6 (wt. ave. of 37.126 80 and 37.276 $7
with external uncertainty2015Lal19- also 37.153 28 with
statistical uncertainty)), 37.116(from 2007Gr18, 37.24 s12
(from 1974AI03, 37.6 s1 (1957Pel}, 38.0 s3 (1958Nu4), and
37.5 s1 (1959A110 - using the Limitation of Relative Statistical
Weight (LWM) method {985ZiZY). Wt. ave. 37.25 ® with
x?=6.7 andy?2,,=3.0 at 99% C.L. Unweighted ave. 37.434
Other values (outlier— Chauvenés criterion): 38.7 ¢4
(1967Yu03, 40.2 s4 (1950Br79.

w: From2019StZV(in 1994Hi09-1.079510 8-NMR). Others:
—1.0774 (2005Ge06- CFBLYB-NMR), —1.081 (1968D007,
1.08179 (2014StZ3.

Q: From2005Ge062016St14- CFBLSB-NMR.

1016.92620 1/2* 178 ps10  ABCD FGHIJK J': L=0in (d,p).

Tyy2: from 1966F002(d,py) — py(t) coincidence. Other: 208 [kl0
(d,py) (1974Ch35.

1701.5917  (7/2%) <70 fs AB  FGH J J: Fromy(6) in 1969Na02(n,py), D(+Q) y to 52, y from
3/2" and 52°.

1822.266 3/2+ <70 fs ABCD FGHIJ J: L=0+2 in (t,p) from a 32* g.s.

2315.13 52+ @ <70 fs AB  FGHIJ  J: L=2in(d,p).

2516.83 (5/2,7/2) <70 fs AB FG ] J: Fromy(6) in 1969Na02(n,py), log ft=6.1 from 52+,

3220.695 3/2- <70 fs BCD FG J: L=1in (d,p) and#1/2 from y(0) and correlation studies
(1967H008- (d,py)).

3431.63 32+@ <70 fs Ab  FGH J: L=2in (d,p).

3458.498 (1/2,32,592*) <70fs bC FH J: y's to ¥2* and 32*.

3830.94 (32,592,772t <70fs Ab F J': log ft=4.6 from 32°.

3836.356 y2-@ <70 fs bCD FG J: L=1in (d,p).

3842.39 <70 fs b F

3987.85 (32 @ <70 fs b FG F: L=2in (d,p).

40103 <70 fs b F

427015 B G

4436.14 (3/2,52,72)* AB G J: log ft=4.7 from 52*.

47645 B G

486715 B G

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Gr16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018MuZY,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013An02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2011Ma48,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013An02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2005Ge06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013Ma15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015La19,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2007Gr18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Al03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Pe12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1958Nu41,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1959Al10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1985ZiZY,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Yu01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1950Br78,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2019StZV,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994Hi09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2005Ge06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Do07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2014StZZ,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2005Ge06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016St14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1966Fo02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Ch35,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Na02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Na02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Ho08,B

IoNe ;-2 NUCLEAR DATA SHEETS
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Adopted L evels, Gammas (continued)

23Ne Levels (continued)

E(Ievel)T J XREF Comments
49405 G
499515 b G
50295 b G
50685 G
51856 (32t52) b G J L=(2) in (d,p).
5200.716  1/2* bCD J': Capture-state spin, assuming s-capture.
(52205) 5/2-,7/2" b G J L=3in (d,p).
52657 G
53407 B G XREF: B(5366).
5460.§ 3 1/2 EG J': From22Ne(ny) resonance data.
5478.7 3 1/2* B E J: From?2Ne(ny) resonance data.
552210 G
556015 G
5609.% 5 1/2 EG J': From22Ne(ny) resonance data.
56467 10 B G
56725 1/2+ E J: From?2Ne(ny) resonance data.
572610 G
5740.% 6 3/2* B E F: L=0in (t,p).
578515 G
5861.0 7 32 E G XREF: G(5840).
J: From?2Ne(ny) resonance data.
589940 B
59685 1/2+ E J: From?2Ne(ny) resonance data.
609340 B
6329?40 B
644540 B

* From least-squares fit tp-ray energies, except otherwise noted.
¥ From (n,n),(ny):res.

# From (d,p),(pol d,p).

@ From (pol d,p)- vector analyzing power 1974WoZA

& From (d,p), except otherwise noted.

¥(*Ne)
Ei(level) J EyJr IyT Et N Mult. 0 Comments
1016.926 12* 1016.902 100 0.0 32 [E2] B(E2)(W.u.=0.755
170159  (72) 1701.5118 100 00 3" D(HQ) +0.1112 E,6: From1969Na02(n,py).
1822.26 R 1822.228 100 0.0 Bt E,: Weighted average of 1822.28
(?°F g~ decay), 1822.1% (n,y),
and 1822.83 (d,py).
23151 3¢ 492.6° 4 89 4 182226 R*

614.06 15  6.95 23 1701.59 (72%)
129849 17 4 1016.926 12*

2315.# 5  100f 4 00 52
2516.8  (32,72) 81534 10011 170159 (12%)

2516.6/ 5 44% 18 00 52
322069 R 1398.456 1.919 1822.26 ®*

l,: Other: 124 (2F g~ decay).
ly: 3.2111in (d,py).

Continued on next page (footnotes at end of table)

31


https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974WoZA,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Na02,B

23Ne, ;-3 NUCLEAR DATA SHEETS 23Ne, ;-3
Adopted L evels, Gammas (continued)
7(23Ne) (continued)
Ei(level) J EyT IyJr Et N Comments
3220.69 X~ 2203.627 100.09  1016.926 12*
3220.3912  19.63 00 52t
34316  R* 1116.5 6 6.1f 15 23151 B2*
1608.§ 11  13F 3 1822.26 ®*
241485  39F 6 1016.926 12*
3431.8% 4  100f 7 00 52*
3458.49 (12,32,52°) 1636.0510 1008 1822.26 R+
24415229 408 1016.926 12* l,: Other: 8215 (d,py).
3830.9  (R,52,72¢ 2128 #7 100@16 170159 (72%)
3830.7#4 101 0.0 52¢
3836.35 12- 377.6416  0.82  3458.49 (I2,32,52%)
615.8113 41 3220.69 2~
2014.037 961 1822.26 R*
2819.2712 1003 1016.926 12*
3842.3 132558 100 2516.8  (B,7/2)
3087.8 ()" 1672.64 72t 5 2315.1 3¢
3988.916 100 10 00 52t
4010 4016 3 100 00 3¢
44361 (25272 1919825 100Q@ 13 25168 (32,72
2734825  62@8  1701.59 (24)
520071 12* 1364.344 2503  3836.35 I2-
17421310 141  3458.49 (I2,32,52%)
1979.926 1001 3220.69 2~
3377.9818  2.01  1822.26 ®*
4183.3218 412  1016.926 p*
5201 00 ®B*

* From (ny) E=Thermal, except otherwise noted.

¥ From (d,p).
# Weighted average of data frofiF 8~ decay and (d).
@ From 23F g~ decay.
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23Ne, ;-4 NUCLEAR DATA SHEETS ToNe 54

Adopted L evels, Gammas

Level Scheme

Intensities: Relative photon branching from each level
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NUCLEAR DATA SHEETS %gNels'S

23F B~ decay ~ 1974Gol7

Parent:2°F: E=0.0; F=(5/2"); T1/2=2.23 s14; Q(87)=844030; %3~ decay-100
23F was produced by°Be(80,ap) with beam energy of 42 MeV. The target was enriched to 94%fe. Ge(Li) and NE102
detectors were used. Measured half-lif@, Ey, I8, Iy andBy coincidences.

E(level)f

Nid

Ty2

23Ne Levels

Comments

0.0 52+
1016.94 12*

17015215  (7/2*)

1822.2921 3/2*
2314.96 5/2*

2516.65  (52,72)
322066 5 3/2°F

3431.54 32"

3830.94 (3/2,52,7/2)*

3836.35 6 1/2°F
4435.95 (3/2,52,7/2)*

5201+x

37.25s10 Ty/2: from Adopted Levels.

E(level): From S(n¥5200.6510 (23Ne) and x323930 [from Q(8~) (23F)=8440

 From least-squares fit tpray energies.
¥ From Adopted Levels. Listed for beta feeding in Table1974Go17.
# From Adopted Levels.

30-S(n)@3Ne) (2017Wa10).

B~ radiations
E(decay) E(level) ,LﬂLi Log ft Comments
(1.6x10%% 16) 520Lx <14 I87: %8 n < 14 (from 23F Adopted Levels).
(4.00¢103 3) 4435.9 9 4.7
(4.60<10° 3) 3836.35 <1.1 >5.9 |3~: From 1974Go17
(4.61x103 3) 3830.9 22 4.6
(5.01x10° 3) 3431.5 12 5.0
(5.22¢103 3) 322069 <12 >6.1  |87: From1974Gol7
(5.92<10° 3) 2516.6 25 6.1
(6.13<103 3) 2314.9 56 58
(6.62<10° 3) 1822.29 11 5.6
(6.74x10° 3) 1701.52 B~: y-ray intensity balance yields1 4. Expected as an allowed transition from
(5/2%) to (7/2*).
(7.42¢10° 3) 10169 <3 >64
(8.44x103 3) 0.0 308 5.71 187: From1987DuzU

T Fromy-ray intensity balance, except where otherwise noted.
¥ Absolute intensity per 100 decays.

# Estimated for a range of levels.
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23
10Ne; -6

NUCLEAR DATA SHEETS %gNels'G

23F g~ decay ~ 1974Go17 (continued)

¥(**Ne)

Iy normalization: Normalized assumiriy(g.s.)=63 11 (100 — 30 8 (g.s. feeding 1987Duzy) — 7 7 (1/2 of the ¥8n limit of
<14 (1995ReZZ72008ReZZ)).

Eﬂ Iyi Ei(level) J Et X Mult. 0 Comments
493.07 10.828 2314.9 g2+ 1822.29 R*
815.25 24.847 2516.6 (32,7/2) 1701.52 (2*)
1016.75 20.155 1016.9 »t 0.0 52+
1701.4415 100.047 1701.52 (72*) 0.0 §H2* D(+Q) +0.1112
1822.2521  47.426 1822.29 R* 0.0 52*
1919.35 19.325 4435.9 (32,52,72)+ 2516.6 (32,7/2)
2128.87 6811 3830.9 (32,592,72)+  1701.52 (72%)
2314.28 7.727 2314.9 32+ 0.0 §H2*
2414.34 14.834 34315 2t 1016.9 12*
2515.913 2910 2516.6 (32,72) 0.0 52* E,: Seen only in coincidence
spectra.
2734.25 11.916 4435.9 (32,592,72)+  1701.52 (72%)
3431.44 25416 3431.5 2* 0.0 §H2*
3830.74 6.89  3830.9 (32,592,7/2)* 0.0 52*
T From1974Go17

¥ For absolute intensity per 100 decays, multiply 4§.30.
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23
ToNe 57

NUCLEAR DATA SHEETS

23
ToNe 57

23F B~ decay

1974Gol7

Decay Scheme

Intensities: } per 100 parent decays

Legend

ly < 2%xI7a

I, < 10%x |Mmax
5/2+ y y
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Ne, ;-8 NUCLEAR DATA SHEETS ToNe;8

2INe(t,p)  1975De33

J"(®!Ne)=3/2".

Triton beams having energies 3 and 3.25 MeV were used. 91#%hedrNe target was used. The reaction products were detected
using four solid state telescopes covering an angular rémoge 20 to 160 degrees. Measure®). Deduced energies and
spin-parity of the levels. FWHM 40-50 keV.

23Ne Levels

E(IeveI)Jr J L Comments

0.0
1017
1702
1822 0+2
2315
2517
322F
3445° 32t 0 E(level): Average of 3431.6 and 3458.5.
3837@ E(level): Average of 3830.9, 3836.4 and 3842.3.
3999* E(level): Average of 3987.8 and 4010.
4270¢
4436F
4764
4867

5017 0 E(level): Average of 4995 and 5029.

5202 E(level):1975De33show doublet of 5186 and 5226 in Table I, appears to be atiipl@pared to level
energies of 5185, 5200, and 5220 in the adopted dataseedLéstergy is the average of these three
values.

536640

548140

564940

574540 322t 0

589940

609340

632940 E(level): Energy of the upper member of doublet.
644540

T From 1975De33 unless otherwise stated.
¥ From Adopted Levels, rounded value without uncertaii§75De33list level energy from literature.

# Unresolved doublet in975De33 Listed energy is the average of Adopted Level energies.
@ Unresolved triplet inl975De33 Listed energy is the average of Adopted Level energies.
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Ne,5-9 NUCLEAR DATA SHEETS ToNe139

22Ne(n,y) E=thermal  2009BeZQ,1986Pr 05

Others:1986Pr051971Be34 1970Se142005ReZY (private communication).

2009BeZQ Target— 99.87% enriched?Ne gas. The experiment was carried out at the PGAA facilitfed-HAS at the Budapest
Research Reactor. The de-exciting gamma rays were detesitegl a BGO-shielded HPGe detector. Measurgdlk. 2005ReZY
is an earlier work at the same facility @009BeZQ

1986Pr05 Target— natural neon gas (purity 99.99%). Measured B with a high resolution pair spectrometer. Reported five
rays, all are present iB009BeZQ

1971Be34 Target— natural neon gas (70% 30% helium) target. The experiment was performed at thearebegeactor FRG 1 in
Geesthacht. MeasuredyEly with a Ge(Li) detector. Reported twelgerays, nine of those are presentd2809BeZQ The other
threey rays are not reported ih970Sel4

1970Sel4 Natural neon gas target. Experiment was performed at th&\M Hdavy water reactor in Stockholm. Measuregd B/
with a Ge(Li) detector. Reported twenty tworays, seven of those are presen2D09BeZQ

Measured thermal neutron capture cross section 52.7 (@009BeZQ 2018MuZY).

Data from2009BeZQ 99.87% enriched?Ne gas targety-ray energies froni986Pr05are also considered.

23Ne Levels
E(level)f JE
0.0 52+

1016.90120 1/2*
1822.155 32"
3220.525 32-
3458.308 (2/2,32,52%)
3836.136 12-
(5200.446) 12*

T From least-squares fit of-ray energies.

¥ From Adopted Levels.

y(**Ne)

Iy normalization: From 1Q0-, whereoc=52.7 mb7. Xly (g.s.)= 100 yields 1.9192.

Eﬁ Iyi# Ei(level) J Et N Comments
377.6416 0.041 3836.13 127 3458.30 (12,32,52%) E,: 377.6416 (2009BeZzQ.
615.8013 0.194 3836.13 127 3220.52 R~ E,: 615.8113 (2009BeZQ.
1016.882  38.5729 1016.901 p2* 0.0 §gF2* E,: 1016.902 (2009BeZQ.
1364.304 9.8210 (5200.44) 12* 3836.13 12- E,: 1364.344 (2009BeZQ.
1398.406 1.375 3220.52 R~ 1822.15 R* E,: 1398.456 (2009BeZQ.
1635.9910 0.625 3458.30  (12,32,52") 1822.15 + E,: 1636.0510 (2009BeZQ.
1742.0610 0.565  (5200.44) 12+ 3458.30 (12,32,52%) E,: 1742.1310 (2009BeZQ.
1822.116 7.219 1822.15 R 0.0 §2* E,: 1822.196 (2009BeZQ.
1979.866  39.3134 (5200.44) I2* 3220.52 R~ E,: Weighted ave. of 1979.88 (2009BeZQ-
1979.926) and 1979.8% (1986Pr0%.
Uncertainty lowest input value.
2013.947 4.767 3836.13 127 1822.15 R* E,: 2014.037 (2009BeZzQ.
2203.556  32.2929 3220.52 R~ 1016.901 12* E,: Weighted ave. of 2203.51 (2009BeZQ-
2203.627) and 2203.58 (1986Pr0%.
Uncertainty lowest input value.
2441.3829  0.255 3458.30  (12,32,52") 1016.901 p2* E,: 2441.5229 (2009BeZQ.
2819.1312 4.9617 3836.13 12- 1016.901 12* E,: Weighted ave. of 2819.082 (2009BeZQ-

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009BeZQ,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009BeZQ,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009BeZQ,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009BeZQ,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009BeZQ,B
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Pr05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009BeZQ,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009BeZQ,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Pr05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009BeZQ,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009BeZQ,B

23Ne,,-10 NUCLEAR DATA SHEETS ToNe,5-10

22Ne(n,y) E=thermal  2009BeZQ,1986Pr 05 (continued)

7(23Ne) (continued)

Eﬁ Iyi# Ei(level) J Et N Comments
2819.2712) and 2819.2216 (1986Pr0%. Uncertainty lowest input
value.

3220.2512 6.329 3220.52 R~ 0.0 52+ E,: Weighted ave. of 3220.152 (2009BeZQ- 3220.3912) and

3220.4216 (1986Pr0%. Uncertainty lowest input value.

3377.7118 0.804 (5200.44) 2+ 1822.15 " E,: 3377.9818 (2009BeZQ.
4183.0118 1.607 (5200.44) 12" 1016.901 12* E,: Weighted ave. of 4182.918 (2009BeZQ- 4183.3218) and
4183.2025 (1986Pr0%. Uncertainty lowest input value.

* From 2009BeZQ recoil fraction subtracted. Values including recoild809BeZQare listed in the comments section.

¥ From 2009BeZQin units of mb.
# For intensity per 100 neutron captures, multiply by 1.8%7
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2Ne, 11 NUCLEAR DATA SHEETS ToNeyz11

22Ne(n,y) E=thermal  2009BeZQ,1986Pr05

Legend

Level Scheme Iy < 20

Intensities: Absolute partigiray productiong, (mb) — 1, < 10%x|Max
— Iy > 10%xI§
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23Ne,,-12 NUCLEAR DATA SHEETS ToNey512

22Ne(n,y) E=15-60 keV ~ 2003To18

No significant change from previous evaluati@®Q7Fi03.

Measurement was carried out at the Research Laboratoryolebr Reactors at the Tokyo Institute of Technology. Rutseutron
beam, the prompt gamma rays were detected using a pair e€antpton Nal(Tl) spectrometers. The measurements weredar
out cyclically on natural or enriched Ne, empty cell, Au arldnix samples. The de-exciting gamma rays were measured for
E(n)=15-40 keV and 41-60 keV. Evidences were found for the impaeaof p-wave neutron capture process along with the
contribution from s-wave neutron capture process.

23Ne Levels

E(level) Ff Comments
0.0 g2f

1017 y2t
1823 32
3221 32
3836 y2-
(5201) E(level): Sm15-60 keV. Numerical Sn value given ferray placement.
* From Adopted Levels.

y(**Ne)
E,f l,  E(eve) J E ¥ | ET 1, E(ee) J E I
1017 1017 v 0.0 52t | 2819 40 3836 B~ 1017 12t
1365 40 (5201) 3836 /27 | 3221 33 3221 2 0.0 F2*
1823 70 1823 o 0.0 52" | 3378 24 (5201) 1823 /3"
1980  108%  (5201) 3221 B | 4184 44  (5201) 1017 /2*
2013 3¢+ 3836 J2- 1823 32t | 5201 20 (5201) 0.0 &*
2204 >115 3221 r2- 1017 32*

* From level energy dierences.

¥ Unresolved intensity of 1980 and 20%3was divided using adopted branching.

# Intensities extracted from=21-60 keV spectrum (see Fig. 2(b) 2003To18 and corrected forféiciency assuming standard
efficiency of 5x5 inch Nal(TI) detector (extracted by the eveduaf 2007Fi02.
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23Ne,,-13 NUCLEAR DATA SHEETS ToNe,5-13

22Ne(n,y) E=15-60keV  2003To18

Legend
Level Scheme

— 1, < 2%xIP
Intensities: Relative, — 1y < 10%xIy™
1y > 10%x17

(8]
® ¥ & 9 h&
S & L& & &
I A . A 5201
J ¥ &
) D
& &
1/2- voowv ‘ 3836
~
B
N »
3% S
V &
3/12- oW 3221
N
&
3/2+ ~ 1823
5
1/2+ ~ 1017
5/2+ 0.0

23
ToNe3

42



2Ne, 14 NUCLEAR DATA SHEETS ToNeyg-14

22Ne(n,n),(n,y):res  2014He25

Other: 2002Be37

2014He25 Target— 99.8% enriched?Ne gas target in stainless steel cylinder at 150 atmosppessure. Neutrons were produced
from 7Li(p,n)’Be reaction with a pulsed proton beam of 1.0 ns width and abkrirepetition rate of 1 MHz and 250 kHz for the
capture and transmission runs, respectively5Eo 800 keV. Neutrons were detected using twgDg liquid scintillation detectors,
neutron energy resolution was 0.2 and 1.5 keV at 30 and 20Qrksyectively. Neutron capture events were detected tkag
CsDg detectors in combination with the pulse height weightinchtéque. The resonances in the capture cross sections were
identified and analyzed using the multilevel R-matrix codeVB/1Y. Deduced Maxwellian-averaged cross sections (MACS) f
stellar (ny) from 5 to 100 kT (keV). At kKE30 keV thermal energy, MACS value is 53.p 27 for 22Ne.

2002Be37 E=25-215 keV, measured capture deduced astrophysical reaction rates.

23Ne Levels

I,=200 eV was used as the adjusted value for each resonancehte &kperimental MACS values.
9=(2Jest1)/((2h+1)(222ne g.s:+1))-

E(IeveI)Jr J’f_i L¥ Comments

5460.73 12 1 T,=8.23 keV19
Resonance energ272.0 keV3 (Lab).
g=1.

5478.63 12 0 I'h=28.61 keV47
Resonance energ90.7 keV3 (Lab).
o=1.

5608.95 12 1 I'h=8.20 keV31
Resonance energy$27.1 keV5 (Lab).
g=1.

5672.05 12t 0 I'h=118.8 keV21
Resonance energy93.1 keV5 (Lab).
o=1.

5739.96 32t 2 I'h=5.10 keV18
Resonance energ$64.1 keV6 (Lab).
g=2.

5860.77 32 1 I'h=37.5 keV11l
Resonance energ$90.4 keV7 (Lab).
g=2.

59675 12t 0 I'h=27.2 keV51
Resonance energ$02 keV5 (Lab).
o=1.

T From Snf3Ne)=5200.6510 (2017Wald+E(n)(c.m. system), deduced from reported resonance esefigab) in Table Il of
2014He25 E(n)(c.m.)— mass 0f22Ne/(mass 0f22Ne + mass of nxE(n) (Lab).
¥ From capture cross section fittings using the multilevel &ix code SAMMY.
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23
ToNe 315

NUCLEAR DATA SHEETS foNe ;15

22Ne(d,py)  1974Ch35,1967H008

Other referencesl966Fo02 1950Pr64
1974Ch35 Deuteron beam with varying energies from 4.5 to 4.8 MeV gidhre tandem accelerator facility at Uppsala was used.

Enriched??Ne gaseous target (with enrichment more than 99.9%) was U$edtarget material was confined in a gas cell. The
emitted particles from the gas cell were detected using anlansurface barrier detector placed very close to 180egegith
respect to the initial beam direction. Large volume Ge(la)ettors were used for detection of gamma rays. Measureshp Ey,

DSA.

1967H008 Natural neon and enriched (99.9%Ne gas targets bombarded by deuteron beas?. B, 2.85, 3.40, 3.52 MeV;
Nal(Tl) and solid state detectors; Measureg f-ray branching ratio, p coincidence, angular correlation measuremey(s),
Deduced spin-parity for excited levels.

23Ne Levels
E(Ievel)T J Tl/zi Comments
0.0 52* J': From Adopted Levels.

1017.1419 178 ps10 Ty/2: From py(t) coincidence inl966Fo02 Other: 208 psl10from mean lifetime of 300 ps
+150-165 (1974Ch35% by Doppler shift attenuation factor.

1702.14 3/2,72 <70 fs F: From summed correlation results for 1702 keV transitiod analysis {967Ho008.

1822.93 3/2 <70 fs J: From combined correlation results for 1822 keV transitgom analysis{967Ho083.

2315.84 <70 fs

2518.08 <70 fs

3221.34 32~ <70 fs F: #1/2 in 1967Ho08from y(#) and correlation measurements fg21and 32 from L=1
in (d,p) 1970H022

3432.45 <70 fs

3458.36 <70 fs

3830.610 <70 fs

3837.69 <70 fs

3843.511 <70 fs

3988.56 <70 fs

40103 <70 fs

 From least-squares fit tpray energies.
# Estimated by evaluator df978En02 on the basis of the observation that the releyarays are fully Doppler shifted as reported
by 1974Ch35 except for 1017.1 keV level.

y(**Ne)
Eﬂ I73t Ei(level) J Et N Comments
492.75 1547  2315.8 18229 R l,: Branching: 894 from 1547 (1974Ch33, while 1004 from 452
(1967H008.
614.015 124  2315.8 1702.1 2,72 1,: Branching: 6.923 from 1512 (1974Ch39%, while <16 from <7
(1967H008.
815.87 556  2518.0 1702.1 2,72
1017.12 1000 1017.14 0.0 /2"
1116.56 246 34324 2315.8 ;- Branching: 6.115 from 246 (1974Ch3$, while <17 from <9
(1967H008.
1298.29 297 23158 1017.14 Lt Branching: 174 from 297 (1974Ch3$ and 224 from 102
(1967H008.
1325.58 23 3843.5 2518.0
1398.89 3913 32213 32- 18229 R l,: Branching: 3.211 from 39 13 (1974Ch33, while <5 from <4
(1967H008.
1608.811 5313 34324 18229 R l,: Branching: 133 from 53 13 (1974Ch33%, while 266 from 143
(1967H008.
1635.36 9612 3458.3 18229 R
1672.64 37227 3988.5 2315.8

Continued on next page (footnotes at end of table)

44


https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Ch35,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Ho08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1966Fo02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1950Pr64,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Ch35,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Ho08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1966Fo02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Ch35,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Ho08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Ho08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Ho08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ho22,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978En02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Ch35,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Ch35,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Ho08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Ch35,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Ho08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Ch35,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Ho08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Ch35,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Ho08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Ch35,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Ho08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Ch35,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Ho08,B

23Ne,,-16 NUCLEAR DATA SHEETS ToNe,5-16

22Ne(d,py)  1974Ch35,1967H008 (continued)

7(23Ne) (continued)

Eﬂ Iyi Ei(level) J Et N Comments

1702.04 68 1702.1 R,72 0.0 32t

1822.83 305 1822.9 el 0.0 52+

2014.79 14416 3837.6 18229 R

2128.510 7613 3830.6 1702.1 R,72

2204.04 120446 3221.3 32 1017.14 }: Branching: 1004 from 120446 (1974Ch3% and 100.024
from 822 (1967H00§.

2315.99 17422 2315.8 0.0 RB* I, Branching: 10013 from 17422 (1974Ch3% and 1004 from
452 (1967H008.

2415.59 15525 34324 1017.14 yk Branching: 39 from 15525 (1974Ch3% and 5911 from 326
(1967H008.

2441.110 7914 3458.3 1017.14

2518.317 2410 2518.0 0.0 pR*

2819.918 17926 3837.6 1017.14

3220.88 30032 3221.3 32 0.0 g2* I, Branching: 253 from 30032 (1974Ch3% and 22.024 from
18 2 (1967H008.

3432.913 39638 34324 0.0 RB* I, Branching: 10010 from 39638 (1974Ch3% and 1007 from
54 4 (1967H008.

3830.025 138  3830.6 0.0 pR*

3988.916 52054 3988.5 0.0 RB*

40103 135 4010 0.0 p*

T Measured using Ge(Li) detector at°90
¥ Measured using Ge(Li) detector at®s5The uncertainties were not given for gammas from levelsalgeg by a single
transition. Other uncertainties deduced using data ineTabf 1974Ch35

45
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Ho08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Ch35,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Ho08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Ch35,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Ho08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Ch35,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Ho08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Ch35,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Ho08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Ch35,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Ho08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Ch35,B

2Ne, 17 NUCLEAR DATA SHEETS ToNey517

22Ng(d,py)  1974Ch35,1967H008

Legend

Level Scheme

. . —_— |, < 2%
Intensities: Relatl 4 y

ntensities: Relative) Iy < 10%xImax

— 1y > 10%xIP™
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23Ne,,-18 NUCLEAR DATA SHEETS ToNe,5-18

22Ne(d,p),(pol d,p)  1960Fr04,1974W0ZA,1970H022

J7(%Ne)=0".

Other referencesl990Ch41 1969Ch2] 1969Na02 1967Lu04 1967Du01 1965Pu01

1960Fr04 22Ne(d,p), E=4.75-7.5 MeV; Magnetic spectrograph was used for analyisiseoreaction products. Both natural (9%
22Ne) and enriched (59%?Ne) neon gas targets were used. Measured level energies.

1974WoZA %2Ne(pol d,p), E12 MeV: Measuredr(6).

1970H022 22Ne(d,p), E=12.1 MeV. Enriched gas target. Measure(Epg). Performed DWBA calculations. Deduced level
energies, orbital angular momentum transfer, level spisparities, and spectroscopic factors.

1990Ch41 22Ne(d,p), E=24.1 MeV. Solidified??Ne target. The outgoing proton particles were detectedeafdbal plane of a
Q3D spectrometer. Performed DWBA analysis.

1969Ch21 22Ne(d,p), E=3 MeV. Measuredr(Ep#). Gas target was used.

1969Na02 22Ne(d,p), E=4-6 MeV, measured-(Ep,{). Also 23Na(n,p).

1967Du01 22Ne(d,p), E=3 MeV, angular distribution measurement for the first extievel.

1967Lu04 22Ne(d,p), E=12.1 MeV. Enriched?®Ne gas target (with 99.7% enrichment) was used. Particletifitmtion was
carried out using detector telescope consisting aEa(transmission-type surface barrier diode) detector ané dithium-drifted
silicon diode) detector. MeasuredEp#). Performed DWBA calculations.

1965Pu01 22Ne(d,p)— Measured angular-distribution.

23Ne Levels

E(level)f FE g S Comments

0.0 2 0.23

10187  12+# 0 0.39
17037
18268
23148 52"
25208

32188 32
34338  3/2*
383610 1/2°
39888  (32)F
427015

443112

47645

486715 E(level): from1960Fr04
49405

499515 E(level): from1960Fr04
50295

50685

51856  (3/2*,52) (2) 023  S:froml970H022

52205 3&
52657
53407

54625 1&
552210
556015
560610
564610
572610
578515
584015

0.023
0.07

NN

0.73
0.38
0.14
0.32

NFEDNBRF

T E(level)<4700 keV from1960Fr04 E(level)>4700 keV from1990Ch41(unless otherwise stated).
¥ From 1974WoZA ((pol d,p) — vector analyzing power), except where otherwise noted.

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1960Fr04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974WoZA,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ho22,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Ch41,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Ch21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Na02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Lu04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Du01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1965Pu01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1960Fr04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974WoZA,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ho22,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Ch41,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Ch21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Na02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Du01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Lu04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1965Pu01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1960Fr04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1960Fr04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ho22,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1960Fr04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Ch41,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974WoZA,B

23Ne,,-19 NUCLEAR DATA SHEETS ToNe 519

22Ne(d,p),(pol d,p)  1960Fr04,1974W0ZA,1970H022 (continued)

23Ne Levels (continued)

# From 1970H022 based on L value and literature data.
@ From 1970H022 except otherwise noted.

& From 1990Ch41
a From 1967Lu04(the average of the two possible values as mentioned in Bjblenless otherwise stated.

48


https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1960Fr04,B
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23
10Ne13—20

NUCLEAR DATA SHEETS {oNe 520

2Na(u~,y)  1996J021

Others:1994Go007 1993G009 1993G027- same research group ©996Jo21

1996J0211994G007 23Na target was a 5.0 cm diameter and 0.5 cm thick disk of puralficesodium packed in a thin-walled
polyethylene container under g Mtmosphere. The target was placed @4bth the beam direction. Three plastic scintillators, one
mounted on the downstream facing the collimator, two maliote the upstream and downstream facing the target. Twoe-typ
HPGe detectors placed 9With respect to the beam direction surrounded by Comptopresged by BGO and Nal crystals.
Measured E, yield per muon stopy-y coin. Studied hyperfine dependence of exclusiveapture orf3Na.

E(level)f

0.0

1017.18

1702.110 7/2*

1823.18
2315.18
3432.28

3458.210 1/2*

N

23Ne Levels

Comments

J': From 1996J021

J: From 1996J021 (1/2,3/2,52%) in Adopted Levels.

* From least-squares fit tpray energies, assumingE=1 keV.

ET  L¥  E(evel
492 0.124 2315.1
1017 1.2428 1017.1
1635 0.7917 3458.2
1702 0.174 1702.1
1823 1.4330 1823.1
2315 0.134 2315.1
2415 0.174  3432.2
2441 0.4610 3458.2
3432 0.265 3432.2
* From 1996J021

il

12+
72+

¥(*Ne)

¥ from 1996J021 Yield per 100u- stop (not capture).
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IoNe ;21 NUCLEAR DATA SHEETS

23
ToNe 21

2Na(u~,y)  1996Jo21

Level Scheme

Intensities: Type not specified

?qql o
‘2
J,
6‘350)
79
4;,)2 09
<6
01)

1/2*

Legend

_—
B —
B —

3458.2

2 75

3432.2

2315.1

1823.1

712+

1702.1

1017.1

0.0

23
ToNe13

ly < 29%x I
ly < 10%x 72
ly > 109 |72
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23
10Ne13—22

NUCLEAR DATA SHEETS {oNe ;22

ZNa(n,p)

1995Si19

Nearly monoenergetic neutron beam; @8 MeV, obtained fronfLi(p,n) reaction and a neutron flux at secondary target was 1
10° #/sec.cm. Na targets (thickness 100 yag¥) between 6.:um Mylar in Cu support frames. Target stack of f&dNa, one
CH,, (for calibration), one Mylar (for background subtractiofrotons were momentum analyzed in the Medium Resolution
Spectrometer at five angles frorfi @ 24° in step of 6. Measured dferential cross sections. Overall energy resolution 90Q keV
Deduce Gamow-Teller (GT) transition probabilities to Igung 1/2+, 327, and 32 Ne states and the GTstrength distribution up
to 25000 keV excitation energy.
An expected value of unit cross section of 8.90/snd5 was used byl 995Si19to determine the values ofR.

23Ne Levels

Comments

E(level)f Ft
0 52+
1017 12+
1823 32+
2315 52+

344513  3/2* to 1/2*

T As listed in1995Si19

(1.5)=0.300 mb51, Bf;;=0.0386.
o(1.5)=0.364 mb55, BF1=0.0487.
o(1.5°)=0.312 mb58, Bf,=0.0418.

GT—
(1.5)<0.162 mb, B;;<0.0218.

E(level): 3432-3458.

o(1.5°)=2.35 mb24, B;;=0.31833.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1995Si19,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1995Si19,B
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23Ne, ;-23 NUCLEAR DATA SHEETS ToNe,523

23Na(n,py)  1969Na02

E=8-9 MeV; Measuredr(E; Ey, y(0)). Nal(Tl) detector. Electron, proton, were separated by pulse shape discrimination.
Deduced?3Ne excited levels, spin and parity, mixing ratio.

23Ne Levels

E(level)f FE

00  52*
1020 12+
1700 720#
1830 329
2310 32+ 52+
2520 52,7/2,92%

* From Fig. 9 in1969Na02

¥ From 1969Na02 y(6) measurement and literature, except where otherwise noted
# From 1969Na02 y(6) measurement.

¥(>Ne)
Ei(level) J Eﬁ IyfF Et NH Mult. 6 Comments
1020 12+ 1020 100 0.0 B*
1700 72(4) 1700 >98 0.0 32¢ D(+Q) +0.1112 & From+0.23< § < +0.01 (1969Na02.
1830 3204 1830 >98 0.0 52*

2310 32t 52t 480 45 1830 RO
1290 10 1020 /ot
2310 45 0.0 B*
2520 92,72,92 820 80 1700 24
2520 20 0.0 B*

T From level energy dierences. Measured data (numerical value) not listetPBONa02
 From 1969Na02
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23
ToNe ;24

NUCLEAR DATA SHEETS

23
ToNe ;24

23Na(n,py)  1969Na02

Level Scheme

Intensities: % photon branching from each level
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23Ne, ;25 NUCLEAR DATA SHEETS ToNe15-25

208ph(22Ne,23Ney)  2012Bo09

Based on XUNDL: Compiled by E. Thiagalingam and B. Singh (Mxltér), July 17, 2012.

22Ne beam at E128 MeV, 298pp target (thickness 3Q@y/cn?). 298Pbh was sandwiched between t#4C layers. The PRISMA
magnetic spectrometer along with thearray CLARA consisting of 21 HPGe clover detectors wereduee the experiment at the
Legnaro National Laboratories of INFN. Identification oktheaction products was carried out from the event by evealysis of
energy loss, time-of-flight and ion-trajectories. Measuparticley coincidences, &

23Ne Levels
E(level)  F'
0.0 52t
1017 12+
* From Adopted Levels.
y(**Ne)

E, E;(level) J Ef Jf

1017 1017 Pt 0.0 52

208pp(22Ne23Ney)  2012B009

Level Scheme

101)

1/2F 1017

5/2" 0.0

23
1oNe 3
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012Bo09,B

2Nay,-1 NUCLEAR DATA SHEETS TiNay,-1

Adopted L evels, Gammas

Q(87)=-4056.17932; S(n)=12419.6617; S(p)=8794.102; Q(a)=-1.04%10*  2017Wal0
Q(B7): From measured value: 4056.182 (2019Ka3(Q and 4056.1782 erratum 0f2019Ka30- Phys. Rev. C 101, 049901 (2020).
Other: —4056.3416 (2017Wa1.

Other reactions:

19F(a,p): 2018Dal4(E=6 MeV) — 1st excited state was populated.

20Ne(e,py): 1975Gr04(E=10,12 MeV) - measured 7.

23Na(d,d): 1981RU09(E=13.6 MeV).

23NalHe2He): 1980Tr02(E=41 MeV), 1982Vel3(E=25 MeV), 1973R018(E=11 MeV).
25Mg(p,2He): 1976Nal8(E=40 MeV), 1969Ha38(E=45 MeV).

27Al(e,@): 1979FI04(E=120 MeV).

208pp(pol 23Na23Na): 1988Ka29(E=170 MeV).

23Na Levels

Cross Reference (XREF) Flags

A 2Nep decay L  2Ne(Li,a) W 23Na(p,py)
B Mgedecay M  2INelHe,p) X 2Na(e,o’)
C Al gtpdecay N 22Ne(py) Y Coulomb excitation
D Li(*%0y) 0  22Ne(d,n) z 24Mg(d 2He)
E  11B(160,) P 22Ne(d,ny) Others:
F 12c(2c py) Q  2Ne@He,d).fHe,dy) aA  ZMg(te) (tay)
¢ 2c(N,) R 2Na(n,p).(n@): res AB  25Mg(d.)
H  2C(®0epy) s Napy) AC  *Mg(p.ay)
I F(@y) T  2Na(e,8) AD  27Al(d,5Li)
3 19FELid) U Na(n,rdy) AE  150Nd(%6Mg,23Nay)
K ?Ne(.p) v ®Na(p,p).?Ne(p.B)
E(level)f F Torr¢ XREF Comments
0.0f 3/2t  stable ABCDEFGHI KLMNOPQRSTU WXYZ XREF: Others:AA, AB, AC, AD, AE

©=+2.217503; Q=+0.1041

Matter radius<r?>%2=2.83 fm 3 and 2.83 fm4 (1998Su0Y.

Charge radiusr>12=2.9936 fm21 (2013An03.

J': 3/2 from Atomic beam, optical spectroscop®33Gr03
19333004 1934EI02 1934Ra01 Parity from =2 in
22NeHe,d).

u: From2019StZV—- NMR (+2.2174982233in 2012An18- ab
initio calculation). Other valuest2.21765566 — NMR
(1954Wa37, +2.2175222 — ABMR (1974Be50).

Q: Optical spectroscopy2008Py022006Dal4 2016St14.

Other values:+0.104510 (1999Ke122014StZZ, +0.1093
(1992Su0}, +0.09515 (1992Vo09, many others in the
literature.

440.2f 4 52t 1.14 ps7 AB DEFGHI K MNOPQ S U WXYZ XREF: Others:AA, AB, AC, AD

F: L=2in (He,d), 52 in 1966P006(p,ay) based on their
v(6) measurements and references therein including Coul.
Ex. (1956Te33 y(0) data.

T or I': From mean lifetime of 1.64 p$0: Weighted average
of 1.8 ps+4-3 (1959Ral0- (p,p)); 1.50 ps25 (1961Am04,

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2019Ka30,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2019Ka30,B
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Gr04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Ru09,B
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ro18,B
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Fl04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1988Ka29,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1998Su07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013An02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1933Gr03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1933Jo04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1934El02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1934Ra01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2019StZV,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012An18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1954Wa37,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Be50,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Py02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Da14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016St14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1999Ke12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2014StZZ,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992Su01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992Vo09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1966Po06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1956Te33,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1959Ra10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1961Am04,B

2Nay,-2 NUCLEAR DATA SHEETS TiNay,-2

Adopted L evels, Gammas (continued)

23Na Levels (continued)

E(level)l  F Torr¢ XREF Comments

1.8 ps2 (1969Ru0}, 1.80 ps28 (1962Mol17, and 1.62 ps
10 (1966Sk03, 1.30 ps30 (1963Sw011963Sw02 — all
from (y,y’); 1.63 ps20 (1973Wa2§ and 1.80 psll
(1990Ti02 from (*2C,py); 1.69 ps22 (1977Sc36- DSA
see Coul Ex.), 1.40 p30 (1975Gr04, 1.50 ps30
(1959B044, 1.42 ps22 and 1.37 p4 (both from Coul
Ex.).

2076.2f 4 7/2t 27fs3 A DEFGHI KLMNO Q STU WXYZ XREF: Others:AA, AB, AC, AD

J: L(t,a)=4 from O target and M:E2 y to 52*, 7/2
from (p,gy) (1968S007.

T or I': From mean lifetime of 39 f&: Weighted average of
37 fs9 (1970Bi19, 28 fs7 (1973Mel), 42 fs7
(1975An14 and 35 fs5 (1979SmO02 — all from (p;y); 50
fs 15 (1973Fr07- (*2C,py)); 49 fs 11 (1967Af03 - (a,p)),
46 fs8 (1969Sal6- (e,€)), 45 fs9 (1971Ral3- (y,y")),
50 fs 7 (1977Sc36- Coul Ex.), 37 fs9 (1975Gr04-
(a,py)), and 27 fs9 (1989Ge09- (n,n'y)). Other mean
lifetimes: 19 fs4 (1971Du07- (p,y)) — vields highery?
than critical if considered, 120 880 (1977Sc36- DSA see
Coul Ex.), 210 f$60 (1972Du05- (p,p'y)).

2390.93 12* 0.60 psl4 B EFG I KLMNOPQ S U W Z XREF: Others:AA, AB, AC, AD

J': L(d,n)=0 from Q" target.

T or I': From mean lifetime of 866 f200 weighted
average of 760 f240 (1979Sm02, 850 fs200
(1975An14, and 750 fs600 (1970Bi14, 580 fs+370-190
(1971Du07 — all from (p;y); 950 fs200 (1969P008,

700 fs250(1970Malj, and 1550 fs400 (1972Du0f —
from (p,py), 1200 fs600 (1973Fr07— (12C,py)). Other:
>500 fs L973Mel) from (p,gy)).

2640.%9 6 /2= 76fs9 efG I LMN PQ SUW Z XREF: Others:AA, AB, AC, AD

J: L=1 in 2Ne@He,d),8He,dy). 1/2 from y-ray angular
correlation studies- (p,ay) (1972Li02.

T or I': From mean lifetime of 109 f43 Weighted average
of 113 fs18 (1975An19, 100 fs20 (1970Bil19,

88 fs +20-14 (1971Du07, 92 fs 18 (1979Sm0®, 119 fs13
(1983Kel2- unc 5 from w.a. in ref—~ evaluators take
lowest value)- all from (p;y); 135 fs20 (1971Ral3-
(v,y")), 100 fs+80-40 (1970Mal5- (p,p'y)), 95 fs35
(1973Fr07- (12C,py)), and 200 fs80 (1969P006-
(p,pP'y)). Others: 365 fsL00 (1972Du05- (p,pvy)),
390 fs20 (1989Ge09- (n,n'y)), 58 fs10 (1973Mell-
(H2)

2703.9 5 92" 88fs7 eFGH KLMN Q U WX Z XREF: Others:AA, AB, AC, AD

XREF: K(2680).

J: L=4in (t«) from O* target and E2 to/2*; 9/2 from
angular correlation measurements (p)p(1968S007.

T or I': From mean lifetime of 127 f40: Weighted average
of 200 fs100 (1969P00®, 100 fs+80-40 (1970Mal3,
100 fs30 (1972Du0y — all from (p,g7y); 125 fs30
(1973Fr07, 110 fs20 (1973Wa2§, 139 fs10 (1990Ti02 —
from (12C,py); 130 fs30 (1975An14- (p,y)), 105 fs20
(1975Gr04- (a,py), and 260 fs110(1989Ge09- (n,n'y)).
Other: 65 fs15 (1973Mel1- (p,y)) — yields highery?
than critical if considered.

2982.05 32" 3.3fs4 A EFG I KLMNOPQ S UW Z XREF: Others:AA, AB, AC, AD

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Ru01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1962Mo17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1966Sk01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1963Sw01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1963Sw02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Wa26,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Ti02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Sc36,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Gr04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1959Bo44,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968So07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Bi14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975An14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fr07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Af03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Sa16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Ra13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Sc36,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Gr04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ge09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Du07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Sc36,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Du05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975An14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Bi14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Du07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Po06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ma15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Du05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fr07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Li02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975An14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Bi14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Du07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Ke12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Ra13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ma15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fr07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Po06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Du05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ge09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968So07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Po06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ma15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Du05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fr07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Wa26,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Ti02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975An14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Gr04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ge09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B

2Nay,,-3 NUCLEAR DATA SHEETS TiNay,-3

Adopted L evels, Gammas (continued)

23Na Levels (continued)

E(level)f F Torr¢ XREF Comments

J: L=2 in 2Ne@He,d),@He,dy). 52 excluded by
1971Ral3(y,y’) based ons analysis of 25413 and
linear polarization measurements from their earlier
experiment.

T or I': From mean lifetime of 4.7 f6: Weighted
average of 4.0 f$13-10(1971Du07, 2.8 fs20
(1973Mel), 3.4 fs10 (1975An14 6.3 fs10
(1970Bi14 — all from (p;y); 3.8 fs8 (1984V003,

9 fs 4 (1972Sh0Y 4.7 fs8 (1966Raly, 5.4 fs6
(1971Ral3 - all from (y,y’)). Other mean lifetime
values: <3 fs (1979Sm02- (p,y); <100 fs (L973Fr07-
(*2C,py)); <25 fs (1972Du05, <79 (1970Maly,
<50 fs (1969P00® all from (p,Fy).

3677.9 5 32 21 fs3 EFGI LMN Q UW Z XREF: Others:AA, AB, AC, AD

J: L=1 in 2Ne@He,d),@He,dy). 3/2 from y-ray
angular correlation studies (p,ay) (1972Li02.

T or I': From mean lifetime of 31 fg: Weighted
average of 35 f§ (1970Bil4, 24 fs+5-4 (1971Du07,
26 fs4 (1973Mel), 43 fs9 (1979SmO0P, 42 fs7
(1975An14 — all from (p;y); 70 fs40 (1972Du05-
(p,p'y)). Other: <40 fs 1973Fr07— (12C,py)).

38479 5 52~ 87 fs21 eFG I kKLMN Q U W Z XREF: Others:AA, AB, AC, AD

XREF: U(3853)AD(3863).

J: E1(+M2) to 7/2*, y to 32", and RUL.

T or I': From mean lifetime of 125 f80: Weighted
average of 115 85 (1970Bi14, 170 fs60
(1971Du07, 95 fs30 (1973Mel), 120 fs35
(1979Sm02, 140 fs30 (1975An14 — all from (py);
120 fs35 (1973Fr07— (12C,py)); 170 fs50
(1972Du0j - (p,@7y)-

3914.64 5/2*+ 6.9 fs14 eFG I kKLMN Q S U W Z XREF: Others:AA, AB, AC, AD

J: L=2in (ta), CHe,d), and (d,n). & 1970P008
(t,ay) — based ony-ray angular distribution
measurements and RUL.

T or I': From mean lifetime of 12 f&: Weighted
average of 12 f (1970Bi19, 7.4 fs25 (1971Du07,
11 fs3 (1973Mel), 10 fs4 (1979Sm0P, 14 fs3
(1975An14 — all from (pyy); 14 fs2 (1984\Vo02—
(y,y")). Others: 25 fsl4 (1973Fr07— (12C,py)),

60 fs 15 (1972Du05- (p,p'y)).

4429.6§ 16 1/2F 0.21 fs2 F KLMNO Q STU W Z XREF: Others:AA, AB, AC, AD

XREF: T(4500).

F: L=0in (d3He), GHe,d), and ().

T or I': From mean lifetime of 0.30 f8: Weighted
average of 0.29 f8 (1964Mel), 0.24 fs4
(1972Sh0Y, and 0.34 fs4 (1984\V002, 0.35 fs 7
(1985Ba36 — all from (y,y’). Others: 0.94 {8 (e,€),
<25 fs (1973Fr07- (12C,py)), 2 fs 2 (1973Mell-
(pyy)), <45 fs (1972Du0j - (p,p'y)).

4775.25 7/2* <1.4% fs EG KLMNOQ UW Z XREF: Others:AA, AB, AC, AD

F: L=4 in 2*Mg(t,e), 4335 M1+E2 to §2*.
5378.56 15 52+ 1437 as21 FG KLMNO Q S UV Z XREF: Others:AA, AB, AC, AD

F: L=2in (He,d) and (). M1(+E2) to 72".
55344 6 1y2¢ 10416 EFGH L Q UV Z XREF: OthersiA, AB, AC, AD

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Ra13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Du07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975An14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Bi14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Vo02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Sh07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1966Ra19,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Ra13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fr07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Du05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ma15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Po06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Li02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Bi14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Du07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975An14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Du05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fr07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Bi14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Du07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975An14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fr07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Du05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Po08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Bi14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Du07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975An14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Vo02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fr07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Du05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1964Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Sh07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Vo02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1985Ba36,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Fr07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Du05,B

2Nay ,-4 NUCLEAR DATA SHEETS TiNay,-4

Adopted L evels, Gammas (continued)

23Na Levels (continued)

E(level)f F Torr¢ XREF Comments

J: From 1975J003(*2C,py), based on particle
vy-ray linear polarization and angular correlation
measurements of 3458
5741.0 15 52+ 394" as27 eFG NO Q S UV XREF: Others:AA, AB, AC, AD
XREF: AA(5748).
J: L=2 in 22NeCHe,d) and p(6) (1989Ba42-

(PY))-
5766.0F 16 3/2* 351 as41 e G N SUV XREF: Others:AA, AB, AD
J: M1+E2y to 32*, y’sto Y2~ and 32°.
57766 G Q Z XREF: Others:AB
E(level): From (dg).
5925.85 7/2* 13 fs5 FG LmN Q uv XREF: Others:AA, AB, AC, AD

XREF: U(5934)AD(5910).
J: From py(6) measurements of resonance level
— 5740— g.s. cascade and transition strength
analysis 1989Ba42- (p,y)). E2y to 32*.
5965.99 3/2- <11 fs eF Lm 0 Q S UV Z XREF: Others:AA, AD
XREF: O(5940)AA(5971)AD(5950).
J: L=1in (ta),(tay), y to 52* and RUL
(22~ from B(M2)(W.u.)>6.8).
6041.9 6 7/2- 6 fs2 eFG LN Q UV XREF: Others:AA, AB, AC, AD
J: From py(6) measurements and transition
strength analysis1989Ba42- (p,y)). (E2) to
32",
6115.16 (11/2)* 359 fs 9 FGH L Q \ XREF: Others:AA, AB, AC, AD
J: M1 to 92%, y to 7/2*, M1+E2 y from 132*
at 7268-keV level.
6194.6 2  5/2- <70 fs G LN Q V XREF: Others:AA, AB, AC
J: From py(), y to /27, and transition strength
analysis 1989Ba42- (pyy)).

6235.4 6 (1324 169 s 8 FGH KLN Q V XREF: Others:AA, AB, AC, AD
J: (E2) to 92* and (M1+E2) to 132", band
assignment.
6305.66 12+ Jk1 NOPQ V Z XREF: Others:A, AB, AC

XREF: Z(6263).
J: L=0 in 22Ne(d,n).
6354.8 5 92~ 219 ts 5 FG Jk1 N Q v XREF: Others:AA, AB, AC, AD
XREF: J(6340).
J'. E2 to 527, band assignment.
6578.06 (9/2t,52%) <1li1fs F jK1 QS V XREF: Others:AC, AD
J. 5/2,92 from 613% angular correlation
measurementsl972Li02 (p,ay), M1+E2 to
7/27. 92*,(52%) in 1989Ba42(p,y).
6618.38 (7/2,52)* <0.7 fs FG j 1N Q \ XREF: Others:AB, AD
XREF: AD(6602).
J: M1+E2 to 52*, y from (92*) at 8319.5.

67355 2 3¢ 415 as50 F JLN QS V XREF: Others:AB
J: L=2 in 22NeCHe,d) and RUL.
6820.28 52~ <8 fs eF J N Q Y XREF: Others:AB, AD
F: L=3in (Li,d), 52 from py(6) (1989Ba42—
(P)-
6867.% 2 52+ 32" <6 fs e kK N Q V XREF: Others:AB

J: L=2 in 22NeCHe,d).
6881.211 F

Continued on next page (footnotes at end of table)
58



https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Jo03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Li02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B

2Nay,-5 NUCLEAR DATA SHEETS TiNay,-5

Adopted L evels, Gammas (continued)

23Na Levels (continued)

E(level)f F Torr¢ XREF Comments
6920.6 2  3/2- JKI NOQ V Z XREF: Others:AB
J: L=1in 2Ne@He,d) and (fHe), y to
5/2+.
6947.4 2 (32 <28 fs F 1N QS V J: L=(2) in 2Ne@He,d), andy’s to 12"
and J2-.
7055.311 F
7070.§ 2 1N S V =z XREF:OthersAB, AD
7081.9 3 32 258" as31 J1NOQS V z XREF: OthersAB
F: L=1in 22Ne(d,n) and®?Ne(He,d) andy
to 52*.
7125.87 (9/2) 137 fs 5 F j QS V XREF: Others:AD

J: D+Q y to 7/2*. 52 and 72 are also
possible. @* in 2013Je0412C,py).

71335 9  32¢ 52 200% as26 j N Qs v XREF: Others:AB
J: L=2 in 2Ne@He,d) andy’s to ¥2* and
7/2*.
71503 XREF: Others:AB
718536  (9/2%) F ] N Q V XREF: Others:AB, AD
J: D+Q y to 7/2*. D+Q y from 112" at
9210.4.
7268.16 132+ 18d fs 6 FGH K1 q \Y XREF: Others:AB, AD
F: E2y to 92°, M1+E2 y to 11/2*.
7280.3 11 5/2=,7/2~ 9fs6 F J1N ¢ \Y XREF: N(7277.1).
J: L=3in (Li,d).
73855 1/2-,3/2- G j Q XREF: Others:AB, AD

E(level),F: From (de) and L=1 in
22NeHe,d).

7393.47 (11/2%) 189 fs 11 F j N v XREF: Others:AB
J: (M1+E2)y to 92*. 7/2* and 92* are
also possible.
7412.4 3 5/2%,7/2*,92* <35 fs G N Q v XREF: Others:AB

J': v cascades from resonance statR(Y at
9396.4— 7412 — 7/2* state at 2076 ((p)

— 1989Ba4y).
74515 9 52+ 32 <3fs G k NOQ V XREF: Others:AB
J: L=2in 2Ne@He,d). L=(2) in (d,n).
7477.411 F jk
7488.97 1/27,3/2" <3fs F j N Q V XREF: Others:AB
F: L=1in 2NeHe,d).
7563.911  (52) 0.26" fs 18 F JLN QS V XREF: Others:AB
J: L=2in (Li,d), D+Q y from 7/2~ at
9396.4.
7687.07 FG Jk Q v XREF: Others:AB
7724.4 2 Jk N Q V XREF: Others:AB
7750.611  (5/27,3/27) KLNOQ V XREF: Others:AB
J: L=(2) in (d,n).
7835.77 7/2,(52%) <35 fs FG Jk N Q V XREF: Others:AB, AD
J': y(0) measurements for from 7/2
resonance state,to 92, D(+Q) y to 52t
(Py).
7872.68 3/2,(52+)P <35 fs F LN v XREF: Others:AB, AD

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013Je04,B
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Adopted L evels, Gammas (continued)

23Na Levels (continued)

E(level)f F Torr¢ XREF Comments

XREF: L(7862).
J: D+Q y to 52%, y to 1/2*.

7876.29  52P <12 fs ] N
7891.% 3 52 1627 as12 ] NOQS V T=372
J: L=0in (p2He) — 1969Ha38(listed above in
‘Other reactiony from 52* target; =2 in
22NeCHe,d).
79643 G N Q V XREF: Others:AB, AD
E(level): From (p,p).
7974.011 <28d fs FG ] Q XREF: Others:AB, AD
7991.56 (112 19 fs 8 F S v F: D+Qy to 92* and (132") states. 12+ in
2013Je0412C,py).
80613 5/2+,7/2,92* FG N Q V XREF: Others:AB, AD

E(level): From (p,p).

J: y's to 52" and 92*.
81009 Q XREF: Others:AB

E(level): From (dg).

812% 7 Q XREF: Others:AB
8149% 5 Q XREF: Others:AB
8173 7 Q XREF: Others:AB
8220% 5 Q XREF: Others:AB
8261.0 5 N Q V XREF: Others:AB
XREF: Q(8254).
8301.611 527,72 <5 fs eF kKLNOQ V F: L=3 in 22Ne(d,n).
8319.59 eF k v XREF: Others:AB, AD
XREF: V(8329)AD(8335).
J: 9/2* in 2013Je0412C,py).
8360.0 9 ] N QS V XREF: Others:AB
8417.4 2 32+ <21 fs NOQ V XREF: Others:AB
J: L=2 in 22Ne(d,n), 32 from py(6) (1989Ba42
= (PY))-
8432.611 F
8475. % 5  3/2* 52+ FG JLN Q V XREF: Others:AB, AD
XREF: F(8483)Q(8468).
J: L=2 in 22Ne@He,d).
85033 Q v XREF: Others:AB
E(level): From (p,p).
85582 L Q v XREF: Others:AB, AD
E(level): Weighted average of data from
(®He,d),BHe,dy), (da), and (p,p).
8611.% 9 N Q V XREF: Others:AB, AD
8631.0 9 F N SV XREF: Others:AD
8651.211 1/2* 0.5% fs 7 FG JL QS V XREF: Others:AB
J: L=0 in 22Ne@He,d).
8665.018 1/2* 128 as22 NOPQ S V T=(3/2)
J: L=0 in 22Ne@He,d).
T or T': Weighted average of data i,§’) and
(d,ny).
8721 2 F Qs v XREF: Others:AB, AD
XREF: AD(8705).
8798.78 FG 1 0Q V XREF: Others:AB, AD

Continued on next page (footnotes at end of table)
60



https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Ha38,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013Je04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013Je04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B

2Nay,7 NUCLEAR DATA SHEETS TiNay,-7

Adopted L evels, Gammas (continued)

23Na Levels (continued)

E(level)f F Torr¢ XREF Comments

F: (3/2,72)" in (*2C,py). L=0 in (d,n) implies
1/2*. y rays to 32+ and 32".

8820.87 (9/27) FG 71 v XREF: Others:AB
J: L=5in (Li,d) from 1/2* target, D+Q y to
7/2*.
8827.911  1/2* 211 as70 F N PQ S F: L=0 in 22NeCHe,d).
88627 12+ Q J: L=0 in 22NeCHe,d).
88947 P Q F: L=0 in 22Ne@He,d).
8945.18 (3/2%) F K N XREF: Others:AD

J: D+Q y to J2*. 2016De34(p,y) argue only
3/2* state was populated by low energy proton
beam, as /2~ state is strongly disfavored by
the angular momentum barrier, considering the
doublet at 8944 keV with tentative spin-parity
of 3/2* and 72".

8946.86 7/2) 219 fs 10 F j o0Q vV XREF: Others:AB
J: L=3in 22NeCHe,d).y from (1%/2") at
11271.9.
8963.911 F
8975.3 7 3/2* 52" F Q v XREF: Others:AB
J: L=2 in 22NeCHe,d).
9000? Q
9039.58 (15/2) FGH L v XREF: Others:AB
XREF: L(9024).
J: 2804y D+Q to (132*). 152* in 2013Je04
(*2C,py) and 60 ,apy).
9042.68 (7/2,92)* 109 fs 5 F N Q v XREF: Others:AB, AD
F: From {2C,py), y to 52+ and 72* states.
90723 \ XREF: Others:AB, AD
E(level): From (p,p).
9101.57 (132%) F jkI Q V XREF: Others:AB
J: Qyto 92+, D+Q to (112*).
91133 jk1 v
9172.811 FG Q v XREF: Others:AB
9210.46 (1/2%) Fooj XREF: Others:AD
J: D+Q y to 92, y to 7/2°.
9211.6 8  32- 4.1 fs 15 F j N QS V 2z XREF:Others:AB
XREF: F(9207)Z(9223).
J: L=1in (d3He). Dy to 52*.
9212.92 11 F
9252.16 10 1/2* N Q V XREF: Q(9257).
J: L=0 in 22NeCHe,d).
9285.411  3/2* 52* F Q v XREF: Others:AB, AD
J: L=2 in 22NeCHe,d).
9292.79 F F: (7/2,1%/2) and (112%) in (*2C,py).
9325.811  (9/2+,132%) F K Q V XREF: Others:AB
XREF: K(9.36E3).
J: From (dr/dQ) () and DWBA calculations
(a,p).
9396.4 3  7/2° F N Q V XREF: Others:AB, AD

J*: py(#) and from an acceptable fraction for
the reduced proton width of the Wigner limit
for a Ip=3 capture 1989Ba42- (p,y)). D+Q
y's to 52- and 92".
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iiNa,,-8

NUCLEAR DATA SHEETS ﬁNalz'B

Adopted L evels, Gammas (continued)

23Na Levels (continued)

E(level)f F Torr¢ XREF Comments
9401.07 F N XREF: Others:AB, AD
9404.85 12 65 eV N J': Fromy(6) (1962Br21— (p.y)).
9426.% 5  32- 3 N Q V Z XREF:Others:AB
J: L=1in (d3He), D+Qy to 1/2* and 52*.
94754 Q Vv XREF: Others:AB
E(level): Weighted average of data from (),p
and éHe,d),BHe,dy).
9487.% 8 3/2 N \ J: From py(6) (1973Mell- (py)).
9541.512 (132+) F Q Vv XREF: Others:AB
J: D+Q y to 11/2%.
95823 Q Vv XREF: Q(9588).
9608.% 2 32+ 6 eV N Q V J: L=2 in 22NeCHe,d).y to 52 and
Py (6).
9626" 3 1/2+@ 2. fs8 s v XREF: Others:AB
9628.9 9 112~ 2.8 fs 14 F J:Dyto 72, D+Qy to 92~ in (*2C,py),
band assignment.
9652.% 10  (3/2+,52%) N q J: yto /2 and 72*.
9655.6 10 (1/2%) 105 eV N g V XREF: V(9651).
J: From (p,p) (1968Kel); 3/2,52 in
1973Mell- (p,y) from y placement to 2*
and 72*.
9674.% 10  3/2* 52" N Q V XREF: Others:AB
J: y’s to ¥2* and 72*. D+Q y’s to 32*
and 52*.
9682.7 4  (3/2) N Q V J: 3/2 from py(6) (1973Mell- (py)).
D+Q y’s to §2*. y to 7/2*.
9700.9 10  3/2* 29 eV ] NOQ V F: L=2 in 22Ne@He,d). D+Q y to /2~ and
v to 7/2*.
9732.53 13 7/2 N Q V XREF: Others:AB
J: D+Q to 52" and 92*.
97383 1/2-,32" V Z XREF: Z(9728).
J: L=1in (d3He).
9755.5 32+ N Q V F: y's to Y2+, 12, 52+, 52",
98029 8 (152%) 4.8 fs14 FH v XREF: Others:AB
J: E2 to 132%, (M1+E2)y to (132%), band
assignment.
9815.# 4 52t GJ NQ V XREF: G(9810).
J: y's to ¥2* and 92*. D+Q y to 32*.
9835.4 10  3/2* 47 eV E N Q V XREF: Q(9844).
J: L=2 in 22Ne@He,d). 32* from (p,p)
(1968Ke1).
9850.% 5 1/2+@ 150 eV N v J: y's to 12+, 1/2, 5/2*.
9875.69 F v
9890. 6 372 N Q V F:y's to Y2+, 12, 52+, 52",
9917.511 (3/2*,5/2,7/2%) F N Q V J: /s to 32+, 7/2+.
9924.311 (3/2,72) F J: yto 52*.
99393 k Q Vv XREF: Q(9944).
9964.612 (9/2,132) F  k v XREF: V(9958).
J: D+Q y to 11/2%.
9988.212 11/2- F v XREF: V(9984).

J:Qyto 7/2°.
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2Nay,,-9 NUCLEAR DATA SHEETS TiNay,-9

Adopted L evels, Gammas (continued)

23Na Levels (continued)

E(level)f F Torr¢ XREF Comments
10003.4 6  1/2°@ 475 eV N v
10017.4 10 5/2+@a 69 eV G NO Q v J: L=2in (d,n),y’s to ¥2* and 92*.
10033.89 F j Q \4
10036.411 F j
10049.% 6 N
10070.¢ (5/2,7/2) N \ J': Proposed inll979SmO02(p,y), based onry(6)
measurements.
10075.§ 5 32,52 N Q F: ¥'s to ¥2- and 72°.
100853 5  1/2t& 1270 eV N v F: y's to 12+ and 52*.
10114.8 5 1/2+a 4200 eV N \Y J: y's to Y2+, 3/2*, 32°.
10125.§ 5 52 N v F: y's to 32+, 32-, 72+, 7/2".
10156.411 F
10164.25 N v XREF: V(10160).
10169.6 2  5/2+@ 65 eV N Q V XREF: V(10173).
J: M1+E2y’s to 32+ and 72*.
101833 \Y
10212.912 F \4
102213 G Q \ E(level): From (p,p).
10231.7 4 52+ 4 eV N \Y J': E1+M2 to 32~ and 72".
10237.811 F
10243.7 14 1/2+2 2450 eV j N v XREF: V(10250).
J': In 1968Kell(p,p), based on measuredd) mhy/sr
and fitting. L.=0 (p,p) (1967Kal0.
102815 6  3/2* i N v XREF: V(10272).
J: y's to ¥2- and 72*.
102963 \4
10318.6 6 322 2000 eV N v XREF: V(10313).
10333.811 F \4
10338.7 7 (12°)@ 190 eV N v
10346.% 7 5/2* g N v J: y/s to ¥2*, 7/2%, 7/2-. In (p.p) (1968Kel)
3/2* .52,
10353.§ 7 32+ 210 eV g N \Y J: y's to Y2+, 12-, 7/2*.
10354.8 7 132~ <0.69 fs F J: D vyto 112%, Qy to 92-, and band assignment.
TorT: Fromt < 1 fs (2013Je0% Other: <18 fs (r <
25 fs (L973Fr07).
10404.812  (11/2) F v J: (D) y to (132%).
10408.811 F
10438.511 5/2+a 25 eV F N \Y J: y's to 327, 32*, 7/2*. D+Q y to 7/2* and 32*.
10448.712 N v XREF: V(10439).

10478.86 7 32+@ 470 eV 3N v XREF: V(10472).
J:y'sto Y2, 2%, 527, 52*.

104963 v
10501.§ 7 322 920 eV N V z XREF: Z(10490).

J: L=1in (d3He); y to 52*.
10507.§ 7 1/2+@ 560 eV N v F: /s to 12+, Y2-, 5/2*.
10519.% 7 5p2+d 100 eV N v XREF: V(10514).

F: M1+E2 to 32* and (52,72)*.
10534.% 7 N v XREF: V(10529).
10549.5 9 5j2td 540 eV N v XREF: V(10545).
10574.6 8 327 1100 eV N v
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2Na, ,-10 NUCLEAR DATA SHEETS 1iNay,-10

Adopted L evels, Gammas (continued)

23Na Levels (continued)

E(level)f F Torr¢ XREF Comments

10590.77 (132°) FG v J: D yto 112+, D+Q y to (132*), y to
9/2".

10616.§ 8 52 322 425 eV N v

106653 v

106773 (3/27)@ 23 keV v

10698.09 (7/2,13/2) F J: (D) y to 92, D+Q y to 92~.

107013 (3/2)@ 400 eV v

10759.812 F

107703 3/2t 52+a <5 eV v

10798.011 F

108244 (3/2+)@ 1700 eV v

108263 (327)2 26000 eV v

108383 3/2* 528 100 eV 0 v E(level): From (p,p).

10860.98 F

108693 (3/27)@ 21000 eV v

109034 (1/27)2 53 eV v

10906.540  (1/27)@ 2850 eV v

10906.840  (5/2)& 900 eV v

109183 (1/2+)2 55 eV v

10923.011 F

109333 (327)3 3500 eV 0 v XREF: 0(10940).

109494 (1/2+)@ 5200 eV v

109534 (7/27)2 65 eV v

109674 (5/2*,3/2+)2 400 eV v

109733 (3/2+)2 18 eV v

109803 (3/2)@ 6000 eV G v E(level): From (p,p).

109924 (1/27)3 20600 eV v

109934 (3/2+)@ 60 eV v

110043 v

110413 (1/2+)2 500 eV v

11073.7 10 (172%) 34.74 fs 69 FH F: (E2)y to (132"), D+Q to (152), band
assignment.

110883 (1/27)2 800 eV v

111084 (5/2+)@ 135 eV v

111123 (32t @ 4100 eV v J: L=2 (p,p) (1967Kal0.

111333 v

111553 v

111984 (3/2+)@ 800 eV v

112403 (327)2 12200 eV v

112504 (3/2+)@ 20000 eV v

112664 (3/27)2 600 eV v

11271.99  (112) 128 s 21 F F: (E1)y to 132+,

112734 (327)a 1750 eV v

112764 (3/2+)2 500 eV v

112794 (327)2 4000 eV i o0 v

112883 (1/2+)@ 11000 eV G j v E(level): From (p,p).

113024 (3/2+)2 300 eV v

113284 (1/2)@ 80000 eV v

113334 (5/2+)3 4000 eV v

11333.740  (3/27)@ 2000 eV v

113354 (3/2+)2 750 eV v

113504 (1/2)@ 4000 eV v
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Na, 11 NUCLEAR DATA SHEETS BNa,,-11
Adopted L evels, Gammas (continued)
23Na Levels (continued)
E(level)f F Torr¢ XREF Comments
113544 (1/2+)@ 13500 eV v
11424.79  (11/2) F J: Dyto132". (13/2*) in (*3C,py).
114313 (1/27)2 35000 eV v
114954 (7/27)3 5500 eV v
115194 (5/2+)@ 3050 eV j v
115283 (5/2+)3 6900 eV j v
115384 (5/2+)@ 130 eV 0 v E(level): From (p,p).
11538.89  (152%) F J: y to 12* and (132*) states.
Excitation energy.
115563 1/2+a 3100 eV G \ E(level): From (p,p).
115803 (5/2+)@ 600 eV G j v
116124 (327)2 3200 eV G j v
116223 \4
11651.69  (132%) F J: y to (92*) and 112" states.
116644 (1/2,3/27)& 14000 eV G v E(level): From (p,p).
116914 (1/27)3 1900 eV G v
117004 (322 7000 eV G v J: L=1 (p,p) (1967Kal0.
117084 (5/27)3 3200 eV G v
11.7X10° 2 (132%) K J: From (dr/dQ) (¢) and DWBA
calculations ¢,p).
117474 (7/2)@ 2300 eV G 0 v
117624 (1/27)2 15000 eV G \ E(level): From (p,p).
118204 \4
118407 \Y
118654 (3/2)* 16 keV v J: L=2 (p,p) (1967Kal0.
I from (p,p).
118974 \Y
11.9%10° 3 K O XREF: 0(11880).
119804 \4
12013.511 F \Y XREF: V(12018).
12050 G
120744 \Y
121054 16 keV 2 \ I from (p,p@).
121225 4 keV 2 IK \Y XREF: V(12129).
121845 (3/2)* 12 kev 2 I v J: L=2 (p,p) (1967Kal0.
I from (p,p@).
122025 9 keV4 I \ Other:T'=28 keV (p,p).
1223010 J
122725 6 keV 3 IK
122904 \4
123175 GI \Y XREF: G(12330).
123347 \4
123514 \Y
123784 11 keV \ I from (p,p@).
12419.82  (7/2*,52%) 116 eV20 \4 J': Based on measurethy/I'p1 and shell
model calculations ().
Other:T=14 keV (p,p) — discrepant value.
124534 9 keV \ I from (p,p@).
124885 (132%) 5 keV 2 IK J': From (d/dQ) () and DWBA
calculations ¢,p).
125455 6% keV 3 GI v XREF: G(12540)V(12533).
1255772 \Y
12593.19 <149 fs F I v XREF: 1(12602)V(12584).

=34 keV (p,p)-
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Na, ,-12 NUCLEAR DATA SHEETS TiNe 12

Adopted L evels, Gammas (continued)

23Na Levels (continued)

E(level)f F Torr¢ XREF Comments
126255 25 keV U I from (p,@).
126405 10 keV5 I
127295 13 keV2 I v Other:T'=24 keV (p,p).
128005 6 keV 3 Ik v
128185 58 keV 2 GIk XREF: G(12820).
128485 11 keV5 I
128525 9 keV 4 I
129277 6% keVv 3 G IJ E(level): Unweighted average of data frofiLid),
(a.y), and {5N,).
13050 G
130745 12 keV 6 I
1311010  (1/2*) E J XREF: E(13150).
F: From {80,e) based onr(6).
131845 9 keV 4 I
131965 9 keV 4 I
13210 G
132485 10° keV 5 1J E(level): From &,y).
132795 14 keV7 I
133375 8 keV 4 IK
133995 13 keV 6 I
134605 23 keV 11 I
135095 10 keV5 I
135285 I
13.56<10° 4 K
13.6810° 3 K
13720 EG XREF: E(13820).
13.9%10° 3 K
14080 G
1424060  (3/2*) E K J: From (80,e) based onr(6).
1437010 G k O E(level): From (d,n).
14440 G k
14.65¢10° 5 (32%) E K XREF: E(14700).
J: From (80,e) based onr(6).
14.7%10° 5 K
14.91x10% 5 K
14.9%10° 5 G K XREF: G(14980).
15.26<10% 5 K
15.510° 5 G K XREF: G(15450).
15.61x10% 5 K
15900 G
15980 G
16320 G
16600 G
19590.621 (52*) 1.9 keV8 N T=5/2
J: Isobaric analogue state 8%F g.s. (L985Ev0).
25400 0.67 MeV20 D I from “Li(1%0,y).

* From least-squares fit tp-ray energies, except otherwise noted.

¥ From (py).

# From ¢,y').

@ Might be the same level of 9211.0-keV. IFC,py) 2013Je04abulated this level (9212) based on 623@hile in (py) by
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Na, ,-13 NUCLEAR DATA SHEETS TiNa;,-13

Adopted L evels, Gammas (continued)

23Na Levels (continued)

2015De33and earlier literature placed a comparabpleay from 9211-keV level.

& From @He,d),EHe,dy).

a From (p,P) (1968Kel), based on measured#) mhysr and fitting with single-level, Breit-Wigner formula foesonances
<2.1 MeV and multilevel, multichannel R-matrix code for reaaces above2.1 MeV.

b From 1989Ba42based ony(f) measurements; feeding fromito resonance levelsw lying levels, and RUL (for levels with
measurefknown lifetimes).

¢ From (py), except where noted. Doppler shift attenuation methodA$ For weighted average, the listed uncertainty is the
lowest input valueI” data from (p,p),(p.fy), except where otherwise noted.

4 From (2C,py).

€ From (@,y).

f Band(A): K*=1/2* g.s. band.

9 Band(B): K™=1/2" band.
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E;(level)
440.2

2076.2

2390.9

2640.5
2703.8

2982.0

3677.9

3847.9

T

32

72"

12+

1
92"

32+

Adopted L evels, Gammas (continued)

y(*3Na)
E,T 1,0 Er ¥ Multd s ol Comments
44056 100 0.0 2* M1+E2 +0.0655 B(M1)(W.u.)=0.22514; B(E2)(W.u.)=32 6
E,: Unweighted average of 439.8(% (12C,py) and 441.14 (p,p'y)).
6: Weighted average 0f0.082 (1966P006- (p,xy)), +0.064
(1968S007- (p,p'y)), +0.083 (1970P008- (t,y)), +0.053
(1971Dal4- (t,ay)), 0.091 (1972Li02 - (p.ay)), 0.04515
(1960Mi05 - (p,p'y)), 0.094 (1962Br21- (p,y)), and 0.0606
(1977Sc36.
1636.6' 8 100.0011 440.2 32 M1+E2 +0.191  1.1210% B(M1)(W.u.)=0.16419; B(E2)(W.u.)=14.622
6: Weighted average 0f0.202 (1966P006- (p,ay)), +0.247
(1968S007- (p,py)), +0.184 (1970P008- (t,ay)), +0.162
(1971Dal4- (t,ay)), +0.222 (1972Li02- (p.ay)), and+0.182
(1970Mal5- (p,p'y)).
2076.7 8 9.7 11 0.0 32 E2 355104 B(E2)(W.u.=12.215
Mult.,6: From (pay). M3<7.3% froms=-0.1414 (p,ay).
1950.6 4 52.X6 4402 32t E2 2.9410% B(E2)(W.u.=2.97
2390.6 4 100.06 0.0 32*
2639.8'8 100 0.0 2t [E1] 1.05¢1073  B(EL1)(W.u.)=0.000607
62746 50823 2076.2 72¢ M1+E2 +0.102 B(M1)(W.u.)=0.383; B(E2)(W.u.=6.E+1 3
6. From (pay).
2263.38 100.02 5 4402 32¢ E2 4.46¢10%  B(E2)(W.u.=17.414
591@ 1 0.5117 2390.9 12+ [M1] B(M1)(W.u.)=0.104
l,: Other value: 6.823 (*C,py).
2541.8 9 7013 440.2 32+ M1+E2 -0.093  4.710% B(M1)(W.u.)=0.16621; B(E2)(W.u.)=1.410
6: Weighted average 0£0.099 (1970Mal5- (p,py)), —0.0721
(1970P008- (t,ary)), —0.057 (1971Dal4- (t,ay)), 0.055
(1972Li02 - (p,ay)), and 0.155 (1971Ral3- (y,y).
l,: Other values: 77.23 (*2C,py), 824 (p.ay), 643 (p,p'y).
Unweighted average of all available data: 728
2081.#8 100.03 0.0 32 M1 6.51x10% B(M1)(W.u.)=0.14718
696@ 0.6413 2982.0 22" [E1] B(E1)(W.u.)=0.0005815
1037 1 24.96 2640.5 12= M1+E2 -0.145 B(M1)(W.u.)=0.183; B(E2)(W.u.)=21 15
Mult.,6: From (pay) and weighted average 6f0.116 (t,@),(t,ay)
and-0.2210 (p,ay).
1287 1 1.6513 2390.9 12* (El)@ 1.21x10%  B(E1)(W.u.)=0.000234
3237.%9 100.08 440.2 32+ E1 1.36¢10°%  B(E1)(W.u.)=0.0008913
3677.6 3.913 0.0 32+ [E1] B(E1)(W.u.)=2.4x107° 9
E,.ly: From (tp),(tay).
170@1  072@17 36779 -
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Adopted L evels, Gammas (continued)

¥(2®Na) (continued)

Ei(leve) T E,T ly Er % Mult.9 § a Comments
38479  B2° 866@ 1 3.33 2082.0 2+ (E1)@ B(E1)(W.u.)=0.000308
l,: Other value: 0.822 (*2C,py).
1207@ 1 7.3616 26405 12 (E2)@ 2.06x1054  B(E2)(W.u.)=297
ly: Other value: 134 (p,ay).
17721 100011  2076.2 72t (EL)@ 4.81x1074 B(E1)(W.u.)=0.00113
34089 1 15515 440.2 32 E1+M2 -0.2114 0.001406 B(EL)(W.u.)=2.2x107° 6; B(M2)(W.u.)=0.4 +5-3
l,: Other value: 32 (p,ay).
Mult.,6: From (pey).
384821 37510 0.0 32¢ (E1+M2)@ 1.61x10°3 3
39146 B2t 932@ 1 293 2982.0 2+ [M1] B(M1)(W.u.)=0.09121
1523@ 1 1.38 13 23909 12+ [E2] 1.0310™4 B(E2)(W.u.)=28 7
18382 1 11.33 2076.2 72+ M1 1.82107% B(M1)(W.u.)=0.04610
Mult.: From (ta),(t,ay).
347491 101913 4402 32*
39142 1 100.04 0.0 32* M1+E2 +0.223 1.00x1022  B(M1)(W.u.)=0.0409; B(E2)(W.u.)=0.83
Mult.,6: From (te),(t,ay).
4429.63 12*  2038.6 9.93 2390.9 12+ [M1] 2.62x107% B(M1)(W.u.=1.1112
4429.2 1003 0.0 32v+ M1 1.16x1073 B(M1)(W.u.)=1.1012
Mult.: From o(Eg) in (e,€).
47752 72 86091 8.02 13 39146 %2*
207@1  28@3 2703.8 92* I,: Other value: 5.715 (p,y).
26999 1 44.018 2076.2 72+ M1 537104 B(M1)(W.u.)>0.20
Mult.: From (ta),(t,ay).
43352 1 100.019 440.2 32 MI1+E2 +0.182  1.14x10°3 B(M1)(W.u.)~0.10; B(E2)(W.u.$0.93
Mult.,s: Weighted average of data from ¢p;) and
(t,@),(tay).
5378.56 ®*  2396.4 12.410 2982.0 2*
3302.1 36.6 17 2076.2 72t M1+E2 -0.1912 7.7%1074 14 B(M1)(W.u.)=0.9516
6. from 1970P008- (t,a),(t,ay)).
4937.8 100.QL7 440.2 32 M1+E2 -0.154  1.31x10°3 B(M1)(W.u.)=0.7211; B(E2)(W.u.)=5 4
¢: Unweighted average of data fron0.275 (p,ay),
-0.107 (pyy), and-0.167 and—0.084 in
(t,@),(tay). These values are for spifs
5377.9 229 13 0.0 32* M1(+E2)  -0.025 1.43<10°3 B(M1)(W.u.)=0.13021
Mult.,s: Weighted average 0£0.055 (p,ay), —0.209
(pyy), and+0.04 4 (t,a),(t,@y). Note other possible
values in later two data sets for spif23
55342  112¢ 2830291 100.02 14 2703.8 92* MI+E2 +0.173  5.9%10* B(M1)(W.u.)=0.074; B(E2)(W.u.)=1.7 11

Mult.,6: From (pey).
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Adopted L evels, Gammas (continued)

¥(2®Na) (continued)

Ei(level) T E,T 1,0 Et N Mult.9 5 o Comments
5534.2  112¢ 345821 27527 20762 72 E2 9.76¢1074 B(E2)(W.u.)=6 4
Mult.: From (2C,py).
57410  52* 5300.1 48 5 4402 52 MI1+E2  -0.1912 1.41x1032  B(MI1)(W.u.)=0.10524; B(E2)(W.u.)=0.9 +11-8
Mult.,6: From (te),(t,ay).
5740.2  100.019 00 32* MI1+E2 +0.193 151073 B(M1)(W.u.)=0.203; B(E2)(W.u.=1.55
Mult.,6: Weighted average of data from {g;) and (py).
5766.03 R* 1918.0 2.914 38479 32 [El] B(E1)(W.u.)=0.344
3125.3 8.618 26405 12 [El] 1.30x10°3 B(E1)(W.u.)=0.00298
3374.9 11.319 23909 I2* E,.l,: From ¢,y").
5325.2 825 4402 32+ M1 1.41x10°3 B(M1)(W.u.)=0.17424
l,: Weighted average of data from {p,and ¢,y").
E,.l,: From (py).
5765.3 1006 00 32* MI1+E2 -0.095 1.5310°3 B(M1)(W.u.)=0.16923; B(E2)(W.u.)=0.25+34-20
E,.ly,Mult.,5: From (py).
5925.8  72* 1151@ 1 35319 47752 72* MIL+E2 1.2810°5 23 I,: Other: 6.522 (12C,py).
Mult.: From (2C,py).
20102 1 1256 39146 2+ M1 2.51x1074 B(M1)(W.u.)=0.0146
Mult.: From (2C,py).
38502 1 25324 20762 T72¢ MIL+E2 0.001058 l,: Other: 394 (12Cpy).
Mult.: From (2C,py).
54842 1 44617 4402 $2¢ MI1+E2  +4.46 1.61x10°3 B(M1)(W.u.)=0.000126; B(E2)(W.u.)=0.5120
ly: Other: 52.222 (*2C,py).
Mult.,6: From (py).
59252 1 1002 00 32 E2 1.7%10°3 B(E2)(W.u.)=0.84
Mult.: From (py).
5965.9  32° 1536.2 104 4429.63 12*
228821 3010 36779 32 ly: Other: 10025 (*2C,py).
33252 1 10020 26405 12 (M1) 7.831074 B(M1)(W.u.)>0.027
Mult.: From (2C,py).
3574.7 2010 2390.9 12*
5525.0 208 4402 52¢ [E1] B(E1)(W.u.)»4.5¢10°°
5965.0 208 0.0 32°
60419  72° 2127.2 5710 39146 32+ [El] 7.3%1074 B(E1)(W.u.)=0.0004016
21942 1 1004 3847.9 52~ M+ED 013 32%&10% B(M1)(W.u.)=0.17 6; B(E2)(W.u.)=3.9 22
ly: Other: 76.326 (*2C,py).
236421 256 3677.9 # (E2@ 4.95¢1074 B(E2)(W.u.)=40 17
l,: Other: 1005 (*2C,py).
5601.0 744 4402 52+ EWM2D 40116 0.002164 B(E1)(W.u.)=0.0002810; B(M2)(W.u.)=1.29
61151 (1)t 341121 100029 27038 @+ M@ 8.16x10°% B(M1)(W.u.)=0.0124
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Adopted L evels, Gammas (continued)

¥(2®Na) (continued)

Ei(level) J E,T ly Er % Mult.9 § ol Comments
61151  (112)* 40321 3093 2076.2 72¢  [E2] 1.1810°3 B(E2)(W.u.)=0.8925
6194.6 52 2346.6 9415 3847.9 52
2516.6 10021 3677.9 32
3553.8 6815 2640.5 12-
6193.7 3215 0.0 32
62354 (1Y) 700@1  12@p 5534.2 112¢ (M1) B(M1)(W.u.)=0.4 3
Mult.,s: D+Q in (*2C,py). RUL yields to high
B(E2)(W.u.) value for M¥E2 with 6=+1.0570
(*2C,py) and limits thes<0.14.
3531@1 10002 12 27038 @+  (E2) 1.00¢10°3 B(E2)(W.u.)-158
Mult.,s: Q in (*2C,py) (2013Je0% However,
D+Q earlier literature withh=+1.6 6 (p,ay)
(1972Li02 and+1.0570 (*2C,py) (1977Ke05
for 9/2*; 6=-0.1514 (p.ay) (1972Li02 and
-0.0315 (*2C,py) (1977Ke09 for 13/2*.
6305.6 12 3914.% 5 100 2390.9 L
6354.2 92 3129 1 0.652 11 6041.9 72
8199 1 43911 55342 12+ (E1@ B(E1)(W.u.)=0.00176
157921 196211 47752 72t (EL@ 3.33«10°4 B(E1)(W.u.)=0.00113
25062 1 100.02 11 38479 3= E2@ 5.6310°4 B(E2)(W.u.)=39 10
365021  50.0211 27038 @+  [E1] 1.54¢10°3 B(E1)(W.u.)=0.000226
42789 1 7492 20762 72 (EL@ 0.00179 B(EL)(W.u32.1x10°5 5
6578.0  (%2*.52%) 266321 337 3914.6 52* l,: Other: 205 (12C,py).
38742 1 429 2703.8 92* l,: Other: 255 (*2C,py).
450191 100910 20762 72¢  MI+EZ 029710 1.1%1032  B(M1)(W.u.)>0.0084; B(E2)(W.u30.045
I, Other: 807 (p.ay).
6: for 92 (p;y) (1989Ba42.
6137@ 1 589 440.2 32* I, Others: 10010 (*2C,py), 1009 (p,ay).
6618.3  (72.52)*  1843.0 3.0711  4775.2 72*
2703.5 12122 3914.6 32*
4541.6 12122  2076.2 72*
617721 100.07 4402 32 M1+ +0.09 1 B(M1)(W.u.)>0.12; B(E2)(W.u}0.13
6. 6 for J(6618%7/2 (1989Ba42 (p.y).
6617.3 4.6 0.0 32
67355 32 3753.2 3810 2982.0 2
4658.8 7113 2076.2 72¢  [E2] 1.3%10°3 B(E2)(W.u.)=43 11
6294.4 10013 440.2 52*
6820.2  52° 207321 10011 3847.9 52 MI+ED —02d'9 65810411 B(ML)(W.u.)>0.055; B(E2)(W.u31.6

l,: Other: 284 (*2C,py).
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Adopted L evels, Gammas (continued)

¥(2®Na) (continued)

Ei(level) T E,T ly = X Mult.9 s a Comments
68202 52 3141@ 1 6711 3677.9 32 l,: Other: 1008 (12C,py).
6867.7  H2*.32" 64265 1004 440.2 52+ D+Q" +0.9" 4 s: & for J(6868)5/2 (1989Ba4} (p.y).
6866.6 224 0.0 32*
6881.2 41721 100 2703.8 @*
6920.6 32 6479.4 433 440.2 32*
6919.5 1003 0.0 32*
6947.4  (32%) 3032.6 305 3914.6 32*
3965.0 1007 2982.0 2+ ph
4306.5 267 2640.5 12
4556.0 487 2390.9 12+
6506.2 6110 440.2 52+
6946.3 5510 0.0 32*
7055.3 4352 1 100 2703.8 @*
7070.8 3156.0 8910 3914.6 32*
7069.6  100.22 0.0 32*
7081.9 32 4441.0 38 4 2640.5 12
6640.7 48 7 440.2 52+ [E1] B(E1)(W.u.)=0.00285
7080.7 108 4 0.0 32* [E1] B(E1)(W.u.)=0.00526
71258  (92) 23502 1 14@4 47752 72¢
44229 1 100@ 4 2703.8 92*
50499 1 74@ 4 2076.2 72* D+Q@
7125 0.0 R* E,: From level energy dierence, recoil corrected.
Placement iny,y’).
71335  3*.52¢ 41510 305 2082.0 2+
5056.7 307 2076.2 72*
6692.3 685 440.2 52*
71323 1006 0.0 32*
71853  (92%) 12562 1 10094 59258 72* D+Q@
448@1 91@9 27038 @t
51091 01@4 20762 72¢ D+Q@
7268.1 1Rt 1033@ 1  14@3 2354 (1pY)
115521 84@ 3 6115.1 (12)* M1+E2@ 1.29¢10°5 23
17342 1 35@ 3 5534.2 112¢  M1+E2@ 1.68<1074 25
45642 1 100@ 3 2703.8 92* E2@ 1.36x10°3 B(E2)(W.u.)-1.86
7280.3  $2°,7/2° 34321 668 3847.9 2 M1+EN  —0.2'1  8.2%10% 14 B(M1)(W.u.)=0.02316; B(E2)(W.u.)=0.5 +7—4
E,: Note calculated value in (p) is 3428.8.
68399 1 1008 440.2 92 EixM2)P  0.07 6 B(E1)(W.u.)=0.0001712: B(M2)(W.u.)=0.08 +16-7
E,: Note calculated value in (p) is 6836.0.
7393.4 (112*) 185921  98@ 16 55342 1p2*
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Adopted L evels, Gammas (continued)

¥(2®Na) (continued)

Ei(level) T E,T 1,0 = N Mult.9 s ol Comments
7393.4  (112%) 46899 1 100.02 16 2703.8 g2+ (M1+E2)@ 0.001328
7412.4 32+ 72v92 3497.5 5313 3914.6 32*
5335.5 6911 2076.2 72*
6971.1 10011 440.2 32*
74515 32+ .32 3603.3 8.313  3847.9 52
5060.0 3.311 23909 12*
7010.2  100.a7 440.2 52* M1+EZN 02 B(M1)(W.u.)>0.0094; B(E2)(W.u30.70
7477.4 703@ 1 100 4402 B*
74889 127,32 3811@ 1 10016 3677.9 32- l,: Other: 968 (12C,py).
484821 4411 2640.5 12 D@ l,: Other: 134 (12C,py).
5007@ 1 7813 2390.9 12 D@ l,: Other: 1004 (*2C,py).
7563.9 (3t 5487@ 1 2076.2 72*
71225 4321 440.2 32*
7562.6 1021 0.0 32*
7687.0 201@1  83@17 47752 72*
4983@ 1 1009 17  2703.8 @2t D+Q@
7724.4 4741.9 33 2982.0 32*
7723.0 1007 0.0 32*
77506  (32°,32°) 47682 1 1004 2982.0 32*
7309.2 1004 440.2 32*
7835.7  72,(52%) 39202 1 3410 3914.6 52*
5131@ 1 3812 2703.8 92+
73942 10016 440.2 52+ D(+Q)N —0.0M7
7872.6  32,(52%) 48902 1 5714 2982.0 32* l,: Other: 2211 (*2C,py).
5481@ 1 379 2390.9 12* l,: Other: 10011 (*2C,py).
74311 10014 440.2 32+ D+Q" 086
78762 %2 4027.9 519 3847.9 52-
4197.9 5711 3677.9 32-
7874.8 1006 0.0 32*
7891.2 92 5814.2 10817 2076.2 72*
7449.7 433 440.2 32+ m1h h B(M1)(W.u.)=0.11311
l,: Other: 623 (y,y").
7889.8 1003 0.0 32* M1+EZD  —0.0d" 4 B(M1)(W.u.)=0.19415
7964 5887 8716 2076.2 72*
7523 10018 440.2 52*
7974.0 5892 1 100 2076.2 R
79915 (112 17562 1 16.7@ 24 62354 (1®*) D+Q@
2457@ 1 40@ 5 5534.2 112*
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Adopted L evels, Gammas (continued)

¥(2®Na) (continued)

Ei(level) ki E,T 1,0 E¢ I Mult.9 Comments
79915 (112 5287@ 1 100.02 24 2703.8 @2 D+Q@
8061 52+ 72,92 5357 10040 2703.8 92
7619 10040 440.2 52+
8301.6  2°,7/2 78602 1 100 4402 B*
8319.5 17021 10@3  6618.3 (72,52)"
56159 1 100@ 11 2703.8 @+ Q@
8360.0 5968.3 133 2390.9 12
7918.3 28814 4402 32*
8358.4 108 4 0.0 32*
8417.4  * 5434.7 4114 2082.0 32
6025.7 10014 2390.9 12
8415.8 4114 0.0 32*
8432.6 5728 1 100 2703.8 @*
8475.7 3252 8034.0 100 440.2 /3*
8631.0 8629.3 100 0.0 /3
8651.2  I2* 47362 1 3914.6 32+
8649.5 0.0 B
8665.0  12* 5678 4 5% 2 2982.0 2*
602443  g&a 2640.5 12- [E1] B(E1)(W.u.)=0.002011
627% 4 6% 4 2390.9 12* [M1]  B(ML1)(W.u.)=0.03524
8666% 3 100% 2 0.0 32*
8721 871§ 100 0.0 2+
8798.7 4051 11@3 3847.9 52
8357@ 1 1009 7 440.2 52+ D+Q@
8820.8  (92°) 984@1  o@3 78357 72,(52%)
27802 1 42@ 3 6041.9 72
4047@ 1 100@6 47752 72 D+Q@
611421 8@ 2703.8 92
88279 12t 64362 1 100% 16  2390.9 12* [M1]  B(M1)(W.u)=0.2510
8826.1 5& 16 0.0 32*
89451  (32%) 50302 1 1005 3914.6 32+
65552 1 305 2390.9 12 D+Q@ 1, Other: 6510 (12C,py).
8946.8  (72°) 1821@ 1 67@4 71258 () D@
250@ 1  21@4 6354.2 92
62402 1 1009 g 2703.8 92 D@
68721 25@4 2076.2 72
8963.9 85282 1 100 4402 B*
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Adopted L evels, Gammas (continued)

¥(2®Na) (continued)

Ei(level) F E,T ly E¢ T Mult.9 Comments
8975.3 2+ 52+ 2357.1 8.016 6618.3 (72.52)*
4200.3 4.15 4775.2 72*
5060.5 4.614 3914.6 52+
5297.0 6.00 3677.9 32
5992.4 8.7 2982.0 32* E,: Other value: 599012C,py), vields a level energy of 897281 in
least-squares fit, iAE=1 keV.
6898.2 1008 2076.2 72
8533.6 90.816 440.2 52*
8973.4 133 0.0 32*
90395 (1) 177@ 1 16@ 6 7268.1 12"
28042 1 100@ 6 6235.4 (12%) D+Q@
350521  16@ 3 5534.2 112
9042.6  (72.92)" 2222 4.94 6820.2 52-
2687 3.34 6354.2 92
3000 5.74 6041.9 72-
3115 7.94 5925.8 72
5128 4.09 3914.6 52*
5194 29.311 3847.9 52
6337 24.011 2703.8 92+
69652 1 41.213 2076.2 72* l,: Other value: 10 (*2C,py).
8601@ 1 100.020 440.2 32* l,: Other value: 26 (*2C,py).
9101.5 (1Y) 111021  40@10 79915 (112) D+Q@
170621 90@ 10  7393.4 (112%) D+Q@
286621 80@10 62354 (1R
208621 90@10 61151 (112)*
6397@ 1 1009220  2703.8 92* Q@
9172.8 646& 1 100 2703.8 @
9210.4 (1129) 1523@1  21@3 76870
1817@ 1 2552 20 7393.4 (112Y)
1943@ 1 59220 72681 1R*
20252 1 100@ 6 7185.3 (92*) D+Q@
26321  11.8220 6578.0 (92*,52)
300521 35@4 6115.1 (112)*
328421  137/@20 59258 72*
9211.0 32 1338 2.04 7872.6 32,(52%)
1723 4.85 7488.9 127,32"
2129 12.69 7081.9 32
2290 5.66 6920.6 32-
2343 8.38 6867.7 52*,32*

S133HS V1vad dv3TONN .[Z_ZIQNEE

T2-"eNgs



9.

Adopted L evels, Gammas (continued)

¥(2®Na) (continued)

Ei(level) T = 1,0 = X Mult.9 s Comments
9211.0 2 2903 10.37 6305.6 12+

3016 12.39 6194.6 %2

3247 764 5965.9 32

3469 8.67 5741.0 %2+

4781 13.99 4429.63 12

5297 1005 3914.6 2+ D@ E,: Other value: 5292'¢C,py) (uncertainty of 1 keV is an estimate
— might be higher) yields level energy of 9207.1 keV, however
authors 2013Je0¥ attribution of 5292 from 9211-keV level
indicate that 9207 and 9211 keV levels are same.

Mult.: From (2C,py).

5363 11.08 3847.9 B2

5533 5.57 36779 32

6571 14.610 26405 12-

6820 6.56 2390.9 12*

7135 5.75 2076.2 72 E,: y-ray branch to 2076.2-keV level reported2017Ke01(p,y),
adopted spin-parity/2+ for 2076.2 keV level implies an (M2)
transition. Placement should be considered with caution.

8771 13.09 440.2 32+

9211 13.910 0.0 32

9212.9 623@ 1 100 2982.0 R+ E,: Comparabley-ray placed from 9211-keV level in (p). See
footnote for 9212.9-keV level.
9252.10 12* 2170 49322 70819 32°

2331.4 5.8122 6920.6 32

3485.8 6.622 5766.03 R*

4821.9 4.0422 4429.63 12*

5336.8 0.8®2 3914.6 32"

5573.5 11.64 36779 32

6269.2 75.812  2982.0 32*

6611.0 19.84 2640.5 12

6860.1 9.73 2390.9 12t

9250.1 100.aL7 0.0 32+

9285.4 2" 52F 720621 100 2076.2 R*
9292.7 26781 2997 66183 (72,52)
65862 1 1002 14 27038 *
9325.8 (92+,132%) 66212 1 100 2703.8 @*
9396.4 72 978.9 0.83 8417.4 /3*

1520.1 92 7876.2 |3 D+Qh  +0.08' 7

1645.8 11 7750.6 (3,3/27)

1830.1 13 7563.9 (3)* D+Q"  +0.1d 7

1944.8 8.3 74515 /3*32+

S133HS V1vad dv3TONN ZZ_ZIQNEE

2z TeNg


https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013Je04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B

Ll

E;(level)

9396.4

9401.0

9404.8

9426.1

T

72"

12

32

Adopted L evels, Gammas (continued)

¥(2®Na) (continued)

E,T ly = N Mult.9 s Comments

1983.9 42 7412.4 /3*7/25,92¢ D+Qh h

2116.1 83 7280.3 /37,7/2 D(+Q) -0.046

2211.7 17 71853 (2%)

2576.6 100 6820.2 /3 D+Q  +0.062

2818.4 37 6578.0 (2,52%)

3041.7 17 6354.2 /2 D+Q  +0.247

3201.6 62 6194.6 /3 D+Q  -0.112

3353.9 81 6041.9 /2 D+Q  +0.036

3654.3 83 5741.0 /3" D(+Q)  +0.022

4621.3 5.8 47752 2"

5481.5 23 3914.6 /3"

5547.6 100 3847.9 /3 D(+Q)  +0.022

6691.9 39 2703.8 /2"

8954482 25 440.2 ®* D+Qh 2.7 E,: Consideration of 8951 from (*2C,py) in least squares fit yields
level energy of 9399.11, significantly diferent than literature
values. Evaluators adopted level energy frony)p,

548@ 1 50@25 39146 H2*

572221 100Q 25 3677.9 P2

641821 18@5 20820 2t

1680.3 058  7724.4

3638.5 0.54 5766.03 R*

4974.6 44713 4429.63 12*

5726.1 10.8  3677.9 32

6421.8 10.3  2982.0 ¢

6763.2 3.8213 26405 12-

8962.7 1.9713 4402 52

9402.7  100.0 0.0 32*

1937.1 7488.9 /2,32 D+Q"  +0.008' 9

2344.1 7081.9 2~ DH+Q)N  +0.111 15

2605.7 68202 B~ D+Q" 10144 & or<-8.

2690.4 67355 2* D+QN  +0.04'5

3120.3 6305.6 /B* D+QN -001'3  sor-1.72

3459.9 5965.9 /2~ DH+Q)N +0.01h 5

3659.8 5766.03 /2* D+Q"  —0.1d'6

4995.9 4429.63 /2* D+QN  +0.009" 10

5510.8 39146 B* D+Q" 0072

5577.5 38479 B~ D+Q"  —o2d 2

6784.5 26405 /B~ D+Q" 40294

7034.0 2390.9 /2* D+Q"  +0.0204

S133HS V1vad dv3TONN SZ_ZIQNEE
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Adopted L evels, Gammas (continued)

¥(2®Na) (continued)

Ei(level) T E,T 1,0 = N Mult.9 § ol Comments
9426.1 32 8984.0 4402 R* D+Q" +0.40" 5 85 or +6 2.

9424.0 00 B* D+QN +0.39' 3 S or +1.52.
04877 R 3181.9 44 63056 /2

3292.9 1.4 61946 /3

3521.5 31  5965.9 /3

3721.3 56  5766.03 /2"

4108.7 33  5378.56 /8

5057.5 58  4429.63 /2

5572.4 92  3914.6 /g

5809.0 25  3677.9 /3

6504.7 6.9  2982.0 /3*

6846.1 50 2640.5 /2

7095.6 22 23909 /2

9045.6 100 4402 /3 D+Qh ~1.20 42-8

9485.6 83 00 2* D+QN +0.36" 10 s or +1.75.
95415 (1) 400721 100 55342 1p* D+Q@
9608.2 32 1735.5 0.7  7872.6 /3,(52")

1883.7 12 7724.4

2119.2 1.4 74889 /2,32

2214.7 0.2 73934 (12)

2537.2 16  7070.8

2660.6 2.8  6947.4 (3%

2787.8 0.9 68202 /&

2872.5 05 67355 /3"

3302.4 05 63056 /2

3642.0 0.2 59659 /Z

3841.8 14  5766.03 /3

3866.8 51  5741.0 /3" D+QN ~0.3d 14

4229.2 21  5378.56 /8

5177.9 12 4429.63 /2

5692.8 42 3914.6 /3" D+QN +0.1d 4

5759.5 42 38479 /3

6625.2 42 29820 /3t

6966.6 42 26405 /1

7216.1 1.9 23909 /2 D+QN +0.20" 2

9166.0 100 440.2 /3t D+QN +0.30 4

9606.1 56 00 2* D+Q" +0.40" 10
9626 12+ 9624 100 00 2*
96283 1120 327421 10099 63542 92~ (M1+E2)@ 0.000837

358691 71@6 60419 T2 (E2)@ 1.03«10°3  B(E2)(W.u.)=36 19

S133HS V1vad dv3TONN VZ_ZIBNEE
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Adopted

L evels, Gammas (continued)

¥(2®Na) (continued)

Ei(level) J E,T ly = N Mult.9 s Comments
9652.2  (32*.52%) 27843 3.3 6867.7 /3%,32

4876.4 41 47752 2"

5736.8 2.2 3914.6 /8

5803.5 1.5 3847.9 /3

5973.5 6.5 3677.9 /3

7260.1 1.7 2390.9 /2

7574.7 2.2 2076.2 2

9210.0 100 4402 /3"

9650.0 59 00 &*
9655.6 12" 4879.& 11 47752 R°F E,: Placement fronl973Mel1(p,y), consider with caution- AJ=3, if

F=(1/2%).

5225.3 2.7 4429.63 /2

5740.2 1.4 39146 /3

5976.9 64  3677.9 /3

6672.6 1.8 2982.0 /3

7014.0 8.6 2640.5 /2

7263.5 1.4 23909 /2

92134 36 4402 2*

9653.4 100 0.0 @
9674.1  F2+52¢ 17828 3.6 7891.2 /3

2806.2 28  6867.7 /3",32*

3479.2 6.1 6194.6 /3

3907.7 9.7 5766.03 /3"

5758.7 21  3914.6 /"

5825.4 3.9 3847.9 /3

5995.4 9.7 3677.9 /3

6691.0 21  2982.0 /3*

7282.0 3.0 2390.9 /2

7596.6 58  2076.2 /2*

9231.9 100 440.2 /3* p+Qh  —0.11h 7 8 or-2.112.

9671.9 39 0.0 @ D+Q" 375
9682.7  (32%) 1381.0 1.8 8301.6 /37,72

2118.7 21  7563.9 (3)

22311 16 74515 /B 32*

2600.6 8.9 7081.9 /3

4906.9 13 47752 [2*

5767.3 11  3914.6 /3"

5834.0 89  3847.9 /3"

6003.9 30  3677.9 /3"

6699.6 54  2982.0 /3*

7605.2 50 2076.2 /z

9240.5 8.6 4402 B DEHQN  —1.21 +15-11

S133HS V1vad dv3TONN SZ'ZIQNEE
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Adopted L evels, Gammas (continued)

¥(2®Na) (continued)

Ei(leve) T E, 1,0 = N Mult.9 s Comments

9z-""eNgz

9682.7 (32*) 9680.5 100 0.0 R* D+Qh -0.3d"10 & or —5.7 +57-20,
9700.9 2t 1809.6 0.6 78912 /3"

1950.2 0.6 7750.6 (3 ,32)

1976.4 0.4 77244

2965.2 0.8 67355 /3"

3959.5 4.0 57410 /3"

5270.6 0.6 4429.63 /2"

57855 4.2 3914.6 /3* D+QM 0.1 11
60222 52 36779 /3 D+QM  +0.399
6717.8 8.1 2982.0 /3

7059.2 17 26405 /2 D+QN  —0s5d 7

7308.8 1.5 2390.9 /2
7623.3 3.1 2076.2 /z*

9258.7 62 4402 B* D+Qh 0146

9698.7 100 00 @ D+QN 40144
973253 T2 1256.8 7.0 84757 /352"

1430.9 45 8301.6 /37,72

16715 3.0 8061 [@"7292

1856.3 6.0 7876.2 /3

1896.8 3.0 78357 /Z,(52)

1981.8 50 7750.6 (37,32) DH+QM  +0.004

2320.0 1.0 7412.4 /3*7/27,92*
2452.1 3.0 7280.3 /87,7/27

2012.1 6.0 68202 /3 D+Q"  —0.114
31543 14  6578.0 (94,52%) D+QN —0.013
3537.6 7.5 61946 /3 D+Qh 3417
3690.3 70 60419 /2 D+Q"  +0.09'4
3991.2 18  5741.0 /B* DH+QM  0.00'3
43535 20  5378.56 /3" DH+QN  +0.083
5817.5 21  3914.6 /3* D+Qh  —0.1d5
5883.8 95  3847.9 /3 D+QN  —0.092
7027.6 85  2703.8 /2* DH+Q)N  -0.0d2
7655.0 34  2076.2 J2* D+Q" 401185
9290.3 100 4402 /gt D+Q"  1+0.033 7

9755.5 2" 5325.2 1.0 4429.63 /2+
5840.1 7.1 39146 /3"
5906.8 14 3847.9 /3
6076.7 17 36779 /2°
7113.8 100 2640.5 /27

S133HS V1vad dv3TONN
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Adopted L evels, Gammas (continued)

¥(2®Na) (continued)

Ei(level) T E,T ly Et X Mult.9 5 o Comments
97555 P+ 7363.3 1.4 2390.9 /2

9313.3 13 4402 B*

9753.3 16 0.0 &
9802.9 (&) 253821 71@s5 72681 1@t (M1+E2)@ 0.000526

35689 1 10095 62354 (12%) (M1+E2)@ 0.000958

426921 290@5 55342 1Pt E2@ 1.27%10°%  B(E2)(W.u.)=3.514
98157  B2* 1514.0 03  8301.6 /3,72

1851.6 47 7964

1924.4 09  7891.2 /3t

1943.0 1.6 78726 /3,(52%)

2403.2 22 7412.4 /372 ,92*

2682.0 2.8 71335 /352"

2744.7 9.4 70708

2868.1 11 6947.4 (3%

3080.0 22 67355 /3

3197.2 1.6  6618.3 (2,52)*

3889.6 16  5925.8 /Z*

4049.3 24 5766.03 /3" D+Q ~0.03913 s: From (py).

4074.3 50  5741.0 /3*

5039.9 4.4 47752 [

5385.4 75  4429.63 /1*

5900.3 15 3914.6 /3"

5967.0 0.6  3847.9 /3

6832.6 100 2982.0 /2"

7110.7 21 2703.8 /2"

7423.5 1.9 23909 /2

7738.1 50 2076.2 J2*

9373.5 23 4402 R*

9813.5 20 0.0 &
98354 " 1944.1 3.8  7891.2 /3

2701.7 50  7133.5 /3*,52°

2764.4 0.8  7070.8

3099.7 35 67355 /3*

3640.5 11 6194.6 /3

4094.0 40  5741.0 /3¢

4456.4 55  5378.56 /"

5405.1 12 4429.63 /2

5920.0 30 3914.6 /8"

5986.7 85  3847.9 /3

6156.6 05 36779 /Z

6852.3 05  2982.0 /a*

7443.2 30 2390.9 /2*

9393.1 35 4402 RB*

S133HS V1vad dv3TONN LZ_ZIQNEE
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Adopted L evels, Gammas (continued)

¥(2®Na) (continued)

Ei(level) J E,f 1,0 Es A Mult.9 5 o
0835.4 9833.1 100 0.0 @
0850.1 12t 5419.8 11 4429.63 /2
6171.3 33 3677.9 /2
6867.0 6.7  2982.0 /3"
7208.4 97 26405 /2"
74579 100 2390.9 /2
9407.8 0.9 4402 &*
0847.8 55 00 &
9875.6 383® 1 10092 60419 72
717191 100@ 2 27038 @2t
98909 R 41245 87  5766.03/3"
4511.9 87  5378.56 /8"
5975.5 42 3914.6 /&
6042.2 24 3847.9 /&
6212.1 33 3677.9 /2
7249.2 92 26405 /2
7498.7 34 2390.9 /2*
9448.6 75 4402 B*
0888.6 100 0.0 @
9917.5 (R+52,72") 3049.6 13 6867.7 /3,32
5141.7 18 47752 2"
60022 1 100 3914.6 B*
6068.7 55 3847.9 /&
9475.2 55 4402 B
9915.2 10 00 &
9924.3  (32,72) 2482 1 100 4402 ®*
9964.6  (92,132) 44302 1 100 55342 1p* D+Q@
9988.2 112 30462 1 100 6041.9 - Q@
100032 12- 4036.9 55  5965.9 /2
4236.8 23 5766.03 /3"
5572.8 6.4  4429.63 /1
6324.4 7.4 36779 /3
7020.0 40  2982.0 /3
7361.4 100 26405 /2
7611.0 26 2390.9 /2*
10000.9 40 0.0 @
10017.4 ®* 1386.4 03  8631.0
1599.9 09  8417.4 /3 M1+EN 10314  1.03<10% 2
2141.1 09 78762 /3 D+Q" 0097
2565.7 1.8 74515 /3,325 M1+E —04d'3 503«10%8
2740.1 09  7280.3 /B .7/2

S133HS V1vad dv3TONN BZ'ZIQNEE
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Adopted L evels, Gammas (continued)

¥(2®Na) (continued)

Ei(level) T E,T ly = N Mult.9 s o Comments
10017.4 R+ 2883.7 0.6 7133.5 /3*,52"
3096.6 0.9 6920.6 /3
3281.6 0.6 6735.5 /3
3398.8 11 6618.3 (2,520 M1(+E2"  0.001 8.11x1074
3975.1 0.3 6041.9 /Z-
4250.9 0.9 5766.03 /3" M1+EN  —0194 1.10x10°3
4276.0 1.2 5741.0 /3"
4638.3 2.1 5378.56 /3" M1+ED  —0.09'4  1.2210° & or+1.32.
5241.6 0.9 4775.2 2
6101.9 56 3914.6 /3t M1+E2  +0.09' 2
6168.6 15 3847.9 /3 E1¢M2)N  0.0d 2
6338.6 35 3677.9 /2 Enm2"  _0.02d6
7034.2 100 2982.0 /3 M1+E2N  —0.032 5
7312.4 0.3 2703.8 /9
7625.1 1.2 2390.9 /2*
7939.7 15 2076.2 /2 M1+E2  —0.278 14
9575.1 44 4402 [ M1+E2  —0.207 13
10015.1 4.7 00 2 M1+E2  —0.126' 11
10033.8 10821 20910 8946.8 (72°)
52562 1 100Q 20 47752 72*
10036.4 950@ 1 100 4402 B*
10049.1 6200.3 73 3847.9 /5
7971.4 55 2076.2 2
9606.7 100 4402 |3
10070.9 (®R,72)  7993.2 100 2076.2 /2t
9628.5 64 4402 [
10068.5 14 00 2
10075.9 R.52 3255.5 13 6820.2 /3
4033.6 23 6041.9 /2
4109.6 6.4 5965.9 /3
4334.5 10 5741.0 /3t
5300.0 82 47752 [2*
6227.1 73 3847.9 /3
6397.0 18 3677.9 /2
7092.7 68 2982.0 /3
7434.1 4.1 2640.5 /2
7998.2 100 2076.2 /7
9633.5 30 4402 [
10073.5 26 00 2
10085.3 12* 3137.7 15 6947.4 (3%)

S133HS V1vad dv3TONN GZ_ZIQNEE
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E;(level) J
10085.3 12*
101148 12*
101259 ®
10156.4
10169.6 ®*

Adopted L evels, Gammas (continued)

¥(2®Na) (continued)

E,T ly = N Mult.9 § a Comments
3164.5 26 6920.6 /2
3349.5 18 67355 /3
3779.4 100  6305.6 /2
4318.8 85  5766.03 /3"
5654.9 12 4429.63 /2
6406.4 24 36779 /2
7102.1 5.8 2982.0 /3t
7693.0 18  2390.9 /2
9642.9 27 4402 B
10082.9 54 00 @
4148.5 5.6 5965.9 /3
4348.3 9.7 5766.03 /3"
7131.6 100  2982.0 /3
7722.5 2.1 23909 /2
10112.4 12 0.0 @
4083.6 11 60419 /2
4159.6 7.9 59659 /3
4384.5 33 5741.0 /&
4746.8 11 5378.56 /3"
6210.4 15  3914.6 /3
6277.1 20 38479 /3
6447.0 88  3677.9 /2
7142.7 10 2982.0 /3
8048.2 100  2076.2 /Z*
9683.5 71 4402 B
10123.5 50 00 @
971® 1 100 4402 ®*
1693.8 1.3 8475.7 /3'.52"
2108.5 22 8061 [B',7/2,92"
2296.9 56 7872.6 /3,(52%) p+Q"  +0.09'3
2333.8 3.8 7835.7 J2,(52%) DH+Q)M  0.00'3
2889.1 1.8 7280.3 /3,7/2"
3301.6 15  6867.7 /3*,32
3433.8 1.1 67355 /3"
3974.6 2.0 6194.6 /3 g1h 1.6710°3
4127.3 2.4 60419 7 g1h 1.73x10°3
4243.4 42 59258 [2* M1+EN 1014 1.10x10°% 5 or >-4.
4428.1 5.8 5741.0 /g* M1+EN 0408 1.18103%2 & or+2.77.
4790.5 15  5378.56 /3"
5393.7 24 47752 2 M1+ED 10302  1.44¢10°3
6254.1 1.3 3914.6 /3"

S133HS V1vad dv3TONN OS_ZIQNEE
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E;(level)
10169.6

10212.9
10231.7

10237.8
10243.7

10281.5

T
&1»

$2+

12+

mi»

b

Adopted L evels, Gammas (continued)

¥(2®Na) (continued)

E,T L Et T Mult.9 5 a
6320.8 1.8 3847.9 /3
7186.4 100  2982.0 /3* M1+EN 40142
7464.5 4.4 27038 /9 E2¢M3)N 0.0 5
8091.9 3.3 20762 2z M1+E 401103
9727.2 18 4402 B Mi+EN  413d9
10167.2 8.9 00 2 M1+EN  —3.4N 19
12681 100 8946.8 (R°)
1755.9 0.7 84757 /352"
1814.2 2.9 8417.4 /3
1930.0 0.7 83016 /3,72
2667.6 1.3 75639 (3)
2819.1 1.1 7412.4 [3%7/2% .92
3098.0 47 71335 /352"
3284.0 2.0 6947.4 (3
3363.7 2.7 6867.7 /3,32 M1+E 401010 8.00x1074
3613.1 8.2 66183 (2,52 MI+EN 002  8.8%104
4189.4 82 60419 /7 Eqh 1.7610°3
4305.5 40 59258 [2* M1+ED 40042  1.12¢10°3
4465.2 1.3 5766.03 /3"
4490.2 0.7 57410 /g
6316.2 24 39146 /&
6382.9 0.7 3847.9 /&
6552.8 10 36779 /2 g1h
7839.4 8.0 23909 /2t gh
9789.3 100 4402 B Mi+E2 40303
10229.3 4.7 00 2 M1+ED  +0.0d 2
8161 100 20762 m*
2519.1 14 7724.4
44772 12 5766.03 /3
5813.3 4 4429.63 /2
6564.8 100  3677.9 /3
7260.5 10 2982.0 /3
7601.9 12 26405 /2
7851.4 38 23909 /2
9801.3 10 4402 B*
3147.812 3.1 71335 R' 52"
4315.29 6.2 59659 B~
451506 16  5766.03 B
4902.46 3.1 537856 B*
5505.66 33 47752 R*
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Eilevel) T E,T L Er X
10281.5 R* 6366.06 100 39146 B*
7298.36 11  2982.0 R*
7639.66 14 26405 12
7889.26 36  2390.9 12*
9839.06 38 4402 ®*
10279.06 25 0.0 32*
10318.0 5887.6 41 4429.63 /2*
6469.1 13 38479 /&
6639.1 8.2 3677.9 /3
7334.7 25  2982.0 /3
7676.1 59 26405 /2
7925.6 3.5 23909 /2
98755 100 4402 |3
10315.5 44 00 @
10333.8 825@ 1 100 20762 m*
10338.7 (I2°) 3417.8 9.1 69206 /3
3518.2 2.7 68202 /3
4032.7 11 6305.6 /2
4372.4 42 59659 /3
6659.8 15 36779 /2
7355.4 88  2982.0 /3
7696.8 18 26405 /2
7946.3 45 23909 /2*
9896.X 10 4402 ®*
10336.2 100 0.0 2
10346.1 ®* 4303.8 41 60419 /7
4579.6 12 5766.03 /3"
4604.6 8.3 5741.0 /3*
4967.0 5.5 5378.56 /"
5570.2 6.6 47752 [Z*
6430.5 27 39146 /&t
6497.2 2.4 38479 /4
6667.2 52 3677.9 /3
7362.8 13 2982.0 /3
7953.7 12 2390.9 /2
8268.3 52 2076.2 /2
9903.6 97 4402 MB*
10343.6 100 0.0 2
10353.8 R* 2462.5 5.0 7891.2 /3t
3618.0 15 67355 /3"

Adopted L evels, Gammas (continued)

¥(2®Na) (continued)

Mult.9 5 Comments
oh

D+Qh 4137

D+Qh  —o0s5d 27

D+Qh  +0.1d6

D+Qh

E,: Placement from (p,) should be considered with caution. [f=<Il/2~, would be
an [M2] transition to B*.

—0ad 7

D+QN  -0.0d" 10

D+Qh
D+Qh
D+Qh

~0.08" 2
1021 8
_02M5
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Adopted L evels, Gammas (continued)

¥(2®Na) (continued)

Eievel) T E, 1,0 Es A Mult.9 5
10353.8 ®* 4587.3 9.4 5766.03 /3"

4612.3 5.9 5741.0 /3

4974.7 10 5378.56 /3¢

5923.4 4.1 4429.63 /2+

6438.2 2.6 3914.6 /3

6504.9 88 3847.9 &

6674.9 24 3677.9 /3

7370.5 12 2982.0 /3t

77119 100 2640.5 /2

7961.4 8.2 2390.9 /2*

8276.0 7.6 2076.2 /2

9911.3 11 4402 B*

10351.3 4.4 0.0 2
10354.0 1%~ 236221 78@20 79915 (112)

206091  22@6 73934 (112

30992 1 1009 4 6354.2 92 Q@

482021 12@ 2 5534.2 112+ D@
10404.8 (12°) 41692 1 100 6235.4 (12%) D)@
10408.8 833@ 1 100 2076.2 m*
104385 ®* 2021.0 9.2 8417.4 /3

3025.9 5.8 7412.4 [3%,7/2* 92"

3819.9 9.4 6618.3 (2,52)

5059.3 3.3 5378.56 /3"

6522.9 25 3914.6 /& D+Q"  +0.50" 10

6759.5 1.4 3677.9 /3

74552 100 2982.0 /3

8360.7 26 2076.2 [2* D+Q"  +0.0d' 3

99962 1 56 4402 B+ D+QN 02210

10436.0 42 0.0 @ D+QN 40248
10448.7 1972.9 17 8475.7 /23 52"

2557.3 7.9 7891.2 /g

4406.4 16 6041.9 /2

6533.1 48 3914.6 /3*

6599.8 100 3847.9 /3

77435 48 2703.8 /gt

8370.9 55 2076.2 /2

10006.2 7.9 4402 /3

10446.2 2.4 0.0 2
10478.8 ®* 2754.2 7.4 7724.4

3658.2 4.2 6820.2 /3

4712.3 10 5766.03 /2*

S133HS V1vad dv3TONN SS_ZIQNEE
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E;(level)
10478.8

10501.9

10507.8

10519.1

12+

&+

Adopted L evels, Gammas (continued)

¥(2®Na) (continued)

E,f 1,0 Es X Mult.9 5 o
47373 45 5741.0 /&

5099.6 100 5378.56 /5

6563.2 35 3914.6 /&

6629.9 7.7 3847.9 /&

7836.9 45 26405 /2

8086.4 10 2390.9 /2*

10036.3 11 440.2 /3t

10476.2 87 0.0 @

47604 13 57410 /3"

6071.4 1.9  4429.63 /1

6653.0 13 3847.9 /&

68229 9.1 3677.9 /Z

75186 3.8 2982.0 /3"

7860.0 3.2 26405 /2

8109.5 9.1  2390.9 /2*

10059.4 47 4402 /&t

10499.3 100 0.0 2

34256 20 7081.9 /2

3586.9 14 6920.6 /2

42018 6.2 63056 /2

45414 97 5965.9 /3

47412 11 5766.03 /3"

6077.3 31 4429.63 /2

6828.8 30 3677.9 /2

75245 38 2082.0 /3"

7865.9 100 26405 /2

8115.4 34 2390.9 /2"

10065.2 11 440.2 /3

10505.2 38 00 @

1888.0  1.75 8631.0

2101.6  4.25 8417.4 /3" m1h 2.88¢<10°4
2159.0 05  8360.0

26277 95 78912 /& m1h 5.0710°
26832 175 78357 /Z(52%) ph

20550  0.75 7563.9 (8)"

3067.4 2 74515 fB*32* M1+EDN -—05N7 7.1310%12
31065 075 7412.4 /8,72",92"

33853 575 7133.5 /352"

35714 175 6947.4 (3) M1+EDN —0.0d'3 8.7510°%
35982 175 6920.6 /3

3651.1 475 6867.7 /8,32 m1h 9.03x10°
3698.6 125 68202 /3 ED 1.56¢10°3

S133HS V1vad dv3TONN VS'ZIQNEE
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Adopted L evels, Gammas (continued)

¥(2®Na) (continued)

ge-TeNgs

S133HS V1vad dv3TONN

E,T L Es N/ Mult.9 5 @

37833  1.25 67355 /3"

3900.4 45 66183 (2,520 M1+ED 10084 9.90x10°*

42131 05 63056 /2

45527 1 5965.9 /2"

47525 65 5766.03 /3" M1+EDN 101D 2  1.26x10°3

47776 3.8 57410 /3 (M1)h 1.27%10°3

5139.9 1.5 5378.56 /8"

6088.6 1 4429.63 /2

6840.1 525 3677.9 /3 (ELD

7535.8  8.75 2982.0 /3" M1)P

78139 2 2703.8 @*

81267 6 2390.9 /2t (E2N

84412 105 20762 /Z* M1+E2"  +0.43) 2 S or +3.02.

10076.5 625 4402 /8 M1+EDN 0193

10516.5 100 0.0 2 M1+ 0.1 2

3613.2 15 6920.6 /23

5758.1 11 47752 J2¢

6855.1 15 3677.9 /3

7550.8 3.3  2982.0 /3

81417 95  2390.9 /2*

8456.2 7.1 20762 /2*

10091.5 20 4402 /3"

10531.5 100 00 =2

2657.8 6.0 78912 /3"

2824.6 65 77244

4582.8 14 5965.9 /3~

4807.7 7.0 57410 /3"

51700 16 5378.56 /3¢

6118.7 70 4429.63 /2*

6633.6 75 3914.6 /3*

6870.2 4.0 3677.9 /3

75659 95 2982.0 /3t

8156.8 46 2390.9 /2

84713 17 2076.2 [2* D+Qh  —0.0M6

10106.6 42 4402 /3t D+Q" 0198

10546.6 100 0.0 2 D+Q"  +0.1d6
10574.6 @~ 37541 95 68202 /3"

51954 4.0  5378.56 /8"

61441 7.0  4429.63 /2*

6659.0 7.0 3914.6 /3"

ge-“TeNgs
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Adopted L evels, Gammas (continued)

¥(2®Na) (continued)

Ei(level) J E, ly = N Mult.9 s ol Comments
10574.6 R~ 6725.6 61 3847.9 /3
6895.6 9.5 3677.9 /3
7591.2 5.7 2982.0 /3"
7932.6 4.3 2640.5 /2
8182.1 19 2390.9 /2*
10132.0 100 440.2 /3t
10590.7 (1) 250021 33@8 79915 (11)
33221 17/@8 72681 1"
423691 42@g8 63542 92
435591  42@g8 62354 (1Y) D+Q@
50562 1 1009 17 55342 1p* D@
10616.9 %32+  3748.9 8.9 6867.7 /3,32
4850.3 11 5766.03 /3
6701.3 16 3914.6 /3" DN
6937.9 30 3677.9 /2 D+Q" 0.5
8224.4 5.6 2390.9 /2*
8539.0 8.1 2076.2 /2*
101743 100 440.2 /3 ph
10614.3 6.1 0.0 2*
10698.0 (R2,142) 434821 21@5 63542 92 D+Q@
7993@ 1 1009 11 27038 @t D)@
10759.8 45282 1 100 6235.4 (12)
10798.0 8728 1 100 2076.2 2"
10860.9 g78® 1 100@38 2076.2 72*
104192 1 23@ g 440.2 52+
10923.0 8848 1 100 2076.2 2"
11073.7 (1Y) 203421 100Q@ 25 90395 (1R) D+Q@
483821 50@13 62354 (1®Y) (E2)@ 1.44¢10°3  B(E2)(W.u.)=0.5320
112719 (1) 232891 33@17 g946.8 (72°)
50362 1 100Q 17 62354 (1®*) (EL@ 0.00203  B(E1)(W.u30.0003912
114247 (1R2) 10702 1 1009 17 10354.0 12~ D@
9347@1 7@3 20762 T72¢
11538.8 (1BY) 427021 100@50 72681 1®*
60042 1 100950 55342 1p2*
11651.6 (1®%) 2441@ 1 100Q@ 29 92104 (112)
44662 1 29@ 14 71853 (92)
12013.5 993& 1 100 2076.2 2"

S133HS V1vad dv3TONN QS_ZIQNEE
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Adopted L evels, Gammas (continued)

¥(2®Na) (continued)

Ei(level) J Eﬂ be Et N Comments
12122 9138 569  2982.0 @t
9480 3d 12 26405 12-
9729 10 26 2390.9 1*
11679 2of 9 4402 32+
12119 gd 21 0.0 32*
12184  (32)* 8268 1§ 4 30146 B¢
8334 72 38479 32-
8504 1d 4 36779 2
9200 11f 2 20820
10106 2d 4 20762 72*
11741 15 4 4402 52+
12181 10d 7 0.0 32*
12593.1 2798 502  9802.9 (1&")
532362 19 100@  7268.1 1®*
63552 502 62354 (12%)
25400 23311 2076.2 /2"
24945 440.2 R* E,: Unresolved.
25385 0.0 &* E,: Unresolved.

¥ From level energy dierence (recoil energy subtracted), except where othemvited.
¥ Weighted average of data ih2C,py), (d,ny), and (p,py).

# Weighted average of data if2C,py) and (p,py).

@ From (2C,py).

& From (d,n).

a From ¢,y/).

b From (py), except otherwise noted.

¢ In good agreement with weighted average of all availabla.dat

d Weighted average of data from 4, (y,y"), (p.y), and (te),(t.ay).

€ Weighted average of data from {p,and ¢,y’).

f From19F(a,y).

9 From (p,dy) and RUL, except otherwise noted.

h From (py).

I Total theoretical internal conversion dheients, calculated using the Bricc cod20Q8Ki07) with Frozen orbital approximation based grray energies,

S133HS V1vad dv3TONN LS'ZIQNEE

L€-TeNEs


https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Ki07,B

26

Adopted L evels, Gammas (continued)

¥(2®Na) (continued)

assigned multipolarities, and mixing ratios, unless oflez specified.

I Multiply placed with intensity suitably divided.
kK Placement of transition in the level scheme is uncertain.

S133HS V1vad dv3TONN SS'ZIQNEE
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23Na, -39
118
ﬁNa12'39 NUCLEAR DATA SHEETS
Adopted L evels, Gammas
Level Scheme
Intensities: Relative photon branching from each level
b o Ny
B WY
XS 25400 0.67 MeV20
P
Q
S
"’Q“;’"’Q Soo
FEE S INT oo 125031 <1afs
[SREE $; @ s? W@ Qg?? {;5'? ﬁfq%ﬂwb?'o%ibm S 12184 12kev?2
(3/2)" S jf@mﬁ’ﬁ’if S 12122 4 keV2
S sS 12013.5
FF S 11651.6
v v Qv,"\ff\,Qf—:’ S
(1312%) S& PSS 11538.8
G W é‘\/\Q Q/{ggi o N
(15/2%) FS o &9 11424.7
ain) 4,,65@2”*%}0 S 112719 125fs21
(112 S TS 11073.7 34.7 fs69
(1712%) oS 10923.0
¥ N
e 0 8 S S 10860.9
évaw—@wgo S oo . 10798.0
oo ORPEE S TS 10759.8
ST 72700
N W TNOXN TSP 10698.0
(7/2,11/2) SEELIET o 10616.9 425 eV
5/2+,3/2! 10354.0 <0.69 fs
13/2- 9802.9 4.2fs14
(15/2") 9210.4
(11/2%) i 9039.5
(15/2) 8946.8 21fs10
(712°)
7268.1 181fs6
13/2 7185.3
(9/2) 6867.7 <6fs
5/2+,3/2¢ 6354.2 21fs5
9/2- 62354 16fs8
(13/2%) 5766.03 351 a4l
3/2+ 5534.2 10.4fs6
11/2¢
39146 6.9fs14
5/2+ 3847.9 8g7fs21
5/2- 3677.9 21fs3
3/2- 2982.0 3.3fs4
3/2t 2703.8 88fs7
9/2+ 2640.5 761fs9
1/2- 2390.9 0.60 psl4
1/2+ 2076.2 27fs3
712t
440.2 1.14ps7
5/2" 0.0  stable
3/2"
23
1INay,

93
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11Na;,-40 NUCLEAR DATA SHEETS 11Na;,-40
Adopted L evels, Gammas
Level Scheme (continued)
Intensities: Relative photon branching from each level
W o
'\?Q’Qv‘\/’\“oQQ QAN & QO QO Q » OSO&':’\
QAVNY VOVl o NN W SO
é’t’ofg"or\’f’oé(yg” n{a"pf\?’\?w{y%@@@@vﬁtyv’\' ‘00@00*&5’0»?,@'\0&/\0\?&@0\&&?\/”% ~ o
(13/2) O Y Y Y Y SN N S S S S SO o o N Y Y 105007
32 FIEFEEET EER PSS S G &g 105746 1100 eV
5/2+ -9 F-§-0- -5 10549.2 540 eV
10534.1
(11/2) 79915 19fs8
5/2F 7891.2 162 asl2
7724.4
13/2" 7268.1 18fs6
3/2 6920.6
5/2- 6820.2 <8fs
9/2” 6354.2 21fs5
(13/2%) 62354 16fs8
3/2- 5965.9 <11fs
512" 5741.0 394 a27
11/2 5534.2 10.4fs6
5/2" 5378.56 143 a21
712" 4775.2 <1.4fs
1/2* v 4429.63 0.21 fs2
5/2" 3914.6 6.9fs14
5/2- 3847.9 87fs21
3/2- 3677.9 21fs3
3/2- 2982.0 3.3fs4
1/2- 2640.5 76fs9
1/2+ 2390.9 0.60 psl4
7/2" 2076.2 27fs3
5/2" 440.2 1.14 ps7
3/2" 0.0 stable
23
11Nay,

94
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TiNa,; ,-41 NUCLEAR DATA SHEETS 1iNa ,-41
Adopted L evels, Gammas
Level Scheme (continued)
Intensities: Relative photon branching from each level
ISPNA] &
S & & 0
N © O © o o ? 6 A
SRS D A * b N o o o o 0
SE8P, §C, 985, $SPOESELEETeesE o .
OV L2INODLON YT HO NN EDDYEONNS OO FTYFIRS DT o o
FEFFTESEILLETSESESEESSESITESE ddr o020 vy 2o

52+ ST TRV TCT R R PGS SRR Q® £§$§Q¥£§Ngg(§b§° 10519.1 100 eV

12+ NN ONAN© G ™ W wo 10507.8 560 eV
8631.0

3/2F 8417.4 <21fs
8360.0

5/2F 7891.2 162 asl2

712,(5/2F) 7835.7 <3.5fs

B2)* 7563.9 0.26 fs18

5/2+,3/2F 74515 <3fs

5/2",7/2+,9/2" 74124 <35fs

3/2 5/2" 7133.5 200 a6

(3/12%) 6947.4 <28fs

3/2- 6920.6

5/2+,3/2F 6867.7 <6fs

5/2- 6820.2 <8fs

3/2F \ 6735.5 415 as50

(7/2,5/12) 6618.3 <0.7fs

1/2F 6305.6

3/2” 5965.9 <«11fs

3/2* 5766.03 351 a4l

5/2F 5741.0 394 a7

5/2F 5378.56 143 a1

1/2+ 4429.63 0.21fs2

3/2- 3677.9 21fs3

3/2+ 2982.0 3.3fs4

9/2+ 2703.8 88fs7

1/2- 2640.5 76fs9

1/2+ 2390.9 0.60 psl4

712+ 2076.2 271s3

5/2" 440.2 1.14 ps7

3/2" 0.0 stable

23
1iNay,
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23 23
1iNa ,-42 NUCLEAR DATA SHEETS 1iNa ,-42
Adopted L evels, Gammas
Level Scheme (continued)
Intensities: Relative photon branching from each level
S
v SA
o N Vo e el o P Ay S Y
§ SFeseoory SISRLEFTLIVT vo oo, deof P
112" T IEEETTESE CEIIRNSARNY 00, FETFINST SO LO v Lo v 105078 560ev
— NN G GG W S 05 G 0 S o 0 DR R Y Y P 0N N Q0 o 0o
3/2 F P F -G EE P A F SO SO LA O N b e g 00— 105019 920eV
32t §-§- &L G- G- - 9— 97 & - D P 10478.8 470 eV
S-S~ G- - &- S - - 104487
5/2" 104385 25evV
3/2+ 512+ 8475.7
3/2- 8417.4 <21fs
5/2- 7891.2 162 asl2
7724.4
512,712+ ,9/2" 7412.4 <35fs
3/2- 7081.9 258 as31
5/2- 6820.2 <8fs
(712,512 6618.3 <0.7fs
7/2- 60419 6fs2
3/2F 5766.03 351 a4l
5/2F 5741.0 394 a27
5/2+ 5378.56 143 a21
1/2+ 4429.63 0.21 fs2
512+ 3914.6 69fs14
5/2- 38479 87fs21
3/2- 3677.9 21fs3
3/2F 2982.0 3.3fs4
9/2+ 2703.8 88fs7
1/2- 2640.5 76fs9
1/2+ 2390.9 0.60 psl4
7/2" 2076.2 27fs3
5/2" 440.2 1.14 ps7
3/2" 0.0 stable
23
1iNay,
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23Na, ,-43 NUCLEAR DATA SHEETS TiNay-43

Adopted L evels, Gammas Legend

Level Scheme (continued)

Intensities: Relative photon branching from each level
,,,,,, » yDecay (Uncertain)

s 8
S S S o
5 AUV TS S S Y A
0y N QO &
FE 0NN IR TYTELTIIT IR LOC O O 104085
112) VISSE Smorabao vy mnoh 933 TGN 00 oy W S - 10404.8
WO O YO T RPN YO P R nn o bn060d YOOI OWT e T s
13/2- SHEHDICHNKOE SRS M A MR SFEPOTNICINISALIASA A AR A R A 10354.0 <0.69fs
N9 ‘o<°f°‘ovvv‘5’\/@§(g><o,gﬂo%;w\<ocf\c S VO DN AN YD O
3/2+ SRR ETT@ ROV O OOV IS 10353.8 210 eV
Q- 0. - X0- 57 ©O° . O 4T
512" N°>’\’\’\<ovv’b‘br€f,° 10346.1
az) T @ 10338.7 190 eV
| 10333.8
|
|
|
|
|
|
|
|
|
(11/2) X 79915 19fs8
5/2+ I 7891.2 162 asl?
|
|
(11/2%) l 7393.4 18fs1l
|
3/2- ! 6920.6
5/2- ] 6820.2 <8fs
3/2* . 6735.5 415 as50
912 : 6354.2  21f{s5
1/2" | 6305.6
(13/27) ; 6235.4 16fs8
712~ | 60419 6fs2
e I 5965.9 <11fs
312+ I 5766.03 351 asAl
512" I 5741.0 394 a27
11/2+ ! 5534.2  10.4fs6
5/2° | 5378.56 143 a2l
|
712 l 47752  <1.4fs
|
1/2+ l 4429.63 0.21 fs2
|
5/2+ 1 3914.6 6.9fs14
5/2- v ' 3847.9 87fs21
3/2- | 3677.9 21fs3
|
|
32" 1 29820 33fs4
|
12 | 26405 76fs9
/2t ! 2390.9 0.60 psl4
712" l 20762 271s3
|
|
|
|
|
|
|
|
5/2" v 440.2 1.14 ps7
3/2t 0.0 stable
23
1iNag,
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23
N8y ,-44

NUCLEAR DATA SHEETS 1iNa,,-44

Adopted L evels, Gammas

Level Scheme (continued)

Intensities: Relative photon branching from each level

I
S
N P g S \&
Y3 dZ P o o
"’@@‘?of?co"v:\m"o;’m“’ QW"?"’?“YQ"?%{?"’N&&(’?Q%WQQQ R
FEFETEES P RN LRSS LTSI ST T

312 TENENEST S EEESEFSTEL SIS E ST S 103180 2000ev
3/2* SP- RS- AV - - - P — 10281.5
1/2 @ 10243.7 2450 eV

10237.8

7724.4
3/2+ 5/2F 7133.5 200 a26
3/2- 5965.9 <11fs
3/2F 5766.03 351 a4l
512+ 5378.56 143 a21
7/2+ 4775.2 <1.4fs
1/2+ ¥ 4429.63 0.21 fs2
5/2+ 3914.6 6.9fs14
52~ 3847.9 87fs21
3/2- 3677.9 21fs3
3/2" 2982.0 3.3fs4
1/2- 2640.5 76fs9
1/2+ 2390.9 0.60 psl4
7/2+ 2076.2 27fs3
5/2" v 440.2 1.14ps7
312" 0.0 stable
23
11Nay,
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23 23
11Na;,-45 NUCLEAR DATA SHEETS 11Na; 45
Adopted L evels, Gammas
Level Scheme (continued)
Intensities: Relative photon branching from each level
,\?I}Sg ® '
Yy o Voo, &V L o ¥
MRS oY W oo H S ¥ oW
%$$<&«7$r&$3$0$$«39~’3$$’$ é/\/lf/‘/lf/‘/éblg? ¢ Yy o
FOAIDONYVO Y SAOSNyOONe & §HIE e 0 F TSN,
5/2+ wm/\<e<o<avvvvfbfbfbfbf\,www~';%»7{?;(0;0?%8;@?@?@?0@0@&?&?&?«v‘g&‘?gJ 10231.7 4eV
S AN oV EE SN AR AP o 10212.9

5/2" 10169.6 65eV
7127 8946.8 21fs10
3/2+ 52" 8475.7
3/2F 84174 <21fs
5/2-,712 8301.6 <59fs
(512" 7563.9 0.26fs18
5/2+,7/2+ ,9/2+ 7412.4 <35fs
3/2+,5/2F 7133.5 200 as26
(32%) 6947.4 <28fs
5/2+,3/2+ 6867.7 <6fs
3/2" 6735.5 415 ass0
(712,5/2) 6618.3 <0.7fs
5/2 6194.6 <70fs
7/2- 60419 6fs2
7/2+ 5925.8 13fs5
3/2" 5766.03 351 a4l
5/2" 5741.0 394 ax27
5/2+ 5378.56 143 a1
712" 4775.2 <1.4fs
512+ 3914.6 6.9fs14
5/2- 3847.9 87f1s21
3/2- 3677.9 21fs3
3/2F 2982.0 3.3fs4
9/2+ 2703.8 88fs7
1/2+ 2390.9 0.60 psl4
7/2" 2076.2 27fs3
5/2" 440.2 1.14 ps7
3/2" 0.0 stable

23
11Nay,
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23 23
11Na;,-46 NUCLEAR DATA SHEETS 11Na;,-46
Adopted L evels, Gammas
Level Scheme (continued)
Intensities: Relative photon branching from each level
o
5L
&
ST
YR 2L o S S
SEFSE T SRISEICIBCT § o n o

5/2" VOV VY S P S S e e Yo oo B S 2o S oo 101696 65eV

P Y TN N AN B S o e 0o o o oA 10156.4

N A G O T Y W R o S e Y e e o o e A =008
5/2 AT S N S S R L TR T LS 10125.9
12" N-S @~ 43— W 0y’ = 05— 05— o' ——— 10114.8 4200 eV
1/2+ 10085.3 1270 eV
3/2+ 512" 8475.7
5/2,7/2,9/2° 8061
3/2,(5/2") 7872.6 <3.5fs
712,(512) 7835.7 <3.5fs
5/2°,712" 7280.3 9fs6
@/27) L] 6947.4 <28fs
3/2- 6920.6
3/2¢ 6735.5 415 ass0
1/2+ 6305.6
712- 60419 6fs2
u 5965.9 <11fs
3/2" 5766.03 351 asAl
u/ \ 5741.0 394 a7
5/2+ 5378.56 143 a2l
1/2¢ 4429.63 (.21 fs2
5/2+ 3914.6 69fs14
512~ 3847.9 87f1s21
3/2- 3677.9 21fs3
3/2" 2982.0 3.3fs4
1/2+ 2390.9 0.60 psl4
712" 2076.2 271s3
5/2" 440.2 1.14 ps7
312" 0.0 stable
23
1INay;
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23 23
TiNa, ,-47 NUCLEAR DATA SHEETS 1iNa ,-47
Adopted L evels, Gammas
Level Scheme (continued)
Intensities: Relative photon branching from each level
© Q
o & 3§ N T R A S A K
o © v N A Q 4 Q © © © o “ © ~ S » o
S E LIS P s SESF &9 ~FL o
3/2,5/2 Yy o N AN NK © © & w W w o §—c§§(’\/—/§) éo;&\/;é? S S 10075.9
(512,712) S oy SR 10070.9
F—EF—¢ 10049.1
O
10036.4
10033.8
(7127) 8946.8 21fs10
5/2” 6820.2 <8fs
7/2- 60419 6fs2
3/2- 59659 <i1ifs
5/2F 5741.0 394 a27
7/2* 4775.2 <1.4fs
5/2” 38479 87fs21
3/2- 3677.9 211s3
3/2" 2982.0 3.3fs4
12" 2640.5 76fs9
712" 2076.2 271s3
5/2+ 440.2 1.14ps7
3/2+ 0.0 stable

23
11Nay,
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23 23
11Na,,-48 NUCLEAR DATA SHEETS 11Na ,-48
Adopted L evels, Gammas
Level Scheme (continued)
Intensities: Relative photon branching from each level
N Qo o ~
5 va rvi’o fv$ r\{j’o $,§ f\(/\'N Wé” » WNQ? 5 rvg'}
L@ A S S R LS
SFFIPICITIIIIICICISIIIITIC o ° " ©
'i/’? 40\/ 0’)\ ‘f? ’\7 v{y %Q? QDQ‘) '\? '\(/o %fb Q)Q‘ QO" 40'\’ %Q) '\/q‘) fo(o ";\ Q'\/ 0;\ '\7 0?) Q)v °’v {{9 's VQ N ‘Ov ({? < QQ QO
SNV VTP CITIYINAAINPITITIFTILSTIYISIS 9 ¥Q9 ¥2 oo ~ N
52" IS ETTHTEFITEETSTIIT T SHoPFyss > & 10017.4 69ev
12 $—5— N 10003.2 475eV
11/2° y—g 9988.2
(9/2,13/2) bl 9964.6
(312,712) 9924.3
8631.0

3/2" 84174 <21fs
5/2 7876.2 <12fs
5/2+,3/2" 74515 <3fs
5/2,712" 7280.3 9fs6
3/2+ 5/2F 71335 200 as26
3/2- 6920.6
3/2" 6735.5 415 ass0
(712,5/2)" 6618.3 <0.7fs
7/2- 6041.9 6fs2
3/2 5965.9 <11fs
3/2F 5766.03 351 asAl
5/2" 5741.0 394 a27
11/2" 5534.2 10.4fs6
5/2" 5378.56 143 a1
7/2+ 4775.2 <1.4fs
1/2+ 4429.63 0.21fs2
5/2- 3914.6 6.9fs14
5/2- 3847.9 87fs21
3/2- 3677.9 211s3
3/2- 2982.0 3.3fs4
9/2* 2703.8 88fs7
1/2- 2640.5 76fs9
1/2+ 2390.9 0.60 psl4
7/2" 2076.2 27fs3
5/2+ 440.2 1.14 ps7
3/2" 0.0 stable

23
11Nay,
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23 23 _
11Na;,-49 NUCLEAR DATA SHEETS 11Na;,-49
Adopted L evels, Gammas
Level Scheme (continued)
Intensities: Relative photon branching from each level
Seel 2 >
NN O N
Y nY on Y o "
§’é”§§$§’§%‘9$®'yv{&#3@ S 0 OSSN Doy

3/27,512,7/2" DTSN B WH W WA VNV SN o .
) FIEATTEE oo ois i a S LLE YR LGP S L——1LS
82 R S S O SER Iy Vo 0N Qo w Qb yA y—~ 9993

F IV E G F S PR ELPOEF LY 9875.6
12+ FFN STV PP 9850.1 150 eV
3/2" 9835.4 47eV
5/2+ 7891.2 162 asl?
3/2+ 512" 71335 200 as26

7070.8
5/2+,3/2+ 6867.7 <6fs
3/2+ 6735.5 415 ass0
5/2~ 6194.6 <70fs
T 6041.9 6fs2
3/2" 5766.03 351 a4l
5/2+ 5741.0 394 ag27
5/2" 5378.56 143 a21
7/12¢ 4775.2 <1.4fs
1/2+ 4429.63 (.21 fs2
5/2+F 3914.6 6.9fs14
5/2- 3847.9 87fs21
3/2- 3677.9 21fs3
3/2" 2982.0 3.3fs4
9/2* 2703.8 88fs7
1/2- 2640.5 76fs9
1/2+ 2390.9 0.60 psl4
5/2+ 440.2 1.14 ps7
3/2+ 0.0 stable
23
11Nay,
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23Na, ,-50 NUCLEAR DATA SHEETS 1iNay,50

Adopted L evels, Gammas

Level Scheme (continued)

Intensities: Relative photon branching from each level

= SR
) » N
R R RS AN R R S SR N
,,?,;?%N,,?Q’FW‘@,\Q.Q'?%VO?;JQ’?O"Q,\WQQ,%NV?"},S%W%QVVN@V? S 6o ¥y SA v S
N0 o7 5 O S OO AN PR ORI L oMK I S A IR o} NN NN N NSNAN
5/t FEANTEEEES ST TTSFLET T I Q8H oo oo n o~ o 9815.7
W09~ P — P P- - PO H- - =
(15/27) S HETL S S I, 98029 4.2fs14
3/2- 9755.5
5/2° 7127 8301.6 <59fs
7964
5/2+ 7891.2 162 asl?
3/2,(5/2%) 7872.6 <35fs
5/2+ 712+ ,9/2F 74124 <35fs
13/2 7268.1 181s6
3/2+,5/2" 7133.5 200 as26
7070.8
(3/2%) 6947.4 <28fs
3/2" 6735.5 415 ass0
(7/2,512) 6618.3 <0.7fs
(13/2%) 6235.4 16fs8
7/2" 59258 13fs5
3/2- 5766.03 351 asAl
5/2+ 5741.0 394 a27
11/2+ 5534.2 10.4 fs6
7/2+ 4775.2 <l1.4fs
1/2+ 4429.63 0.21 fs2
512+ 3914.6 6.9fs14
5/2" 3847.9 87fs21
3/2- 3677.9 21fs3
3/2" 2982.0 3.3fs4
9/2+ 2703.8 88fs7
1/2- 2640.5 76fs9
1/2+ \ J 2390.9 0.60 psl4
7/2" 2076.2 27fs3
5/2+ 440.2 1.14 ps7
32 0.0 stable
23
1iNag,
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23
11Na ,-51

NUCLEAR DATA SHEETS #iNa,,-51

Adopted L evels, Gammas

Level Scheme (continued)

Intensities: Relative photon branching from each level

Sy o Vo 0¥ o>
ISION >
gg\*@,&é\/&@&@"op&@p‘oo S \’Qo IR S & 5 o W
T V99V Q9QVQV VoA g wAN GO O OO0 o o
NN SN SIS G IR S B I L I DA
S L VXY O 6 N YN o NS & \ D o Vv o v o o o o
VORI XTI O LENOIFYNIT DT OFN 099NN OS5 o
7/2 NN O G YW g gy Y NN NN q&é,@i@f@f@i@i@“i&f@féié" 9732.53
3/2F 9700.9 29eV
3/2F,5/2¢ 8475.7
5/2-,7/2" 8301.6 <59fs
5/2,7/2,9/2" 8061
5/2 7876.2 <12fs
7/2,(5/2") 7835.7 <35fs
(512 ,3I2) 7750.6
527,712+ ,9/2" 74124 <35fs
5/2-,7/12" 7280.3 9fs6
5/2- 6820.2 <8fs
3/2F 6735.5 415 ass0
(972" ,5/12") 6578.0 <11fs
5/2- 61946 <70fs
72~ 60419 6fs2
5/2" 5741.0 394 as27
5/2F 5378.56 143 as21
1/2+ 4429.63 0.21fs2
5/2F 39146 6.9fs14
5/2- 3847.9 87fs21
3/2- 3677.9 21fs3
3/2F 2982.0 3.3fs4
9/2* 2703.8 88fs7
12 2640.5 76fs9
1/2+ 2390.9 0.60 psl4
7/2* 2076.2 27fs3
5/2+ 440.2 1.14 ps7
3/2+ 0.0  stable
23
1iNag,
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23Na,,-52 NUCLEAR DATA SHEETS 1iNay,52

Adopted L evels, Gammas

. L d
Level Scheme (continued) egen

Intensities: Relative photon branching from each level

* A
312+ S vV 97009 29ev

-0~~~
(312) e SN EEE S E LS F TG oo SN i 9682.7
3127 52" S-SR &-3-5-G- WP 9674.1
(2% i 9655.6 105 eV

|

|

|

|

|
5/2-,7/2 | 8301.6 <59fs
52" ; 7891.2 162 asl2
(512 3I2°) i 7750.6

i 7724.4
(52)" } 7563.9 0.26fs18
527 32 | 74515 <3fs
3/2- ‘ 7081.9 258 as3l
5/27 312" i 6867.7 <6fs

|

|
5/2- | 6194.6 <70fs

|
32 l 5766.03 351 ashl

|

|

|

|

|
72+ v 4775.2 <1.4fs
1/2+ 4429.63 (.21 fs2
5/2+ 3914.6 6.9fs14
5/2~ ) 38479 87fs21
3/12- 3677.9 21fs3
3/2" 2982.0 3.3fs4
12~ 2640.5 76fs9
12 2390.9 0.60 psi4
7/2+ 2076.2 27fs3
5/2F 440.2 1.14 ps7
3/2t 0.0  stable

%?Naiz
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23 23
7iNa, ,-53 NUCLEAR DATA SHEETS 11Na;,-53
Adopted L evels, Gammas
Level Scheme (continued)
Intensities: Relative photon branching from each level
$
Q
T WL RN AL o
NSRS AN @'Vé*r &9 J W o’
S SN o N SN O S O OO o o S
@5y SIPNEEEPE L8 ¥ 555X i TR ey rad 9652.2
112 FTTOTHFTNTO NG, 5 BB B Oy b b 6 g Ay N O 96283 28fsld
ST EF IR PO NSNS T I FHE = 2018
12+ F-F A==~V F-F-F-F- P-4~ 9626 22fs8
3/2* A 9608.2 6GeVv
(1312%) 9541.5
3/2,(5/2F) 7872.6 <35fs
7724.4
12,312 7488.9 <3fs
(11/2%) 7393.4 18fs1l
7070.8
@2) 6947.4 <28fs
5/2+,3/2F 6867.7 <6fs
5/2- 6820.2 <8fs
3/2F 6735.5 415 as50
912 6354.2 21fs5
12" 6305.6
7/2- 60419 6fs2
3/2- 5965.9 <11fs
312" 5766.03 351 asAl
5/2" 5741.0 394 a7
11/2° 5534.2  10.4 fs6
5/2+ 5378.56 143 as21
7/2+ 47752 <1.4fs
12+ 4429.63 (.21 fs2
5/2" 3914.6 6.9fs14
5/2- 3847.9 87fs21
3/2 3677.9 21fs3
372+ 2982.0 3.3fs4
12 2640.5 76 fs9
1/2+ 2390.9 0.60 psl4
7/12" 2076.2 27fs3
5/2 440.2 1.14 ps7
3/2F 0.0  stable

ﬁN P
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23
11Na ,-54

NUCLEAR DATA SHEETS iNa,,-54

Adopted L evels, Gammas

Level Scheme (continued)

Intensities: Relative photon branching from each level

Q
S
~) A A )
ST NE TG o L00000L0 L8P0 Lo
COONYAOYOADHHPP TJQ9Q3Q0Q0Q0000F9F0 552988
FFEFSTENE VT SO LLL 2222 A Yy S50 99V
312 FTSREETSSTTEE & §§§§$‘§§§$§§§’g&,Q(\?&«?QQQZ’Q@ oS o481y
- QN0 4343 W-05-03 - 03O - V- N — V- 0 B N 0P — - Y

s FEEFH PSS & 2401
1/2 S-o- 9404.8 65eV

9401.0

7724.4
1/27,3/12- 7488.9 <3fs
3/2- 7081.9 258 as31
5/2- 6820.2 <8fs
312+ 6735.5 415 as50
1/2F 6305.6
5/2- 6194.6 <70fs
3/2- 5965.9 <11fs
3/2+ 5766.03 351 as4l
5/2+ 5378.56 143 a1l
1/2+ 4429.63 0.21fs2
5/2" 39146 6.9fs14
5/2~ 38479 87fs21
3/2* 2982.0 3.3fs4
1/2- 2640.5 76fs9
12+ 2390.9 0.60 psi4
5/2+ 440.2 1.14ps7
3/2+ 0.0 stable

ﬁNaﬂ
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23 23
7iNa, ,-55 NUCLEAR DATA SHEETS 11Na ,-55
Adopted L evels, Gammas
Level Scheme (continued)
Intensities: Relative photon branching from each level
© S @ oA S ® o &)
i N N @ @ N 5 A ~ &
L S S S N o o
S ® TP »v 9 33 & T LT F & T Y G
NG NS I N S IS S N S R S s y&ese S
©o O W 3 Y% ol Ul N} \a AN N X 0y W 7 Qo
- §ELSSFEFFTFTIFTH TV SIS &8 9396.4
(9/27,13/2F) °C g N 9325.8
© v 9292.7

3/2F 8417.4 <21fs
5/2 7876.2 <12fs
(527 ,3I2) 7750.6
(5/2) 7563.9 0.26 fs18
5/2F,3/2F 7451.5 <3fs
5/2F,7/2F,9/2" 74124 <35fs
5/2-,7/2" 7280.3 9fs6
(972%) 7185.3
5/2- 6820.2 <8fs
(712,5/2) 6618.3 <0.7fs
(9/2+,5/12") 6578.0 <1i1fs
9/2- 6354.2 21fs5
5/2" 61946 <70fs
712- 6041.9 6fs2
5/2F 5741.0 394 as27
712+ 47752 <1.4fs
5/2F 39146 6.9fs14
5/2- 3847.9 87fs21
9/2* 2703.8 88fs7
5/2+ 440.2 1.14ps7
3/2+ 0.0 stable

23
11Nay,
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23 23
11N, ,-56 NUCLEAR DATA SHEETS 11Na ,-56
Adopted L evels, Gammas
Legend
Level Scheme (continued)
Intensities: Relative photon branching from each level
@ Multiply placed: intensity suitably divided
,,,,,, » yDecay (Uncertain)
S SALSLETEd
o VoI IVe e P
3/2+,5/2¢ & S “’Q'cg’(y«“?o‘?%rvo‘} r»‘!;pr?v@v $ oo 6,950 » % © SI 9285.4
3 7 2 AT 5 Y ; : & B
E7 N I e I A *&*&;@*&3*&*&; T AT T A R ST 9252.10
TN B PN PP T LI PP IR VI VA0 %

3z &*09*«”*é"*é’*@w?’*&f@v»?‘v;vm?“'f@w"’*f%vfé*&@b $ $§’§$ ;&;&QLgiﬁ-g ALiels

T TNV N NN TR T — Jell .
(11/29) ; & 9210.4

‘ 9172.8

|

|

|

|

|

|
3/2,(5/2") ! 78726 <35fs

‘ 7687.0
12 312 ! 7488.9 <3fs
(11/2%) } 7393.4 18fs11
13/2" 1 7268.1 18fs6
(972%) ; 7185.3
3/2- | 7081.9 258 as31
3/2- i 6920.6
5/2F,3/2F | 6867.7 <6fs
(9727 512%) ! 6578.0 <11fs
12t i 6305.6
5/2- T 6194.6 <70fs
(11/2)" ' 6115.1 35fs9
3/2- I v 5965.9 <11fs
7/2* v ! 5925.8 13fs5
312 } 5766.03 351 asil
5/2* I 5741.0 394 a27

|

|

|

|

|
1/2F : 4429.63 0.21fs2

|

|
5/2t ! 3914.6 6.9fs14
5/2" ] 3847.9 87fs21
3/2- l 3677.9 21fs3

|

|

|
3/2* l 29820 3.3fs4
9/2* 1 27038 88fs7
1/2 l 2640.5 761s9

|
1/2+ | 2390.9 0.60 psl4

|
712+ v 2076.2 271fs3
5/2+ 4402 1.14ps7
3/2t 0.0 stable

23
11Nay,
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23 23
1INy ,-57 NUCLEAR DATA SHEETS 11N ,-57
Adopted Levels, Gammas
Level Scheme (continued)
Intensities: Relative photon branching from each level
@ Multiply placed: intensity suitably divided
$ S
N X X Q §
0PI Y2 S
S Eees YT LRe PP o & o n» S A o o S
az) G VTV LTI T Te eI 91015
(712,912 SP OSSO AT S 90426 10fs5
(15/2) E—EF—E—B—H—E— VT 9039.5
312 5/2° ® 8975.3
8963.9
(11/2) 79915 19fs8
(11/2%) 73934 18fs1l
13/2° 7268.1 18fs6
5/2- 6820.2 <8fs
(7/12,5/2) 6618.3 <0.7fs
9/2- 6354.2 21fs5
(13/2%) 6235.4 16fs8
(11/2)" 6115.1 35fs9
712- 60419 6fs2
7/12¢ 5925.8 13fs5
11/2¢ 5534.2 10.4fs6
712" 47752 <1.4fs
5/2* 39146 6.9fs14
5/2- 3847.9 87fs21
3/2” 3677.9 21fs3
3/2+ 2982.0 3.3fs4
912+ 2703.8 88fs7
7/12° 2076.2 27fs3
52 440.2 1.14 ps7
3/2" 0.0 stable
23
1iNay,
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23
11Na,-58

NUCLEAR DATA SHEETS iNa,,-58

Adopted L evels, Gammas

Level Scheme (continued)

Intensities: Relative photon branching from each level
@ Multiply placed: intensity suitably divided

Q 8]
S AN 5
© QO
& Q o Q 09 S N N S
i\ 3 o & ~ & N Y $
- o) v 1% QY el IS (0%

712°) S 3 Y 5 & & (%;/ ‘5’\ & S & o 97 8946.8 21fs10
(3/2) & & ¥ $ S > 9 ;” 8945.1
2 Sl v v 3 3 & 8827.9 211 as70
(9/2) ® 8820.8

8798.7
7/2,(5/27) 7835.7 <35fs
(9/2) 7125.8 13fs5
912~ 6354.2 211s5
712- 60419 6fs2
7/2F 47752 <1.4fs
5/2+ 39146 6.9fs14
5/2 3847.9 87fs21
9/2+ 2703.8 88fs7
12t 2390.9 0.60 psl4
7/2* 2076.2 27fs3
5/2" 440.2 1.14 ps7
3/2F 0.0  stable

23
1iNay,
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23 23
11Na ,-59 NUCLEAR DATA SHEETS 11Na;,-59
Adopted L evels, Gammas
Legend
Level Scheme (continued)
Intensities: Relative photon branching from each level
@ Multiply placed: intensity suitably divided
,,,,,, » yDecay (Uncertain)
S © %
N oo NS
N @rﬁ v@ © s
O LEIX o0, 9o 8721
- 7
1z ' & S g—&—o?— S 8665.0 128 aw22
12+ w AR N 8651.2 (.53 fs7
: A R 8631.0
w TV RIAN SHED o -
3/2°,5/2" i OO PN Ty 9 8475.7
w T W @Y @ 0"P—s S A 8432.6
; FE o5 $—o
3/2¢ | S TS NN 84174 <21fs
| R A SN S S 8360.0
| NSRRI ~
| Aco,zgpi‘{:’\,‘o “5—9 S Q{/VK‘ 8319.5
512,72 1 S I R S 83016 <59 fs
5/27,7/2,9/2° 1 O oA SE e o\ 8061
(11/2) // ! N Tg-f"w&” ;,{:fz;%@,*oi NN 79915 19fs8
i S S \ 79740 <281s
I & \ 7964
5/2+ } 7891.2 162 asl?
5/2 . \ 7876.2 <12fs
3/2,(5/2") | 7872.6 <35fs
|
|
|
|
(7/2,512) | 6618.3 <0.7fs
|
|
(13/24) } 6235.4 161fs8
|
|
|
11/2° l 5534.2 10.4s6
|
|
|
|
|
|
|
|
|
5/2" I 3914.6 69fs14
= l 3847.9 8g7fs21
312 I 3677.9 21fs3
|
|
|
|
372t | 2982.0 3.3fs4
9/2+ 1 2703.8 88fs7
1/2- , 26405 76fs9
1/2+ 1 2390.9 0.60 psl4
|
7/2+ ! 2076.2 271{s3
|
|
|
|
|
|
|
|
|
5/2¢ ‘ 440.2 1.14 ps7
|
|
3/2" X 0.0 stable
23
1iNag,
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23Na, ,-60 NUCLEAR DATA SHEETS 1iNay,60

Adopted L evels, Gammas

Level Scheme (continued)

Intensities: Relative photon branching from each level
@ Multiply placed: intensity suitably divided

QQ(O
v B F S
SITF S o §
7/2,(5/2") NS S8 o e o 7835.7 <35fs
(512 ,32°) Ny @7%07 SRS S 7750.6
NY S e oo LYo S 7724.4
A S & S 7687.0
N e e e S Bl S -
(5/2)" S—F—F— o — S AN S 7563.9 0.26fs18
12,312 S-S T AN 7488.9 <3fs
S iy S e A— 117
5/27 312 O—F 0 —o — 53— 74515 <3fs
A A A ARS
5/2°,7/2 912 v o o 74124 <35fs
(11/2%) & 7393.4 18fs11
512,712 7280.3 9fs6
11/2+ 5534.2 10.4fs6
7/2F 4775.2 <1.4fs
5/2+ 3914.6 6.9fs14
5/2- 3847.9 87fs21
3/2- 3677.9 21fs3
3/2+ 2982.0 3.3fs4
9/2+ v 2703.8 88fs7
1/2- 2640.5 76fs9
/2 2390.9 0.60 psl4
7/12+ 2076.2 27fs3
5/2F 440.2 1.14 ps7
3/2+ 0.0 stable
23
1iNay,
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23
11Na ,-61

NUCLEAR DATA SHEETS

23
1iNa;,-61

13/2+

(12"
3127 512
©2)

Adopted L evels, Gammas

Level Scheme (continued)

Intensities: Relative photon branching from each level
@ Multiply placed: intensity suitably divided

7268.1 1816

- 7133.5 200 a26
7125.8 13fs5

3/2-

(13/2")

7081.9 258 as31

62354 161s8

aiey

6115.1 35fs9

7/2*

5925.8 13fs5

11/2°

5534.2 10.4fs6

712"

47752 <1.4fs

3/2"

2982.0 3.3fs4

9/2"

2703.8 88fs7

1/2-

712"

26405 76fs9

2076.2 271s3

5/2"

440.2 1.14 ps7

3/2"

0.0 stable

23
11Nay,
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23 23
11Na ,-62 NUCLEAR DATA SHEETS 11Na ,-62
Adopted L evels, Gammas
Level Scheme (continued)
Intensities: Relative photon branching from each level
@ Multiply placed: intensity suitably divided
S
S o
© QO Q S
& 9 b5 S
P g mncoos S $ 7070.8
YREEEEN T v o S 7055.3
- &SS90 S S '
(3/2%) Q& —‘O‘\L‘OQ & \Z S 69474 <28fs
3/2 R A S A S 6920.6
S E 0y o VS 6881.2
VA R W N N el gy
5/27,3/12" VXL S oo X v 6867.7 <6fs
52 O RN FEF IV ETNE 6820.2
G-I TSI E T ; < <8Bfs
32+ FES T LLQ L \ 6735.5 415 ass0
(712,512 -5 S \ 6618.3 <0.7fs
(9/2%,5/2%) YOV \ 6578.0 <11fs
912~ \ 6354.2 21fs5
/2t 6305.6
13729 6235.4 16 fs8
7/2- 60419 6fs2
11/2+ 5534.2 10.4fs6
7/2" 47752 <1.4fs
5/2+ 39146 6.9fs14
512" 3847.9 87fs21
3/2- 3677.9 21fs3
3/2+ 2982.0 3.3fs4
9/2* 2703.8 88fs7
1/2- 2640.5 76fs9
/2t 2390.9 0.60 psl4
7/2* 2076.2 27fs3
5/2+ 440.2 1.14ps7
3/2" 0.0 stable
23
1iNag,
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23
11Na,,-63

NUCLEAR DATA SHEETS iNa,,-63

Adopted L evels, Gammas

Level Scheme (continued)

Intensities: Relative photon branching from each level
@ Multiply placed: intensity suitably divided

N oo A& & IS Q © o )
NI & IS ° 5
888 I3 Ggdd & ¢ ye, S 8
512 TEVY ST Sy SERES $ IGTY o7 oo & Ses soE
112y YOS ITN TROON S T I S N STy 6115.1 35fs9
SV V=L PN R R P SIS IO N LWL : S
s K D RE  S o SN Y IS S - 6041.9 6fs2
OGN TR TR LG om0 X S oo .
3/2 B ON TGS N o WSS 5965.9 <11fs
712t OEET SRS N S 5925.8 13fs5
T &G F YT ’éf’;éi;y 5766.03 351 asAl
/o é\gb(g? o}@q}é;‘;f 5741.0 394 ax27
e v @N’é,g\;n,év’n?? 5534.2 10.4fs6
r o W oy ] @Q‘ 5378.56 143 a1
>~ o
AV
'
IFIPL
A )
© S N ISP
0 9 A Q SR
% O e
o YV S §§\ 47752 <1.4fs
©
o:y,go‘
S
. v 4429.63 0.21fs2
5/2+ 39146 6.9fs14
e 3847.9 87fs21
32 3677.9 21fs3
3t 2982.0 3.3fs4
9/2 2703.8 88fs7
12 26405 76 fs9
1/2* 2390.9 0.60 psl4
7/2" 2076.2 27fs3
5/2- 440.2 1.14 ps7
3/2+ 0.0 stable
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11Nay,

117



23
11Na,,-64

NUCLEAR DATA SHEETS

23
N8, ,-64

Adopted Levels, Gammas

Level Scheme (continued)

Intensities: Relative photon branching from each level

@ Multiply placed: intensity suitably divided

3914.6 6.9fs14
3847.9 87fs21
3677.9 21fs3

2982.0 3.3fs4

27038 88fs7

26405 761s9

2390.9 0.60 psl4

2076.2 2713

1.14 ps7

440.2

stable

0.0

5/2"
5/2-
3/2-

3/2"
9/2*
1/2-
1/2*

7/2"

5/2F

3/2"

23
11Nay
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#iNa, ,-65

NUCLEAR DATA SHEETS

iNa, ,-65

Adopted L evels, Gammas

Band(A): K™=1/2" g.s. band

(17/2*) 11073.7
Band(B): K™=1/2~ band
13/2- 10354.0
(15/2*) 9802.9
M 11/2- 9628.3
4838
3999
3568 3274
3586
4269
92~ 6354.2
(13/2%) 6235.4 ~
712" 32 6041.9
701
11/2+ 5534.2
2506
2194
2364
3531
2830
5/2- ‘ 3847.9
3458 32 170 3677.9
1207
1037
o2 2703.8 12 26405
627
712+ L 2076.2
2263
1637
2077
5/2+ 440.2
o
32+ ¥ 0.0
23
1iNay,
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23Na, ,-66 NUCLEAR DATA SHEETS 1iNe,-66

23NepB~ decay  1974Al03,1963Ca06,1957Pe12

Parent:23Ne: E=0.0; F=5/2*; T1/2=37.25 s10; Q(37)=4375.8010; %8~ decay-=100

Other referencesl972Ch41 1968Mo03 1965La10 1940Po01

1974A103 23Ne was produced Vvid2Ne(d,p) reaction, E(é)3.0 MeV. ~0.4 atm of Ne target in a gas cell was bombarded for 10
sec, gas was expanded through the trap to the cylindricadtiomucell, internal dimension of 7.5 cm diameter and 2 cnghei70
cm® Ge(Li) detector, NE102 plastic scintillator. Measureg, Ey, 22Ne half-life; Deduced beta feeding to excited states from
vy-ray intensity balance, lo§ values.

1963Ca06 23Ne was produced vid3Na(n,p) reaction by bombarding 100 g of sodium aluminuntaié in the core of the Oak
Ridge research reactor. Emanatfijle was swept continuously by water vapor to the laboratospov removed and
contamination purgeé@Ne gas was allowed to decay in a source volume; some of thefdomed followings decay emerged
from the volume as a beam, were analyzed by electrostaticreaghetic analyzer in tandem. Measured recoil energy spadiom
100 to 500 eV; deduce electron-neutrino angular correlatmeficient; assuming/-A (Vector-Axial vector) interaction is valie-
deduced g.s. and 1st excited statieeding inZ3Na.

1957Pe1223Ne was produced vid3Na(d,2p) reaction by bombarding NaCl powdered targgs 2 MeV. Active gases were
swept by flow of helium to a source chamber of small volume & ft@way from the target. Contaminating activities were
removed by activated coconut charcoal trap cooled with.LMparticles were detected by a stilbene crysfatadiation was
detected by two Nal(Tl) crystals. Measureg,Ey, y-y coincidence, B spectrum; deduceg feeding to g.s. and excited states.

1972Ch41 Source from?2Ne(d,p), E=2.5 MeV, beam chopper, 99.5% enrich&tNe gas target cell (dimension not mentioned).
200 cycles of irradiation and counting. 25.5%@e(Li) detector. MeasuredchE ly, deduced lodt, decay scheme. Some of the
reportedy in 1965Lal0were not observed.

1968Mo03 Source from?2Ne(ny), E=thermal, in a circulating volume. 10 and 30 EiBe(Li), Nal(Tl) detectors. MeasuredyE
ly, vy coincidence. Deduced decay scheme. Some of the reppiited965Lal0were not observed.

1965La10 Source from?2Ne(ny), E=thermal, in a large volume cell (dimension not mentioneddI() and anthracene crystal.
Measured E, ly, yy-coin, and B. Proposed level scheme. Nigerays were placed from seven excited states. Four ofthe
rays and four levels were not confirmed in later studies.

1940P001 23Ne produced ir?2Ne(d,p), E(d¥2.6 MeV. Measured Fand half-life 43 s3 of 23Ne andp-endpoint energy4.1

MeV.
Sum of decay energies of this dataset is 4378 K&Vas compared to @()=4375.80 keV10 (2017Wal0 for 23Ne 8~ decay.

23Na Levels

E(evell JF  Tip
0.0 32t stable
44039 52
2076.97  7/2*
2081.87 32

* From a least-squares fit to theray energies.

B~ radiations

E(decay) E(level) ,B‘ﬂE Log ft Comments

(1394.07) 2981.8 0.06% 6.133
(2298.97) 2076.9 1106 5.822 E(decay)p: EB=2.4x 10° 1 (1957Pel® 13=1.0015 (1957Pel}
(3935.59) 440.3  31.910 5.382 E(decay)s : EB=395050 (1957Pel® 18=32 1 (1963Ca0f and 323 (1957Pel}
(4375.8010) 00 671 5271 E(decay): 43838 (1963Ca0p and 439050 (1957Pelp
187: 67 1 (1963Ca0p and 673 (1957Pel}

* Fromy-ray intensity balance.
¥ Absolute intensity per 100 decays.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Al03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1963Ca06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Pe12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Ch41,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Mo03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1965La10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1940Po01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Al03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1963Ca06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Pe12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Ch41,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1965La10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Mo03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1965La10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1965La10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1940Po01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Pe12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Pe12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Pe12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1963Ca06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Pe12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1963Ca06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Pe12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1963Ca06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Pe12,B

Na, ,-67 NUCLEAR DATA SHEETS 1iNa,67

23Nep decay  1974Al03,1963Ca06,1957Pel2 (continued)

y(**Na)

Iy normalization: Front I(y+ce) to g.s=33 1 (100 - 67 1 (1963Ca0¥), assuming 1% statistical uncertainty for the #40

Eﬂ Iﬁ# Ei(level) T Er X Mult. * st @ Comments
440.56 100 4403 R* 0.0 32* MI1+E2  +0.0655 5.45<10°8  %ly=32.910
E,: 440 (1974Al03, 440.06
(1968M003.

l,: 33.0 1974AI03.
1636.68  3.0312 2076.9 72" 4403 52 MI+E2  +0.191  1.110°% %ly=1.005

E,: 1636 (L974AI03.

l,: 1.004 (1974AI03.
2076.78  0.30618 2076.9 72* 0.0 32* E2(4M3) -0.1414 3.50<10%15 %ly=0.1017

E,: 2076 (L974AI03.

l,: 0.1016 (1974AI03.

2541.39  0.0826 2981.8  32* 4403 52* MI1+E2 -0.093  4.73107% %Ily=0.026922
E,: 2542 (1974AI103.
l,: 0.0272 (1974AI03.

2081.78  0.1156 2981.8  * 0.0 32 M1 6.51x1074 %Ily=0.037823
E,: 2982 (L974AI03.
l,: 0.0382 (1974AI03.

T From Adopted Gammag:-ray energy reported ii974AI03is listed in comments section.

¥ 1974Al03present ¥ relative to y(440)=33 (listed in comments). Evaluators presentélative to ly(440)=100. The
uncertainties ofy (1974AI03 are statistical only. A larger systematic uncertainty banexpected for the cylindrical gas cell
(diameter 7.5 cm and height 2 cm) counting geometry. Howelierrecommend uncertainty of the absolyteay emission
probability is expected to be valid due to the unique featfrthe decay scheme ag(L+a)(440) represents 99.6% &ly(1+a)
to the g.s. from excited states and ghéranching to the g.s. and 1st excited state dominate thel®té67+32)=99%, that
yields the same uncertainties as@4667 3, 32 3 (1957Pel), 67 1, 32 1 (1963Ca08, for the g.s. and 1st excited states,
respectively. As a result, the uncertainty of th€440) can be considered equivalentAtg(1st excited state at 440).

# For absolute intensity per 100 decays, multiply by 0.329

@ Total theoretical internal conversion dbeients, calculated using the Bricc cod®(8Ki07) with Frozen orbital approximation
based ony-ray energies, assigned multipolarities, and mixing stimless otherwise specified.

121


https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Al03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1963Ca06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Pe12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1963Ca06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Al03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Mo03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Al03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Al03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Al03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Al03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Al03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Al03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Al03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Al03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Al03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Al03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Al03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Al03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1957Pe12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1963Ca06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Ki07,B

23Na, ,-68 NUCLEAR DATA SHEETS 1iNa,,68

23Ne B~ decay  1974A103,1963Ca06,1957Pel2

Decay Scheme
Intensities: |y, e Per 100 parent decays Legend
ly < 2%xIJ&

I, < 10%x |Max
5/2F 0.0 3725310 _— |: > 10%x|’§“"x

Qp—=43758010 0/0[3_:100 /\Q
QY
23 o 9
ToNes &L
S
RATCR
- NN S
s ot Ny ¢ S5
0.065 613 32t VYV I 2981.8
N
o &
\ &£
110 582 712+ vy 2076.9
o
o
éo
N
2
N
319 538 5/2+ v 440.3
670 527 \3/2+ l 0.0 stable
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23Na, ,-69 NUCLEAR DATA SHEETS 1iNa,-69

2Mgedecay  2017Mal8,1974Madl

Parent:23Mg: E=0.0; F=3/2"; T1/2=11.3046 A5, Q(s)=4056.17932, %e+%B* decay=100
23Mg-Q(e): From 2017Wa10(2016-ame). Measured value: 4056.182(2019Ka30).

Others:1960Tal4 1968G005 1971De05 1974AI03 1977Az01
2017Ma18 28Mg was produced from3Na(p,n) reaction, E15,30 MeV; After mass separatiof?Mg nuclides (contaminated only

by 23Na) were transported to the yield station and deposited orylarMape (50um thickness and 1.25 cm width) fgrparticle
andy ray detection by plastic scintillator and HPGe detectotse Plastic scintillator was read out by two photomultigi¢PMs).
The coincidence signals of these PMs were used to courg-thearticles and to trigger the data acquisition of the HPGedet.
Measured®3Mg half-life from B(t), 440y absolute emission probability, and deduced super-allgsvednsition branch g.s. to g.s.
from feedings oP3Na excited states.

1974Ma41 23Mg produced fron?3Na(p,n), Ep=10 MeV, reaction. Measuregray branching, beta feedings.

23Na Levels

E(evell JFT Ty

0.0 32t  stable
440.24 52
2390.93 1/2*

* From Adopted Levels.

&,B* radiations

E(decay) E(level) g* T let Log ft I(e +ﬂ+)T Comments

(1665.33)  2390.9 0.006L 0.00061 4977 0.0071  I(e+B*) — from 1974Ma41l

(3616.04) 440.2 7.8411 0.0092716 4.4346 7.8511  I(e+B*) — from y intensity balance.

(4056.183) 0.0 92.0811 0.06817 3.66756 92.1511  Deduced by the evaluators (180g.s. feeding branch
of 440.5/. Other: 92.0814 (2017Mal8- considering
literature and their measured data).

 Absolute intensity per 100 decays.
y(*3Na)

Eﬂ Iy# Ei(level) J Efr X% Comments

44056 7.8511 440.2 32+ 0.0 32* I,: Weighted average of 8.8 (1968G009, 8.14 (1974Ma4), 7.7915
(1977Az0), and 7.80581 (2017Mal8. Other values: 9.5
(1960Tal3, 9.14 (1974A103 - discrepant data omitted in the wt.
average. & (for rough check inl971De03.

1950.64 0.0025 7 2390.9 2t 440.2 32°
2390.64 0.0044 7 2390.9 »t 0.0 32+

* From Adopted Gammas.
¥ From e feeding and adopteg-ray branching intensities.
# Absolute intensity per 100 decays.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ma18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Ma41,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2019Ka30,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1960Ta14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Go05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971De05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Al03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Az01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ma18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Ma41,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Ma41,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ma18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Go05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Ma41,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Az01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ma18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1960Ta14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Al03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971De05,B

23
11Nay,-70

NUCLEAR DATA SHEETS

23
N8, ,-70

Legend

ly < 2%xI7a
ly < 10%x] 72
ly > 10%x 72

23Mg & decay

2017M a18,1974M a4l

Decay Scheme

Intensities: |, ce per 100 parent decays

% + %B+=100

» L
¥ &
S
o O
Q“o Q‘Q
$$ /
s VN 2390.9,
&
&
0
§ /
5/2+ N 4402
3/2F
3
11Nay,

3/2" 0.0 11.3046 45
Q;=4056.17%2
23
12Maq;
1Bt Ie Log ft

0.0060 000060 4.97

/ 7.84 0.00927 4.434
0.0 stable 9208 0.0681 36675
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23Na,, 71 NUCLEAR DATA SHEETS TiNa 71

24p| prpdecay  1994Ba54

Parent:>4Al: E=0.0; F=4"; T1,,=2.053 s4; Q(8*p)=2192.0223; %3*p decay-0.00123

24|-%8*p decay: Measured by994Ba54

1994Ba54 24Al was produced fron?*Mg(p,n) reaction using pulsed proton bears2B.5 and 20 MeV: 99.8% enrichédMg
target (thickness 1.9 nign?); Recoil products were collected using a helium-jet systerthe counting chamber and deposited
onto a tape in the center of a low-energy proton detector thel detector consists of six individual gA&, gasAE, Si-E triple
telescopes; measured Ep spectrum; dedyceelayed proton branch GfAI.

23Na Levels
E(level) F
0.0 32*
Delayed Protons?fNa)
E(p) E@Na) Comments
7.0x107 40 0.0 E(p): From a range of 300 1100 keV in spectrum.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994Ba54,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994Ba54,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994Ba54,B

Na, ,-72 NUCLEAR DATA SHEETS TiNay, 72

"Li(*%0,y)  1969Fe05

Other: 1986N005
E= 12-32 MeV;y rays were measured by Nal detector. Resolutiérb% for 25 MeVy-ray energy. Measureda(E;Ey,0);
Deduced resonance level, level-width. Also studié8(*2C,y) reaction at 90 — only weak structure ofNa was observed.

23Na Levels

E(IeveI)Jr r Comments
0.0
440
2076
25400 0.67 MeV20  E(level): From1969Fe05
Opea=2.4ub 7.
(23+1)r,~0.5 keV.
* From Adopted Levels, except where otherwise noted.
y(*3Na)

E,f E(evel) E
23311 25400 2076
24945 25400 440
2538% 25400 0.0

* From level energy dierence, recoil energy subtracted.
¥ Unresolved.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Fe05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986No05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Fe05,B

23
1Nay =73

NUCLEAR DATA SHEETS

23
N8y ,-73

Li(*0,y)  1969Fe05

Level Scheme

el o N
V v v 25400 0.67 MeV20

2076
440
0.0

23
11Nay
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23
N8y ,-74

NUCLEAR DATA SHEETS

23
1Na,,-74

1B160,0) 1975G025

Target: Self-supporting, 95% enrich&tB (thickness 3Qug/cn¥); Projectile: 160 ions from Oak Ridge tandem accelerator,
E=41.6-45.4 MeV; Enge split-pole magnetic spectrometeritipossensitive proportional counter; Measure(g, E,, (9));
Deduced excited level energies, spin and parity. FWHM 24160 keV.

Many levels in adopted dataset for doublet 8.94 and 9.041 MelA75G025- not listed by the evaluators in this dataset.

23Na Levels

<do/dQ> in units of migsr in comments section.

E(IeveI)Jr F@ Comments
0.0 <do/dQ> = 0.047 (at 10), 0.032 (22), and 0.024 (3% (c.m.).
440 <do/dQ> = 0.097 (at 10), 0.055 (22), and 0.043 (38) (c.m.).
2076 <do/dQ> = 0.123 (at 10), 0.072 (22), and 0.046 (3% (c.m.).
2391 <do/dQ> = 0.038 (at 10), 0.017 (22), and 0.012 (38) (c.m.).
2672 E(level): Average of 2640.5 and 2703.8, unresolvedldbin 1975G025
<do/dQ> = 0.021 (at 10), 0.131 (22), and 0.096 (38) (c.m.).
2982 <do/dQ> = 0.058 (at 10), 0.04 (22), and 0.016 (39 (c.m.).
3678 <do/dQ> = 0.040 (at 10), 0.023 (22), and 0.013 (38) (c.m.).
3881 E(level): Average of 3847.9 and 3914.6, unresolvedldbin 1975G025
<do/dQ> = 0.178 (at 10), 0.09 (22), and 0.056 (3% (c.m.).
4775 <do/dQ> = 0.145 (at 10), 0.09 (22), and 0.044 (39 (c.m.).
5534 <do/dQ> = 0.176 (at 10), 0.14 (22), and 0.101 (3% (c.m.).
5754 E(level): Average of 5741.0 and 5766.03, unresolvatidd in 1975G025
<do/dQ> = 0.076 (at 10), 0.054 (22), and 0.025 (36) (c.m.).
6004 E(level): Average of 5965.9 and 6041.9, unresolvedldbin 1975G025
<do/dQ> = 0.131 (at 10), 0.07 (22), and 0.035 (3%) (c.m.).
J: (1/27) proposed byl975Go25for 6041.9 keV level of the doublet.
6298 E(level): Average of 6235.4, 6305.6 and 6354.2, unresoivettiplet (1975Go25present as quadruplet).
However,1978En02evaluation did not list 6263 ke\t4 level reported inl971Kr04 possible doublet
of first two.
<do/dQ> = 0.321 (at 10), 0.21 (22), and 0.14 (36) (c.m.).
6644" E(level): Average of 6578.0, 6618.3 and 6735.5, unresotrietet in 1975G025
<do/dQ> = 0.071 (at 10), 0.04 (22), and 0.025 (3%) (c.m.).
6844 E(level): Average of 6820.2 and 6867.7, unresolvedldbin 1975G025
<do/dQ> = 0.107 (at 10), 0.06 (22), and 0.03 (36) (c.m.).
7109* E(level): Average of 7070.8, 7081.9, 7133.5 and 7150, wived quadruplet il975G025
<do/dQ> = 0.228 (at 10), 0.127 (22), and 0.11 (36) (c.m.).
7416 E(level): Average of 7385, 7412.4 and 7451.5, unresolvigdetrin 1975G025
<do/dQ> = 0.209 (at 10), 0.164 (22), and 0.1 (36) (c.m.).
J': (1/2%) proposed byl975Go25for 7412 keV level of the triplet.
8311 E(level): Average of 8301.6 and 8319.5, unresolvedldbin 1975G025
<do/dQ> = 0.234 (at 10), 0.103 (22), and 0.08 (36) (c.m.).
8517* E(level): Average of 8475.7, 8503 and 8558, unresolvedetrip 1975G025
<do/dQ> = 0.180 (at 10), 0.180 (22), and 0.08 (36) (c.m.).
9840F 60 (3/2)¥  <do/dQ> = 0.400 (at 16), 0.24 (22), and 0.24 (36) (c.m.).
10306# 60 <do/dQ> = 0.222 (at 10), 0.172 (22), and 0.13 (36) (c.m.).
109007 60  (1/2*)F  <do/dQ> = 0.239 (at 16), 0.12 (22), and 0.1 (36) (c.m.).
11286 60 <do/dQ> = 0.348 (at 10), 0.24 (22), and 0.24 (36) (c.m.).
11586%# 60 (12°)f  <do/dQ> = 0.29 (at 10), 0.173 (22), and 0.14 (38) (c.m.).
13156 60  (1/2)¥  <do/dQ> = 0.176 (at 16), 0.168 (22), and 0.13 (36) (c.m.).
13820 60  (1/2Y)F  <do/dQ> = 0.300 (at 16), 0.207 (22), and 0.15 (38) (c.m.).
14240° 60  (3/2*)  <do/dQ> = 0.25 (at 16), 0.19 (22), and 0.16 (36) (c.m.).
14706 60  (32*)¥  <do/dQ> = 0.51 (at 10), 0.33 (22), and 0.30 (38) (c.m.).

Continued on next page (footnotes at end of table)
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23Na,,-75 NUCLEAR DATA SHEETS 1iNay,75

11B(160,0)  1975G025 (continued)

23Na Levels (continued)

T From Adopted Levels (value rounded to nearest keV), excémrevotherwise notel975Go25quote excited levels below
9840 keV from literature. Many unresolved multiplet.

# From 1975G025
# Multiplet for three or more levels not referenced in Adopted Levels.

@ From 1975G025based onr(6).
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Na, ,-76 NUCLEAR DATA SHEETS 1iNay,76

12c(12cpy)  20133e04,1977K €05,1979L u02

Other references2018Ji012017Mu042007Sp032006Ba642006Ag08
2005Bb062005Je061990Ti021984F0121981Zy011980An081980Ke15

1977Ev021977Ke021976Ba051976Ba531975J0031975Ke071975Gr25
1975C0141975C0101974V0021974Va011974Ke161973Fr071972Fr01 1973Wa26
2013Je04 E(*2C)=16, 22 MeV provided by the ATLAS accelerator at ANL. Targk60 ug/cn? 12C. Measured g, ly,

yy-coin, yy(0)(DCO), Ty using the Gammasphere array and the fractional Dopplet telaifinique. Deduced levels, 7,
multipolarity, bands. Comparison with shell-model catidns.

1977Ke05 12C(12C,p) E=38.82 MeV. Measuredyfé,t), DSA.

1979Lu02 2c(2C,p) E=14.3 MeV. Measured £, Ep, py coincidence.

1990Ti02 12C(12C,p) E=15-24 MeV. Measured DSA. coincidence.

1984F012 12C(*2C,p) E=39 MeV. Magnetic spectrometer(6), o-(Ep).

1976Ba05 12C(12C,p) E=38.6 MeV. Measuresy{d), DSA.

1975J0031972Fr01 12C(12C,p) E=28.2 MeV. Measuresyt), linear polarization.

1973Wa26 12c(12C,p) E=19 MeV. Measured &, DSA.

23Na Levels

E(level)f F@ T10% o (tot)@ Comments

0.0° 32+ 826

439.8% 15 5/2*+ 1.22 ps7 837 Ty/2: From mean lifetime of 1.76 p$0: weighted average of 1.80 fdd
(1990Ti02 and 1.63 pL0 (1973Wa2§.

2075.9 4  72* 1267
2391.15 12+ 46 4
264056 12 545  E(level): Other: 2657 (1984F012.

2703.2 4 92+ 0.092 ps8 1246 Ty/2: From mean lifetime of 0.133 ps2: weighted average of 0.139 39
(1990Ti02 and 0.11 pL (1973Wa2§.

2982.15 32t 856

3677.8 5 32" 625

3847.6 4 5/2- 1016  E(level): Other: 385% (1984F013.
3914.54 5/2+ 956

4417 10 405

4774.85 7/2%

5384F 5 705

5533.P 5 11/2*  10.4 fs55 38012 J: From1975J0o03based on particlg-ray linear polarization and angular
correlation measurements of 3458
T1/2: From mean lifetime of 15 f8: Weighted average of 20 f&2
(1977Ke0Y, and 12 fs8 (1973Fr07.

5754 6 655
5925.55 7/2* 1196 E(level): Other: 5943 (doublet) (984F012.
5965.99 32
6041.%5 6 7/2- 1026 E(level): Other: 603%5 (1984F012.
6114.66 11/2*  35fs9 110320  Ty/2: From7=50 fs 13: weighted average of 39 3 (1977Ke03 and 75 s20
(1973Fr073.
6234.P 6 132 16 fs8 34510 E(level): Other: 6229 (doublet) (984F012.
Ty/2: From mean lifetime of 23 f42. Weighted average of 19 f&8
(1977Ke03 and 24 fs12 (1973Fr07}.
6353.6 5 92~ 21fs5 2458 J: Qyto 52", RUL (1973Fr07- (*2C,py)), and band assignment.
T1/2: From mean lifetime of 30 f§ (1972Fr0).
6577.66 9/2* 826 E(level): Other: 6582 (1984Fo012.
6617.98 (7/2%) 845 E(level): Other: 661@ (1984F012.
6730° 7 514
6820.08 512~ 554 E(level): Other: 68238 (1984F012.

Continued on next page (footnotes at end of table)
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2Na,, 77 NUCLEAR DATA SHEETS TiNay, 77

12c12c py)  20133e04,1977Ke05,1979L u02 (continued)

23Na Levels (continued)

E(level)f F@ T12% o(tot)@ Comments

6880.611  (7/2,112) 835  E(level): Other: 6874 (1984Fo012.

69367 6 1106

7054.711  (5/2,132) 1517  E(level): Other: 7075 (doublet) (984F012.

712536 92t 1858  E(level): Other: 711% (1984F012.

7184.96 92+ 1226  E(level): Other: 717 (doublet) (984Fo12.

7267.76 132* 18 fs6 83517 E(level): Other: 7272 (doublet) (984Fo012.

T1/2: From mean lifetime of 26 f8 (1977Ke09. Other: <21 fs ( <30 fs
(1973Fr07).

7279.911  (1/2,92)

7393.06 11/2* <18 fs 65515 E(level): Other: 7398 (doublet) (984F012.
Ty/2: From<21 fs (¢ <30 fs (1973Fr07).

7477.011  (1/2,92)

7489.07 32"
7563.611  (52,92) 1216 E(level): Other: 75663 (1984F012.
7686.67 92 2188  E(level): Other: 7697 984F012.

7750.611  5/2F
7835.37 7/2*

7872.78 32t 34410 E(level): Other: 7863% (1984F012.
7973.711  (3/2,1142) <28fs T1/2: From mean lifetime<40 fs (1973Fr07.
7991.06 11/2* 27410 E(level): Other: 798%® (1984F012.

80687 4 1126

8301.311 (7/27) <59 fs T1/2: From mean lifetime<85 fs (1973Fr07.
8318.99 92t 53213 E(level): Other: 83264 (1984F012.
8432.011  (5/2,132)

8483 4 2128

8651.011  (3/2,7/2) 2499  E(level): Other: 8633 (1984F012.

8722 12 956

8798.48 (3/2,72)*

8820.37 9/2~

8828.111  1/2F 3009  E(level): Other: 88395 (1984F012.
8945.18  (3/2%)

8946.46 72~ 21 fs10 T1/2: From mean lifetime 30 f45 (1973Fr07.
8963.511  (1/2,92) 34410 E(level): Other: 8965 (1984F012.

8972.911  52*
9039.07 152*
9042.38 (7/2,92)* 10 fs5 155030 E(level): Others: 905% (1984Fo012.
Tq/2: From mean lifetime of 15 f§: Weighted average of 19 f&0
(1977Ke03 and 11 fs+8-9 (1976Ba03. Other: <21 fs (1973Fr07.
9101.06 132*
9172.211  (7/2,1%2)
9207.111  3/2-
9210.06 11/2*
9213.011 (1/2,52)
9285.111  (5/2,92)
9292.19 (7/2,112) J: (7/2,12/2) and (112%) in Table | and the latter in Fig. 2013Je0%
9325.311  (7/2,1%2)
9398.711  7/2-
9400.97 (3/2,7/2)
9541.112  (132%)

9627.¢ 9 112° 28fs14 T1/2: Fromr=4 fs 2 (2013Je0%

9802.8 7 152* 4.2 fs14 Ty/2: Fromr=6 fs 2 : Weighted average of mean lifetimes 4Xs
(2013Je0% 12 fs8 (1976Ba0y, 11 fs6 (1977Ke09), and 21 fs9
(1977Ev02.

9875.28  (7/2,112)
9917.311  (1/2,92)

Continued on next page (footnotes at end of table)
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iiNa,,-78

NUCLEAR DATA SHEETS ﬁNalz'78

E(level)f

5@

2c(t2C,py)

2013J€04,1977K €05,1979L u02 (continued)

T12

23Na Levels (continued)

Comments

9923.911

9964.212

9987.912
10033.49
10036.011
10156.011
10212.412
10237.511
10333.511
10353.6 7
10404.112
10408.511
10438.211
10590.27
10697.58
10759.212
10797.711
10860.58
10922.711

110732 9
11271.49
11424.39
11538.49
11651.29
12013.211
12592.89

(3/2,712)
(9/2,132)
112"
(3/2,132)
(3/2,7/2)
(1/2,92)
(32,1%2)
(3/2,132)
(3/2,1%2)
132"
(1y27)
(3/2,132)
(2/2,92)
132"
(7/2,1%2)
(9/2,172)
(32,1%2)
(32,92)
(32,1%2)
17/2*
11/2"
(11/2%)
152+
(132%)
(3/2,11/2)

<0.69 fs Tyj2: Fromt < 1 fs (2013Je0% Other: <18 fs (r <25 fs (1973Fr07).

34.7fs69 Ty/2: From7=50 fs 10 (2013Je03
12.5fs21 Ty/2: From7=18 fs 3 (2013Je0%

<14 fs E(level): Froml979Lu02
Ty/2: Fromr<20 fs (1977Ke03.

T From least-squares fit tp-ray energies, except otherwise noted.
 From 1984F012

# Doublet.

@ From 2013Je04based ony-ray multipolarities and placements.
& From mean lifetime (listed in comments) determined by foaztl Doppler shift technique2(013Je0), except where otherwise

noted.

a From 1984F012in units of ub.
b Band(A): K"=1/2* g.s. band.
¢ Band(B): K"=(1/27) band.

LT Eifevel) T Ef

f

E’YT
1701 0.133
3121 0.061
439.8015
5911 031
626.84 35.22

3847.8 B2 3677.8 32
6353.8 @2~ 60415 72
43982 B2 00 32

2982.1 2t 23911 12°
2703.2 92t 2075.9 72°

y(**Na)

Mult.# §& Comments

M1+E2 +0.125 DCO0=0.951 (2013Je0% A»=-0.194; A4=+0.14
10 (1977Ke03
E,: From 1973Wa26 Other: 4401 (2013Je0%

M1+E2 +0.075 DCO0=0.901 (2013Je0% A,=-0.184; A4=+0.016
(1977Ke05y
E,: From 1973Wa26 Other: 6271 (2013Je0%

Continued on next page (footnotes at end of table)
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Na, ,-79 NUCLEAR DATA SHEETS TiNay,79

12c12c py)  20133e04,1977Ke05,1979L u02 (continued)

7(33Na) (continued)

Eﬂ IyT Ei(level) J Ef N Mult.# o& Comments
7011 201 6234.7 1@* 5533.7 112 M1+E2 +1.0570 DCO=0.902 (2013Je0% A,=-0.037;
A4=+0.0612(1977Ke05
8191 0.41 6353.8 92 5533.7 112" D DCO=1.0012 (2013Je0}
E,: 820 in figure 11 0f2013Je04
8601 0.61 4774.8  72* 39145 %2* D DCO0=0.9110 (2013Je0}
8661 0.164 3847.8 B2~ 2982.1 2t D DCO=0.827 (2013Je0¥
9321 0.082 39145 B2t 2982.1 F2*
9841 0.31 8820.3 92~ 7835.3 72
10331 051 7267.7 1@t 6234.7 1@ DCO=1.56 16 (2013Je0% A,=+0.0019;
A4=+0.1827(1977Ke05
AJ=0 transition.
10371 0.21 3677.8 32 26405 127 D DCO0=0.812 (2013Je0%
10701 061 11424.3  (112%) 103536 12 D DCO=0.767 (2013Je0¥
10871 0.21 10033.4 (R,1%2) 8946.4 T2
11101 041 9101.0 1®* 7991.0 112t D+Q DCO=0.7721 (2013Je0%
11511 0.31 5925.5 72* 4774.8 T72F D+Q DC0=1.3925 (2013Je0%
11531 3.11 7267.7 1Rt 6114.6 112t M1+E2 DCO0=0.762 (2013Je0% A»,=-0.337;
A4=+0.1510(1977Ke05
I,: Branching 843 (2013Je0% 68 6
(1979Lu032 relative to ly(2506y).
12071 1.23 3847.8 B2~ 2640.5 12~ Q DCO=1.767 (2013Je0%*
12591 231 7184.9 @ 59255 72* D+Q DCO0=0.801 (2013Je0}
12661 0.155 102124 (R,112) 8946.4 T2
12871 0.61 3677.8 32 2391.1 12* D DCO0=0.689 (2013Je0%
1528 1 021 39145 3¢ 2391.1 12* 3/2* listed for initial level in Table | of
2013Je04seems a misprint.
1528 1 0.21 92100 112* 7686.6 92+
15791 181 6353.8 92° 4774.8 72+ D DCO0=0.842 (2013Je0%
16361 100.0 20759 2* 439.82 92* D@ Ao=-0.164; A4=+0.027 (1977Ke05
17011 0.093 8318.9 @t 6617.9 (72%)
17081 091 9101.0 1®* 7393.0 12" D+Q DCO=0.719 (2013Je0}
17341 1.31 7267.7 1Rt 5533.7 112t M1+E2 DCO=1.3912 (2013Je0%
17561 0.71 7991.0 112 6234.7 1" D+Q DCO=1.1512 (2013Je0%
17711 052 9039.0 1m* 7267.7 1R* Ar=-0.2110; A4=+0.03151977Ke05
l,: Branching 166 (2013Je0% 323
(1979Lu032 relative to ly(2804y).
17721 18.02 3847.8 32 20759 72* D DCO=1.001 (2013Je0%
18171 0.131 9210.0 112 7393.0 112*
18211 161 8946.4 72° 7125.3 92* D DCO0=0.8311 (2013Je0}
18381 041 39145 B2t 2075.9 72 D+Q DC0O=0.568 (2013Je0%
18591 0.61 7393.0 1p* 5533.7 112* DCO=1.209 (2013Je0%
19431 0.31 9210.0 112t 7267.7 1R*
19511 131 23911 p* 439.82 52* l,: Branching 685 (2013Je0% 56 3
(1979Lu03 relative to ly 239%y.
20101 0.61 59255 72* 39145 52* D DCO0=0.915 (2013Je0%
20251 513 9210.0 112t 7184.9 @t D+Q DCO=1.014 (2013Je0%
20341 0.82 11073.2 1p* 9039.0 1®* D+Q DCO=0.857 (2013Je0%
20721 212 4774.8 72 2703.2 9t
20761 11.88 20759 72* 0.0 32+ Q DCO=1.724 (2013Je0% A,=+0.3815;
As=—0.4627 (1977Ke05
21941 291 60415 72° 3847.8 B2 D+Q DCO=0.67 3 (2013Je0}
22631 58.93 2703.2 Rt 439.82 72+ E2 DCO=1.626 (2013Je0% A»=+0.404;
A4=—0.257 (1977Ke05
22881 0.82 5965.9 32 3677.8 32
23251 0.21 11271.4 1127 8946.4 72~
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23Na, ,-80 NUCLEAR DATA SHEETS 1iNa,,-80

12c12c py)  20133e04,1977Ke05,1979L u02 (continued)

7(33Na) (continued)

EyT IyJr Ei(level) J Ef I Mult.# o& Comments
23501 041 7125.3 92t 47748 T72F
23621 041 10353.6 1@~ 7991.0 112"
23641 3.82 60415 72 3677.8 32 Q DCO=1.7515 (2013Je0
23911 1.92 2391.1 12* 0.0 32*
24411 0.72 11651.2 (1R%) 9210.0 112t
24571 1.72 7991.0 112* 5533.7 112" DCO0=1.8217 (2013Je0}
AJ=0 transition.
25061 9.21 6353.8 92 3847.8 B2 Q DCO=1.653 (2013Je0}
E,: Other: 2502 {979Lu03.
25351 151 9802.9 1m* 7267.7 1" D+Q DCO0O=0.643 (2013Je0% A,=-0.3910;
A4=-0.3419(1977Ke05
25421 341 2982.1 2t 439.82 32* D+Q DC0O=0.547 (2013Je0%
25921 051 8946.4 72 6353.8 92
25991 041 10590.2 1@~ 7991.0 112*
26321 0.61 9210.0 112t 6577.6 9t 7/2* listed for initial level in Table | of
2013Je04eems a misprint.
26401 3.13 2640.5 12 0.0 32*
26631 041 6577.6 92+ 39145 %2t
26741 0.041 9292.1 (72,142) 6617.9 (72)
26991 3.72 47748 72 2075.9 72t DCO=1.726 (2013Je03*
Mult.: DCO value more consistent with Q,
whereas levels scheme indicates D as
AJ=0. M1+E2 in 2013Je04 M1 in
Adopted Gammas.
27801 141 8820.3 92 60415 72 E,: 2777 in figure 11 02013Je04
27928 25t 12592.8 9802.9 18"
28041 3.12 9039.0 1" 6234.7 1R* D+Q DCO=0.743 (2013Je0% A,=-0.175;
A4=-0.218 (1977Ke05
28301 14.22 5533.7 112" 2703.2 92* D+Q +0.1711 DCO=1.242 (2013Je0% A»=+0.037;
A4=+0.0112(1977Ke05
28661 0.81 9101.0 1®* 6234.7 1" DCO=1.6321 (2013Je0%
AJ=0 transition.
29111 051 7686.6 R 4774.8 72"
29601 0.113 10353.6 12 7393.0 112*
29731 0.71 6820.0 32 3847.8 B2 DCO=1.5313(2013Je0%
AJ=0 transition.
E,: 2972 in Figure 11 02013Je04
29821 441 2982.1 32t 0.0 32t
29861 091 9101.0 1®* 6114.6 112"
30951 1.82 9210.0 112t 6114.6 112* DCO=1.8216 (2013Je0¥%
AJ=0 transition.
31411 252 6820.0 32 3677.8 32 E,: 3142 in Figure 11 02013Je04
32371 6.61 3677.8 32 439.82 32"
32741 3.43 9627.9 1127 6353.8 92 D+Q DCO=0.605 (2013Je0%
32841 0.71 9210.0 112* 5925.5 72*
33221 0.21 10590.2 1@ 7267.7 1Rt
33251 0.71 5965.9 32 2640.5 12- D+Q DCO=1.1211 (2013Je0
34081 3.12 3847.8 32 439.82 32*
34111 10.71 61146 112* 2703.2 @t M1(+E2) +0.2633 DCO=1.215 (2013Je0¥% A»=+0.1515;
A4=+0.3922(1977Ke05
34581 391 5533.7 112t 20759 72 Q DCO=1.657 (2013Je0% A>=+0.5518;
A4=-0.8232(1977Ke05
34741 0.31 39145 32+ 439.82 32*
35051 051 9039.0 1" 5533.7 112" Ap=+0.0614; A4=+0.5025(1977Ke05

I, Branching 163 (2013Je0% 353
(1979Lu032 relative to ly(2804y).
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2Na, ,-81 NUCLEAR DATA SHEETS TiNa,-81

12c12c py)  20133e04,1977Ke05,1979L u02 (continued)

7(33Na) (continued)

EyT IyJr Ei(level) J E¢ J’fr Mult.# Comments
35311 16.42 6234.7 1@ 2703.2 92* E2 DCO=1.823 (2013Je0% A»=+0.397; A4=-0.24
12(1977Ke05
Mult.,6: Other: §=—0.0315 for 13/2* and+1.0570 for
9/2* for D+Q (1977Ke05.
35681 2.11 98029 1®m* 6234.7 1R D+Q DCO=1.507 (2013Je0% A»=+0.235; A4=+0.089
(1977Ke05
E,: Other: 3569.28 (1977Ke09.
35861 242 96279 112 60415 72 Q DCO=1.7117 (2013Je0%
36501 461 6353.8 92 2703.2 92* DCO=1.696 (2013Je0}
E,: Other: 3646 1979Lu03.
I,y Branching 501 (2013Je0% 28 1 (1979Lu03 relative to
1y(2506y).
AJ=0 transition.
38111 232 7489.0 327 3677.8 32
38331 1.62 9875.2 (72,132) 60415 T2°
38481 6.93 3847.8 B2 0.0 32F D+Q DCO=1.235 (2013Je0%
Iy Branching 382 (2013Je0% 25 (1979Lu03 relative to
ly 177%.
38501 182 59255 72t 2075.9 72 D+Q DCO=1.516 (2013Je0%
38741 051 6577.6 92F 2703.2 92*
39141 273 39145 32t 0.0 32F D+Q DCO=1.138 (2013Je0%
39201 0.31 78353 72F 39145 52* D+Q DCO=1.1013 (2013Je0%
39461 222 99879 112 60415 72 Q DCO=1.7615 (2013Je0%
39991 512 10353.6 1R~ 6353.8 92 Q DCO=1.616 (2013Je0%
40071 0.61 95411 (1®") 5533.7 112 D+Q DCO=1.078 (2013Je0%
40381 3.23 61146 112t 2075.9 72+ I, Branching 303 (2013Je0% 20 (1979Lu03 relative to
ly 239%y.
40471  3.32 8820.3 92 4774.8 72+ D+Q DCO0=0.834 (2013Je0%
41691 1.31 10404.1 (1120) 6234.7 1x* (D) DCO=0.8611 (2013Je0}
41771 253 6880.6 (72,142) 2703.2 @®* DCO=0.867 (2013Je0%*
42361 051 10590.2 1@~ 6353.8 92
42691 0.61 98029 1m* 5533.7 112" Q DCO=1.8516 (2013Je0% A»=+0.4510; A4=-0.14
17(1977Ke05
42701 0.21 115384 1R* 7267.7 1®°*
42781 7.42 6353.8 92~ 2075.9 72 D DCO=1.012 (2013Je0%
E,: Other: 4273 1979Lu03.
I, Branching 802 (2013Je0% 205 (1979Lu03 relative to
1y(2506y).
43351 752 47748 72* 439.82 52+ D+Q DCO=1.082 (2013Je0%
6. By evaluators based on DCO value of 128M1 in
2013Je04

43431 0.41 10697.5 (72,132) 6353.8 @ D+Q  DCO0=0.959 (2013Je0}
(12/27) listed for initial level in Table | 0f2013Je04
43511 1.02 7054.7 (32,132) 2703.2 ®*

43551 0.51 10590.2 12~ 6234.7 1Rt D+Q DCO=1.7719 (2013Je0%
AJ=0 transition.
44221 2.81 7125.3 92 2703.2 92F DCO=1.519 (2013Je0%*

AJ=0 transition.
44301 091 9964.2  (92,132) 5533.7 1Pt D+Q DCO=0.576 (2013Je0%
44661 021 116512 (1R%) 7184.9 92*

44821 212 71849 @2F 2703.2 92°F DCO=1.745 (2013Je0%*
AJ=0 transition.
45011 2.02 6577.6 92F 2075.9 72F D+Q DCO0=0.904 (2013Je0%

Mult.: DCO ratio indicates DAJ=1 transition. M&E2 in
2013Je04and in Adopted Gammas.
45241 0.51 10759.2 (®,172) 6234.7 1R*
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12c12c py)  20133e04,1977Ke05,1979L u02 (continued)

7(33Na) (continued)

EyJr IyT Ei(level) J Et N Mult. Comments
45641 3.71 7267.7 1@t 2703.2 92* E2 DCO=1.5013 (2013Je0% A»=+0.4511; A4=-0.37
19(1977Ke05
46891 6.11 7393.0 1p* 2703.2 92* D+Q DCO=1.032 (2013Je0%
E,: Other: 4686 (uncertain placementi873Fr07.
47361 0.41 8651.0 (32,7/2) 39145 B+ DCO=1.059 (2013Je0%
47681 0.41 7750.6 32F 2982.1 2+ D+Q DCO0=0.949 (2013Je0%
48201 0.61 10353.6 1R~ 5533.7 112" D DCO0=0.805 (2013Je0%
E,: 4819 in figure 11 02013Je04
48381 0.41 11073.2 1pR* 6234.7 12" Q DCO=1.6922 (2013Je0%
48481 0.31 7489.0 32 2640.5 12° D+Q DCO0=0.939 (2013Je0%
48901 0.21 7872.7 + 2982.1 2*
49501 0.164 8798.4 (2,72t 3847.8 B2~
49831 0.61 7686.6 @2* 2703.2 92* D+Q DCO=1.1114 (2013Je0%
AJ=0 transition.
50301 0.21 8945.1  (32) 39145 52*
50361 0.61 11271.4  112- 6234.7 1®" D DCO=1.027 (2013Je0%*
50491 211 71253 @2* 2075.9 72+ D+Q DCO=0.854 (2013Je0%
Mult.: DCO ratio indicates DAJ=1 transition.
M1+E2 in 2013Je04
50561 122 10590.2 1@~ 5533.7 112" D DCO0=0.823 (2013Je0%
50971 241 7489.0 32 2391.1 12* D DCO=1.1513(2013Je0}
51081 211 71849 @ 20759 72* D+Q DCO0=0.986 (2013Je0%
51311 0.82 7835.3 72F 2703.2 92+ D+Q DCO=1.039 (2013Je0%
52581 1.02 10033.4 (R,112) 47748 7T2F (9/2%) listed for initial level in Table | 0f2013Je04
52871 4.21 7991.0 112* 2703.2 92+ D+Q DCO=0.682 (2013Je0%
52921 0.21 9207.1 32 39145 %2* D DCO=1.0015 (2013Je0}
5323.6 19 50% 12592.8 7267.7 13+ Ao=+0.047; A4=—0.3211 (1977Ke05
54811 091 7872.7 R 23911 12* D+Q DCO=1.1118 (2013Je0%
54841 241 59255 72* 439.82 32+ D+Q DCO=1.545 (2013Je0%
54861 0.21 9400.9 (32,7/2) 39145 B+
54871 0.31 7563.6  (%2,92) 2075.9 72* DCO=0.70 2013Je0%
56151 091 8318.9 @ 2703.2 92* Q DCO=1.6316 (2013Je0%
132" listed as initial level in Table | 02013Je04
seems a misprindJ=0 transition for
J7(8319)=9/2".
57221 0.41 9400.9 (32,7/2) 3677.8 R
57281 0.81 8432.0 (%2,132) 2703.2 ®*
58971 0.92 7973.7 (P2,1Y¥2) 20759 72*
59251 463 59255 72* 0.0 32F Q DCO=1.927 (2013Je0%
59901 0.051 89729 3* 2982.1 F2*
60021 0.31 9917.3 (12,92) 39145 ®*
60041 0.21 11538.4 1®* 5533.7 112*
61141 2.72 8820.3 92 2703.2 92+ DCO=1.6510(2013Je0}
AJ=0 transition.
E,: 6115 in figure 11 02013Je04
61371 2.02 6577.6 @* 439.82 92*
61771 262 6617.9 (72%) 439.82 52*
62301 0.142 9213.0 (12,52 2982.1 R+ DCO=1.5334 (2013Je0}
62401 242 8946.4 72° 2703.2 92* D DCO=1.025 (2013Je0%
Initial level is listed as 8944 in table | &f013Je04
it should be 8945 as for 2592
E,: 6242 listed in figure 11 02013Je04
6355F 25+ 12592.8 6234.7 13"
63971 1.02 9101.0 1®* 2703.2 92+ Q DCO=1.8318 (2013Je0%
64181 0.072 9400.9 (32,72) 2982.1 R (1/2,7/2) listed for initial level in Table | of

2013Je04seems a misprint.

Continued on next page (footnotes at end of table)
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23Na, ,-83 NUCLEAR DATA SHEETS TiNe,-83

12c12c py)  20133e04,1977Ke05,1979L u02 (continued)

7(33Na) (continued)

Eﬂ IyT Ei(level) J Et It Mult.# Comments
64361 0.21 8828.1 I2* 23911 12*
64681 051 91722  (72,132) 2703.2 ®w* DCO=1.0415 (2013Je03
65531 0.132 89451 (32%) 2391.1 12* D+Q  DCO=1.2920 (2013Je0%
65881 1.42 92921 (72,142) 2703.2 ®w* (7/2,11/2) listed for initial level in Table | 022013Je04

seems a misprint.
66211 1.82 9325.3 (72,142) 2703.2 @+
68391 1.92 7279.9 (12,92) 439.82 ®*
68721 0.61 8946.4 72~ 2075.9 72
69651 2.11 9042.3 (72,92)t+ 20759 72*
70361 3.32 7477.0 (12,92) 439.82 ®*

71711 1.62  9875.2 (72,142) 2703.2 ®* DCO=1.0911 (2013Je0%
72081 222 92851 (32,92) 20759 T2* DCO=1.035 (2013Je0)
78601 1.61  8301.3 (72) 439.82 32 DCO=0.935 (2013Je0}

D
79931 192 10697.5 (72,1%2) 2703.2 ®* (D) DCO=1.085 (2013Je0%
81601 1.62 10237.5 (®,<1¥2) 20759 2*
82561 262 103335 (®,1%2) 20759 2*
83311 1.32 104085 (®,1%2) 20759 72*
83571 141 8798.4 (32,72 439.82 2 D+Q  DCO=0.853 (2013Je0}
85221 0.21 8963.5 (12,92) 439.82 ®*
86011 041 9042.3 (72,92)"  439.82 B2*
87201 0.051 10797.7 (R,1%2) 2075.9 T72*
87821 0.135 10860.5 (®,92) 20759 2*
88451 0.061 10922.7 (®,1%2) 20759 72*
89571 041 9398.7 72~ 439.82 32 D DCO0=0.9212 (2013Je0}
E,: 8956 in figure 11 02013Je04
93471 0.042 114243 (112 20759 72*
94821 041 9923.9 (32,72) 439.82 ®* DCO0=0.549 (2013Je0%
95941 051 10036.0 (R,7/2) 439.82 R2* DCO=1.0115 (2013Je0}
97141 0.082 10156.0 (12,92) 439.82 ®*
99351 0.224 12013.2 (®,1%2) 20759 72*
99961 0.051 10438.2 (12,92) 439.82 ®*
104191 0.031 10860.5 (R,92) 439.82 R2*

* From 2013Je04 Uncertainty of 1 keV is assigned based on a not2dh3Je04hat crossover transition energies were reproduced
within 0.5 to 1 keV as compared to the energy sums of two cdéertiy-ray energies.

¥ From1979Lu02 ly in % from the level.

# From DCO ratios 2013Je0}, except otherwise noted. A value of Ql9vas expected for pure stretched-dipole transitions and 1.8
1 for pure stretched-quadrupole on@913Je0% The DCO ratio was extracted from measugethy intensities at 90as well as
at 32 and 37 against gating on the “all” axis. Evaluators assign withsigh as D, B-Q, Q compared to M1 or E1, MIE2,
E2, etc. in2013Je04except where RUL can be used for known level lifetime.

@ Fromy(6) measurements. A2 and A4 values listed in comments.

& From 1977Ke05 except otherwise noted. Phase convention fA&v0KrO3(ENSDF policy).

a Multiply placed with intensity suitably divided.
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23 23 -
7iNa -84 NUCLEAR DATA SHEETS 1Na,,-84
12c(2cpy)  20133e04,1977K€05,1979L u02
Legend
hem
Level Scheme Iy < 2%
Intensities: Relative — I, < 10%><|Vax
— 1y > 10%xI
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23Na, ,-85 NUCLEAR DATA SHEETS 1iNa -85

12c(2cpy)  20133e04,1977K€05,1979L u02

Legend
Level Scheme (continued)

— 1y < 2%xIP¥
Intensities: Relative, — 1, < 10%xI)
— Iy > 10%xIy™
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7I2- 8946.4 21fs10
13/2+ 7267.7 18fs6
(712%) 6617.9
9/2- 6353.8 21fs5
13/2" 6234.7 16fs8
712- 6041.5
. 5533.7 10.4fs55
7/2+ 4774.8
5/2+ 39145
3/2- 3677.8
3/2+ 2982.1
9/2+ 2703.2 0.092 ps8
5/2+ 439.82 1.22 ps7
3/2+ 0.0

23
11Nay,
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23
11Na, ,-86

NUCLEAR DATA SHEETS iNa, ,-86

12c(2cpy)  20133e04,1977K €05,1979L u02

Level Scheme (continued) Legend
Intensities: Relative, — Iy < 2%xIP™
@ Multiply placed: intensity suitably divided — 1, < 10%x|)

1y > 10%x17
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23
1iNay,

<18fs
18 fs6

35fs9

0.092 ps8
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23 23
11Na ,-87 NUCLEAR DATA SHEETS 11Na ,-87
12c(2c,py)  2013Je04,1977Ke05,1979L u02
Level Scheme (continued) Legend
Intensities: Relative, — Iy < 2%xIP™
@ Multiply placed: intensity suitably divided — I < 10<)/0x|§;1ax
— 1> 10%xI]
Qo‘) Qv
4 o o
/\ON eo" oop %5 QQ* - o %'7
& & & S S o v &
13/2" € v ¥ v Y ey e S S 9101.0
(712,912y @ © S & & S N N b 9042.3 10fs5
15/2" id A S SN SR 9039.0
5/2" S 89729
(112,912 S 8963.5
712~ 8946.4 21fs10
11/2¢ 7991.0
11/2 7393.0 <18fs
13/2 7267.7 18fs6
9/2* 7125.3
912 6353.8 21fs5
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11/2+ 5533.7 10.4fs55
312" 2982.1
9/2* 2703.2 0.092 ps
712 2075.9
5/2+ 439.82 1.22 ps7
312" 0.0
23
1iNag,
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23Na, ,-88 NUCLEAR DATA SHEETS 1iNa,,-88

12c(2cpy)  20133e04,1977K €05,1979L u02

Level Scheme (continued) Legend
Intensities: Relative, — Iy < 2%xIP™
@ Multiply placed: intensity suitably divided — 1y < 10%xIy

1y > 10%x17
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23 23
7iNa,,-89 NUCLEAR DATA SHEETS 11Na,,-89
12c(2cpy)  20133e04,1977K €05,1979L u02
Level Scheme (continued) Legend
Intensities: Relative, — Iy < 2%xIP™
@ Multiply placed: intensity suitably divided — 1y < 10%xIy™
— 1> 10%x I
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23 23
11Na »-90 NUCLEAR DATA SHEETS 71N ,-90
12c(2cpy)  20133e04,1977K €05,1979L u02
Level Scheme (continued) Legend
Intensities: Relative,l — Iy < 2%xIP™
@ Multiply placed: intensity suitably divided — 1y < 10%xI)
1y > 10%x |73
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23
N8 ,-91

NUCLEAR DATA SHEETS

23
1Na;,-91

12c(l2cpy) 2013Je04,1977K €05,1979L u02

Level Scheme (continued) Legend

Intensities: Relativel
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1iNa,,02

NU

CLEAR DATA SHEETS

1iNa;,02

12c(12C,py)  2013Je04,1977K €05,1979L u02

Band(A): K™=1/2" g.s. band

1712+ 11073.2
Band(B): K™=(1/2") band
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4838
3999
3568 3274
3586
4269
o2~ 6353.8
13/2° 6234.7 >
72 32 60415
701
11/2+ 5533.7
2506
2194
2364
3531
2830
5/2- ‘ 3847.8
3458 32" 170 3577.8
1207
1037
o2+ 27032y | | 1o l 26405
627
712+ i 2075.9
2263
1636
2076
5/2+ 430.82
\
440
32+ 3 0.0
23
1iNay,

146



23Na, ,-93 NUCLEAR DATA SHEETS 1iNe,-93

12C(15N,q)  1978Th01

Other references1990Ti02 1976Gu05
1978Th01 1976Gu05 12C(15N,a) E=36.0-39.2 MeV. Measured(E,Ev,0), FWHM 60 keV, shell model calculation.
1990Ti02 12C(15N,a) E=15-27 MeV. Measured DSA, () coincidence.

23Na Levels

E(level)f T12 Comments

0
440 1.24 ps8B  Ty2: From1990Ti02
2076
2391
2641
2704
2982
3678
3848
3915
4430
4775
5379
5534
5741
5766
5776
5926 E(level): 5931 il978Th01
5966
6042
6115
6195 E(level): 6191 il978ThO1
6235
6354 E(level): 6350 il978Th01
6578
7100 E(level): Multiplet— not referenced in the adopted level.
7268
7385
7412
7452 E(level): 7446 inl978Th01
7687 E(level): 7680 in978Th01
7840 E(level):1978Th01list as a multiplet.
7964
7974 E(level): 7983 il978Th01
8061
8320
8480 E(level):1978Th01list as a multiplet.
8640 E(level): Multiplet.
8799
8821
9040 E(level): 9038 inl978Th01
9180 E(level): Multiplet- as listed in1978Th01

9810
10016 E(level): Multiplet.
10220
10350
10606
10986
11296

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Th01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Ti02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Gu05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Th01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Gu05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Ti02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Ti02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Th01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Th01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Th01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Th01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Th01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Th01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Th01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Th01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Th01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Th01,B

Na, ,-94 NUCLEAR DATA SHEETS 1iNa 94
12C(15N,q)  1978ThO01 (continued)
23Na Levels (continued)

E(level)’ | E(level) | E(levell | E(level)

11550 | 12820 | 1408 | 1590¢F

1167¢F | 12920 | 14380 | 1598¢F

12050 | 13050 | 14440 | 16320

1233¢F | 13216° | 1498 | 16600

1254¢° | 13720° | 15450

T From Adopted Levels (rounded value to nearest keV), excémiraise note1978Th01quote excited levels below 9810 keV

from literature and list a level at 6263 keV, not found in &arkvaluations. Evaluators omit the 6263 keV level.

¥ From 1978Th01
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2Na, ,-95 NUCLEAR DATA SHEETS 1iNa,-95

12c(160,apy)  2018Bol7

Other: 2017B0o08

2018B0172017B008 E=60-70 MeV; measured charged particles by theDIAMANT detector consisting of 80 CslI(Tl)
scintillators, neutrons by the neutron wall array of 50 iihscintillators, B/, Iy (numerical value not given), partichey-coin
usingy-ray array EXOGAM of 10 Compton suppressed clovers of 4 setmieHPGe, seven clovers were placed &t &d three
clovers at 135 with respect to the beam direction; deduced excited lewssMED (Mirror Energy Diferences) betweef?Mg
and**Na.

23Na Levels

E(evel)l  F¥ | E(evel)l  F* | E(evel)l  FF | E(evell  F¥

0.0 32+ | 27031 9/2* 62351 132* 98031  152*
4401 5/2* | 55341 112+ | 72681 132* | 110731  17/2*
20761 7/2% | 61151 13/2* | 90391 152*

* From least-squares fit tpray energies, assumingE=1 keV.
 Proposed by2017B008 based on decay scheme and ykaate band structure.

y(*Na)
E, E;(level) J E¢ NH E, E;(level) J E¢ NH
440 440 B2t 0.0 32* 2804 9039 1R 6235 132°

627 2703 @+ 2076 72° 2830 5534 1p* 2703 92*

701 6235 1@+ 5534 132* | 3411 6115 1p*t 2703 92*
1033 7268 12" 6235 132" | 3458 5534 1pt 2076 72
1153 7268 12" 6115 132" | 3531 6235 1»* 2703 92*
1636 2076 »* 440 §2* 3568 9803 1»* 6235 132°
1771 9039 1R* 7268 132" | 4038 6115 1p*t 2076 72*
2034 11073 2t 9039 132" | 4269 9803 1»* 5534 1312*
2076 2076 »t 0.0 32+ 4564 7268 1p*t 2703 92*
2263 2703 22 440 §2* 4838 11073 2t 6235 132*
2535 9803 1»* 7268 132°
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23Na, ,-96 NUCLEAR DATA SHEETS 1iNa,,96

12c(160,apy)  2018Bol7

Level Scheme
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Na, ,-97 NUCLEAR DATA SHEETS 1iNay97

¥F(a,y) 1984Cs01

Other: 1986N005

1984Cs01 Target— SrF, (thickness 40 keV at £=2.1 MeV) onto 0.3 mm thick Cu backing; Projectile:beam, E1.5-3.7 MeV;
v rays were measured by Ge(Li) detector (FWHM 2.7 keV at 1330) kior y(6) measurements Nal and another Ge(Li)
detectors were used as moving and monitoring detectongectsely, at five angles; Deduced resonance levels, walthngth,
vy-ray branching. FWHM 6 keV in the c.m. system at£2.35 MeV.

23Na Levels
E(IeveI)Jr JF# r@ Comments
0.0 32
440t 52*
20768 7/2*
239F  1/2
264TF 12
2082 32
36788 32
3848 52
39150 52
121225 4keV2  E,=2003 keV5 (Lab).
Strength S(23+1)(,I,)/T=39 meV 17 of the (,y) resonance.
121845  5/2,32 E,=2078 keV5 (Lab).
Strength $98 meV 48 relative to the ,y) strength of the 12122 keV resonance level.
J: Fromvy-ray (res to g.s.) angular distribution measurements.
122025 9kevV4  E,=2100 keV5 (Lab).
122725 6 keV3  E,=2185 keV5 (Lab).
123175 E,=2240 keV5 (Lab).
124885 5keV2  E,=2446 keV5 (Lab).
125455 6 keV3  E,=2515 keV5 (Lab).
126025 8 keV4  E,=2585 keV5 (Lab).
126405 10 keV5  E,=2631 keV5 (Lab).
127295 13 keV6  E,=2738 keV5 (Lab).
128005 6 keV3  E,=2824 keV5 (Lab).
128185 5kevV2  E,=2846 keV5 (Lab).
128485 11 keV5  E,=2882 keV5 (Lab).
128525 9kev4  E,=2887 keV5 (Lab).
129425 6 keV3  E,=2996 keV5 (Lab).
130745 12 keV6  E,=3156 keV5 (Lab).
131845 9kevV4  E,=3289 keV5 (Lab).
131965 9kevV4  E,=3303 keV5 (Lab).
132485 10 keV5  E,=3366 keV5 (Lab).
132795 14 keV7  E,=3404 keV5 (Lab).
133375 8 keV4  E,=3474 keV5 (Lab).
133995 13 keV6  E,=3549 keV5 (Lab).
134605 23 keV1l E,=3623 keV5 (Lab).
135095 10 keV5  E,=3682 keV5 (Lab).
135285 E,=3706 keV5 (Lab).

T From E, (Lab) (1984Cs01- listed in comments) and @J=10467.3 R017Wal0(, except where otherwise noted. Uncertainty for
E, (Lab) noted as 3-5 ke evaluators list 5 keV for all.

¥ From Adopted Levels, rounded value to the nearest keV anbwituncertainty. Listed fop-ray placement.

# From Adopted Levels, except where otherwise noted.

@ Uncertainty 30-50% X984Cs0)L
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23Na, ,-98 NUCLEAR DATA SHEETS TiNe,-98

F(a,y)  1984Cs01 (continued)

¥(*Na)
Ei(level) T E,T I Er ¥ | E(evel) T E,T I E
12122 9138 1B 2982 32 | 12184 32,32 8334 41 3848 52-
9479 134 2641 12° 8504 102 3678 32°
9729 349 2391 12* 9200 61 2982 32*
11679 73 440 52* 10106 112 2076 72*
12119 297 0.0 32* 11741 82 440 52*
12184 32,32 8267 72 3915 G52 12181 544 0.0 32*

* From level energy dierences, recoil energy subtracted.
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23
11Na;,-99

NUCLEAR DATA SHEETS

23
11Na;,-99

F(a,y) 1984Cs01

Level Scheme

Intensities: % photon branching from each level
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#Na, ,-100

NUCLEAR DATA SHEETS

23Na, ,-100

19r(Li,d)  1995F003

Others referencest978F017(E=16.0 MeV), 1979Es07(E=36.0 MeV),1987Lel18(E=34.0 MeV).

F(9F)=1/2*.

1995F003 E=16.0 MeV; Measured deuteron spectrum at seven angles fiéht@52.5 in step of 7.5, angular distribution;

deduce level cross section, L value. DWBA calculations. AWEb keV.

All data from 1995F003

23Na Levels

E(level) ki (2J+1)$e|@ Comments
631010 O 1.9 omax=9.7 pb/sr.
L: and 0+(5) in E=34 MeV.
(231)Sel: 2.6 in E=34 MeV.
634010  (5), n.s. <(13) omax=37 ubysr.
(231)Ser: 12 in E=34 MeV.
6600 10 (4),n.s.  <(5.6) omax=14 ubysr (for doublet).
(23#+1)Sel: 2.0 in E=34 MeV.
673010 2 1.9 Omax=15 ubysr.
(23+1)Ser: 3.0 in E=34 MeV.
682010 3 O max=8 ubysr.
L: or 3(+2).
692010 1 8.6 L: or 12 in E=16 MeV, L=(1)+2 in E=34 MeV.
O'max:lo3/.lb/sr
(231)Se): 5.8+4.0 in E=16 MeV; (4.0%12.6 in E=34 MeV.
708010 1 3.9 omax=44 uby/sr.
L: or 1+2 in E=16 MeV and 2 in E34 MeV.
(23+1)Sel: 2.8+1.9 for E=16 MeV; 9.0 for E=34 MeV.
713010  2(+4,5) 2.7 Omax=22 ubysr.
718010 omax=5.5 ubysr.
727010 3 2.7 omax=17 uby/sr.
739010 4, n.s. 8.4 omax=25 uby/sr.
7480 10 1+2 Tmax=123 pbysr.
L: and 2¢+1) in 34 MeV.
(231)Se): 6.5+5.1 in E=16 MeV; 39 in 34 MeV.
756010 2 2.0 omax=16 uby/sr.
768010 omax=20 ubysr.
7730° 10  0(+3,4) (1.8) o max=25 pbyst.
784010  (5), n.s.  <(6.9) omax=19 ubysr.
789010 1, n.s. 1.5 omax=21 uby/sr.
7980° 10 (2+5) Tmax=11 pbysr.
L: or n.s.
(234+1)Sel: (1.4+4.4) in E=16 MeV.
836010  2(+5,6) 2.0 Omax=17 ubysr.
8470° 10 4 (25) Omax=83 ub/sr.
L: and 3 in E=34 MeV.
(234+1)Ser: 17.6 in E=34 MeV.
865010 4, ns (13) 0 max=65 uby/sr.
L: and 2 in E234 MeV.
(23+1)Se): 10.8 in E=34 MeV.
882010 5 55 omax=13 uby/sr.
894010 4,ns (5.6) omax=27 uby/sr.
L: and 3 in E234 MeV.
(231)Ses: 4.0 in E=34 MeV.
911010  2(+6) O max=28 ubyst.

(231)Ser: 3.0(+28) in E=16 MeV.

Continued on next page (footnotes at end of table)
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Na, ,-101

NUCLEAR DATA SHEETS

23Na, ,-101

19r(Li,d)  1995F003 (continued)

23Na Levels (continued)

E(level) i (2J+1)Se|@ Comments
921010 (4) (7.3) Omax=40 ubysr.
L:and 1 in E=34 MeV.
(23#+1)Se): 4.4 in E=34 MeV.
943010  2(+5) omax=59 ubysr.
L: and L=2(+large) in E=34 MeV.
(23#+1)Sel: 6.2(+15) in E=16 MeV, (12) in E=34 MeV.
970010  3,(4) 3.1 Omax=33 ubysr.
L: and 2 in E=34 MeV.
(23+1)Sel: (or 6.2) in E16 MeV; 6.0 in E234.0 MeV.
981010 2 4.8 E(level),L,(231)Sei: In E=34 MeV.
1003010 3,4, n.s. 3.8,7.3  omax=43 ub/sr.
E(level): Possible doublet.
L: and 5 in E=34 MeV.
(23+1)Se): 18 in E=34.0 MeV.
1026010 6+2,3,4 (31) omax=41 ubysr.
L: or n.s.
1047010 2(+4) 4.84+9.4)  omax=126 ubysr.
(2H1)Ser: 4.8(+9.4).
10996 10 3,4 52,98  omax=39 ub/sr.
L: and L=4 in E=34 MeV.
2H1)Ser: 17.
1129010 4, n.s. (20) Omax="78 ubysr.
1152010 (0) (15) O0max=86 ubysr.
1160010 (4) (15) Omax=58 ubysr.
1223010  2,(3) 28,18 omax=110 uby/sr.
1292010 2,3, n.s. 16,10 Omax=66 ubysr.
1311010  (4), n.s. (20) Omax=68 uby/sr.
1325010 3 27 Omax=156 uby/sr.
* Doublet.

¥ Overlaps three excited level energies in Adopted Levetmt cross-referenced (XREF) in Adopted Levels.

# From Table I. Non-stripping listed as ‘n.s.’.
@ Relative values for E16.0 MeV, normalized to =1 (g.s.), are listed in column. Relative values for 34.0 Medtmalized to
Sei=1 (4780 keV level), are listed in comments section. For a felk, two values are listed with & sign, presumably for
two different J values and follows the listing of L values, not désatiin the text. These are also listed in the comments section
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Na, ,-102

NUCLEAR DATA SHEETS fiNa,,-102

2ONe(a,p)  1979Bi04

Target: Enriched®Ne in a gas cell at 200-300 Torr pressure at the center of &esicaf chamber; Projectile: Momentum-analyzed
a beam, E39.5 MeV, outgoing particles were detected M-E Si counter telescope; Measure(Ep); Deduced excitation
energy and dferential cross section. DWBA analysis. FWHMO0O0 keV.

23Na Levels

Integral cross section ¢dQ) c.m. over the angular range correspondingig=7°—70°.

E(level)f F& Cexp? Comments

0.0 32+ 12 (tb/dQ)int=1.0 mbsr.
0.44¢10° 2 5/2+ 50  (db/dQ)ini=4.7 mbjsr.
2.0710° 2 7/2+ 6.7 (db/dQ)ine=0.8 mysr.
2.38<10° 2 1/2+ 102 (b/dQ)int=3.4 misr.
2.68<10%F 2 g2+ ~10  (d/dQ)in=2.4 mbsr.
2.9710° 2 32+ 88  (dr/dQ)int=5.7 mbjsr.
3.8710%%F 2 (dor/dQ)ini=1.0 migsr.

F,Cexp: 12" and 32*; (29) and (10).
4.40¢10° 10 12+ ~ (do/d€Q)int~0.2 misr.
4.77x10° 2 7/2* 18  (db/dQ)in=1.6 mhsr.
5.3710° 2 5/2+ 14 (b/dQ)ine=1.5 misr.

E(level): 1979Bi04list as doublet- no other level within the range in Adopted Levels.
5.75<10%% 2 (5/2*,7/2%) 12 (dr/dQ)in=1.3 msr.

Cexp: 13 for 7/2*.
6.24x10° 2 132+ 30  (d/dQ)ine=2.2 mbjsr.
6.33x10%F 2 12+ <20 (dr/dQ)ini=2.4 mbsr.
6.58<10° 2 9/2+ 39  (dr/dQ)ini=5.6 mbjsr.
6.91x10° 3 32t 23 (r/dQ)in=5.3 mbsr.

Cexp: The 32" part of 327, 3/2* least-squares fit of known doublet. 67 fg23 (Table

4).
7.12¢10%% 3 18 (dr/dQ)in=2.5 misr.

J,Cexp: (5/27) and (92%) — uncertain. Note it is a triplet. &p =15 for (92%).
7.27x10° 2 132+ 40 (dr/dQ)ini=4.0 mbsr.
7.45¢10%% 2 50  (dr/dQ)ini=7.2 mbsr.

J': 9/2* for doublet in1979Bi04 (3/2*,52*) for 7451 in Adopted Levels.
7.71x10° 3 (do/dQ)int=13 mbysr for 7.71x10° and 7.8k10°.
7.81x10%% 3
7.9%103@ 3 70+ 15 (dr/dQ)in=1.4 msr.
8.30<10% 2 (92%,132*) 20  (dr/dQ)ini=2.8 misr.

Cexp: 31 for 132*. 18 for 72~ (in Table 4).
8.45¢1031@ 3 (do/dQ)int=2.4 migsr.

J: 132" in Fig. 5.
8.93¢<10° 3 (do/dQ)ing=2.4 mbsr.
9.10x10° 2 132* 123 (dr/dQ)ine=12 mbsr.
9.36x10° 3 (9/2t,132%) 15  (dr/dQ)int=2.4 mbjsr.

Cexp: 24 for 132+,
9.66x10°@ 3 132+ 26 (dr/dQ)ing=2.6 mbsr.
9.95¢10° 2 (do/d€)int=9.3 mbsr.

10.45106@ 3 (52+,92°) 29 (b/dQ)iy=3.6 mbsr.

Cexp: 22 for 92*.

10.6<10°@ 3 132+ 25  (dr/dQ)in=2.5 mbsr.
10.9410°@ 2 (92,132%) 27  (dr/dQ)ini=4.0 mbsr.

Continued on next page (footnotes at end of table)
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#Na, ,-103

NUCLEAR DATA SHEETS

23Na, ,-103

2ONe(a,p)

1979Bi04 (continued)

23Na Levels (continued)

E(level)f F& Cexp? Comments

Cexp: 38 for 132",
11.25¢103@ 2 132+ 143 (dr/dQ)ine=15 miysr.

Cexp: 125 for 1527 (in Table 4).
11.4310°@ 4 (do/dQ)int=3.5 migsr.
11.5510°3%@ 2 (do/dQ)ine=5.3 migsr.
11.7X%10° 2 132+ 53  (tb/dQ)ini=5.9 mbst.
11.9%10° 3 (do/dQ)int=2.9 misr.
12.13<10° 3 (do/dQ)ing=2.9 mbsr.
12.2%10° 3 (7/2+,927) ~40  (dr/dQ)ini=4.7 mbsr.

Cexp: 34 for 92+,
12.4%10° 3 (132%) 33 (d/dQ)in=4.0 mbsr.

Cexp: 34 for 92*. 29 and 36 for 12~ and 1327, respectively (Table 4).
12.78<10° 4 (9/24) 35  (db/dQ)int=4.6 misr.

Cexp: 37 for 1527 (in Table 4).
12.8%16@ 4 (132 55  (cb/dQ)in=5.9 mbsr.

Cexp: 45 for 1527 (in Table 4).
13.18<10°@ 4 (do/dQ)in1=5.8 misr.
13.3%10° 4 (do/dQ)int=5.4 misr.
13.56<10° 4 (do/dQ)int=4.3 mbsr.
13.68<10° 3 (do/dQ)int=6.8 misr.
13.9%10° 3 (do/dQ)ing=7.1 mbsr.
14.26<10° 4 (do/d€)int=3.9 mbsr.
14.41x10° 4 (do/dQ)int=6.0 mbsr.
14.65¢10° 5 (do/dQ)int=(3) mhysr.
14.7%10% 5 (do/dQ)ine=(4) miysr.
14.91x10° 5 (do/dQ)int=(7) mbysr.
14.9%<10° 5 (do/dQ)ine=(3) miysr.
15.26<10% 5 (do/dQ)int=(3) miysr.
15.5X%10° 5 (do/dQ)int=(4) mbysr.
15.61x10% 5 (do/dQ)ine=(4) miysr.

 From 1979Bi04

¥ Doublet.

# Triplet (1979Bi04, not referenced in the Adopted Levels.

@ Overlaps more than two levels not referenced in Adopted Levels.
& From (dr/dQ) (¢) and DWBA calculations.
8 Cexp=(do/dQ)exp/(do/dQ2)pwuck. For two possible spins, listed value in column for the 1st Bmcomments for the 2nd

spin. Some other &p values are given in Table 4. Evaluators list only the’srfer levels also given in Table 3.
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Na, ,-104

NUCLEAR DATA SHEETS fiNa,-104

F(®INe)=3/2".

2INe(®Hep)  1978F015

Target: Enriched (86.5%'Ne in a rotating gas cell with Mylar window (thickness 52@/cm?); Projectile:’Li, E=18.0 MeV:
outgoinga particles were momentum analyzed in a multiangle speapigand detected in nuclear emulsion plates. Absorber foil
stopped all particles except protons. Deduced excitatimigy and dierential cross section. DWBA calculations. FWHM

~42 keV.
23Na Levels
E(Ievel)T F@ L@ aexp/ath& Comments
0.0 32+ 210 Texp/oth: 250.

4433 5/2* 335 Texp/oth: 405.

20726 7/2* 190 Texg/Tth: 225.

23906 12+ 640 Texp/oth: 900.

264010 E(level): Very weak.

27036 9/2* 200 Texp/oth: 225.

29845 32* 470 Texp/oth: 550.

36784 1+3

38556 1+3

39134 5/2* 360 Texp/oth: 400.
44294 12+ 360 Texp/oth: 440.
47724 7/2* 290 Texp/oth: 300.

537510 2(+0)

55424 11/2* (2200) E(level): Unresolved state with=)(3/2,52,1/2)*. Not referenced in the Adopted Levels.

Texp/oth: (1400).
5743 10
5927 12 @)

 From 1978Fo015
¥ Doublet (1978F015.

# Triplet (1978F015, not referenced in the Adopted Levels.
@ From measuredadQ (¢) and DWBA calculations {978F015.
& For potential (n,n). Other value for potential (4,1) lisiaccomments section.
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23Nay ,-105 NUCLEAR DATA SHEETS fiNay,-105

22Ne(p,y)  1989Ba42,1979Sm02,2017K €01

Others:1959Ku791960M0071962Br211963Ar051966We051970Bi141970Wel3
1971Du071971Pi081972Vi021973Ve041973Me111975An141977Ke04
1983G0211983Ke122000Ka522004V0212004V0262004V0272005V022
2006Ka652009Us0312010L0052014Ca472015Ca272015De3R015Ke05 2016De342018Fe0£2018Fe1(019Ka532019Hu08(to
estimate thé2Ne concentration in the target3)20Le112020Wi08

1989Ba42 22Ne(py) E=0.6-1.8 MeV. Measured £ o(y,0), ly(6), DSA.

1979Sm02 22Ne(py) E=1.11,1.91 MeV. MeasurechE o-(Ep,Ey), Iy(6), DSA.

2017Ke01 22Ne(py) E=165, 192, 425, 441 keV. Measured Hy, yy-coin in singles and coincidence modes using a 135%
HPGe detector surrounded by a 16-fold segmented Nal(Tilaan

1975An14 22Ne(py) E<2 MeV. Measured mean lifetime by DSA method.

1973Mel1 %Ne(py) E=0.43-1.11 MeV. Measured(E; Ey,d(y)), DSA.

2019Ka53 22Ne(py), E=1-3 MeV, Measured using Ge(Li) detector. Deduced Center-of-Gravity (CG) afgmetic dipole
resonance (MDR) 6.0 MeV on the state of 440 keV and up to 10.¥ btethe state of 2982 keV. Compared with Brink-Axel
hypothesis.

23Na Levels
E(IeveI)Jr JF# TorT Comments
0.0 32*
439.99110 5/2*
2076.013 7/2* 24 fs2 T or I': From 1979Sm02 Others: 19 f$6 (1973Mel), 29 fs5 (1975An14, 26 fs6

(1970Bi14.

2390.73218 1/2* 526 fs139 T or T': Weighted average of 527 46 (1979SmO02, 589 fs139 (1975An14, and 402 fs
194 (1971Du07. Uncertainty— lowest input value. Others: 520 #16 (1970Bi14,
>347 fs (1973Mel).

2639.865 1/2- 73 fs9 T or T': Weighted average of 78 &2 (1975An14, 70 fs14 (1970Bi14, 64 fs12
(1979Sm02, 61 fs12 (1971Du07, 82 fs9 (uncertainty 3 inl983Kel2from wt. ave.—
evaluators take lowest value). Other: 407f¢1973Me1).

2703.503 9/2+ 65 fs 22 T or I': Weighted average of 45 80 (1973Mel) and 90 fs11 (1975An14.

2982.064 32+ 3.2 fs7 T or T': Weighted average of 1.9 f&4 (1973Mel), 2.4 fs7 (1975An14, and 4.4 fs7
(1970Bi14. Other value<2.1 fs (1979SmO02

3677.608 3/2- 24 fs3 T or T': Weighted average of 18 3 (1973Me1l), 29 fs5 (1975An14, 30 fs4
(1979SmO02, and 24 fs4 (1970Bil4.

3848.074 5/2- 82 fs21 T or T': Weighted average of 66 81 (1973Mel), 97 fs21 (1975An14, 83 fs21
(1979SmO02, and 80 fs24 (1970Bi14.

3914.244 52+ 8.5fs14 T orI: Weighted average of 8 18 (1973Me12, 10 fs2 (1975An149, 6.9 fs28
(1979SmO02, and 8.3 fs14 (1970Bi14.

4429.6316  1/2* 1.4 fs 14

4774.6110 72+ <1.4%3fs

5378.5615 52¢ <3.Ffs

5741.83 5/2+ <P fs J': 5/2 from py(6) measurements of 9396:3 5740 — g.s. cascade and transition
strength analysis1989Ba42.

5766.0316 32 <70fs

5926.83 7/2+ 13& fs5 J: From py(d) measurements of resonance level5926.8— g.s. cascade and transition
strength analysis1989Ba42.

5964.45 32 <114 fs

6042.199 72~ 6& fs 2 J': From py(#) measurements of resonance level6042 — 3677.9, 3847.9 cascade and
transition strength analysid$89Ba42.

6194.62 5/2- <70% fs J: py(9) from resonance leveb this level implies 5,92. Sign fromy to /2~ and 92
excluded by RUL 1989Ba42.

6307.9614

6354 E(level): From Adopted Levels. Listed to place 268&m 9042.4 keV level. Energy

rounded to nearest keV.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1959Ku79,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1960Mo07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1962Br21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1963Ar05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1966We05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Bi14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970We13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Du07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Pi08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Vi02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ve04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975An14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Ke04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Go21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Ke12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2000Ka52,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2004Vo21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2004Vo26,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2004Vo27,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2005Vo22,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ka65,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Us01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2010Lo05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2014Ca47,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Ca27,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015De33,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Ke05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016De34,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Fe04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Fe10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2019Ka53,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2019Hu08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Le11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Wi08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975An14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2019Ka53,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975An14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Bi14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975An14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Du07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Bi14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975An14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Bi14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Du07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Ke12,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975An14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975An14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Bi14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975An14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Bi14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975An14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Bi14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975An14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Bi14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B

2Na, ,-106

NUCLEAR DATA SHEETS fiNa,,-106

22Ne(p,y)  1989Ba42,1979Sm02,2017K 01 (continued)
23Na Levels (continued)
E(Ievel)T J# TorT Comments
6577.7918  9/2* (5/2%) <11% fs
6618.19  7/2*,(52)" <0.7% fs
6735.52 32 J': From 1989Ba42 based on feeding fronya" (Ep=1350), and 2~ (Ep=661)
resonance states.
6819.63 5/2 <8% fs  J: 5/2 from py(d) (1989Ba42.
6867.72  5/2*,(32%) <6% fs
6920.6116 3/2-
6947.4016 3/2 <28% s J': Fromy(6) measurementsl989Ba42.
7070.8219
7081.93
7133.59
7190
7277.13 7/2,592 ise I D+Q y to 52" and 52°.
7385 E(level): From Adopted Levels. Listed to place 222Bom 9608.2 keV level.
Energy rounded to nearest keV.
7412.43 52,72+ ,9/2* <35% fs J: y cascades from resonance stat@{(y at 9396.4— 7412 — 7/2* state at 2076
(1989Ba42.
745159 52 <3&% fs  J: Fromy(6) (1989Ba43.
7487.8419 1/2,(32) <3& fs J: Proposed inl989Ba42based ony(d) measurements andto /2~ and J2*
states.
7566.23 5/2,7/2* <3% fs J': Proposed inl989Ba42based ony(¢) measurements andto g.s. (32%).
7724.4517
7750.52 5/2,7/2*
7834.1319 7/2,(52%) 35% s T v(#) measurements foy from 7/2 resonance state,to 92%, D(+Q) y to 52"
(Py).
7872.8316  3/2,(52%) <3.5% fs
787629 52 <12% fs
7891.23 5/2* <0.7% fs  J: From Adopted Levels.
7970
8060
8261.05
8302.02
8360.09
8417.4318 3/2 <21% fs
8475.75
8611.19
8631.09 3/2,52%,7/2+
8663.87 E(level): From1983Go21
8829.57 E(level): From1983Go21
(8862?) 1/2+@ E(level): From B(Lab)=71 keV 2018Fel0quote from literature).
Resonance strengiby<6x10-11 eV (2018Fel{.
Screening enhancement factor 1.28618Fel1(.
(889?) 1/2+@ E(level): From E(Lab)=105 keV @018Fel0quote from literature).
Resonance strengiby<7x107'1 eV (2018Fe1{.
Screening enhancement factor 1.12018Fe1).
8943.57 3/2+ E(level): From B(Lab)=156.2 keV7 (2015Ca2). Other: E=151 keV Q017Ke0).

J': From 2017Ke01 2016De34assume only 2* state was populated by low energy
proton beam, as/Z" state is strongly disfavored by the angular momentum barrie
considering the doublet at 8944 keV with tentative spintpaf 3/2" and 72".

Resonance strengthy=2.2x10"7 eV 2 (2018Fell), 1.8x10 7 eV 2 (2015Ca27-
erratum), 2.0810°7 eV 40 (2017Ke0), 1.67x10°7 eV +48-40 (2020Le1).

Screening enhancement factor 1.02018Fel0(.

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Go21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Go21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Fe10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Fe10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Fe10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Fe10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Fe10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Fe10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Ca27,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016De34,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Fe10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Ca27,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Le11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Fe10,B

Na, ,-107

NUCLEAR DATA SHEETS fiNa,,-107

E(level)f

22Ne(p,y)

1989Ba42,1979Sm02,2017K €01 (continued)

Torl  (2k1)r,r,rd

23Na Levels (continued)

Comments

8975.37

9042.4 6

9201
9211.6 8

9252.% 10

9396.43

9401.24
9404.85

9426.15

9487.78

9608.% 2

9652.% 10
9655.610

5/2*

(7/2,92)* @

32-@

1/2+@

72"

12

32

3/2

32+@

32+ 52+ @

0.13f 3

0.9f 2

0.06f 2

0.05
65 eV 566

072

0.26 8

14f 5

3.6f 18
2.12 10

E(level): B(Lab)=189.5 keV7 (2015Ca272016De34. Other:
Ep(Lab)=186 keV 3 (2014Ca47}, E;=178 keV Q017Ke0).

J: From 2017Ke01 based on decay pattern.

Resonance strengthy=2.7x107% eV 2 (2018Fel), 2.2x10°8 eV 2
(2015Ca27- erratum), 2.3210°° eV 32 (2017Ke0), 2.1710°°
eV +37-35 (2020Le1).

Screening enhancement factor 1.02918Fel1).

E(level): From B(Lab)=259.7 keV6 (2015CaZ2y.
Resonance strengthy=8.2x10"6 eV 7 (2015Ca27erratum),
9.7x1076 eV 7 (2018Fel], 8.5x10°6 eV 14 (2020Le1).
Screening enhancement factor 1.02018Fe1].

E(level): From E=407 keV Q017Ke0).

E(level): From Ep:435.810 (1973Mel). Also E=417 keV
(2017Ke0).

Resonance strengthy(436 keV)=0.080 eV7 and 0.079 e\8
(2015De33, wy(436 keV)=0.065 eV15 (deduced value in
2015De33using data froml973Mel).

E(level): From Eg478.910 (1973Mel). Other: Ep-479.318
(2010L003.

Resonance strengthy=0.524 eV51 (2010L005, wy(479
keV)=0.605 eV62 (2015De33, wy(479 keV)=0.583 eV43
(2015Ke05, 0.44 eV2 and 0.44 e\5 (2020Le112020Wi08.

E(level): From weighted average of £§30.510 (1973Me12 and
629.63 (1989Ba42- calculated value from Ex based on measured
Ey).

J: py(#) and from an acceptable fraction for the reduced proton
width of the Wigner limit for a Ig=3 capture 1989Ba42- (p,y)).
D+Qy'sto 52~ and 92°.

E(level): From Ep634.74 (1989Ba42.

E(level): From weighted average of £§40.110 (1973Mel)} and
638.43 (1989Ba42- calculated value from Ex based on measured
Ey).

J: Fromy(6) (1962Br2].

T orI': From1972Du21

Resonance strengthy(639 keV)=2.46 eV21 and 2.43 e\V25
(2015De33, wy(639 keV)=2.8 eV 3 (deduced value i”2015De33
using data froml977Ke04.

E(level): From weighted average of £§62.010 (1973Mel)} and
660.54 (1989Ba42- calculated value from Ex based on measured
Ey).

Resonance strengthy(661 keV)=0.032 eV+24-9 and 0.031 eV
+24-9 (2015De33- seems a typo for an order offtérence
compared to literature data)yy(661 keV)=0.35 eV1 and 0.285
eV (deduce value i015De33and 2020Wi08 respectively, using
data from1973Mel), 0.47 eV7 and 11.7 eV14 (2020Wi09§.

J: D+Q y to 1/2* and 32*.

E(level): From Ep:-725.18 (1973Me1l).

J': From py angular distribution measurement973Me1).

E(level): From weighted average of £851.47 (1973Mel) and
851.12 (1989Ba42- calculated value from Ex based on measured
Ey).

E(level): From Ep-897.110 (1973Me1).

E(level): From Ep-900.7 10 (1973Mel).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Ca27,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016De34,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2014Ca47,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Fe10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Ca27,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Le11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Fe10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Ca27,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Ca27,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Fe10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Le11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Fe10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015De33,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015De33,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2010Lo05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2010Lo05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015De33,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Ke05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Le11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Wi08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1962Br21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Du21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015De33,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015De33,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Ke04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015De33,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015De33,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Wi08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Wi08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B

#Na, ,-108

NUCLEAR DATA SHEETS fiNa,,-108

E(level)f

22Ne(p,y)  1989Ba42,1979Sm02,2017K 01 (continued)

23Na Levels (continued)

Torl  (231)r,r,rd

Comments

9674.110

9682.74

9700.9 10
9732.5313

9755.5

9815.74

9835.4 10
9850.% 5
9890.96

9917.06
10003.% 6
10017.4 10

10049.16
10070.9

10075.9 5
10085.3 5

10114.8 5

10125.9 5
10164.55
10169.62

10231.7 4

10243.7 14

3/2+ 5/2*

32+

32+@
72

0+
5/2*

32+@
1/2+@

32

3/2+ 52,712

1@
5/2+@

2,72
32,72@

1/2+@
1/2+@
52@
5/2*

5/2+@

1/2+@

1.665
0.7°2

12f 4
0.82

4.8 14
1.8€4

3.0f 11
4311

3.08

1.23
2.26
218 2

041
5514

246
164
1.33

2.87

5414

92

245 eV 2.26

J: 3/2,52 in 1973Mel1l based ory decay. (12%) in Adopted
Levels.

E(level): From Ep:920.010 (1973Mel).

J: y's to ¥2* and 72*. D+Q y’s to 32" and 32*.

E(level): From weighted average of E§27.710 (1973Mel)
and 929.13 (1989Ba42- calculated value from Ex based on
measured f).

J: 3/2 from py angular distribution measurement973Me1).

E(level): From Ep948.010 (1973Mel).

E(level): From Ep-981.087 (1989Ba42- calculated value from
Ex based on measured/ E Other value: 981.%

(1973Mel).

J: D+Q to 52* and 92*.

E(level): From Ep-1005.110 (1973Mel).

J: y/s to Y2+, 1y2-, 52+, 52".

E(level): From weighted average of £p068.18 (1973Mell
and 1068.04 (1989Ba42- calculated value from Ex based on
measured ).

J: y/s to ¥2* and 92*. D+Q vy to 32°.

E(level): From Ep-1088.610 (1973Mel).

E(level): From weighted average of £p105.010 (1979Sm02
and 1103.8 (1989Ba42- calculated value from Ex based on
measured ).

E(level): From Ep1146.66 (1979SmO02.

J: y/'sto Y2*, 127, 52*, 52",

E(level): From Ep1173.96 (1979SmO02.

E(level): From Ep-1264.16 (1979SmO02.

E(level): From weighted average of Ep280.25 (1979Sm02
and 1278.14 (1989Ba42- calculated value from Ex based
on measured £).

Resonance strengthy (1279 keV}x11.3 eV10 (2015De33,
wy(1279 keV¥10.5 eV 10 (deduced value i”2015De33
using data froml977Ke04, 12.7 eV7 (singles) and 11.7 eV
14 (coincidences)2020Wi09§.

E(level): From Ep1312.06 (1979SmO02.

E(level): From Ep-1334.66 (1979SmO02.

J': Proposed inl979Sm02(p,y), based ony(d) measurements.

E(level): From Ep-1340.15 (1979SmO02

J: 5/2,7/2 in 1979Sm02

E(level): From weighted average of £p351.25 (1979SmO02
and 1349.72 (1989Ba42- calculated value from Ex based on
measured ).

E(level): From Ep:-1380.75 (1979SmO02

E(level): From Ep-1392.35 (1979SmO02

E(level): From Ep:1432.75 (1979SmO02

E(level): From weighted average of Ep438.05 (1979Sm02
and 1438.@2 (1989Ba42- calculated value from Ex based on
measured f).

J: D+Qy’s to 32" and 72".

E(level): From weighted average of Ep504.110 (1979Sm02
and 1502.83 (1989Ba42- calculated value from Ex based on
measured f).

E(level): From Ep-1515.514 (1979Sm02.

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015De33,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015De33,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Ke04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Wi08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B

23Na, ,-109 NUCLEAR DATA SHEETS fiNay,-109

22Ne(p,y)  1989Ba42,1979Sm02,2017K 01 (continued)

23Na Levels (continued)

E(IeveI)Jr JF# TorT (2J+1)1"p1“y/1“d Comments
10281.56 32+ 2.87 E(level): From Ep-1555.06 (1979SmO02
J: y’sto Y2~ and 72*.

10318.G 6 3/2*@ 2000 eV 103 E(level): From Ep(Lab31593.26(1979Sm02. Other:
Ep(Lab)=1594.08 (2009Us0}.

10338.7 7 (1/2*)@ 2.15 E(level): From Ep(Lab31614.87 (1979SmO02. Other:
Ep(Lab)=1614.39 (2009Us0}.

10346.% 7 5/2+@ 8C ev 92 E(level): From Eg-1622.57 (1979SmO02. Other:
Ep(Lab)=1623.19 (2009Us0}.

10353.8 7 3/2+@ 21F ev 6015 E(level): From Eg-1630.67 (1979SmO02. Other:
Ep(Lab)=1631.29 (2009Us0).

10440.6 10 5/2+@ 25° eV 133 E(level): From Ep-1721.310 (1979SmO02. Other:
Ep(Lab)=1721.39 (2009Us0}.

10448.712 359 E(level): From Eg:1729.812 (1979SmO02. Other:
Ep(Lab)=1729.910 (2009Us0}.

10478.8 7 3/2+@ 470 eV 5.113 E(level): From Eg-1761.37 (1979SmO02. Other:

Ep(Lab)1761.88 (2009Us0).
I" from 1968Kel1l I'p=400 eV,l"pr=70 eV.

10501.§ 7 3/2*@ 920 eV 6.617 E(level): From Eg-1785.47 (1979SmO02. Other:
Ep(Lab)=1785.511 (2009Us0}.
I" from 1968Kel1l I';=880 eV,I'y=40 eV.

10507.§ 7 1/2+@ 560° eV 1.03 E(level): From Eg-1791.67 (1979SmO02. Other:
Ep(Lab)=1792.311 (2009Us0}.

10519.% 7 5/2+@ 10CF eV 4411 E(level): From Eg-1803.47 (1979SmO02. Other:
Ep(Lab)=1803.78 (2009Us0).

10534.17 1.54 E(level): From Eg-1819.17 (1979SmO02. Other:
Ep(Lab)=1819.68 (2009Us0).

10549.% 9 5/2+@ 540 eV 113 E(level): From Ep-1834.99 (1979SmO02. Other:

Ep(Lab)=1835.28 (2009Us0).
I" from 1968Kell I';=380 eV,I'y=160 eV.

105746 8 32 @ 1100 eV 2.36 E(level): From Ep:1861.48 (1979Sm0}

I" from 1968Kel1l I',=1010 eV,I'y=90 eV.
10616.98 52+ 32+ 7519 E(level): From Ep:1905.6 (979SmO}
19590.621  5/2* 1900 eV800 T=5/2

E(level),¥: Isobaric analogue state 8%F g.s. (L985Ev0),
Ep=11291.121. T also from1985Ev01

f Resonance level energies were deduced using Ep anfl79g.102 (2017Wal0. Ep (Lab) are from1979Sm02and 1989Ba4?2
except as noted.

¥ 2018Fel0do not see any evidence of the suspected weak resonancevétowew and more stringent upper limits were
determined at 90% confidence level.

# Assignments for levels up to 5378 keV from Adopted Level ariebre otherwise noted. Between 5378 and 8631 fi@89Ba42
based ony(6) measurements; feeding fronito resonance levelsw lying levels, and RUL (for levels with measuykdown
lifetimes).

@ From Adopted Levels.

& From 1989Ba42
a8 From1973Mel1
b From 1979Sm02
©T from 1968Kell I'p=T.

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Us01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Us01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Us01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Us01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Us01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Us01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Us01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Ke11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Us01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Ke11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Us01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Us01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Us01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Us01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Ke11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Ke11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1985Ev01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1985Ev01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Fe10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Ke11,B

23Nay,-110 NUCLEAR DATA SHEETS fiNay,-110

22Ne(p,y)  1989Ba42,1979Sm02,2017K e01 (continued)

23Na Levels (continued)

d From 1979Sm02 except where otherwise noted.
€ From 1977Ke04
f From 1973EnVA recalibrated on S(p) for Ep=1278 keV.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Ke04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973EnVA,B

99T

Ei(level)

439.991
2076.01

2390.732

2639.86

2703.50

2982.06

3677.60

3848.07

3914.24

4429.63

T
$2+
yra

12+

12_
%1»
&+

2

&1»

12+

22Ne(p,y)  1989Ba42,1979Sm02,2017K €01 (continued)

¥(*Na)
Eﬁ I73t Et J o Mult od Comments
439.986 100 0.0 2 D+Q +0.094 Mult.,5: Fromy-ray angular distribution measuremeni9§2Br2J.
1635.96  91.11  439.991 ®*
2075.91 8.9l 00 32
1950.652  34.3}  439.991 ®*
2390.599  65.% 0.0 32
2199.76  <0.2*  439.901 B
2639.70 100 00 2
627.48 3518 2076.01 T2*
2263.39  64.8  439.991 B
34220 <02 2639.86 12~
591.32 0.31 2390.732 I2* l,: Other: <0.4 (1979Sm02
2541.92  41.2  439.991 Bt
2081.85  58.8 0.0 32
695.53 0.51 2982.06 R* l,: Other: <2 (1979SmO02
97408 <1 270350 @
1037.71  19.6 2639.86 12
1286.83 1.3 2390.732 12*
1601.53 <2#  2076.01 T2*
3237.36  78.66  439.991 B
3677.28 <67 00 32
865.99 2.2 2982.06 R*
114454 <2¥ 270350 @+
1208.18 45 2639.86 12
1771.99  61.7 2076.01 T2
3407.81 9.9  439.991 ®*
3847.72  22.% 0.0 32
932.16 2.3 2982.06 R*
121071  <0.6% 270350 @+
1523.45 1.1 2390.732 12* l,: Other: <5 (1979SmO02
1838.15 9.2 2076.01 T72*
3473.97 8.11  439.991 ®*
3913.88  79.8 00 32
144752 <% 208206 ®*
1726.06 <2¥ 270350 @+
1789.70 <2  2639.86 12
2038.80 93  2390.732 It
2353.49 <2 2076.01 T2t
3989.27  <3# 439.991 B+
442917 913 0.0 32

TTT-"eNg
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1962Br21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B

99T

E;(level) J

477461 72°
5378.56 B
5741.8 32+
5766.03 R*
5926.8 72"
5964.4 32

E,f I* Ef
1792.47 <2# 2982.06
2071.01 3.810 2703.50
2134.64 <5% 2639.86
2698.43  29.412 2076.01
4334.18  66.813  439.991
4774.08 <5* 0.0
2396.27 7.16  2982.06
2674.89 <27 2703.50
2738.52 <2 2639.86
3302.30  20.60 2076.01
4938.00 57.30 439.991
5377.89  15.010 0.0
3101.72 <10# 2639.86
3350.81 <5% 2390.732
5301.2 24714  439.991
5741.0 75.314 0.0
1917.87 1.57  3848.07
2783.79 <3# 2982.06
3062.31 <4* 2703.50
3125.94 4.4  2639.86
3375.03 <37 2390.732
3689.70 <37 2076.01
5325.38 43 439.991
5765.25 513 0.0
1152.2 1.91  4774.61
2012.5 6.73  3914.24
294454 <2 2982.06
3223.06 <27 2703.50
3535.78 <27 2390.732
3850.4 13.613 2076.01
5486.1 2400  439.991
5926.0 53.811 0.0
1534.8 52 4429.63
2286.8 155 3677.60

22Ne(p.y)

1989Ba42,1979Sm02,2017K €01 (continued)

52+

32"

12_
']2+
$2+

32t

220
o+
1
ot
A
w+

32*
o+

7l
P+
*
o+
el

32*
o+
2

v(2®Na) (continued)

Mult. sd Comments
D+Q -0.107 Mult.: A,=0.225.
6. or +2.24 (1989Ba42. —0.10 7 value assumed to be associated with sfirafd
the other for ®.
D+Q -0.209 Mult.: A,=-0.469 (1989Ba42.
6: assumed for 2 or —2.15 for 3/2 (1989Ba42.
D+Q +0.32  Mult.: A»=0.6515and 0.3117 (1989Ba42.
D+Q +0.173 Mult.: A,=0.004, —-0.106, and 0.146 (1989Ba42.
D+Q —-0.078 Mult.: A,=-0.017 (1989Ba42.
6: or —3.410 (1989Ba42.
M1+E2 -0.095 Mult.: A,=0.207 (1989Ba42.
6. or +6 2 (1989Ba42.
D+Q +4.46  Mult.: A»=0.413, A4=0.234 (1989Ba42.
Q+0O) +0.012 Mult.: A»=0.462, A4;=-0.202 (1989Ba42.

1T
ZTT-“"eNgs
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B

JAS)

22Ne(p.y)

1989Ba42,1979Sm02,2017K €01 (continued)

Ei(level) T E,T 1+ E X
5064.4 32 3324.4 5010  2639.86 12-
3573.5 106 2390.732 R2*
5523.8 104 439.991 R+
5963.7 104 00 32
6042.19 72 2127.84 286 391424 R
2194.01 42 3848.07 B
2364.46 13 3677.60 -
5601.479 362 439.991 R+
6194.6 52 2346.4 325 3848.07 R
2516.9 347 3677.60 R
3554.4 235 2639.86 12
6193.7 115 00 32
6307.96 3916.87 100 2390.73221
6577.79 ®*,(52) 2663.38 143 3914.24 ®*
3873.94 18 270350 @*
4501.31 4% 2076.01 72
6136.92 254 439.991 R+
6618.1  72%,(52)" 1843.4 281 477461 T2
2703.7 112 3914.24 R
4541.6 112 2076.01 72*
6177.2 91.6  439.991 R
6617.1 3.85 00 32
67355 3 3753.1 18  2982.06 R*
6294.6 346 439.991 R+
6734.4 486 00 32
6819.6 52 2971.3 4% 3848.07 B
3141.8 3056  3677.60 R
6867.7  52,(32") 3885.29 <107 2982.06 "
416380 <7 270350 @*
447650 <9 2390.732 12*
6426.7 823 439.991 R+
6866.6 183 00 32¢
6920.61 R 4216.69 <107 270350 @*
6479.64 3@ 439.991 R+
6919.49 702 00 32
6947.40 R 3032.94 9.416 3914.24 ®*
3964.97 32 298206 R

v(2®Na) (continued)

Mult. sd Comments
D(+Q) 0.02 Mult.: A,=-0.1310 (1989Ba42.
6. or-1.47.
D+Q -0.133  Mult.: A,=-0.455, —-0.452, —0.503 (1989Ba42.
Q) Mult.: A»=0.357. A4=—0.236 (1989Ba42 gives M1+E2, 5=—0.1314. Mult
Q from decay to 2~.
D+Q +0.176  Mult.: A,=+0.0613, —0.065 (1989Ba42.
l,: From1979Sm02
D+Q -0.2510 Mult.: A,=-0.6410ands for 9/2 (1989Ba42.
D+Q +0.091  Mult.: A,=-0.132, ¢ for J(6618%7/2 (1989Ba42.
D+Q -0.299 E,: Missing gamma deexcitation intensity425 from 6120 level.
Mult.: A,=0.099 (1989Ba42.
§: or +3.110 (1989Ba42.
D+Q +0.54 Mult.: A,=0.6415 and 0.4815, A;=—0.3315, § for J(6868}5/2
(1989Ba42.
D(+Q) +0.12 Mult.: A,=0.5020 (1989Ba42.

6: or +2.514 (1989Ba42.

1T
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B

89T

22Ne(p.y)

1989Ba42,1979Sm02,2017K €01 (continued)

Ei(level) J E,T 1+ E X
6947.40 B 430711 & 2639.86 12-
4556.18 1% 2390.732 12+
6506.42 198 439.991 B*
6946.27 173 00 32
7070.82 3156.35 @ 3014.24 B+
7069.65 912 0.0 32
7081.9 6640.8 3010  439.991 B+
7080.6 7# 10 0.0 32¢
7133.5 41510 12 2082.06 »*
5056.9 133 2076.01 72*
6692.5 302 439.991 B*
7132.3 442 0.0 32
72771 72,52 X 37
3428.8 253 3848.07 B~
6836.0 383 439.991 B*
7412.4 B2t 72,92t 3497.9 246 3914.24 B+
5335.7 315 2076.01 72*
6971.3 455 439.991 B+
74515 32 3603.1  7.412 3848.07 B
5060.2  3.011 2390.732 12*
7010.4 89.615  439.991 B*
7487.84  12,(32) 3809.90 457 3677.60 2~
4847.43 206 2639.86 12-
5096.50 355 2390.732 12+
7566.2 52,72 7125.0 3015 439.991 ®*
7564.9 7015 00 32
7724.45 474187 25 2082.06 R*
7723.06 7% 00 32
77505 52,72 4767.9 502 2082.06 »*
7309.3 502 439.991 B*
7834.13  72,(52%) 3919.53 206 3914.24 ®*
5130.02 227 270350 ®@*
7392.86 589 439.991 B+
7872.83  R,(52%) X 32
489021 206 2082.06 »*
5481.40 1B 2390.732 12*
743155 35 439.991 B+
78762 32 X 27
4027.8 183 3848.07 B~
41982 204 3677.60 -
7874.8 352 0.0 32¢
7891.2 B¢ 5814.4 105 2076.01 72*

v(2®Na) (continued)

Mult. sd Comments
l,: Missing gamma deexcitation intensity of437 from this level.
D+Q -0.21  Mult.: Ap=—0.589 for J(7277%7/2 (1989Ba42.
D+Q  +0.076 Mult.: Ay=—0.1610 for J(7277%7/2 (1989Ba43.
A,=-0.3030, A4,=0.82 (1989Ba42.
A,=-0.0115 (1989Ba43.
D+Q -0.82  Mult.: Ap=-0.184 (1989Ba42.
A,=0.005 (1989Ba42.
D Mult.: A»=0.1811 (1989Ba42.
D Mult.: A»=0.058 (1989Ba43.
D(+Q) -0.077 Mult.: Ap=—0.4011 for J(7834)7/2 (1989Ba43.
I,: Missing gamma deexcitation intensity432 from this level.
D+Q -0.86  Mult.: A»=0.3317 for J(7873}3/2 (1989Ba4?.

I,: Missing gamma deexcitation intensity427 from this level.

YTT-"eN

S133HS V1vad dv3TONN

yTT-“"eNgs


https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B

69T

22Ne(p.y)

1989Ba42,1979Sm02,2017K €01 (continued)

v(2®Na) (continued)

Ei(level) J Eﬁ Iyi Et N Mult. o4 Comments
7891.2 g2+ 7449.9 272 439.991 B+ D(+Q) 0.02  Mult.: A»=0.2911 (1989Ba42.
6: or +1.86 (1989Ba4?.
7889.7 632 0.0 32* D+Q -0.064 Mult.: A,=-0.346 (1989Ba42.
6: or —3.15 (1989Ba42.
7970 X 29 l,: Missing gamma deexcitation intensity429 from this level.
5893 336 2076.01 72t
7529 387 439.991 B+
8060 5356 5@0 2703.50 @+
7619 5020 439.991 B+
8302.0 7860.6 10@5 439.991 B*
8417.43 R X 33 Missing gamma deexcitation intensity=433 from this level.
5434.68 1% 2982.06 R+
5776.79 <107 2639.86 12-
6025.85 37 2390.732 12*
6340.48 <107 2076.01 72
8415.78 1% 0.0 32f
8475.7 8034.2 100 439.991/58
8631.0 2,52*,72¢  8629.3 100 0.0 2
8943.5 32 5028.7 7% 4 3914.24 B+ l,: From 2016De34 Other: 806 in 2017Ke01
6551.8 2% 4 2390.732 12+ l,: From2016De34 Other: 204 in 2017Ke01
8975.3 g2+ 2357.1 3417 66181 72t ,(52)*" I,: From 3.37: unweighted ave. of 4.9 (2017Ke0), 2.79
[2018Fe04- 2.5 8], 2.4 2 [2016De34- 2.7 2]; x 1.03 for
>ly=100 from the level.
4200.3 1.72 477461 T2* l,: Wt. ave. of 1.94 (2018Fe0% and 1.82 (2016De34. Others:
<3 (2017Ke0).
5060.5 1.$f6 3914.24 Rt ly: Unweighted ave. of 3.6 (2017Ke0), 1.75 (2018Fe04- 1.6
5), 1.03 (2016De34- 1.1 3).
5297.0 26t 4 3677.60 - l,: From 2.54: Wt. ave. of 2.65 [2018Fe04- 2.4 5] and 2.28
(2017Ke02; x 1.03 forXly=100 from the level.
5992.4 3.%f 4 208206 rt ly: From 3.64: weighted ave. of 5.8 (2017Ke0), 3.68
[2018Fe04- 3.37], 3.34 [2016De34— 3.7 5]; x 1.03 for
>ly=100 from the level.
6898.2 42.6F 11 2076.01 72t l,: From 41.511: weighted ave. of 39.83 (2017Ke0), and 42.2
8 [2016De34- 47.99]; x 1.03 forXly=100 from the level.
Other: 536 (2018Fe03.
8533.6 38.%f 7 439.991 Rt l,: From 37.77: Weighted ave. of 37.715 (2017Ke0), 37.765
[2018Fe04- 35 6], 37.7 8 [2016De34- 42.89].
8973.4 5% 14 0.0 32f l,: From2017Ke01 Other: <1 (2018Fe03.
9042.4 (72,92)* 2222 292 6819.6 %2
2688 192 6354

GTT-"eN
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016De34,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016De34,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Fe04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016De34,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Fe04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016De34,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Fe04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016De34,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Fe04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Fe04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016De34,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016De34,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Fe04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Fe04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016De34,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Fe04,B

04T

22Ne(p,y)  1989Ba42,1979Sm02,2017K 01 (continued)

v(2®Na) (continued)

1T
9TT-“"eNgs

Ei(level) J Eﬂ Iyi Et N Comments
9042.4  (72,92)* 3000 282 6042.19 T2
3115 3.82 5926.8  72*
5128 1.9 4 3914.24 ®*
5194 1385 3848.07 &~
6337 10.95 270350 ®@*
6965 18P 6 2076.01 72*
8601 45809 439.991 B+
9211.0 32 1338 0.4% 9 7872.83 R,(52)
1723 1.0% 10 7487.84 12,(32) l,: Other: 2.86 (2015De33.
2129 2.8% 20 7081.9
2290 1.24 13 692061 B~
2343 1.8% 17 6867.7 32*,(32)
2903 2.2% 17 6307.96
3016 278 19 61946 32- l,: Other: 3.43 (2015De33.
3247 1689 50644 - l,: Other: 17.18 (2015De33.
3469 1.9 16 57418 32*
4781 3.08 20 4429.63 I2* l,: Other: 4.74 (2015De33.
5297 225 12 391424 ®F l,: Other: 30.017 (2015De33.
5363 2.4% 18 3848.07 B l,: Other: 2.03 (2015De33.
5533 128 16 3677.60 B~ l,: Other: 3.14 (2015De33.
6229 27.8& 15 2982.06 .oa E,: A comparabley ray placed from 9212.9-keV in Adopted Levelssee footnote for

9212.9-keV level.
I,: Other: 22.410 (2015De33.

6571 3.2% 22 2639.86 12 l,: Other: 6.45 (2015De33.
6820 1.4 13 2390.732 I+ l,: Other: 2.03 (2015De33.
7135 1.2% 12 2076.01 72*

8771 2.8& 19  439.991 B+ l,: Other: 4.95 (2015De33.
9211 3.0& 23 0.0 32¢ l,: Other: 1.26 (2015De33.

9252.1 g 2170 2.089 7081.9

2331 2489 692061 & l,: Other: 2.21 (2015De33.
3486 2789  5766.03 &' l,: Other: 2.01 (2015De33.
4821 1689 442963 I2* l,: Other: 1.91 (2015De33.
5337 0379 391424 ®mF l,: Other: <0.1 (2015De33.
5573 48816 3677.60 R l,: Other: 4.53 (2015De33.
6269 3175 2082.06 R l,: Other: 32.76 (2015De33.
6611 82R 18 2639.86 12~ l,: Other: 9.43 (2015De33.

S133HS V1vad dv3TONN
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015De33,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015De33,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015De33,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015De33,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015De33,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015De33,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015De33,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015De33,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015De33,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015De33,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015De33,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015De33,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015De33,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015De33,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015De33,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015De33,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015De33,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015De33,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015De33,B

T.T

E;(level)
9252.1

9396.4

9404.8

9426.1

T
12+

72"

12

#2

22Ne(p.y)

1989Ba42,1979Sm02,2017K €01 (continued)

v(2®Na) (continued)

Eﬂ Iyi Et N Mult. o4 Comments
6860 4.0% 12 2390.732 12* l,: Other: 3.62 (2015De33.
9250 41.8 7 0.0 32¢ A»=0.043; A,=—0.076 (1973Me1)
l,: Other: 43.69 (2015De33.
978.9 0.1 8417.43 /3
1520.1 11 7876.2 /3 D+Q  +0.087 Mult.: A,=—0.2014 (1989Ba43.
1645.8 1.3 7750.5 /3,7/2"
1830.1 15 7566.2  /3,7/2* D+Q  +0.137 Mult.: A,=0.07 12 (1989Ba43.
19448 1.0 74515 /3
1983.9 5 7412.4 [BY,7/27,92¢ D+Q Mult.: A,=0.366, A4=0.176 (1989Ba4}.
2119.2 10 72771 2,52 D(+Q) -0.046 Mult.: A»=0.47 10, for J(7277%7/2 (1989Ba43.
2206 2 7190
2576.6 12 6819.6 /3 D+Q  +0.062 Mult.: A,=—0.223 (1989Ba43.
2818.4 4.4 6577.79 /2 ,(5/2%)
30417 2 6354 BQ  +0.247 Mult.: A»=—0.519 (1989Ba43.
32016 7.4 6194.6 /3" D+Q -0.112 Mult.: A,=—0.534 (1989Ba4?.
3353.9 9.7 6042.19 /2 D(+Q) +0.036 Mult.: A»=0.464 (1989Ba43.
3654.3 10 5741.8 /3" D(+Q) +0.022 Mult.: A,=—0.293 (1989Ba43.
46213 0.7 4774.61 /2t
54815 2.8 3914.24 /Bt
5547.6 12 3848.07 /3~ D(+Q) +0.022 Mult.: A,=—0.313 (1989Ba43.
6691.9 4.7 2703.50 /9"
89545 3.0 439.991 /8% D+Q +2.67 Mult.: A,=0.6710, A4=0.4310 (1989Ba42.
1680.3 0.493  7724.45
36385 0.4%3 5766.03 R*
49746 341 442963 12t
5726.4 7.62 3677.60 &
64218 784 2982.06 ®*
67639 281 2639.86 I2-
89629 1§81 439.991 B+
9402.7 7667 0.0 32¢
1938.2 7487.84 /2,(32) D+Q  +0.0989  A,=-0.322 (1989Ba4}
2344.1 7081.9 D{Q) +0.1115 A»=0.412 (1989Ba4}
2606.3 6819.6 R D+Q  +0.184 A»=—0.2010 (1989Ba42
0. or <-8.
2690.4 1.6 6735.5 /3 D(+Q) +0.045 A,=0.488 (1989Ba43
3117.9 6307.96 D{Q) -0.013 A,=-0.505 (1989Ba42
0. or-1.72.
3461.4 5964.4 2~ D(+Q) +0.015 A,=0.477; A;=—0.167 (1989Ba4}
3659.8 5766.03 /2" D+Q  -0.186 A»=0.129 (1989Ba43
4995.9 4429.63 /2t D(+Q) +0.00510 A,=-0.482 (1989Ba42
5511.2 3914.24 Bt D+Q  -0.072 Ar=—0.023 (1989Ba42
5577.3 3848.07 B~ D+Q -0.282 A,=0.182 (1989Ba4}
6785.2 2639.86 /2~ D+Q  +0.254 A»=—0.037 (1989Ba43

LTT-TeNgs
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015De33,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015De33,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B

[AA)

E;(level)
9426.1

9487.7

9608.2

T

#2

#2

32+

22Ne(p.y)

1989Ba42,1979Sm02,2017K €01 (continued)

v(2®Na) (continued)

Eﬂ Iyi Ef N Mult. 54 Comments
7034.2 2390.732 /2* D+Q  +0.0224  A,=-0.4538 (1989Ba42
8984.2 439.991 A" D+Q  +0.405 A,=—0.534 (1989Ba4}
o. or +6 2.
9424.0 00 R D+Q  +0.353 A,=0.833 (1989Ba4}
. or+1.52.
31795 1.8 6307.96
32028 082 61946 F2-
3523.0 1.2 59644 P
37213 2.8 5766.03 ®*
4108.7 1.2 537856 B*
5057.5 2.2 442963 12+
5573.7 3.2 391424 ®*
5809.3 0.8 3677.60 -
6504.7 2.2 208206 R+
6846.7 12 263986 12
7095.8 0.8 2390.732 P+
9045.8 38 439.991 R+ D+Q -1242-8 A,=0.3410, A,=—0.0717 (1973Mel})
04856 3@ 00 32* D+Q  +0.3610  A,=0.847: A4=—0.2310 (1973Mel)
0. or+1.75.
17353 0.3  7872.83 /3,(52")
1883.7 05  7724.45
2120.3 0.6  7487.84 /2,(32)
2223 01 7385
2537.2 0.7  7070.82
2660.6 1.2  6947.40 /3
2788.4 04  6819.6 /3
28725 02 67355 /3
3300.0 0.2  6307.96
36435 0.1  5964.4 /3
3841.8 06  5766.03 /3
3866.1 2.2  5741.8 /3 D+Q® 0314 A,=-0.108118 A4=-0.033119 Ag=—0.080133 (2006Ka65
42292 0.9 537856 /8"
5177.9 05  4429.63 j2+
5693.2 18 3914.24 /3" D+Q® +0.1®4  A,=-0.13832 A4=0.8537; Ag=—0.05034 (2006Ka6J
5759.4 1.8  3848.07 /%
6625.1 1.8  2982.06 /3"
6967.2 1.8  2639.86 /2
7216.3 0.8  2390.732 /2t D+Q  +0.202
9166.2 43 439.991 /3" D+Q® 40324  A,=-0.24225 A4=0.09525 Ag=—0.05626 (2006Ka65
9606.0 24 00 @ D+Q® +0.4R 10 A,=0.43055 A4=0.5949; Ag=—0.05551 (2006Ka63

1T
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ka65,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ka65,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ka65,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ka65,B

€LT

22Ne(p.y)

1989Ba42,1979Sm02,2017K €01 (continued)

v(2®Na) (continued)

Ei(level) J Eﬁ Iyi Et N Mult. sa Comments
9652.2  F+52t 27843 18 68677 32,(32Y)

48770 18 477461 T2

57372 1.8 391424 ®*

5803.3 0.2 384807 %~

59738 3.8 367760 B

72602 0.8 2390.732 p*

75749 1.8 207601 P

92102 48 439.991 B+

9650.0 2@ 00 32¢
9655.6 48804 5@ 477461 T2

52253 1.2 442963 It

57406 0.8 391424 B+

50772 28  3677.60 B

66725 0.8 298206 R

70146 3.8 263986 I

72636 0.8 2390.732 p*

92136 18 439.991 B+

9653.4 448 00 32¢
96741  P+52- 17828 1.2 78912 2t

2806.2 9.2 6867.7 %2*,(32Y)

34792 2.8 61946 B

3907.7 3.2 5766.03 R

5750.1 7.8 391424 ®*

58252 1.2 384807 %

50957 3.2 3677.60 B

6691.0 6.8 208206 R

72821 1.8 2390732 p*

7596.7 182 207601 72*

9232.1 39 439.991 B D+Q -0.117 A,=0.349; A;=—0.0614 (1979Sm0}

6: or—-2.112(1979Sm02
96719 19 00 32* D+Q -375 A,=—427; A4=0.8012 (1979Sm0}
6. From1979Sm02

9682.7  R* 1380.7 0.2 8302.0

2116.4 5.8 75662 32,72

22311 48 74515 R

1T
6TT-"eNgs

S133HS V1vad dv3TONN

6TT-"eNLs


https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B

V.1

E;(level)

9682.7

9700.9

9732.53

T
32+

32+

72

22Ne(p,y)  1989Ba42,1979Sm02,2017K 01 (continued)

v(2®Na) (continued)

Eﬂ Iyi Ef N Mult. 54 Comments

2600.6 2.8 70819
49075 38 477461 T2
5767.7 3.2 301424 m*
5833.8 260  3848.07 B~
60043 82 367760 B
6699.6 162 208206 R
76053 1.8 2076.01 P
92407 2.8 439.991 B+ D(+Q) -1.2+15-11 A,=0.1312 A,=0.5921 (1973Mel}

6. From1973Mell
9680.5 282 00 32¢ D+Q  -0.3610 A,=-0.283; A4=0.116 (1973Mel)

8: or =5.7 +57-20 (1973Me1).
1809.6 0.2 78912 m*
19503 0.2 77505 2,72
1976.4 0.2 772445
20652 0.8 67355 R
39587 1.8 57418 Bt
52706 0.2 442963 Dt
57859 2.8 391424 B+ D+Q®  +0.1611  A,=-0.105104 A4=0.049109 Ag=0.031105 (2006Ka63
60225 2.8 367760 B D+Q®  +0.3%9 A»=0.42352; A,=—0.03340; Ag=—0.01553 (2006Ka63
6717.8 3.8 208206 P D+Q  +2012 A»=0.00873; A,=—0.0976; Ag=—0.06884 (2006Ka65
7059.9 8.6 2639.86 I D+Q®  —0587 Ap=—0.7021; Ay=—0.04672; Ag=0.04570 (2006Ka65
73089 0.2 2390.732 p*
76225 18 2076.01 P
92589 3@ 439.991 B+ D+Q®  -0.1£6 Ap=—0.00534; A,=—0.00935; Ag=—0.02030 (2006Ka65
9698.7 48 00 32¢ D+Q®  +0.1£4 A»=0.31237; A4=—-0.07037; Ag=0.02039 (2006Ka63
1256.8 1.4 84757 A,=—-0.285.
14305 0.9  8302.0
1671 0.6 8060
18562 12 78762 /3
1898.3 0.6  7834.13 /Z,(52%)
19819 1.0 77505 /3,72 D(+Q)  +0.024 Mult.: A,=—0.288, for J(7750%-5/2 (1989Bad}.
23200 0.2 74124 /3,727,922
24553 0.6 72771 2,52
29127 12 68196 /3 D+Q  -0.114 Mult.: A,=—0.506 (1989Ba4}.
315450 2.8  6577.79 /9 ,(52%) D(+Q) -0.013 Mult.: A,=—0.1416, for J(6578%9/2".
3537.6 15 61946 /3 D+Q  -347 Mult.: A,=—0.239 (1989Ba43.
3690.02 14 6042.19 /T D+Q  +0.054 Mult.: A,=-0.433, A,=0.073 (1989Ba4}.
3990.4 35 57418 /3t D(+Q)  0.003 Mult.: A,=—0.343 (1989Ba43.

1T
02T-"engs

S133HS V1vad dv3TONN

1T
02T-"engs


https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ka65,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ka65,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ka65,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ka65,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ka65,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ka65,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B

G.T

E;(level)
9732.53

9755.5

9815.7

9835.4

T

2

32+

52+

32+

22Ne(p.y)

1989Ba42,1979Sm02,2017K €01 (continued)

v(2®Na) (continued)

Eﬂ Iyi Et N Mult. o4 Comments
4353.53 39  5378.56 /& D(+Q) +0.023  Mult.: A,=—0.294 (1989Ba42.
5817.50 41 391424 /B D+Q  -0.125  Mult.,5: From 2005022
5883.65 19 3848.07 /% D+Q  -0.052  Mult.: Ay=—0.402 (1989Ba42.
7027.88 17 2703.50 /9" D(+Q) -0.022  Mult.: A,=—0.122 (1989Ba42.
7655.15 6.7  2076.01 /2" D+Q  +0.1185  Mult.: A,=0.473, A,=0.103 (1989Ba4}.
9290.5213 20 439.991 B* D+Q  +0.0337  Mult.: A,=—0.25711 (1989Ba4}.

o: Also same value ir2005Vo22
5325.3 0.8 442963 12*
5840.5 482 391424 B
5906.6 8.2 13848.07 B
6077.0 1® 367760 B
7114.5 5  2639.86 12
7363.5 0.8 2390732 12*
9313.5 7.8 439991 B+
9753.3 0.9 00 32*
1513.6 01  8302.0
1846 1.5 7970
1924.4 03 78912 /&
1942.8 05  7872.83 /3,(52")
2403.2 0.7  7412.4 /3", 72% 92
2682.0 09 71335
2744.7 3.0  7070.82
2868.1 3.6  6947.40 /3
3080.0 07 67355 /3
3197.6 05  6618.1 /Z',(52)
3888.5 05  5926.8 [2*
4049.3 7.7  5766.03 /3" D+Q  -0.03913 Mult.: A,=—0.483 (1989Ba4}.
4073.5 1.6  5741.8 /3
5040.5 1.4 477461 7
5385.4 2.4 442963 /2*
5900.6 48  3914.24 /3"
5966.8 0.2  3848.07 /%
6832.6 32 2982.06 /3
7111.0 6.7  2703.50 /9"
7423.7 0.6  2390.732 /2"
7738.3 16 2076.01 /Z+
9373.7 7.3 439.991 /3
9813.5 6.4 00 @
1944.1 1.9 78912 2t
2702.0 2.8 71335
2764.4 0.2 7070.82

1T
TZT-“"eNgs

S133HS V1vad dv3TONN

1T
T2T-"engs


https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2005Vo22,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2005Vo22,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B

9.7

22Ne(p.y)

1989Ba42,1979Sm02,2017K €01 (continued)

Ei(level) T E,T 1+ Es A
98354 P+ 30997 1.8 67355 R
36405 48 61946 B
40932 1.8 57418 B¢
44564 282 537856 B
5405.1 4.8 442963 Dt
5920.3 12 391424 ®*
5986.5 3.4 3848.07 %~
61569 0.2 3677.60 B
68522 0.2 208206 R
74434 12 2390.732 P
93933 14 439.991 B+
0833.1 4@ 00 32¢
9850.1 12* 5419.8 3.8 442963 Dt
61716 12 367760 -
6866.9 2.2 208206 R
72000 32  2639.86 I
74581 38 2300.732 p*
94089 0.2  439.991 B+
08478 12 00 32¢
9890.9 41245 2% 5766.03 ®*
45119 2% 537856 ®*
5975.8 16 = 391424 ®*
6042.0 5% 3848.07 %
62124 7.8 367760 B
72498 2%  2639.86 12
74989 8% 2390732 p*
94488 1% 439.991 ®*
0888.6 2 00 32°
9917.0 32*52,72 3049.1 58 6867.7 32 ,(32)
5141.8 7.6 477461 T2
6001.9 46 3914.24 ®*
6068.1 2% 3848.07 &~
94749 2% 439.991 ®*
9914.7 4.6 00 32°
10003.2 12- 4038.4 2.8 50644 P2

v(2®Na) (continued)

1T
z2T-“"eNgs

S133HS V1vad dv3TONN

1T
zeT-Tengs


https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B

LLT

22Ne(p,y)  1989Ba42,1979Sm02,2017K 01 (continued)

v(2®Na) (continued)

Ei(level) J Eﬁ Iyi Et N Mult. 54 Comments

1T
e2T-"eNgs

10003.2 12 4236.8 1f 5766.03 R*
5572.8 3.6  4429.63 o
6324.7 3.8  3677.60 .2
7020.0 1.8 2982.06 rr
7362.1 4f 2639.86 127
76111 1% 2390.732 12*

10000.9 1§ 0.0 32¢
10017.4 ®* 1386.4 0.1 8631.0 /3,52%,7/2"
1599.9 0.3  8417.43 /3 D+Q  +0.374  Mult.: A,=—0.506(1989Ba43.
21411 03 78762 /3 D+Q  -0.097  Mult.: A,=0.358 (1989Ba4}.
2565.7 0.6 74515 /3 D+Q  -0.493  Mult.: A,=—0.143 (1989Ba4}.

2740.1 0.3 72771 /252
2884.0 0.2 71335

3096.6 0.3  6920.61 /3

32816 0.2 67355 /3

3399.0 37 6618.1 /Z',(52)° D(+Q) 0.001  Mult.: Ay=—0.122, for J(6618}7/2 (1989Ba43.
39748 0.1 6042.19 /Z-

42509 0.3 5766.03 /3" D+Q  -0.154  Mult.: Ay=—-0.656 (1989Ba43.
42760 0.4 57418 /3t
46383 0.7 5378.56 /8" D+Q  -0.054  Mult.: Ay=0.395 (1989Ba4}.

6: or +1.32 (1989Ba4l.
5242.1 03 477461 /Z*

6102.3 19 3914.24 /g* D+Q +0.052 Mult.: A»=0.492 (1989Ba42.
6168.4 5 3848.07 /3~ D(+Q) 0.002 Mult.: A»=0.442 (1989Ba42.
6338.9 12 3677.60 /3~ D+Q —-0.0206 Mult.: A»=-0.42211 (1989Ba4?).
7034.2 34 2982.06 /3* D+Q -0.0325 Mult.: A>=-0.4459 (1989Ba4).

7312.7 0.1 2703.50 /92"
7625.3 04 2390.732 /2+

7939.9 5 2076.01 /2" D+Q -0.27614 Mult.: A»,=0.21714 (1989Ba42.
6. Also same value ir2005Vo22
9575.3 15 439.991 /3" D+Q -0.20713 Mult.: A»,=0.20616 (1989Ba42.
10015.1 1.6 0.0 R D+Q -0.12611 Mult.: A,=-0.61413 (1989Ba42.
10049.1 6200.1 3 3848.07 R~

7971.6 2%  2076.01 T2t
9607.0 4 439.991 B*

10070.9 ®,72 7993.4 58  2076.01 72* Ap=—0.144, A4=—0.067 (1989Ba43.
9628.7 3& 439.991 B* A,=0.653, Ay=—0.046 (1989Bas}.
10068.5 8.8 00 32

10075.9 ®,72 32576 2§ 68196
40333 5% 6042.19 72

S133HS V1vad dv3TONN

1T
eeT-"engs


https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2005Vo22,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B

8.7

22Ne(p,y)  1989Ba42,1979Sm02,2017K 01 (continued)

v(2®Na) (continued)

Ei(level) T E,T 1+ Es A

10075.9 ®,72 41111 1% 50644 3
43337 2% 57418 32+
5300.6 1§ 477461 T2*
6226.9 18  3848.07 B
6397.3 46 367760 B
7092.7 1%  2982.06 2*
74347 08 2639.86 12-
7998.4 2% 207601 T2t
9633.7 6.6  439.991 ®*
100735 5.8 00 32
10085.3 I2* 3137.7 46 694740 2
31645 6.F 692061 2
33495 4F 67355 R
37770 28  6307.96
43188 2¥ 5766.03 ®*
5654.9 3% 442963 1t
6406.7 6.4 367760 -
7102.1 1.8 2082.06 2*
7693.2 4F% 2390.732 p*
96431 6.8  439.991 B*
10082.9 1% 00 32
10114.8 12* 41500 4% 50644 3
43483 78 5766.03 ®*
71316 7¥  2982.06 2*
77227 1.8 2390.732 p*
10112.4 9.8 00 32
10125.9 ® 40833 2% 604219 T2
41611 1.8 50644 32
43842 8.8 57418 32t
47468 2.8 537856 ®*
6210.8 3.5 391424 »*
6276.9 4.8 3848.07 B
64473 2f 367760 R~
71426 2.8 2082.06 R*
8048.4 2#  2076.01 T2*

1T
v2T-TeNgs

S133HS V1vad dv3TONN

1T
rZT-"engs


https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B

64T

E;(level)

10125.9

10169.6

10231.7

kil

A2
&+

&+

E,T

9683.7

10123.5
1693.8
2109
2296.6
2335.3
2892.3
3301.6
3433.8
3974.6
4127.0
4242.44

4427.3

4790.5
5394.3

6254.4
6320.6
7186.3
7464.8
8092.1
9727.4
10167.2
1756.9
1814.2
1929.6
2665.3
2819.1
3098.0
3284.0
3363.7
3613.3
4189.1
4304.5

4465.2
4489.4
6316.5
6382.7
6553.1
7839.5

22Ne(p.y)

1989Ba42,1979Sm02,2017K €01 (continued)

v(2®Na) (continued)

E¢ N Mult. sd Comments
439.991 w2+
0.0 32t
8475.7
8060
7872.83 /3,(52%) D+Q +0.093 Mult.: A»,=-0.193, for J(7873}%3/2 (1989Ba42.
7834.13 /Z,(52%) D(+Q) 0.003 Mult.: Ap,=-0.145, for J(7834¥%7/2 (1989Ba42.
7277.1 /2,52
6867.7 /3%,(3/2")
67355 /3
6194.6 /3 D(+Q) +0.0517 Mult.: A»,=0.4712 (1989Ba42.
6042.19 /Z° D(+Q) +0.067 Mult.: A»,=-0.219 (1989Ba42.
5926.8 R D+Q +0.184 Mult.: A»,=-0.375 (1989Ba42.
0. or >—4,
5741.8 /3* D+Q -0.418 Mult.: A,=-0.049 (1989Ba42.
6. or +2.77.
5378.56 /3"
4774.61 /2t D+Q +0.302 Mult.: A,=-0.522 (1989Ba42.
0. Also same value ir2005Vo22
3914.24 /8"
3848.07 /3
2982.06 /3" D+Q +0.142 Mult.: A,=-0.103 (1989Ba42.
2703.50 /9" Q(+0O) +0.035 Mult.: A»,=0.156 (1989Ba42.
2076.01 /Z* D+Q +0.113 Mult.,s: From 2005V022
439.991 /8" D+Q +1.339 Mult.: A»,=0.513, A4=-0.164 (1989Ba42.
0.0 2" D+Q -3.419 Mult.: A»,=-0.373, A4=0.493 (1989Ba42.
8475.7
8417.43 /3
8302.0
7566.2 /3,7/2*
7412.4 /37,7/2%,92F
71335
6947.40 /3
6867.7 /3%,(3/2") D+Q +0.1210 Mult.: A»,=0.547, for J(6868%5/2 (1989Ba42.
6618.1 /2*,(52)* D+Q -0.032 Mult.: A,=-0.093, for J(6618}33/2 (1989Ba42.
6042.19 /Z- D(+Q) -0.023 Mult.: Ap,=-0.114 (1989Ba42.
5926.8 2+ D+Q +0.042 Mult.: A»,=-0.192 (1989Ba42.
6. Also same value ir2005Vo22
5766.03 /3"
5741.8 /3*
3914.24 /g+
3848.07 /3
3677.60 /3 D(+Q) -0.022 Mult.: A,=-0.412 (1989Ba42.

2390.732 /2*

Mult.: A;=0.554, Ay=—0.424.

1T
GzT-Tengs

S133HS V1vad dv3TONN
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2005Vo22,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2005Vo22,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2005Vo22,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B

08T

Eilevel) T E,T 1+ E X
10231.7 ®* 9789.5 45 439.991 /3"
10229.3 2.1 00 /2
10243.7 I2* 2519.1 7 7724.45
44772 6 5766.03 /2"
5813.3 2 4429.63 /2
6565.1 50 3677.60 /2
72604 5 2982.06 /3"
76030 6 2639.86 /2~
7851.5 19 2390.732 /2
98015 5 439.991 /3
102815 R* 31478 1% 71335
4316.7 2% 50644 32
45150 6.4 5766.03 ®*
4902.4 1% 537856 ®*
5506.2 1% 477461 T2*
6366.3 3§ 391424 B*
72982 4% 208206 »*
7640.7 5% 2639.86 12-
7889.3 1#  2390.732 p*
9839.2 1% 439.991 ®*
10279.0 98 00 32¢
10318.0 B 5887.6 1¥ 442963 1*
6469.0 4.5 384807 B
6639.4 2.8 367760 X~
73347 8% 208206 R*
76772 26  2639.86 12~
79258 1% 2390.732 1*
0875.7 3% 439.991 ®*
103155 18 00 32*
10338.7 (127) 3417.8 3.6 692061 X~
35188 04 68196 3
4030.4 3.8 6307.96
4373.9 1% 50644 32
6660.1 4.8 367760 R~
73554 2§  2082.06 R*
7697.9 58 2639.86 12-
79465 1%  2390.732 1*

22Ne(p.y)

1989Ba42,1979Sm02,2017K €01 (continued)

v(2®Na) (continued)

Mult. 6d Comments
D+Q +0.303 Mult.: A,=0.672 (1989Ba42.
D+Q +0.032 Mult.: A,=—0.323 (1989Ba43.
D(+Q)¥ -0.6610 A,=—0.541151 A4=0.102140 Ag=-0.079125 (2006Ka65
D(+Q)¢ +7°8 Ap=—0.267157: A4=0.001152 Ag=—0.052159 (2006Ka65
D+Q®  +1.F7 A»=0.425139 A4=0.004122 Ag=-0.072136 (2006Ka65
D+Q®  —05827 A»,=—0.730175 A4=0.159152 Ag=—0.125145 (2006Ka65
D+Q® 40126  A»,=—0.11646; A4;=0.01340; Ag=—0.01953 (2006Ka65
D(+Q)® +0.14€ 37 A»=0.4415; A;=—0.06174; Ag=0.0251 (2006Ka65
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ka65,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ka65,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ka65,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ka65,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ka65,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ka65,B

18T

22Ne(p,y)  1989Ba42,1979Sm02,2017K 01 (continued)

v(2®Na) (continued)

Ei(level) J Eﬂ Iyi Ef N Mult. 54 Comments

1T
12T-“"eNgs

10338.7 (127) 9896.4 3%  439.991 ®*
10336.2 3% 00 32¢
10346.1 ®* 43035 1% 604219 72
45796 3.8 5766.03 ®*
4603.8 2% 57418 52¢
4967.0 18 537856 ®*
5570.8 1.4 477461 T2t
6430.9 7. 391424 B* D+Q  -0.107  Mult.,5: From2009Us01
6497.0 0.F 384807 B
6667.5 1% 367760 2~

7362.8 3.8 2982.06 .o D(+Q) -0.0910 Mult.,6: From2009Us01
7953.9 3.6 2390.732 yvas
82685 1% 2076.01 72* D+Q -0.062 Mult.,s: From 2009Us01and 2005V022
9903.8 28 439.991 " D+Q +0.218 Mult.: A,=0.645, A4=0.107 (1979SmO2.
§: From (1979SmO02. Other:+0.159 (2009Us0].
10343.6 28 0.0 32 D+Q -0.294  Mult.: A,=-0.8510, A4=0.0214 (1979Sm02.

6: Wt. av. of —0.275 (1979Sm02 and -0.304 (2009Us0). Other possible
values:-1.12 (1979Sm02, —1.52 (2009Us0).

10353.8 R* 24625 1.¥ 78912 3*
36180 0% 67355 R
45873 3% 5766.03 ®*
46115 2.6 57418 32+
49747 3% 537856 ®*
5923.4 1% 442963 12*
6438.6 08 391424 B*
6504.7 3§  3848.07 B
66752 86 367760 B~
73705 4% 298206 2*
77130 3%  2639.86 12-
7961.6 2.8 2390.732 p*
8276.2 2.8 207601 T2*
99115 3§  439.991 ®*
10351.3 18 00 32¢

104406 ®* 2023.1 3% 841743 P
3028.0 2.¥ 74124 52+ 727 92"
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Us01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Us01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Us01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2005Vo22,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Us01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Us01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Us01,B

28T

E;(level) J
10440.6  B*
10448.7
10478.8 R*
10501.9 R~

22Ne(p.y)

1989Ba42,1979Sm02,2017K €01 (continued)

v(2®Na) (continued)

Eﬂ Iyi Ef N Mult. o4 Comments

38222 34 66181 727,(52)°

5061.4 1% 537856 ®*

65254 9.6 391424 B* D+Q +0.5010 Mult.,5: From2009Us01

6761.9 08 367760 -

74572 3§ 208206 »* D+Q -0.358  A,=-0.32047; A4=0.01944; Ag=—0.01340 (2006Ka65
Mult.,6: From 2009Us01 Other: 5=—0.357 (2006Ka63.

8363.0 9% 2076.01 72" D+Q +0.093 A,=-0.128100 A4=—0.069113 Ag=0.056117 (2006Ka65
Mult.,6: From 2009Us0land 2005V022 Other: §=+0.1221 (2006Ka69.

9998.3 2 439.991 ®* D+Q -0.2210 A,=0.114109 A,=—0.030110 Ag=—0.043124 (2006Ka65
Mult.,6: From 2009Us01 Other: §=—0.23 15 (2006Ka635.

10438.1 1% 00 32* D+Q +0.248  A,=0.250132 A4=—0.095146 Ag=—0.092130 (2006Ka65
Mult.,6: From 2009Us01 Other: §=+0.3812 (2006Ka69.

1972.9 5% 84757

25573 2.6 78912 BF

4406.1 5% 6042.19 72

6533.5 1§ 391424 B*

6599.6 3% 384807 B

77438 18 270350 ®*

8371.1 1§ 207601 T2t

10006.4 2.8  439.991 ®*

10446.2 0.8 00 32¢

27542 2.8  7724.45

3660.4 1% 68196 %

47123 3% 5766.03 ®*

4737 14 57418 32¢

5099.6 3 537856 ®*

6563.6 1  3914.24 ®*

6629.7 2% 384807 &~

7838.0 1% 2639.86 12-

8086.5 3.f 2390.732 *

10036.5 3.4  439.991 ®*

10476.2 2F 00 32*

4760 0¥ 57418 3¢

6071.4 1.6 442963 12*

6652.8 7.6 3848.07 B

6823.2 4.8 367760 R
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Us01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ka65,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Us01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ka65,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ka65,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Us01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2005Vo22,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ka65,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ka65,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Us01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ka65,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ka65,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Us01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ka65,B

€8T

E;(level) J

10501.9 R~
10507.8 12*
10519.1 ®°*

22Ne(p.y)

1989Ba42,1979Sm02,2017K €01 (continued)

v(2®Na) (continued)

Eﬂ ly Ef N Mult. 54 Comments
75185 2.6 29082.06 »*

78611 1.¥ 2639.86 12

8109.6 4.8 2390.732 12+

10059.5 28 439.991 R+

10499.3 5% 00 32¢

34256 584 7081.9

3586.9 4% 692061 2

4199.4 1.8 6307.96

45429 28 59644 P

47412 3% 5766.03 ®*

6077.3 9.6 442963 12t

6829.1 8.8 367760 B

75244 1%  2082.06 B+

7867.0 28  2639.86 12

81155 1#  2390.732 12+

10065.4 3.7  439.991 ®+

10505.2 1% 00 32¢

1888.0 0.7 86310 /352,72 A,=-0.406 (1989Ba42.

2101.6 1.7 8417.43 /3 D+Q) +0.022  Mult.: A,=—0.363 (1989Ba4}.

2159.0 0.2  8360.0

2627.7 3.8 78912 /3 D(+Q) -0.014  Mult.: Ay=0.454 (1989Ba43.

2684.8 0.7 7834.13 /Z,(52%) D(+Q) +0.015  Mult.: Ay=—0.158, for J(7834)7/2 (1989Ba43.
29527 0.3 7566.2 /3,72

3067.4 0.8 74515 /3 D+Q  -0.527  Mult.: A,=—-0.177 (1989Ba43.

31065 0.3 7412.4 /3%,7/27,92*

3385.3 2.3 71335

35714 0.7 6947.40 /3 D+Q  -0.063  Mult.: A,=—0.495 (1989Ba43.

3598.2 0.7 6920.61 /3

3651.1 1.9 6867.7 /3%,(32) D(+Q) +0.045  Mult.: A»=0.485, for J(6868%5/2 (1989Ba43.
3699.2 0.5 6819.6 /3 D(+Q) +0.0613 Mult.: A,=0.5011 (1989Ba4.

37833 05 67355 /3

3900.6 1.8 6618.1 /Z',(52)* D+Q  +0.064  Mult.: Ay=—0.235, for J(6618%7/2 (1989Ba4}.
4210.7 0.2  6307.96

45542 0.4  5964.4 /3

47525 2.6 5766.03 /3" D+Q  +0.172  Mult.: Ay=—0.045 (1989Ba4}.

4776.8 15 57418 /3" D(+Q) +0.046  Mult.: A,=0.496 (1989Ba43.

5139.9 0.6 5378.56 /3

6088.6 0.4  4429.63 /2*

6840.4 2.1  3677.60 /3 D(+Q)  0.004  Mult.: Ay=—0.408 (1989Ba4.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B

781

E;(level) J
10519.1 ®°*
10534.1
10549.2  B*
10574.6 R~

22Ne(p,y)  1989Ba42,1979Sm02,2017K 01 (continued)

v(2®Na) (continued)

Eﬂ Iyi Ef N Mult. 54 Comments
75357 3.5 2982.06 /3* D(+Q) +0.013  Mult.: A,=—0.385 (1989Ba4.
¢: Other: +0.1 2 (2009Us0].
78142 0.8  2703.50 /9"
8126.8 2.4 2390.732/2" Q Mult.: A;=0.238, As=—0.439 (1989Ba4.
8441.4 4.2  2076.01 /Z* D+Q  +0.432  Mult.: A,=—0.682 (1989Ba43.
6: or +3.0 2. Other:+0.403 or —2.9 3 (2009Us0).
10076.7 25 439.991 /3¢ D+Q  -0.193  Mult.: A,=0.244 (1989Ba4}.
¢: Other: -0.183 (2009Us0).
10516.5 40 00 @2 D+Q -0.132 Mult.: Ay=—0.644 (1989Ba43}.
6. Also same value ir2009Us01
3613.2 8% 692061 B~
5758.7 6% 477461 T2*
6855.4 8% 3677.60 B~
7550.7 1.8 2982.06 B*
8141.8 5% 2390.732 1*
8456.4 3.4 2076.01 T*
10001.7 1¥ 439.991 R+
105315 5§ 00 32¢
2657.8 1% 78912 3*
28246 1.8 7724.45
45823 2.8 50644 3
4806.9 1% 57418 32+
5170.0 3% 537856 ®*
6118.7 1# 442963 12* A,=-0.2059; A,=0.10392; Ag=—0.08795 (2006Ka65
0. —0.117 in 2006Ka65 but AJ=2 for the transition.
6633.9 1% 391424 ®* D+Q -0.8012 A,=-0.2541; A,=0.0261; Ag=0.0211 (2006Ka65
Mult.,6: From 2009Us01 Other: 6=—1.0 3 (2006Ka6%.
6870.5 08 3677.60 R~
7565.8 1§  2982.06 2+ D(+Q) -0.057  Ap=-0.091105 A,=—0.079117 A=0.018114 (2006Ka63
Mult.,6: From 2009Us01 Other: 6=—0.04 8 (2006Ka63.
8156.9 9% 2390.732 B* Ap=-0.592127; A4=0.109119 Ag=-0.0771 (2006Ka63J
84715 3.4 2076.01 7* D+Q -0.076  Mult.,s: From2009Us0land 2005V022 Other:5=—0.7 7 (2006Ka63.
10106.8 8.7  439.991 ®* D+Q® -0.1F8 A,=-0.552136 A,=0.054113 Ag=0.058110 (2006Ka65
§: Other:6=—2.05 (2009Us0).
10546.6 28 00 32 D+Q +0.196  A,=0.041109 A,=-0.011117 Ag=—0.040123 (2006Ka65
Mult.,6: From 2009Us01 Other: 6=+0.219 (2006Ka63.
37535 4% 68196 %
5195.4 1.8 537856 ®R*
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Us01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Us01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Us01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Us01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ka65,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ka65,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ka65,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Us01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ka65,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ka65,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Us01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ka65,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ka65,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Us01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2005Vo22,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ka65,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ka65,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Us01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ka65,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Us01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ka65,B

G8T

22Ne(p,y)  1989Ba42,1979Sm02,2017K 01 (continued)

v(2®Na) (continued)

Ei(level) J EyJr Iyi Et N Mult. o4 Comments

10574.6 B 61441 3.F¥ 442063 1*
6659.3 3.¥ 391424 B+
67255 2F  3848.07 ®-
68959 4% 367760 B
75012 2.8 208206 R*
79333 1.8 263986 12-
81823 8% 2300.732 1*
10132.2 4% 439.991 ®*
10616.9 ®+,32¢ 37489 48 6867.7 52 ,(32Y)
48503 6.6 5766.03 ®*
6701.6 8% 391424 B D(+Q)® +0.5811 A,=0.614135 A4=0.091110 Ag=0.126140 (2006Ka65
6938.2 1  3677.60 B D+Q®  —0.685 A,=-0.614136 A4=—0.053123 Ag=0.109111 (2006Ka63
82246 3.8 2390.732 1*
8539.2 4% 2076.01 72*
101745 5# 439.991 ®* D(+Q)® +0.5£10 A,=0.564119 A4=—0.070106; Ag=—0.002106 (2006Ka6J
10614.3 3% 00 32

¥ From level energy dierences, recoil energy subtracted.

¥ From 1989Ba4? except otherwise noted.

# From 1979Sm02

@From 1973Mel1

& From 2017Ke01 Recommended values 8017Ke01for 8975.3 (E=178) and 9211.0 keV (E417) levels are listed. The recommended value is the arttbme
mean of values from singles and coincidence measurements.

2 From 2015Ke05 New primaryy to 7082-keV level (217§).

b From 2016De34

¢ From2015De33

d From 1989Ba42 except otherwise noted.

€ From 2006Ka65 Sign from calculated reduced probabilities and the RRRQ6Ka65n0te. Evaluators assign without sign in this dataset.

f For weightedlinweighted average values 2018Fe04and 2016De34are scaled by a ratio of(8533.6)R017Ke03/1y(8533.6)R018Fe03 or
1y(8533.6)R017Ke0)/1y(8533.6)R016De34.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ka65,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ka65,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ka65,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Sm02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Me11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Ke05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016De34,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015De33,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ba42,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ka65,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ka65,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Fe04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016De34,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Fe04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Ke01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016De34,B
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7iNa, ,-132

NUCLEAR DATA SHEETS

22Ne(p,y)  1989Ba42,1979Sm02,2017K €01

Level Scheme

Intensities: % photon branching from each level
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23Na, ,-133 NUCLEAR DATA SHEETS 1iNay,133

22Ne(p,y)  1989Ba42,1979Sm02,2017K e01

Level Scheme (continued)

Intensities: % photon branching from each level
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5/2" 7891.2 <0.7fs
712,(512°) 783413 <35fs
5/2,7/12 7566.2 <3fs
5/2 74515 <3fs
5/2+ 712+ 9/2F 74124 <35fs
7133.5
3/2 6947.40 <28fs
3/2" 6920.61
5127 (3127) 6867.7 <6fs
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3/2 / \ 6735.5
7127 (512 6618.1 <0.7fs
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3/2- 5964.4 <11fs
3/2- 5766.03 <7fs
5/2* 57418 <5fs
5/2" 5378.56 <3.5fs
1/2+ 4429.63 1.4fsl4
3/2- 3677.60 24fs3
3/2" 2982.06 3.2fs7
9/2* 2703.50 65 fs22
1/2- 2639.86 73fs9
1/2+ 2390.732 526 fs139
712" 2076.01 24fs2
5/2" 439.991
3/2" 0.0
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23
7INa, ,-134

NUCLEAR DATA SHEETS

23
7iNa,,-134

22Ne(p,y)  1989Ba42,1979Sm02,2017K e01

Level Scheme (continued)

Intensities: % photon branching from each level
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7127 (5I2) 6618.1
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3/2¢ 5766.03
5/2° 5741.8
5/2* 5378.56
1/2+ 4429.63
5/2+ 3914.24
5/2- 3848.07
3/2” 3677.60
312+ 2982.06
o2 2703.50
1/2- 2639.86
1/2+ 2390.732
712t 2076.01
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25eV

<21fs

<0.7fs

<35fs

<8fs
<0.7fs

6fs2
<7fs
<5fs
<3.5fs

1.4fs14

8.5fs14
82 fs21
24 fs3

3.2fs7
65 fs22
73 fs9
526 fs139
24 1s2
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23Na, ,-135 NUCLEAR DATA SHEETS 1iNay,135

22Ne(p,y)  1989Ba4?2,1979Sm02,2017K 01

Level Scheme (continued)

Intensities: % photon branching from each level
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5/2 6819.6 <8fs
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712- 6042.19 6fs2
3/2- 5964.4 <11fs
3/2+ 5766.03 <7fs
5/2+ 57418 <5fs
5/2+ 5378.56 <«35fs
712" 4774.61 <1.4fs
1/2+ 4429.63 1.4fs14
5/2F 3914.24 85fs14
5/2" 3848.07 82fs21
3/2- 3677.60 241s3
3/2+ 2982.06 3.2fs7
1/2- 2639.86 731s9
1/2+ 2390.732 526139
712" 2076.01 24fs2
5/2+ v 439.991
3/2+ 0.0
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23
7INa, ,-136

NUCLEAR DATA SHEETS

23
7iNa,,-136

22Ne(p,y)  1989Ba42,1979Sm02,2017K €01

Level Scheme (continued)

Intensities: % photon branching from each level
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3/2- 5766.03 <7fs
5/2" 5378.56 <3.5fs
7/2+ 4774.61 <1.4fs
1/2+ 4429.63 1.4fs14
5/2" 3914.24 85fs14
5/2- 3848.07 82fs21
3/2- 3677.60 24fs3
3/2- 2982.06 3.2fs7
1/2- 2639.86 73fs9
1/2F 2390.732 526 fs139
5/2+ 439.991
3/2+ 0.0
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23Na, 137 NUCLEAR DATA SHEETS 1iNay,137

22Ne(p,y)  1989Ba42,1979Sm02,2017K e01

Level Scheme (continued)

Intensities: % photon branching from each level
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3/2 6947.40 <28fs
5/27 (3/2F) 6867.7 <6fs
3/2 6735.5
712" ,(5/2)" 6618.1 <0.7fs
5/2- 6194.6 <70fs
7/2- 6042.19 6fs2
7/2¢ 5926.8 13fs5
3/2F 5766.03 <7fs
5/2+ 5741.8 <5f1s
5/2F 5378.56 <3.5fs
712+ 477461 <1.4fs
5/2" 3914.24 85fsl14
o 3848.07 82fs21
3/2- 3677.60 24fs3
3/2" 2982.06 3.2fs7
9/2" 2703.50 65 fs22
1/2F 2390.732 526 fs139
7/2- 2076.01 24fs2
5/2+ 439.991
3/2+ 0.0
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23
7iNa, ,-138

NUCLEAR DATA SHEETS #iNa,,-138

22Ne(p,y)  1989Ba42,1979Sm02,2017K e01

Level Scheme (continued)

Intensities: % photon branching from each level

N
el
SES S £ 4
PP L D %“’Né\vwzq‘/:’b fC’o’vZ ,,j’; r\‘f; & 3%'\//\ Lo, o0
DO SS o N » O 02V YL SNAN Y w
52t FPVTS TEPYLEOEFFTE TN 000 TEWSenVOvew o0 oy o 101696
FE SR T GG W PR ROy VA 9 B S0 0N — P o PP PP N T 2
5/2 SRR P- QPR YLFLL X F 0PN v AN 20 A v o o— 101259
iz 101145
1/2+ N NN O O 0 W W0y 10085.3
3/2,7/12 10075.9
8475.7
8060
3/2,(5/2") 7872.83 <35fs
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3/2 6947.40 <28fs
3/2- 6920.61
5/2 6819.6 <8fs
3/2 6735.5
6307.96
712" 6042.19 6fs2
3/2- 5964.4 <11fs
3/2" 5766.03 <7fs
5/2+ 5741.8 <5fs
5/2+ 5378.56 <35fs
7/2+ 477461 <1.4fs
1/2+ 4429.63 1.4fs14
5/2+ 3914.24 85fs14
512" 3848.07 82fs21
3/2- 3677.60 24fs3
3/2+ 2982.06 3.2fs7
1/2- 2639.86 73fs9
1/2+ 2390.732 526 fs139
7/2* 2076.01 24fs2
5/2+ 439.991
3/2+ 0.0
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23
7iNa, ,-139

NUCLEAR DATA SHEETS

23
7iNa;,-139

22Ne(p,y)  1989Ba42,1979Sm02,2017K e01

Level Scheme (continued)

Intensities: % photon branching from each level
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5/2+ 5378.56
712+ 477461
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5/2+ 3914.24
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312+ 2982.06
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23
7iNa,,-140

NUCLEAR DATA SHEETS

23
7iNa,,-140

22Ne(p,y)  1989Ba42,1979Sm02,2017K e01

Level Scheme (continued)

Intensities: % photon branching from each level
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5/2+ 5378.56
7/2" 4774.61
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5/2- 3914.24
5/2” 3848.07
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1/2F 2390.732
5/2+ 439.991
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23Na, -141 NUCLEAR DATA SHEETS 1iNay,-141

22Ne(p,y)  1989Ba42,1979Sm02,2017K e01

Level Scheme (continued)

Intensities: % photon branching from each level
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3/2 6947.40 <28fs
3/2 6735.5
712+ ,(5/12)" 6618.1 <0.7fs
7/2" 5926.8 13fs5
3/2" 5766.03 <7fs
5/2" 5741.8 <5fs
7/12r 477461 <1.4fs
1/2+ 4429.63 1.4fs14
5/2F 3914.24 g5fsl4
5/2- 3848.07 82fs21
3/2- 3677.60 24fs3
3/2+ 2982.06 3.2fs7
9/2+ 2703.50 65 fs22
1/2- 2639.86 73fs9
1/2F 2390.732 526 fs139
7/2* 2076.01 24fs2
5/2" 439.991
3/2" 0.0
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23Na, 142 NUCLEAR DATA SHEETS 1iNay,142

22Ne(p,y)  1989Ba42,1979Sm02,2017K e01

Level Scheme (continued)

Intensities: % photon branching from each level
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712,(5127) 7834.13 <35fs
5/2,7/12 7750.5
5/2",7/2+,9/2" 74124 <35fs
712,512 7277.1 9fs6
5/2 6819.6 <8fs
3/2 6735.5
912 (5/2) 6577.79 <11fs
5/2- 6194.6 <70fs
7/2- 6042.19 6fs2
5/2F 5741.8 <5fs
5/2" 5378.56 <3.5fs
1/2+ 4429.63 1.4fs14
5/2+ 3914.24 85fsl4
5/2- 3848.07 82fs21
3/2- 3677.60 24fs3
3/2+ 2982.06 3.2fs7
9/2+ 2703.50 65fs22
12" 2639.86 73fs9
1/2¢ 2390.732 526 fs139
7/2¢ 2076.01 24fs2
5/2- 439.991
3/2" 0.0
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23
7INa, ,-143

NUCLEAR DATA SHEETS

23
7iNa,,-143

22Ne(p,y)  1989Ba42,1979Sm02,2017K €01

Level Scheme (continued)

Intensities: % photon branching from each level
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5/2~ 6194.6
3/2* 5766.03
7/2+ 4774.61
1/2+ 4429.63
5/2* 3914.24
5/2- 3848.07
3/2” 3677.60
3/2* 2982.06
1/2- 2639.86
12+ 2390.732
7/2* 2076.01
5/2" 439.991
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23
7INa, ,-144

NUCLEAR DATA SHEETS iiNa,,-144

22Ne(p,y)  1989Ba42,1979Sm02,2017K e01

Level Scheme (continued)

Intensities: % photon branching from each level
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7070.82
3/2 6947.40 <28fs
5/2 6819.6 <8fs
3/2 6735.5
6307.96
5/2- 6194.6 <70fs
3/2- 5964.4 <11fs
3/2+ 5766.03 <7fs
5/2F 57418 <5fs
5/2+ 5378.56 <35fs
1/2+ 4429.63 1.4fs14
5/2+ 3914.24 85fsl14
5/2- 3848.07 82fs21
3/2- 3677.60 24fs3
3/2" 2982.06 3.2fs7
12" 2639.86 73fs9
1/2+ 2390.732 526 fs139
5/2" 439.991
3/2+ 0.0
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3
#iNa,,-145

NUCLEAR DATA SHEETS

3
2Na, ,-145

22Ne(p,y)  1989Ba42,1979Sm02,2017K e01

Level Scheme (continued)

Intensities: % photon branching from each level
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8417.43 <21fs
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5/2 7750.5
5/2,7/12 7724.45
7566.2 <3fs
512,712 7487.84 <3fs
172,(312) 74515 <3fs
5/2 v 74124 <35fs
5127 7127 9/ 72771 91s6
712,512 7190
7081.9
6819.6 <8fs
5/2 6735.5
312 6577.79 <11fs
9/2" (5/12") / \ 6354
Q 6307.96
u 6042.19 6 fs2
u 57418 <5fs
5/2+
477461 <1.4fs
712+
4429.63 1.4fs14
12+
3914.24 85fs14
5/2+ 3848.07 82fs21
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312
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9/2+ 2639.86 73fs9
1/2- 2390.732 526 fs139
12+
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5/2+
0.0
3/2+
ﬁNaﬂ

199



23
11Na,,-146

NUCLEAR DATA SHEETS #iNa,,-146

22Ne(p,y)  1989Ba42,1979Sm02,2017K e01

Level Scheme (continued)

Intensities: % photon branching from each level
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23
7iNa, ,-147

NUCLEAR DATA SHEETS

23
TiNa,,-147

22Ne(p,y)  1989Ba42,1979Sm02,2017K e01 Legend
Level Scheme (continued)
Intensities: % photon branching from each level
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712" 2076.01
5/2¢ L L v v vy L ] 439.991
3/2+ 0.0
23
1iNay;

<21fs

<0.7fs

<8fs
<0.7fs

6fs2
13fsh

<1l.4fs

8.5fs14
82fs21
24 fs3

3.2fs7

65 fs22
73fs9

526 fs139

241s2
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23
7iNa,,-148

NUCLEAR DATA SHEETS

23
7iNa,,-148

22Ne(p,y)  1989Ba42,1979Sm02,2017K e01

Level Scheme (continued)

Intensities: % photon branching from each level

i
AN (SN &
AN KL
SOV LY SLao
5/2 INESE é\’,;/.Ql;fo?.h;‘/iQ)()(\:\,n;'\, 7876.2
3/2,(52°) VST PO S8 7872.83
7/2,(5/2") ? Ve 22 L8 7834.13
5N T ¢
512,712 ? VY 2P 08 oo 7750.5
N o 2 V% o;")
A% 22 99W & 7724.45
SFs05—0
52,712 A NSRS IS 7566.2
[SPGIKso) \d
1/2,3/2) T §§?§’1 e S 7487.84
A
5/2 NES Jonl 34 74515
5/2¢,7/2,9/2" ST Son TSP 7412.4
SR
7/2,5/2 T x PR RS . 7277.1
NOONT 0o N 0
#’\ o O W S A S 7133.5
—o b X

? P £& 0990 o 7081.9

SRRV IS TP & -
R I w? NS Y 7070.82
FEESF ey
312 CEPVIS o 6947.40

AN

312 eI 6920.61
5/2+ 3914.24
512 3848.07
3l 3677.60
32t 2982.06
/2! 2703.50
12 2639.86
12t 2390.732
712+ 2076.01
5/2+ 439.991
32+ 0.0

ﬁN 815

<12fs
<3.5fs
<3.5fs

<3fs
<3fs
<3fs
<35fs
9fs6

<28fs

8.5fs14
82 fs21

24 1s3

3.21s7

65 fs22
73fs9

526 fs139

24 fs2
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23Na, 149 NUCLEAR DATA SHEETS 1iNay,149

22Ne(p,y)  1989Ba42,1979Sm02,2017K e01

Level Scheme (continued)

Intensities: % photon branching from each level

<
(0% S $
SF 200 o
NS o N
FELEE oo ey e & $

52,320) ST TFE ol v 2SI o L0 6867.7 <6fs
) TV EFE V0N v VO 68196 <8f
302 FEET oS o —9 §o 67355
7127,(512)" FVEV S STy OO S % 6618.1 <0.7fs
92" (5127) S Avoy SLCTw ST &y 6577.79 <1ifs

T IETE STOE 999006 PO 0q 0 n o  6307.96

— QVVTICFT YV A DLYD0 Og QL VG
5/2 EVT TGP T EF oy STy o388 <0fs
7/2- BT S A Y 6042.19 6 fs2
R RGF NS S
3/ D 0070V N 59644 <11fs
7/2* 5926.8 13fs5
712+ 477461 <14fs
12+ 442963 1.4fs14
5/2+ 391424 g5fs14
5/2- 3848.07 82fs21
312" 3677.60 24fs3
3/2+ 2982.06 3.2fs7
9/2* 2703.50 65 fs22
12 2639.86 73fs9
1/2*" 2390.732 526 fs139
7/2+ i 2076.01 24fs2
5/2+ 439.991
312+ 0.0
23
1INay;
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23
7iNa ,-151

NUCLEAR DATA SHEETS

23
11Na;,-151

22Ne(p,y)  1989Ba42,1979Sm02,2017K e01

Level Scheme (continued)

Intensities: % photon branching from each level

¢
PEEIN o o
RO STEE T ©
3 FHIVISE L v o, 3677.60
oo SV Tw oo
ST o 9L A
FEFTF o F 0L &F
3/2+ v NG W&‘i@,@;@;g’,& N 2982.06
/2" I g — e S 270350
12 &S 2639.86
12 - 2390.732
712 v 2076.01
N
$
&
Q
©
&
o
5/2t > 439.991
312+ l 0.0
23
1INay;

24 s3

3.2fs7
65 fs22
731s9
526 fs139
24 s2

205



Na, ,-152

NUCLEAR DATA SHEETS

23Na, ,-152

J7(%Ne)=0".

22Ne(d,n)  1993Te05,1973Ch07

Other referencesl973Ch07 1967Mul3 1964Pa08
1993Te05 22Ne(d,n) E=25 MeV. Measuredr(6). FWHM 170-200 keV.
1973Ch07 22Ne(d,n) E=2.5-5.5 MeV. Measured-(E;Eng). FWHM 50-320 keV.

E(level)

0
44010
2080
239010
298010
368030
391030
4430
4780
5380
574010
5940
631010
692010
708010
745010

7750

789010
830010
842010

866010
8800

8940

970010
1001030
1084030
1094010
1129010
1154010
1176010
1188010
1437010

L¥
(2

2
@¥
0

2
1
2

(of
@f
#

2
@
0

1

1
@)

N WN ~
N
~tt

W ©

WWwwNhNTENN
—

23Na Levels

(211)c2s@ Comments
(0.33) (231)C2S: Other: (1.09) 1973Ch07.
2.91 (231)C2S: Other: (1.28) 1973Ch07.
(0.10¥
0.50 (231)C?S: Other: 0.281973Ch07.
1.68 (231)C2S: Other: 0.691973Ch07.
0.15 (231)C3S: Other: 0 1973Ch07.
0.39
ot
)"
0.16*
0.47 (231)C2S: Other: 0.201973Ch07.
#
0
0.27 (231)C2S: Other: 0.18 1973Ch07.
0.53 (231)C?S: Other: 0.19 1973Ch07.
0.31 (231)C?S: Other: 0.081973Ch07.
1.62 L: Other: 1 {973Ch07.
(23+1)C?S: Other: 0.111973Ch07J.
0.05*
0.87 (231)C?S: Other: 0.401973ChO07.
0.44
0.52 L: Other: 3 {973Ch07.
(23+1)C?S: Other: 0.16 1973Ch07J.
1.16 (231)C?S: Other: 0.50 1973Ch07.
0.08* (23+1)C?S: Other: (0.08) 1973Ch07.
(0.24Y
0.32
0.19
0.35
0.42
0.71
0.49
0.40
0.24

T From 1993Te05 except where otherwise noted. Uncertainty 10 keV for premi peaks and 30 keV for weakly populated peaks.
Based on the excitation energy spectrum presented in Figvaluators identified possible prominent and weak peaks and
assigned the uncertainty. Excitation levels without utaiety are from1973ChQ7

¥ From 1993Te05 except otherwise noted.

# From 1973Ch07

@ From 1993Te05 except where otherwise noted.

206


https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Te05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ch07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ch07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Mu13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1964Pa08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Te05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ch07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ch07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ch07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ch07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ch07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ch07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ch07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ch07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ch07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ch07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ch07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ch07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ch07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ch07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ch07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ch07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ch07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Te05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ch07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Te05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ch07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Te05,B

23Na, 153 NUCLEAR DATA SHEETS TiNay,-153

22Ne(d,ny)  1974Ch57

J"(?2Ne)=0".
1974Ch57 22Ne(d,ny) E=4.5 MeV. Measured £ |y, ny coincidences.

23Na Levels
E(level)f T12 Comments
0
440.17
2390.85
26414
29885
6305.57
8666.324 116 as22 Ty : FromI'=3.9 eV7 (1974Ch57- I'y=3.36 t0 g.S.).
88314
* From least squares fit tp-ray energies.
y(*Na)

Ei(level) E Iy Et
2390.8 1950.6 341 440.1

2390.65 661 0
6305.5 3914.% 100 2390.8
8666.3 56784 42 2988

60243 73 2641

62724 53 2390.8

86663 842 0

8831 64374 6410 2390.8
88356 3610 0
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Ch57,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Ch57,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Ch57,B

23Na, -154 NUCLEAR DATA SHEETS 1iNay,-154

22Ne(d,ny)  1974Chs7

Level Scheme

Intensities: % photon branching from each level

e <

PR I ©w A ¥
(2o] W QY \d o
O © N (3% N
E—&—& 8831

8666.3 116 a22

&
S

6305.5

© 2988

O O
e & 2641
2390.8

440.1

23
11Nay,
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23Nay ,-155 NUCLEAR DATA SHEETS 1iNay,-155

22Ne(®Hed),(®Hedy)  1971P011,2002Ha03,1991H009

J7(%Ne)=0".

Others:1968Du03 1967Du08

1971Po11 22Ne@He,d) E=15 MeV. Measuredr(Eq,6). FWHM 22 keV.
2002Ha03 22Ne@He,d) E=20 MeV. Measured g o (6).

1991H009 22Ne(He,d) E=20.2 MeV. Measured-(Eg,6).

1968Du03 2’Ne(®He,dy) E=10 MeV. Measuredr(Eg,E,).

1967Du08 22Ne@He,d) E=10, 12 MeV. Measured(Eg,0). FWHM <60 keV.

2020Sa09 Fitted angular distribution of experimentaHe,d) data in the literature with finite-range DWBA. Deducgmkctroscopic
factors for g.s., excited states, including the subthrgstesonance state at 8664 keV. A systematic R-matrix aisabfsdirect
capture to the bound states and the decay of the 8664 keV wm.g¢he

23Na Levels
E(level) F L S5 Comments
00  32¢ 2 0.32  S: Others: €5=0.08 (1991H009 and 0.08212 (2020Sa0

4399  52* 2 2.10  S: Others: &5=0.34 (L991H009 and 0.383 (2020Sa0%
20789 <0.18  E(level): Other: 20820 (1967Du08.
23927 12 0 0.50  E(level): Other: 2395 (1967Du08.

S: Others: (20r1)S=1.1 (1967Du0§. C2S=0.25 (1991H009 and 0.265 (2020Sa0%
264% 10 12 1 0.043 S: Others: (2d1)S=0.04 (1967Du08. C2S=0.020 (L991H009.
2704 6 <0.36
208F 7 32t 2 1.28  S: Others: (241)S=1.3 (1967Du08. C2S=0.32 (L991H009 and 0.354 (2020Sa0
3677 32 1 0.076  E(level): Other: 36812 (1967Du08.

S: Other: (2+1)S=0.1 (1967DU08.
38548 52 3& 0.033 S: Others: (231)S=0.06 (L967Du08. C2S=0.010 (991H009.
3018t 7 52t 2 0.27  S: Others: (241)S=0.45 (1967DU0Y. C2S=0.046 (L991H009.
4438t 12+ o0& 0.006 S: Others: (231)S=0.002 (1967Du0§. C2S<0.0033 L991H009.
4777 8 <0.16
5378t 7 52t 2 0.074 S: Other: (231)S=0.07 (L967Du08.
55367 9
57408 5/2*+ 2& 0.21 E(level): Other: 57420 (1967Du08 — possible doublet.

S: Other: (2¢+1)S <0.55 (L967Du0$.
576210 2,(1)
577620
5937 7
5968" 5
6039 7
61165
6193 8
623210
63075 12 0 0.27  S: Others: (231)S=0.75 (L967Du08. C2S=0.142 (2020Sa0%
63439
65765
6618" 5
673F 5 32t 2 0.030 S: Other: (231)S=0.04 (L967Du08.
68195
68666 3/2t, 52t 2 0.032
69175 3/2- 1 0.30 E(level): Other: 692380 (1967Du08 — possible doublet.

S: Others: (20r1)S <1.2 (1967Du0§. C2S=0.184 (2020Sa0Pfor J'=1/2".

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Po11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2002Ha03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Ho09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Du03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Du08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Po11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2002Ha03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Ho09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Du03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Du08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Sa09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Ho09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Sa09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Ho09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Sa09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Du08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Du08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Du08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Ho09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Sa09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Du08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Ho09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Du08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Ho09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Sa09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Du08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Du08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Du08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Ho09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Du08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Ho09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Du08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Ho09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Du08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Du08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Du08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Du08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Sa09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Du08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Du08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Du08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Sa09,B

23Nay 156 NUCLEAR DATA SHEETS TiNay,-156

22Ne(®Hed),(3Hedy)  1971P011,2002Ha03,1991H009 (continued)

23Na Levels (continued)

E(level)f F LT s Comments

694310  (3/2%) ) 0.18

7079 6 32 1 0.17 S: Other: (231)S=0.6 (1967Du08§.

71306 32t52° 2 0.065

71797

7275t 7 2,3 0.058 S: and 0.24 for42 and 3, respectivelyl@71Pol)L

738610 12,32 1 0.034

740910

74516 (3/2*,52%) 2 0.58 E(level): Other: 74490 (1967Du0§ — possible doublet.
S: Other: (2¢+1)S<1.1 (1967Du08.

74829 (12,327 1 0.15

75656

76836

772511

7754 6 ?3) 0.084 S: Others: 0.028, 0.052, and 0.33 fes2l-3, and 4, respectivel\2002Ha03.

783910

788 5 52t 2 05”7  S: Other: (2¢+1)S=0.06 (1967Du08.

79605

798212

80638

810112

81227

81495

81737

82205

82545 (1) 0.011

83025 3,(2) 0.49 S: 0.49 and 0.15 ford3 and (2).

83555 3,2) 0.16 S: 0.16 and 0.054 for=3 and (2).

8416* 5 ) 0.18

84685 2 0.077

84986

85555

86025

864610

8663 5 172+ 0 0.5P  S: Others: (20r1)S=0.63 (1967Du0§. (23+1)C?S=0.54 (L971P0o1) C?S=0.325

(2020Sa0%

87217

87935

8830F 3 1/2* 0 0.039

8862%@ 12+ ot  <0.001®

88947@ 10+ of  <0.001®

8946: 3 52,727 3F  <0.008P

8973t 3 32t 52t 2F 0.008

9000

9044 3 4F 0.02

91086

91676

9215 3 0,1%

9257 3 12+ of 0.079

92825

93205

93985 1,(2) (0.039)  S:(0.039) and (0.032) foel and (2).

94266

94825

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Po11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2002Ha03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Ho09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Du08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Po11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Du08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Du08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2002Ha03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Du08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Du08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Po11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Sa09,B

23Nay 157 NUCLEAR DATA SHEETS TiNay,-157

22Ne(®Hed),(3Hedy)  1971P011,2002Ha03,1991H009 (continued)

23Na Levels (continued)

E(level)f T i s Comments

95407
9588

96087 32+ 2F 0.08% Ip=6.3 eV,2002Ha03
96487

96807

97045 32+ 2F 0.084 TIp=12.4 eV,2002Ha03
97305

97585

98185

98445 32+ 2% 0.20  TI'p=35.3 eV,2002Ha03
S: Other: 0.11 ((23-1)C2S in 2002Ha03.

98878

99256

994410

1001810 2,(3) (0.18) S: (0.18) and (0.40) ford2 and (3).
1003510

1007710

1017310

1021810

f From 1971Po1] except as noted. Excitation energies reportefi967Du08are marked by footnote and mostly in good
agreement but less precise.

* From 2002Ha03

# Also reported in1967Du08

@ Resonance level was not observed at any angR0B2Ha03

& From 1991Ho09

a (23+1)C2S from 1971Po1] except where otherwise noted.

b From 2002Ha03

¥(*Na)

E(eve) J &7 1T E F

439 52+ 439 0.0 P2+
2392 ¥2+ 1955 304 439 52*
2393 704 0.0 32+

* From 1968Du03
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Po11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2002Ha03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Ho09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2002Ha03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2002Ha03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2002Ha03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2002Ha03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Po11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Du08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2002Ha03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Du08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2002Ha03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Ho09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Po11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2002Ha03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Du03,B

23Na, ,-158 NUCLEAR DATA SHEETS 1iNay,158

22Ne(®Hed),(*Hedy)  1971P011,2002Ha03,1991H009

Level Scheme

Intensities: % photon branching from each level

S
(%] %)
Oy L%)
o5 S
1/2+ v ~ 2392
o
45
5/2+ a 439
32+ i 0.0
23
1iNay,
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23Nay 159 NUCLEAR DATA SHEETS fiNay,-159

22Na(n,p),(n,): res  1982G107,1971EhO1

Other: 1988K025
1982GI07 22Na target of activity 50Q:Ci. Measured proton emission spectrum alpha from captate stith Si detector.

1971Eh01 ?2Na target of activity 2uCi/cm?. Measured proton and alpha emission from capture stateSiitetector. Measured
35900 b1200total cross section.

23Na Levels
E(level) F r Comments
0.0
1.235¢10% 31 E(level): Average from Ep(0)(c.m=}000, Ep(1275)(c.m=2250 for proton

emission to levels if2Ne; and E(0)(c.m.)=1770, E(110+197)(c.m.}=1430 to
levels in19F (1971Eh0}. Overlaps three or more in Adopted Levelsot
referenced.

12419.82 (7/2*,527) 116 eV20 E(level): From neutron resonance state at 0.145 k&\1982GI0j and
Sn=12419.6617 (AME2016 — 2017Wal(. From Ep(Lab¥x2250 keV and 3470
keV to 1st and g.s. of2Ne — would result 12421.2 keV, considering S3792.10
2 (AME2016 — 2017Wal0.

J. Based on measurdtho/T'p1 and shell model calculations.
I FromT'hg=1.6 eV2, I'p1=114 eV 20, andl'no=0.7 eV.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1982Gl07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Eh01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1988Ko25,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1982Gl07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Eh01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Eh01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1982Gl07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B

23Na, ,-160 NUCLEAR DATA SHEETS TiNay,-160

23Na(y,y’)  1984Vo02

Other references1962Mo0171963Sw0]11966Sk011966Ral191969Ru0]1
1970Sh081971Ra131971Sw041972Fr101972Sh0719821s011985Ba36
1984\002 #*Na(y,y’) E=7.66, 10.37 MeV. Measured,El, .

1985Ba36 23Na(y,y’) E=7.89, 4.43 MeV. Measured(E,).

23Na Levels
E(IeveI)Jr FE T1/2# Comments
0.0
440 1.14 pst Ty/2: Fromr=1.64 ps10: Wt. ave. of 1.8 p (1969Ru0), 1.62 ps10 (1966Sk0}, 1.80

ps 28 (1962Mo17, and 1.30 ps30 (1963Sw0).

2076

23901

26401

29821 3/2* 2.6 fs5 Tyy2: Other value: 4.6 f49 (1972Sh07.

39151 5/2* 9.4 fs16

443215  1/2* 0.21fs3  Ty2: Wt. ave. of 0.24 5 (1984V003, 0.24 fs5 (1985Ba36, and 0.17 fs3 (1972Sh07.

5380 52+ 143 as21 Ty/2: Other value: 223 ag2 (1972Sh07.

574115 52 394 as27 Ty2: Other value: 577 a809 (1972Sh07.

576615  3/2* 351 as45 Ty,2: Other value 608 a$16 (1972Sh07.

67352 3/2* 415 as50 Ty2: Other value: 1.2 f8 (1972Sh07.

70702 Ty/2: (109 as11)/(2%+1) (1984Vo03).

70822 32- 258 as31 Tyy2: Other value: 400 a80 (1972Sh07.

71223 (92) 13 fs5

71343 3/2+,52% 200 as26 Ty/2: Weighted average of 196 @8 (1984V003, 184 as34 (1972Sh0y, 300 as80
(1971Sw03 for %x=3/2.

75662 (5/2)* 0.26 fs18

78902 52+ 162 asl2 T1/2: Weighted average of 152 d2 (1985Ba3¢, 187 as21 (1984V003, and 166 as5
(1972sho0y.

79923 (11/2) 19 fs8

83602 Ty/2: (38 as6)/(2%+1) (1984V003.

86303 Ty/2: (104 as31)/(2%+1) (1984Vo03).

86452 12+ 0.53 fs7

86622 1/2* 141 as23 Ty,2: Other value 290 a60 (1972Sh07.

87212 Ty/2: (760 as95)/(2%+1) (1984Vo03).

88262 1/2* 211 as70

92133 32- 4.1fs15

96263 1/2* 2.2 fs8

T From 1984Vo02

¥ From Adopted Levels.

# From measured level widthd'g andTo/T" ratios 0f1972Sh07 1984Vo02where g=(2%+1)/(23+1) and }=3/2.
T1/2=4.56210"16(eV.s)T'(eV).

y(**Na)

Ei(level) J Eﬂ ly Et Mult. 5 Comments
2390 2390 0.0
2640 2640 0.0
2982 32 2542 440 B-Q +0.155 Mult.,6: From1971Ral3

2982 0.0
3915 g2+ 3915 0.0
4432 ¥2+ 4432 0.0

5380 52t 3304 201 2076

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Vo02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1962Mo17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1963Sw01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1966Sk01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1966Ra19,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Ru01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Sh08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Ra13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Sw04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Fr10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Sh07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1982Is01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1985Ba36,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Vo02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1985Ba36,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Ru01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1966Sk01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1962Mo17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1963Sw01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Sh07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Vo02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1985Ba36,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Sh07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Sh07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Sh07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Sh07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Sh07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Vo02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Sh07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Vo02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Sh07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Sw04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1985Ba36,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Vo02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Sh07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Vo02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Vo02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Sh07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Vo02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Vo02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Sh07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Vo02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Ra13,B

23Nay 161 NUCLEAR DATA SHEETS fiNay,-161

23Na(y,y’)  1984V0o02 (continued)

7(33Na) (continued)

Ei(level) J 5T, Er ¥ |E(evel) J Y1, E
5380  52¢ 4939 666 440 7566 (32)* 7565 0.0
5379 141 0.0 7890 52 5813 61 2076
5741 52+ 5300 303 440 7449 363 440
5740 703 0.0 7889 584 0.0
5766 32" 3376 61 2390 7992 (112) 7991 0.0
5325 414 440 8360 5969 @ 2390
5765 535 0.0 7919 201 440
6735  32* 4345 71 2390 8358 713 0.0
6294 243 440 8630 8628 0.0
6734 684 0.0 8645 y2* 8643 0.0
7070 3155 8 3915 52* | 8662 y2¢ 6021 91 2640
7069 923 0.0 8660 914 0.0
7082 32 4442 202 2640 8721 8719 0.0
6641 254 440 8826 y2r 8824 0.0
7081 552 0.0 9213 32 8771 440
7122 (92) 7121 0.0 9211 0.0
7134 32520 6693 440 9626 2" 9624 0.0
7133 0.0

T From level energy dierences, recoil energy subtracted and rounded to neaiést ke
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Vo02,B

23
7INa, ,-162

NUCLEAR DATA SHEETS

23
7iNa,,-162

2Na(y,y)  1984Vo02

Level Scheme

Intensities: % photon branching from each level

&
1/2* d 9626
NN
A

3 ¥ E & 9213
1/2" © 2 oo 8826
* S 8721
1/2+ O P 8662
1/2* © R 8645
i N 8630

2] ) [

O N O

0y ) )
N @ 8360

g & % o
(11/2) N ee® 7992
5/2t NN e 7890
&
(5/2)* N s S 7566
3/2" 5/2" VO Yy e LS 7134
A
(912) M I Y Yo 7122
3/2- N o ¥ L& 7082
Ny N 7070
N > »
/\“9 (>} \al
32" o & ¥ 6735
5/2+ 3915
2640
2390
2076
440
0.0
23
1iNay,

2.2fs8

4.11s15
211 as70

141 as23
0.53fs7

19fs8
162 asl2

0.26 fs18
200 as26
13fs5

258 as31

415 as50

9.4fs16

1.14 ps7
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23
7INa, ,-163

NUCLEAR DATA SHEETS

23Na(y,y)  1984Vo02

Level Scheme (continued)

Intensities: % photon branching from each level

S ST v

32t R S oo o 5766
5/2+ ORI 5741
5/2+ & S 5380
75 Y 3 4432
5/2+ i S 3915
32t v v S 2982
o 2640

2390

2076

440

0.0

ﬁ)Nalz

351 a#A5
394 a27
143 as21
0.21fs3
9.4fs16
2.6fs5

1.14 ps7

217



23Na, ,-164 NUCLEAR DATA SHEETS TiNa,-164

23Na(e,¢)  1965Ba28,19695a16

Other referencesl968Sa241969Ti0g§ 19770kZV.

1965Ba28 23Na(e,é) E=58.5 MeV: 2Na target (thickness 0.23(ag?) between thin Mylar foils; Measured(E€) at 180,
deduced level spiparity, I'p.

1969Sa16968Sa24 23Na, 3% (e,€), E=100-230 MeV; measured s(E;E®; deduced elastic, inelastic form factors, deduced
B(EL).

23Na Levels

E(level) F T12 Comments

0.0 32
2080 72t 46 fs7 B(E2)1=0.008011

E(level): From1969Sal6
J: From Adopted Levels.
Ty/2: Using B(E2) andy-ray properties in the Adopted Gammas.
B(E2)T — from 1969Salfémodel independent value.

45<10° 1 1/2* 0.65 fs6  E(level): From1965Ba28
J: 4500y M1 to 32" based ornr(E€) measurements at 18¢1965Ba2§. Spin 12 from

literature.

T1/2: FromIg=0.64 eV6 (1965Ba28 and branching ratios in Adopted Gammas.
o(E¢) = 0.0048uby/sr 5 (1965Ba2§.

y(**Na)

EyT E;(level) J Et X Mult. Comments

2080 2080 »t 00 32t E2 Mult.: From Adopted Gammas.
4500 4.5%10° 12t 0.0 32t M1 Mult.: From a ratio of 0.954 based on measured cross sections at 58.5 and
41.5 MeV and virtual photon theoryl965Ba28.

* From level energy dierences.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1965Ba28,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Sa16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Sa24,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Ti06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977OkZV,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1965Ba28,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Sa16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Sa24,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Sa16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Sa16,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1965Ba28,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1965Ba28,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1965Ba28,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1965Ba28,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1965Ba28,B

23Na, ,-165 NUCLEAR DATA SHEETS 1iNay,165

23Na(e)  1965Ba28,1969Sa16

Level Scheme

&
S
1/2* v 4500 0.65 fs6
&
§
7/2+ v 2080 46fs7
3/2F 0.0

23
11Nay,
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Na, ,-166

NUCLEAR DATA SHEETS fiNa 166

23Na(n,n’y)  1989Ge09,1972Ni05,2012R004

Others:1973Ab02 1976Be64 1977D01Q 1978Ko19 2011R052 2012R004 2015Va07

1989Ge09 Measured mean lifetime for excited levels by Doppler SAitenuation Method.

1972Ni05 Measuredr(Ey). Deduce excited levels;-ray branching. Ge(Li) and Nal(Tl) detectors.

2012R004 Measured E, ly(6); Deducedo, o(8) at 150 and 110°. Eight HPGe detectors, placed 4 at 1Hhd other 4 at 150
with respect to beam direction.

E(level)f

T1/2i

23Na Levels

Comments

0.0

441
2077
2392
2640
2704
2981
3679
3853
3916
4430
4778
5374
5538
5740
5760
5934
5968
6042

T As listed in1972Ni05

19 fs6

T1/2: From mean lifetime 27 f9 (1989Ge0%.

270 fsl4  Tyq/2: From mean lifetime 390 0 (1989Ge0).
180 fs76  Ty/2: From mean lifetime 260 410 (1989Ge0).

* From mean lifetime measured 1p89Ge09

¥(*Na)

Average ratios of the measureeray angular distribution at 130and 110 in 2012Ro04are listed in comments section.

Ei(level) Eﬁ Iyi Et Comments
441 441 100 0.0 W(159/W(110°)=0.991 (2012R004.
2077 1636 92 441 W(15yW(110°)=1.051 (2012R004.
2077 8 0.0
2392 1951 37 441
2392 63 0.0 W(159/W(110°)=1.003 (2012R0043.
2640 2640 100 0.0 W(15)W(110°)=0.952 (2012R004.
2704 627 39 2077
2263 61 441 W(1509/W(110°)=1.3943 (2012R003.
2981 2540 50 441 W(15)W(110°)=0.945 (2012R004.
2981 50 0.0
3679 1039 10 2640
1602* 10 2077 E: Absent in Adopted Gammas. Not reported in other work. Eatalts assign as uncertain
placement.
3238 80 441
3853 3412 50 441
3853 50 0.0
3916 1839 20 2077

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ge09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Ni05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012Ro04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Ab02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Be64,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Do10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Ko19,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2011Ro52,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012Ro04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Va07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ge09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Ni05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012Ro04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ge09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ge09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ge09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Ni05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ge09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012Ro04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012Ro04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012Ro04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012Ro04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012Ro04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012Ro04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012Ro04,B

Na, ,-167

NUCLEAR DATA SHEETS fiNa, 167

23Na(n,n’y)  1989Ge09,1972Ni05,2012R004 (continued)

7(33Na) (continued)

Ei(level) EyJf Iyi Et Comments
3916 3475 20 441
3916 60 0.0
4430 2038 8 2392
4430 92 0.0
4778 179 15 2981 E: Absent in Adopted Gammas. Not reported in other work. Eatalts assign as uncertain
placement.
2701 15 2077
4337 60 441
477 10 0.0 E: g.s. branch not reported in other work. Evaluators assiguneertain placement.
5374 5373 100 0.0
5538 5537 100 0.0
5740 5739 100 0.0
5760 5759 100 0.0
5934 5492 10 441
5933 90 0.0
5968 5967 100 0.0
6042 5600 100 441

* From level energy dierences, recoil energy subtracted and rounded to neaiést ke

¥ From 1972Ni05

# Placement of transition in the level scheme is uncertain.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1989Ge09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Ni05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012Ro04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Ni05,B

23Na, ,-168 NUCLEAR DATA SHEETS 1iNay,168

23Na(n,n’y)  1989Ge09,1972Ni05,2012R004 Legend

Level Scheme

Intensities: % photon branching from each level
,,,,,, » yDecay (Uncertain)

S 6042
Sy (g)} $° 5968

S 5934
N 5760
5740
5538

5374

4430

3916
3853

3679

106,‘9

A
o)
N
7 4778
I
I
I
I
I
I
I
I
1
I
|
I
I
I
I
I
I
I
v

N 2981

S
;V.? 2704 180fs76
> Ay 2640 270fs14

2392

2077 19fs6

100

2 27

441

0.0

ﬁNaiZ
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23Na, ,-169 NUCLEAR DATA SHEETS TiNay,-169

23Na(p,p’),22Ne(p,p’)  1976M 027,1968K €11,1967K a10

Other referencesl980Fa07 1971Ri04
1976Mo27 ZNa(p,B) E=20 MeV. Measuredr(Ey).

1968Kell 22Ne(p,d) E=0.8-3.13 MeV. Measured-(E,p).
1967Kal0 22Ne(p,g), E=0.94-4.2 MeV; Measured-(E,p).
1971Ri04 %°Ne(p,g) E=0.8-3.13 MeV. Measured-(E,).

23Na Levels

E(level)f

53763
55333
57413
57663
59293
59663
60443
61173
61973
62373
63103
63483
65763
66173
67343
68213
68683
69203
69463
70703
70803
71223
71313
71853
72673
72753
73933
74143
74533
74883
75653
76853
77203
77473
78333
78733
78893
79643
79903
80613
82603
83023
83293
83593
84163
84713
85053
85603
86103

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Mo27,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Ke11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Ka10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Fa07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Ri04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Mo27,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Ke11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Ka10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Ri04,B

23Nay,-170 NUCLEAR DATA SHEETS fiNay,-170

23Na(p,p’),22Ne(p,p’)  1976M 027,1968K e11,1967K a10 (continued)

23Na Levels (continued)

E(IeveI)Jr Jk r@ Comments

86303

86483

86623

87203

87993

88223

89453

89723

90403

90723

91033

91133

91713

92093

92483

92883

93233

93963

94213

94723

94833

95413

95823

96063  3/2* ,5/2+# 6 eV E(level): Wt. ave. of 9608 (1976Mo027 and 96094 (Ep(Lab)=851.9— 1968Kel).

I'p=6 eV.

96253 E?Ievel): From1976Mo27

96503 1/2+# 105 eV  E(level): Wt. ave. of 9643 (1976Mo027 and 96554 (Ep(Lab)=900.1— 1968Kel).
[p=105 eV.

96733
96783

97003  32+52%  29eV  E(level): Wt. ave. of 9698 (1976Mo27 and 97024 (Ep(Lab)=950.0— 1968Ke1).
Fp:29 eV.

97283

97383

97513

97983

98103

98333  32+* 47 eV E(level): Wt. ave. of 9833 (1976M027, 98374 (Ep(Lab)=1090.5— 1968Ke1}, and
985510 (Ep(Lab)=111010 — 1967Kal0.
[p=47 eV.
98513 1/2+# 150 eV E(level): Wt. ave. of 9858 (1976Mo027 and 98524 (Ep(Lab)=1106.3— 1968Kel).
[p=150 eV.
98723
98853
99123
99393
99583
99843
100013  1/2°# 475 eV E(level): Wt. ave. of 10003 (1976M027 and 100014 (Ep(Lab)=1261.9— 1968Ke1).
[p=475 eV.
100143 5/2+# 69 eV  E(level): Wt. ave. of 10013 (1976Mo027, 100174 (Ep(Lab)=1278.2— 1968Kel), and
1001710 (Ep(Lab)=128010 — 1967Ka10).
rp:69 eV.
100363
100703
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23Na, 171 NUCLEAR DATA SHEETS fiNay,-171

23Na(p,p’),22Ne(p,p’)  1976M 027,1968K e11,1967K a10 (continued)

23Na Levels (continued)

E(level)f i r@ La Comments
100864 127 1270 eV E(level): Ep(Lak)1351.3 (968Kel). Other: 1009010 (Ep(Lab)=135510 —
1967Kall.
[p=1270 eV.
101133 127 4200 eV E(level): Wt. ave. of 10112 (1976Mo27 and 101154 (Ep(Lab)=1380.9—
1968Kel).
[p=4200 eV.
101223 E(level): Other: 101230 (Ep(Lab)=139210 — 1967Kal(.
101603
101734 5/2+# 65 eV E(level): For Ep(Lak)1442.2 from (968Kel).
rp:65 e\/.
101833 E(level): Other: (10183) (Ep(Lak)1453)- 1967Kal0).
1021473 E(level): Level seen at only one angl&976Mo27.
102213
102343 32+ 52+* 4 eV E(level): Wt. ave. of 10233 (1976Mo0273 and 102364 (Ep(Lab)=1508.0—
1968Kel).
102503  1/2+% 2450eV 0 E(level): Wt. ave. of 10253(1976Mo027, 102454 (Ep(Lab)=1517.8—

1968Kel), and 102515 (Ep(lab}=15245 — 1967Kal0.
I'p=2450 eV (968Kel); I'=3 keV andI',=2.1 keV (1967Kal0.

102723
102963 E(level): Other: (10292) (Ep(Lak)1567)— 1967Kal0.
103133 327 2000 eV E(level): Wt. ave. of 10318 (1976Mo027 and 103174 (Ep(Lab)=1593.0—
1968Kel).
[p=2000 eV.
103283 E(level): Other: 103240 (Ep(Lab)=160010 — 1967Kal0.
103363 1/2*# 190 eV E(level): Wt. ave. of 10338 (1976Mo027 and 103364 (Ep(Lab)}=1612.5—
1968Ke1).
Fp:190 eV.
103433 3/2*,5/2+# E(level): Wt. ave. of 10343 (1976Mo027% and 103434 (Ep(Lab)=1620.2
(1968Ke1).
Tip=14 eVIp=14 eV for 32*. T1,»=8 eVIp=8 eV for §2*.
103514 3/2+# 210 eV E(level): Ep(Lak}1627.9 (968Kel). Other: 1035710 (Ep(Lab)=163510 —
1967Kal0).
Fp:210 eV.
104013
104343
104393 5/2+# 25 eV E(level): Wt. ave. of 10439 (1976Mo027 and 104384 (Ep(Lab)=1718.9—
1968Ke1). Other: 1045610 (Ep(Lab)=173810 — 1967Kal(Q — possible doublet.
rp:25 e\/.
104723 3/2+# 470 eV E(level): Wt. ave. of 10469 (1976Mo27 and 104774 (Ep(Lab)=1759.5—
1968Kel). Other: 1048710 (Ep(Lab)}177010 — 1967Kal(Q — possible doublet.
[p=400 eV.
104963
105013 3/2‘# 920 eV E(level): Wt. ave. of 10502 (1976Mo027 and 10499 (Ep(Lab)=1783.4—
1968Ke1).
I'p=880 eV.
105064 1/2+# 560 eV E(level): Ep(Lak}1789.8 (1968Kel).
[p=560 eV.
105143 52+# 100 eV E(level): Wt. ave. of 10513 (1976M027, 105174 (Ep(Lab)=1801.9— 1968Ke1)
and 1051510 (Ep(Lab)=180010 — 1967Kal0.
[p=100 eV.
105293
105453 5/2+# 540 eV E(level): Wt. ave. of 10543 (1976Mo027, 105464 (Ep(Lab)=1832.5— 968Kel1),
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Na, ,-172

NUCLEAR DATA SHEETS iNa 172

23Na(p,p’),22Ne(p,p’)  1976M 027,1968K e11,1967K a10 (continued)

23Na Levels (continued)

E(Ievel)T i r@ Comments
and 1055310 (Ep(Lab)=184010 — 1967Kal(.
[p=380 eV.
105743 32-# 1100 eV  E(level): Wt. ave. of 10573 (1976Mo027 and 105744 (Ep(Lab)=1861.5—
1968Kel). Other: 1058210 (Ep(Lab)187010 — 1967Kal(Q — possible doublet.
[p=1010 eV.
105903
106153 5/2*,3/2+# 425 eV  E(level): Wt. ave. of 10613 (1976M027 and 106164 (Ep(Lab)=1905.1- 1968Kel},
and 1062510 (Ep(Lab)=191510 — 1967Kal0.
I'p=275 eV for 52+, I',=360 eV for 32*.
106653
106773 32-# 23000 eV E(level): Wt. ave. of 10678 (1976Mo027% and 106754 (Ep(Lab)=1967.0— 1968Kel},
106817 (Ep(Lab)=19737 — 1967Kal).
[p=22000 eV (968Kel). I'=40 keV (1967Kal0.
107013 32-# 400 eV E(level): Wt. ave. of 10699 (1976Mo027 and 107054 (Ep(Lab)=1998.45—
1968Kel). Other: (10708) (Ep(Lak)(2002) - 1967Kal0.
[p=340 eV.
107703 3/2+ 52+ # <5 eV E(level): Wt. ave. of 10778 (1976Mo27 and 107704 — (Ep(Lab)=2066.2—
1968Kel). Other: (10771) (Ep(Lak)(2068) — 1967Kal0.
108243 3/2+# 1700 eV E(level): Wt. ave. of 10825 (1976Mo027 and 108234 (Ep(Lab)=2121.2— 1968Kel).
[p=1000 eV.
108263 32-# 26000 eV  E(level): Wt. ave. of 10828 (Ep(Lab)=2122.0— 1968Kel) and 108273
(Ep(Lab)=21263 — 1967Kal.
[p=25000 eV (968Kel). I'=12 keV (1967Kal0.
108383 3/2+ 52+ # 100 eV  E(level): Wt. ave. of 10839 (1976M027 and 108374 (Ep(Lab)-2136.6— 1968Kel).
Fp:?)o e\/.
108693 3/2*# 21000 eV  E(level): Wt. ave. of 10863 (1976Mo027 and 10873 (Ep(Lab)=2174.0—
1968Kel). Other: 108883 (Ep(Lab)=21903 — 1967KalQ — possible doublet.
I'p=20000 eV (968Kel). I'=22 keV (1967KalQ.
109034 1/2*# 53 eV  E(level): Ep(Lab}2206.0 from 968Kel). 109093 (doublet) (976Mo027.
10906.540 1/2°% 2850 eV E(level): Ep(Lab)2209.2 from1968Kell
I'p=2500 eV.
10906.840 5/2+# 900 eV  E(level): Ep(Lak)2209.5 (1968Kel). Other: 109143 (Ep(Lab)22173 — 1967Kal( —
possible doublétriplet.
I'p=200 eV (1968Kel). I'=9 KeV (1967Kall).
109183 1/2+# 55 eV  E(level): Wt. ave. of 10918 (1976Mo027 and 109164 (Ep(Lab)=2219.6— 1968Kel).
109333 32+# 3500 eV E(level): Wt. ave. of 10933 (1976Mo027 and 109304 (Ep(Lab)=2233.4—
1968Kel), 109343 (Ep(Lab)=22383 — 1967Kal0.
[p=3000 eV.
109494 12+# 5200 eV  E(level): Ep(Labk)2253.6 from 1968Kel). Others: 10956 (1976Mo027, 109573
(Ep(Lab)=22623 — 1967Kal( — possible doublet.
I'p=5000 eV.
109534 7/2‘# 65 eV  E(level): Ep(Lab}2257.8 from1968Kell
Ip=15 eV.
109674 5/2*,3/2+# 400 eV E(level): Wt. ave. of 10963 (1976Mo27 and 109714 (Ep(Lab)=2277.1- 1968Kel).
I'p=200 eV.
109733 3/2+# 18 eV  E(level): Wt. ave. of 10973 (1976Mo027 and 109744 (Ep(Lab)=2280.0— 1968Kel).
109803 32-# 6000 eV  E(level): Wt. ave. of 10983 (1976M027 and 1097% (Ep(Lab)=2285.0— 1968Kel).
I'p=5800 eV.
109924 1/2+# 20600 eV E(level): Ep(LaBk)2299.0 (968Kel). 109933 (1976Mo027 — overlaps both 10992 and
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Na, ,-173

NUCLEAR DATA SHEETS iNa 173

23Na(p,p’),22Ne(p,p’)  1976M 027,1968K e11,1967K a10 (continued)

23Na Levels (continued)

E(level)f FE r@ La Comments
10993.
[p=20000 eV.
109934 32+# 60 eV E(level): Ep(Lab32300.0 (968Kel). Other: 10993 (Ep(Lak)2300- 1967Kal().
szlo e\/.
110043
110413 12+# 500 eV E(level): Wt. ave. of 11043 (1976Mo27, 110384 (Ep(Lab)=2346.2— 1968Kel),
and 110433 (Ep(Lab)=23523 — 1967Kal0.
[p=200 eV.
110883 12-# 800 eV E(level): Wt. ave. of 11088 (1976Mo27, 110864 (Ep(Lab)=2397.4— 1968Kel),
and 11088 (Ep(Lab)}=24003 — 1967KalQ.
I'p=500 eV.
111084 52+ # 135 eV E(level): Ep(Lab)2420.1 (968Kel).
Fp:25 e\/.
111123 3/2+# 4100 eV 2 E(level): Wt. ave. of 11113(1976Mo027 and 111104 (Ep(Lab)=2421.8—
1968Kel). Other: 111183 (Ep(Lab)=24303 - 1967Kal0.
I'p=2450 eV (968Kel); I'=7 keV andI'y=4.6 keV (1967Kal0.
111333
111553 E(level): Other: (11161) (Ep(Lab)2475)- 1967Kal0.
111984 3/2+# 800 eV E(level): Wt. ave. of 11197 (Ep(Lab)=2512.8— 1968Kel} and 112006
(Ep(Lab)=25165 — 1967Kal.
Fp:700 e\/.
112403 3/2*# 12200 eV E(level): Wt. ave. of 1123¥ (Ep(Lab)=2555.0— 1968Kel) and 112423
(Ep(Lab)=25603 - 1967Kal).
I'p=12000 eV (968Kel). I'=16 keV (1967KalQ.
112504 3/2+# 20000 eV E(level): Wt. ave. of 11249 (Ep(Lab)=2567.0— 1968Kel)} and 112537
(Ep(Lab)=25727 — 1967Kal0.
I'p=19500 eV.
112664 3/2*# 600 eV E(level): Ep(Lak}2585.2 from1968Kell
[p=120 eV.
112734 32+# 1750 eV E(level): Ep(LaBk)2592.0 from1968Kell
Fp:250 e\/.
112764 3/2+# 500 eV E(level): Ep(Lak}2595.4 from1968Kell
Ip=150 eV.
112794 32+% 4000 eV E(level): Ep(LaBk)2598.6 from1968Kell
I'p=2000 eV.
112883 1/2+# 11000 eV E(level): Wt. ave. of 11285 (Ep(Lab)=2604.7— 1968Kel) and 11288
(Ep(Lab)=26093 - 1967Kal).
I'p=10000 eV (968Kel). I'=18 keV (1967KalQ.
113024 3/2+# 300 eV E(level): Ep(Lak}2623.0 from1968Kell
Ip=50 eV.
113284 1/2-% 80000 eV E(level): Ep(LaBkj2650.0 from1968Kell
[p=75000 eV.
113334 5/2+# 4000 eV E(level): Ep(LaBk)2655.5 from1968Kell
I'p=2000 eV.
11333.740 3/2‘# 2000 eV E(level): Ep(Labk)2656.0 from1968Kell
[p=1500 eV.
113354 3/2+# 750 eV E(level): Ep(Lak}2657.3 from1968Kell Other: 113423 (Ep(Lab)=26653 —
1967Kal(Q — possible doublet.
I'p=150 eV (1968Kel). I'=9 keV (1967Kal( probably for doublet.
113504 y2~% 4000 eV E(level): Ep(LaBk)2673.0 from1968Kell
I'p=3980 eV.
113544 1/2+# 13500 eV E(level): Ep(LaB2677.0 from1968Kell Other: 113667 (Ep(Lab)26907 —
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23Nay -174 NUCLEAR DATA SHEETS TiNa;-174

23Na(p,p’),22Ne(p,p’)  1976M 027,1968K e11,1967K a10 (continued)

23Na Levels (continued)

E(level)f i r@ La Comments
1967Kal0.
p=13000 eV.
113957 E(level): Ep(Lab}(2720) (967Kal0.
114313 1/2*# 35000 eV E(level): Wt. ave. of 11425 (Ep(Lab)=2751.0— 1968Kel) and 114353
(Ep(Lab)=27623 — 1967Kall).
[p=27000 eV.
114587 E(level): Ep(Lab¥-(2786) (1967Ka10).
114697 E(level): Ep(Lab}(2798) (L967Kal0.
114954 7/2*# 5500 eV E(level): Ep(La)2825.0 from1968Kell Other: 115063 (Ep(Lab)=28363 —

1967KalQ — possible doublet.
I'p=900 eV (1968Kel). I'=15 keV (1967KalQ probably for doublet.

115194 5/2+# 3050 eV E(level): Ep(Lak)2850.0 from1968Kell
=550 eV.
115283 5/2+% 6900 eV E(level): Wt. ave. of 11525 (Ep(Lab)=2855.5— 1968Ke1) and 1152%

(Ep(Lab)=28603 — 1967Kal().
[p=1700 eV (1968Kel). I'=19 keV (1967Kal).

115384 5/2+# 130 eV E(level): Ep(Lak}2869.5 from1968Kell
Fp:40 e\/.
115563 1/2+# 3100 eV E(level): Wt. ave. of 11558 (Ep(Lab)=2885.0— 1968Kel} and 115573
(Ep(Lab)=28903 - 1967Kal0.
I'p=2300 eV.
115803 5/2+# 600 eV E(level): Wt. ave. of 11584 (Ep(Lab)=2917.6— 1968Kel)} and 115783
(Ep(Lab)=29123 - 1967Kal0.
Fp:350 eV.
116124 3/2*# 3200 eV E(level): Ep(Lak)2946.5 from1968Kell Other: 11600 (Ep(Lab)=29343 —
1967Kal0.
I'p=1000 eV.
116223 E(level): Ep(Lab¥2958 3 (1967Kal0.
116644 1/2-,3/2°% 14000 eV E(level): Ep(LaBj3001.0 from1968Kell 116827 (Ep(Lab)=30207 (20207

appears to be a type 1967KalQ — possible doublet.
I'p=500 eV if ¥2~. I'=9800 eV,I',=800 eV if 32~.

116914 1/2+% 1900 eV E(level): Ep(Labk)3030.0 from1968Ke11l
Fp:500 eV.
117004 3/2*# 7000 eV 1 E(level): Ep(La®3039.5 (968Kel). Other: 11714 4 (Ep(Lab)B054 4—
1967Kal0).
I'p=3000 eV (968Kel); I'=12 keV andl'p=6.0 keV (1967Kal0.
117084 5/2+# 3200 eV E(level): Ep(Lak3047.4 (968Kel).
=200 eV.
117474 7277 2300 eV E(level): Ep(Labk)3088.5 (968Kel).
Fp:700 eV.
117624 1/2*# 15000 eV E(level): Wt. ave. of 11764 (Ep(Lab)=3106.0— 1968Kel) and 117604

(Ep(Lab)=31024 — 1967Ka10.
Ip=13000 eV (968Kel). I'=28 keV (1967Kal0.

11777? E(level): Ep(Lab¥(3120) (1967Kal0.
118204 E(level): Ep(Lab¥31654 (1967Kal0.
118407 E(level): Ep(Lab}¥31867 (1967Kal0.
118654  (3/2)* 16% kev 2 E(level): Ep(Lab¥32124 (1967Kal0.

I: Tp=7.2 keV.
118974 E(level): Ep(Lab}¥32454 (1967Kal0.
119804 E(level): Ep(Lab}33324 (1967KalJ).
120184 E(level): Ep(Lab}¥33724 (1967Kal.
120744 E(level): Ep(Lab}34304 (1967KalJ.
121054 16% keV E(level): Ep(Lab}-34634 (1967Kal0).

Continued on next page (footnotes at end of table)
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23Nay,-175 NUCLEAR DATA SHEETS fiNay,-175

23Na(p,p’),22Ne(p,p’)  1976M 027,1968K e11,1967K a10 (continued)

23Na Levels (continued)

E(level)f ¥ r@ La Comments
121297 E(level): Ep(Lab¥34887 (1967Kal0.
121894 (32) 12% kev 2  E(level): Ep(Lab¥35504 (1967Kal0.
I I'p=4.2 keV.
122034 28% kev E(level): Ep(Lab}35654 (1967Ka10.
122557 E(level): Ep(Lab)X3620) (1967Kal(.
122904 E(level): Ep(Lab}36564 (1967Kall).
123184 E(level): Ep(Lab¥36854 (1967Kal0.
123347 E(level): Ep(Lak)3702) (L967Kal0.
123514 E(level): Ep(Lab¥37204 (1967Kal0.
123784 11& kev E(level): Ep(Lab}37484 (1967Kal0.
124244 148% keV E(level): Ep(Lab}37964 (1967Kal0.
124534 9& kev E(level): Ep(Labx38274 (1967Kal(.
125337 E(level): Ep(Lab}¥39107 (1967Ka10.
125577 E(level): Ep(Lab)X3935) (1967Kal().
125845 34% kev E(level): Ep(Labx39645 (1967Kal(.
126255 25% kev E(level): Ep(Labx40065 (1967Kal0.
126677 E(level): Ep(Lak)4050) (L967Kal0.
127057 E(level): Ep(LabY4090) (1967Kal(.
127345 24% kev E(level): Ep(Lab}41205 (1967Kal0.
127967 E(level): Ep(Lab}41857 (1967Kal0.

T From 1976Mo27and 1968Ke11 except otherwise noted. Resonance level energies dedioredp=8794.102 (2017Wal( +
Ep(c.m.) using Ep(Lab), p=1.00738 and mféNe)=21.9914.AEp(Lab)=4 keV (1968Kel).

¥ From Adopted Levels, except otherwise noted.

#1n 1968Kel1 based on measured(#) mbysr and fitting with single-level, Breit-Wigner formula foesonances2.1 MeV and
multilevel, multichannel R-matrix code for resonancesvae2.1 MeV.

@ From 1968Ke11 I'p listed in comments section.

& From 1967Kal0 I'p (if available) listed in comments section.

a8 From 1967Kal0
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Na, ,-176

NUCLEAR DATA SHEETS

*3Na, ,-176

BNa(p,p’y)

1972Du05,19685007,1970M al5

Other referencesl959Ral101969P0061973Eh01

1972Du05 23Na(p,dy) E=3.6-7.0 MeV. Measured mean lifetime by DSA.

1968S007 23Na(p,gyy) E=4.71, 5.12 MeV: measuregy(). Deduced spiny-ray mixing ratios.
1970Mal5 23Na(p,gy) E=4.12, 5.15 MeV. Measured mean lifetime by DSA.

T

23Na Levels

E(level)l  F# T12 Comments
0.0 32+
440.% 4 52+ 1.25 ps+28-21 Ty/2: From mean lifetime of 1.8 ps4-3 (1959Ral).
2076.75 7/2t 146 fs42 J': 7/2 from y-ray angular correlation studie$968S007.

T1/2: From7=210 fs60in Table 2 (972Du03 — two values are giver other one
=210 fs25 (25%) (syst) in Table 1 yields 210 f&l. Evaluators list the one with
larger uncertainty. Other values230 fs (970Mal9, <160 fs (L969P00§.

2391.77 1/2t 652 fs139 Ty/2: From =940 fs200, Wt. ave. ofr=950 fs200 (1969P00§, 700 fs250
(1970Malj, and 1550 fs400in Table 2 (972Du03. 1972Du05also giver=1550 fs
90 (25%) (syst) in Table 1 yields 1550 fs113

2639.47  1/2= 147 fs55 Ty/2: Fromr=212 fs80; Wt. ave. ofr=200 fs80 (1969P00§, 100 fs+80-40
(1970Malh, and 370 f90in Table 2 (972Du0Y. 1972Du05also giver=365 fs40
(25%) (syst) in Table 1- yields 365 fs50.

2704.47 9/2+ 85 fs 17 J': 9/2 from y-ray angular correlation studie$968S007.

Ty/2: Fromr=122 fs25;, Wt. ave. ofr=200 fs100 (1969P008§, 100 fs+80-40

(1970Ma1j, and 100 fs25 (1972Du03j.

2983.05 32t <17fs T1/2: From 1972Du05 Other values<79 fs (1970Mal5, <50 fs (1969P00g.

3678.97 3/2- 49 fs 28 A vy branch to g.s. in972Du05was not confirmed by later studiesevaluators did not
list the transition in this data set.

T1/2: From1972Du05 Other value: 617 410 (1970Mal9, <120 fs (L969P00%.

3849.57 52- 118 fs28

3915.67 52+ 42 fs10 T1/2: From1972Du05 Other value<70 fs (L1969P0o0%.
4432.77  1/2* <3lfs

4776.27 72t  <24f1s

* From 1972Du05 except where otherwise noted.

¥ From 1969P006

# From Adopted Levels, except otherwise noted.

Eilevel) J E,T 1+ Er X
4402  52* 44114 100 0.0 32*
2076.7 72 1637.412 933 4402 52
2077511 73 0.0 32*
23917  2* 1950.47 352 4402 52
2390.19 652 0.0 32¢
2639.4 12 2639.314 100 0.0 2*
2704.4 92+  627.94 364 2076.7 72
2263.913 644  440.2 32*
2083.0 P+ 2540212 392 4402 52
2980.915 612 0.0 32¢

y(**Na)
Mult.# o Comments
D+Q +0.064 6. From1968S007
D+Q +0.182 4: From1970Mal5 Other value:+0.24 7 (1968S007.
E2 l,: Weighted average of 32 (1972Du0j and 383
(1970Malj.
I,: Weighted average of 68 (1972Du0j and 623
(1970Malj.
D(+Q) +0.059 |I,: Other: 374 (1970Mal3.
6. Average of+0.079 (1970Mal9 and +0.029
(1968S007.
E2 l,: Other: 634 (1970Ma1j.
D(+Q) -0.099 |I,: Other: 524 (1970Mal3.

6. or +4.520 (1970Mal$.
l,: Other: 484 (1970Ma1§.

Continued on next page (footnotes at end of table)
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iiNa,,-177 NUCLEAR DATA SHEETS

23
7iNa =177

23Na(p,p’y)  1972Du05,19685007,1970M al5 (continued)

7(33Na) (continued)

Ei(level) J EyT Iyi E¢ JfT Mult.# Plid Comments
3678.9 22~ 1039.5 2639.4 /B~

3237.716 440.2 32+ D(+Q) -0.0410 &: or +3.72(1970Maly.
3849.5 92-  1772.7 805 2076.7 72

3409.0 52 440.2 52+

3849.2 153 0.0 32*
3915.6 32+ 932.6 21 2983.0 32t

1838.8 93 2076.7 72*

3475.1 93 440.2 52+

3915.2 805 0.0 32* E,: Other: 3911.421 (1969P008.

4432.7 2+t 2040.9 1510 2391.7 12*
4432.2 8510 0.0 32+
4776.2 72t 2699.33 264 2076.7 72*
4335.56 744 440.2 32+

* From 1969P006 Those without uncertainty are from level energffefience— recoil energy subtracted.

 From 1972Du05
# Fromy-ray angular correlation studies Bp68S007 1970Ma15and RUL.
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7iNa, ,-178

NUCLEAR DATA SHEETS

23
7iNa,,-178

BNa(p,p'y)

1972Du05,1968S007,1970M al5

Intensities: % photon branching from each level

Level Scheme
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23Na,,-179 NUCLEAR DATA SHEETS TiNay,-179

2Na(a,0’)  1988Ma35

Other referencesl991Fr02(E=48.7 MeV),1981La06(E=12-15 MeV),1974Le01(E=22 MeV), 1972Li02 (also studied (jy)).
1988Ma35 23Na(e,’) E=42 MeV: 23Na target (thickness 14@g/cn¥?) in the form of NaCl deposition on a 1@y/cm? carbon
foil. QMG/2 magnetic spectrometer, gas filled ionization chamber; M=’ particles at five dferent angles; Deduced excited

levels, deformation lengths.

23Na Levels

E(level)’  J¥
00 32
440 52+
2076 72+
2704 92+

T From 1988Ma35
¥ From Adopted Levels.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1988Ma35,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1991Fr02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981La06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Le01,B
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23Na, ,-180 NUCLEAR DATA SHEETS TiNay,-180

Coulomb excitation  1977Sc36,1996Tu02,1956Te33

1977Sc36 23Na2S323'), E=47-51 MeV, natural NaCl target3Na@>Cl,3°Cl’), E=53-56 MeV, Na (100%) target; Measured
o(Ey), mean lifetime by Doppler-shift attenuation (DSA) methddduced B(E2).

1996Tu02 12C(%3Na23Na), E=20,23 MeV; Measured-(4), deduced B(E2).

1956Te33 23Na(e,«’), E=2.5 MeV; Measured/(d); Deduced 449 multipolarity and spin-parity of 440-keV level.

23Na Levels

E(level)l F¥ T12 Comments

0.0 32*
440.24 52* 1.17 ps15 B(E2)!=0.0151516 (1996Tu02

B(E2)1=0.015712 (1977Sc3%

J: From 1956Te33 based ony(d) measurements.

T1/2: From mean lifetimer=1.69 ps22 (DSA — 1977Sc3. Others: 1.42 p22 and 1.37 p24,
using B(E2)=0.0151516 (1996Tu02 and 0.015712 (1977Sc3§, respectively, and adopted
y-ray properties.

2076.24 7/2* 35fsh B(E2)1=0.007310 (1996Tu02

Ty2: Using B(E2)=0.007310 (1996Tu02 and adopted-ray properties. Other: 83 #2 from

=120 fs60 (DSA — 1977Sc38.

* From Adopted Levels, except where otherwise noted.
y(*3Na)

ES  Eevel) T Er &

440.56  440.2 g2+ 0.0 32+
1636.68 2076.2 72t 440.2 32*
2076.78 2076.2 72+ 0.0 32+

T From Adopted Gammas.
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23Na,-181 NUCLEAR DATA SHEETS 1iNay,181

Coulomb excitation 1977Sc36,1996Tu02,1956Te33

Level Scheme
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23Na, ,-182 NUCLEAR DATA SHEETS fiNay,-182

24Mg(d,2He)  1971Kr04,1971Ar08,1972Nel8

J*(**Mg)=0".

Other reference1978Co13

Other reactions:

24Mg(e,5Li): 1978Sa2§65 MeV) — measured relative energy distribution of correlated dewagucts.

22Mg(°Be,19B): 1985Wi18(E=43 MeV) — deduced spectroscopic factors for g.s. and 1st excitee. stat
1971Kr04 2*Mg(d,3He) E=52 MeV, 99% enriched*Mg target. Measured-(6), deduced excited levels, L, spectroscopic factors.

FWHM 80 keV.
1971Ar08 2*Mg(d3He) E=80 MeV. Measuredr-(E(3He)#). Deduced spectroscopic factors. FWHM 120 to 180 keV.

1972Nel8 2*Mg(d 3He) E=21.1 MeV. Measured-(E(*He)g). FWHM 80 to 100 keV.
1978C013 2*Mg(pol d3He) E=29 MeV, 99% enriched*Mg target. Measured-(6), vector analyzing power. DWBA calculations.
Deduced spectroscopic factors. FWHM better than 350 keV.

23Na Levels
E(IeveI)Jr L& s@& Comments
0 2 0.47 S: Other values: 0.08 and 0.978Co013, 0.26 (1972Nel$, 0.24 (1971Kr04.
44210 2 2.90 S: Other values: 0.47 and 0.7®78Co013, 2.1 (1972Nel$, 3.78 (L971Kr049.
2093 18
239710 O 0.25 S: Other: 0.191072Ne1§, 0.30 (L971Kr04.
264411 1 1.43 S: Other: 1.6 {972Nel8, 2.64 (1971Kr09.
2710F
298310 0.15¢ S: Other: 0.17 1971Kr04.
367810 1 0.98 14 S: Other: 0.431972Ne18, 0.93 (L971Kr04.
3850F
391425 0.014f S: Other: 0.021971Kr049.
444012 0O 0.08 S: Other: 0.0641072Nel§, 0.12 (L971Kr04.
4780
53807 2 0.5210 S: Other: 0.49 1971Kr04.
5530F
577826 2 ~0.04 L,S: Froml1971Kr04
596511 1 0.4 2 S: Other: 0.60 1971Kr04.

626314 0P  0.08
691728 1P 03P
709222 1 0.0
922310 1P 01d
943332 1b  <0.P
972810 1P 048
1049012 10 <02
1105636 10 <0.29

 From 1971Kr04 except otherwise noted.

¥ From1972Ne18

# Overlaps three or more Adopted Levels energies, not refegen
@c?s,

& From 1971Ar08 except where noted.

a Values given as a range 971Ar08

b From 1971Kr04
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Ne18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Kr04,B
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23Na, ,-183 NUCLEAR DATA SHEETS fiNay,-183

24Mg(t,@),(t,ey)  1970P008,1971Dal4,1976Sh03

Other references1988Ma23 1990PiZW and1991Pi09

J”(24Mg):0+.

1970P008 2*Mg(t,ay) E=2.80 MeV. Measured angular distribution with Nal(TI) detectors.

1971Dal4 ?*Mg(t,ay) E=4.0-4.5 MeV. Measured-(Ep, E,,f(ay), Nal(TI).

1976Sh03 2*Mg(t,e) E=15, 23.5 MeV. Measured(E,,0), DWBA analysis. FWHM 18- and 80-keV forE15- and 23.5-MeV,
respectively.

1988Ma23 2Mg(t,a) E=33 MeV. Measuredr(6), deduced excited levels, spectroscopic factors. FWHMe@ k

23Na Levels
E(level)f F# LT c2st Comments
0 32t 2 0.39 &sS: Others: 0.431976Sh03or Ei=23.5 MeV), 0.28 {988Ma23.
4385 5/2* 2 2.3 CS: Others: 2.21976Sh0%or Ei=23.5 MeV), 2.29 {988Ma23.
20815 7/2* 4 (0.12) &sS: Others: (0.16)1976Sh0Jor Ex=23.5 MeV), (0.06) {988Ma23.
23925 12+ 0 0.19 &s: Others: 0.191976Sh03or Ei=23.5 MeV), 0.16 {988Ma23.
26415 12~ 1 1.8 CS: Others: 1.91976Sh0%or Ei=23.5 MeV), 1.56 {988Ma23.
27065 9/2* 4 (0.10) &s: Other: (0.09) 1988Ma23.
29845 32" 2 0.39 &sS: Others: 0.301976Sh03or Ei=23.5 MeV), 0.19 {988Ma23.
36805 32- 1 0.56 &s: Others: 0.521976Sh03or Ei=23.5 MeV), 0.71 {988Ma23.
38515 52~ 3 (0.17) &S: Others: (0.20)1976Sh03or E=23.5 MeV), (0.05) 1988Ma23.
39165 5/2* 2 0.04 &sS: Other: 0.011988Ma23.
J': 5/2 from 1970P0o08based ony-ray transition strength analysis.
443610  1/2* 0.11 &s: Others: 0.121976Sh03or Ei=23.5 MeV), 0.08 {988Ma23.
477810  7/2* (0.17) &S: Others: (0.20)1976Sh03or Ei=23.5 MeV), 0.05 {988Ma23.
538310  3/2*,52* 0.61,0.40 &s: Others: 0.72,0.501976Sh03or Ei=23.5 MeV), 0.39 1988Ma23.
553710 11/2* 0.17) &s: Other: (0.09) 1988Ma23.

574810  3/2*52*

P3IODNON MO
S&

577310 (0.06)
593110 (0.03)
597110 1/27,32" 0.40
605010

612410

619710

623710 (6) (0.25)
631110 1/2* 0 0.03
635810 (5) (0.64)

* From 1976Sh03

¥ From 1976Sh03or Ex=15 MeV. Values for E=23.5 MeV (1976Sh03 and 1988Ma23are listed in comments. 11976Sh03
values extracted from measured cross section using thigorelgdo/dQ)exp= NC2S(opwuck/(2j+1)), N=9.3 and 12.7 for 15-
and 23.5-MeV, respectively. 1h988Ma23 (do(0)/dQ)exp= 2.03S(1,))((do(6)/dQ)rruck_2.

# From 1976Sh03 except where otherwise noted, basedodt) and DWBA calculations.

7(*Na)
Ei(level) T EyJr Iy# Et J Mult. i Comments
438 g2+ 438 100 0 " D+Q  +0.073 A»=-0.223; A4=-0.064 (1970P003

§: Wt. ave. of+0.083 (1970P0o08 and +0.053 (1971Dal3.
2081 72+ 1643 932 438 52t D+Q +0.162 A»=+0.013; A4=+0.075 (1970P003
l,: Wt. ave. of 942 (1970Po08 and 922 (1971Dals.
6: Wt. ave. 0of+0.184 (1970Po03 and +0.162 (1971Dal4.
2081 72 0 32t l,: Wt. ave. of 62 (1970Po08 and 82 (1971Dal4.

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1988Ma23,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Sh03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1988Ma23,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1988Ma23,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Po08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Sh03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1988Ma23,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Sh03,B
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1988Ma23,B
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1976Sh03,B
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Da14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Po08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971Da14,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Po08,B
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23Na, ,-184 NUCLEAR DATA SHEETS TiNa,-184

2Mg(t,@),(t,ey)  1970P008,1971Dal4,1976Sh03 (continued)

7(33Na) (continued)

Ei(level) J Eﬂ Iy# E¢ JfT Mult. Plid Comments
2392 12+ 311 <2 2081 72t
1954 343 438 §H2* l,: Wt. ave. of 364 (1970Po0g and 333 (1971Dals.
2392 663 0 32t l,: Wt. ave. of 644 (1970Po08 and 673 (1971Dals.
2641 12 2641 100 0 R
2706 g2+ 314 <6 2392 12t
625 384 2081 72" A,=-0.306; A4=+0.099 (1970P003
2268 624 438 52t Q(+0O) -0.013 A>=+0.433; A4=-0.276 (1970P003
2706 <2 0 32t
2984 32+ 343 <6 2641 12

592 <1 2392 12+

903 <4 2081 72*

2546 422 438 52 D+Q -0.057  A»=-0.037; A4=—0.0611 (1970P00%
l,: Wt. ave. of 414 (1970P0o08 and 422 (1971Dal3.
§: Other value-0.0721 (1970P0o083.

2984 582 0 32t D+Q +0.036  A»=+0.443; A4=-0.024 (1970P003
l,: Wt. ave. of 592 (1970Po08 and 582 (1971Dal3.
¢: Other value+0.306 or +3.58 (1971Dal4.

3680 32- 1039 181 2641 320 D+Q  -0.116  Ap=-0.656; A4=-0.027 (1970P003
l,: Wt. ave. of 194 (1970Po08 and 181 (1971Dal3.
1288 21 2392 jp2* l,: From1970P008 Same value il971Dal4

1599 <3 2081 72+
3242 762 438 §2* D+Q -0.015 A»=-0.083; A;=-0.013 (1970P003
l,: Wt. ave. of 774 (1970P0o08 and 762 (1971Dal3.
3680 41 0 32t l,: From1971Dal4to satisfy }.ly=100 from this
level. Other: 21 (1970Po083.

3851 52~ 1770 50 2081 2+
3851 50 0 R+

3916 52+ 236 <2 3680 32
932 21 2984 32+

1210 <4 2706 92+
1275 <4 2641 12
1524 <4 2392 12+
1835 113 2081 72t D(+Q) +0.1212 A,»=-0.328; A4;=-0.048 (1970P003

3478 63 438 G2+

3916 814 0 32t D+Q +0.223  A»=+0.072; A4=+0.022 (1970P003
4436 s 2044 73 2392 j2* l,: Other value 51970Po03.

4436 933 0 32t I,: Other value 951970P008.
4778 72* 862 <3 3916 32+

1098 <3 3680 32

1794 <5 2984 32+

2072 154 2706 92*

2137 <6 2641 j2-

2386 <2 2392 12+

2697 285 2081 72t D(+Q) -0.0612 A»=+0.425; A4=-0.017 (1970P008
I,: Other value 264 (1971Dal4.

4340 574 438 §2* D+Q +0.154  A»=-0.052; A4;=+0.003 (1970P003
I,: Other value 74 (1971Dal4.

5383 J32+.52t 1467 <2 3916 32+

1703 <10 3680 2

2399 <5 2984 32+

2677 <3 2706 92+

2742 <2 2641 J2-

2991 <2 2392 12+

3302 292 2081 72t D+Q -0.1912 A»=+0.057; A4=—0.018 (1970P00y
Ap=-0.1712, A4=-0.1516 (1971Dals.

Continued on next page (footnotes at end of table)
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23Nay ,-185 NUCLEAR DATA SHEETS fiNay,-185

2Mg(t,@),(t,ey)  1970P008,1971Dal4,1976Sh03 (continued)

7(33Na) (continued)

Ei(level) J Eﬂ Iy# Er X Mult. i Comments

l,: Wt. ave. of 235 (1970Po08 and 302 (1971Dals.
6. Other value+0.038 for 5/2 or <—8 for 32
(1971Dal3.
5383 32,52 4944 572 438 52 D+Q -0.104  A,=+0.243; A4=+0.004 (1970P003
l,: Wt. ave. of 637 (1970Po08 and 572 (1971Dal4.
6. Average of-0.167 (1970P0o03 and—0.084 for 5/2
(1971Dal3.
5382 141 0 32t D+Q +0.044  A,=-0.329; A4=0.1214 (1971Dals}
6. From 1971Dal4for 5/2, or —3.0 8 for 3/2.
l,: Unweighted ave. of 14 (1970Po08 and 131
(1971Dal3 to satisfy);=100 from this level.
5537 132* 2553 76 2984 B»* E,: Not observed by others and appears to be a
(11/2)* to 32" transition, not adopted.

3456 24 2081 2+
5748 32+ .52% 5310 4010 438 52t D+Q -0.1912 A,=+0.214; A4=+0.076 (1970P003
5747 6010 0 32+ D+Q +0.3014 A»=+0.209; A4;=-0.0114 (1970P003

T From level energy dierences, recoil energy subtracted and rounded to neaiést ke
¥ Fromy-ray angular correlation céigcients (970P0081971Dal4 by evaluators.
# From 1970P008 except as noted.
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23
7iNa,,-186

NUCLEAR DATA SHEETS

23
7iNa,,-186

2AMg(t,a),(t,ay)  1970Po08,1971Dal4,19765h03

Level Scheme

Intensities: % photon branching from each level
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23Na, 187 NUCLEAR DATA SHEETS 1iNay,-187

24Mg(t,a),(t,ay)  1970Po08,1971Dal4,1976Sh03

Level Scheme (continued)

Intensities: % photon branching from each level
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23Na, ,-188 NUCLEAR DATA SHEETS TiNa,,-188

25Mg(d,)  1978P003,1967Hal7,1967Du02

Other referencesl974Ta03 1969H008 1969B030 1968Ne08 1967Wal5 1967Du02 1966Ja051965G003

F(®5Mg)=5/2".

1978P003 2°Mg(d,) E=12.07,11.82,11.57 MeV. MeasuredE,) Measured integrated.

1967Hal7 2°Mg(d.«) E=8,10 MeV. Measured-(E,). Deduced excited level energies.

1967Du02 2°Mg(d,«) E=10 MeV. 93% enriched target. Measuredarticle energy spectrum; Deduced excited level energies.

23Na Levels
E(IeveI)Jr F# Averagea& Comments
0 32t 1244 0/(23+1)=31.0ub 10 (1978P003.
4383 5/2* 19113 E(level): Other: 438 (1967Du03.
0/(23+1)=31.8 ub 22 (1978P003.
20763 7/2* 23115 E(level): Other: 20738 (1967Du02.
0/(23+1)=28.9 ub 19 (1978P003.
23954 1/2* 364 E(level): Other: 23938 (1967Du02.
0/(23+1)=18.0 ub 20 (1978P003.
26435 12~ 443 E(level): Other: 26400 (1967Du02.
0/(23+1)=22.0ub 15 (1978P003.
27075 9/2* 2458 E(level): Other: 2708 (1967Du02.
0/(23+1)=24.5ub 8 (1978P003.
29835 32" 1134 E(level): Other: 298@ (1967Du02.

0/(23+1)=28.2 b 10 (1978P003.
F: 5/2 in 19698030

36783 32" 766 E(level): Other: 368110 (1967Du03.
o/(231)=19.0ub 15 (1978P003.
38493 5/2" 1746 E(level): Other: 385112 (1967Du03.
o/(23+1)=29.0 ub 10 (1978P003.
39153 5/2+ 1247 E(level): Other: 395112 (1967Du03.
o/(231)=20.7 ub 12 (1978P003.
44314 1/2+ 513 E(level): Other: 4433.2 (1967Du03.
o/(231)=25.5ub 15 (1978P003.
47745 7/2+ 1694 E(level): Other: 477212 (1967Du03.
/(23 1)=21.1ub 5 (1978P003.
53804  5°2@ 1498 E(level): Other: 53805 (1967Du03.
55353 11/2* 2644 E(level): Other: 5535.2 (1967Du03.
o/(23+1)=22.0 ub 10 (1978P003.
57423 E(level): Other: 574120 (1967Du03.
57626 7/2,32,92)@ 2258 E(level): Other: 57520 (1967Du03.
57766 E(level): Other: 57720 (1967Du02.
59283  52,72@ 1677 E(level): Other: 59305 (1967Du03.
59643  12@ 635 E(level): Other: 5963.5 (1967Du03.
60423  52,72@ 1677 E(level): Other: 6046L2 (1967Du03.
61152 48027 E(level): Other: 611412 (1967Du03.
J: 152 to 232 (1978P003
61934  3/2,52@ 1149 E(level): Other: 619415 (1967Du03.
62343 (132%) 27319 E(level): Other: 6236L5 (1967Du03.
o/(231)=19.5ub 14 (1978P003.
63084 1/2+ 657 E(level): Other: 63120 (1967Du03.
o/(231)=32.5ub 35 (1978P003.
63513 3444 E(level): Other: 63475 (1967Du03.
J: 11/2 to 152 (1978Po03.
65775 52,72,92@ 18815 E(level): Other: 6583.2 (1967Du03.
66195  52,(72)@ 1526 E(level): Other: 662115 (1967Du03.
67373  32@ 932 E(level): Other: 6738L5 (1967Du03.

Continued on next page (footnotes at end of table)
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23Na, ,-189 NUCLEAR DATA SHEETS TiNay,-189

2Mg(d,)  1978P003,1967Hal7,1967Du02 (continued)

23Na Levels (continued)

E(IeveI)Jr JF# Averageo-& Comments
68203 32,52@ 1274 E(level): Other: 682515 (1967Du03.
68683 5/2@ 18118 E(level): Other: 68705 (1967Du03.
69175 3/2@ 732 E(level): Other: 69120 (1967Du02.
69473 3/2@ 746 E(level): Other: 69440 (1967Du02.
70694 20014 Averageo: For doublet 1978P003.
70804 E(level): Other: 707715 (1967Du03.
71313 38428 E(level): Other: 713115 (1967Du03.
Averageo: For doublet {978P0o03.
71503
71873 1649 E(level): Other: 7188L5 (1967Du03.
72713 38511 E(level): Other: 72725 (1967Du03.
73865 38320 E(level): Other: 739420 (1967Du02.
Averageo: For doublet 1978P003.
74036 E(level): Other: 74020 (1967Du03.
74484 32,52@ 1258 E(level): Other: 7448.5 (1967Du03.
74825  12@ 305 E(level): Other: 74820 (1967Du02.
75683 3/2@ 979 E(level): Other: 75620 (1967Du02.
76894 52,72@ 16716 E(level): Other: 7686L5 (1967Du03.
77188 12@ 354 E(level): Other: 77125 (1967Du03.
77593 52,32)@ 13811 E(level): Other: 7746L5 (1967Du03.
78423 31221 J: 9/2 to 152 (1978P003.
78737 2169 E(level): Other: 7882 (1978P0o03 — possible doublet in comparison to the energies of
Adopted Levels.
Averageo: For doublet {978P003.
79618
79838
80577
81009
812310
815110
817710
822010
82518
83208
83578
84138
84698
85018
85558
86058
86437
871510 E(level): Possible doublet.
87969
881910
894210
896510
90379
90719
910410
91709
92109
9280% 11
9320% 11
94009

Continued on next page (footnotes at end of table)
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Na, ,-190 NUCLEAR DATA SHEETS

23Na, ,-190

2Mg(d,)  1978P003,1967Hal7,1967Du02 (continued)

23Na Levels (continued)

E(levelll | E(level)l | E(level)'

942510 | 9537% 11 | 9675% 11
947810 | 9629% 11 | 9732% 11
98027% 11

T From 1978Po03for energies up to 7842 keV, and above fra®67Hal7

¥ Observed at one angle onlgg67Ha17.
# From Adopted Levels, except where otherwise noted.

@ From 1978Po03 based on measured cross sections and the proportionstithlished in their work, i.eo/(23+1)0=25 ub 5.

& |n units of ub (1978P003.
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23Na, 191 NUCLEAR DATA SHEETS fiNay,-191

6\ g(p,ay)  1972Li02,1966P006

Other references1967Ri04 1971Ph011974Pr12 1987Do06
1972L102 25Mg(p.ay) E=14.25 MeV. Measuredy(6), py(6), Iy, multigap magnetic spectrometer, Nal(Tl). Also limitedtala
for 23Na(e,ay).
1966P006 95% enriched?®Mg metallic target, £=9.3-10.5 MeV;a particle were detected by annular surface barrier aig
Nal detectors. Measuredy coincidence, angular correlations, deduced excited kgviel, multipole mixing ratio ofy transitions.

All data from 1972Li02 except otherwise noted.

23Na Levels
E(level) Fi Comments
0 32

4402 52
20772 72
23912 12
26402 172
27032 92
29812  3/2,(52)
36793 32
38514 52 J': From transition strength analysi$972Li02.
39124 52
44306

47756 52,72
53806  3/2,52
55389 112
57407 52,32
59266

59675

60435

612410

62007

62387  (132,92)
63115 172
63569

65845  9/2,52

T Fromy ray angular correlation studie$972Li02, except where otherwise noted.
y(**Na)

Mult. ) Comments

D+Q +0.091  Ay=-0.212; A4=+0.063
A=-0.22915; A4=+0.0043 (1966P00%
6: Other: +0.082 (1966P008¥.
2077 72 1637 902 440 52 D+Q +0.222  Ay=+0.102; A4=+0.023
Ao=+0.064; Az=+0.037 (1966P00%
ly: Other: 912 (1966P0o0%.
¢: Other: +0.203 for 7/2 and—0.14 8 for (3/2) (1966Po0§.
2077 102 0 32 Q+O -0.1411 A,=-0.278; A4,=-0.5112
l,: Other: 92 (1966P00%.

Eifeve) J E,f l,  Eg
440 52 440 100 0

i
o2

2391 J2 1951 373 440 §2 Ap=-0.066; Ay=-0.049 (1966P00%
l,: Wt. ave. of 393 (1972Li02 and 334 (1966P00%.
2391 633 0 32 Ay=+0.086; As=-0.036 (1966P00%

l,: Wt. ave. of 613 (1972Li02 and 674 (1966P00%.

Continued on next page (footnotes at end of table)
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23Na, ,-192 NUCLEAR DATA SHEETS fiNay,-192

26Mg(p,ay)  1972Li02,1966P006 (continued)

¥(%3Na) (continued)

Ei(level) J Eﬂ ly Et N Mult. ¥ 6 Comments
2640 12 2640 100 0 2 A=+0.032; A4=+0.012 (1972Li02

A2=+0.003; A4=-0.025 (1966P00%
2703 92 626 352 2077 72 D+Q +0.102  Ay=-0.144; A4,=+0.106

Ap=-0.099; A,=-0.022 (1966P00%

l,: Wt. ave. of 372 (1972Li02 and 322
(1966P00%.

6. Other: +0.124 (1966P00% for 9/2.

2263 652 440 52 Q+0O) -0.047  Ap=+0.5310; A4,=-0.3217

Ap=+0.419; A4=-0.3413 (1966P00%

l,: Wt. ave. of 632 (1972Li02 and 682
(1966P00%.

§: Wt. ave. 0of—0.0213 (1972Li02 and-0.057
(1966P00% for 9/2.

2981 32,(52) 2541 452 440 92 D+Q -0.055  Ay=+0.064; A4=-0.117

Ap=+0.2220; A4=+0.3330 (1966P00%

I, Other: 405 (1966P008.

¢: Others:-0.33 or —3 2 for 3/2 (1966P00¥.

2981 552 0 32 D(H+Q) -0.012 A»=+0.352; A4=-0.064

Ay=+0.526; A4=—0.0110 (1966P00%

I,: Other: 605 (1966P00%.

6. Others:+0.115 or +2.7 4 for 3/2 and+0.54 11
for (5/2) (1966P00&. The other higher value of
—4.17 in 1972Li02can be rejected on the basis of
unlikely high quadrupole transition strength.

3679 32 1039 142 2640 12 D+Q  -0.2210 A,=-0.775; A4=—0.068
1288 21 2391 12
3239 812 440 52 D+Q) -0.026 A,=-0.072; A4=—0.103
3679 32 0 32

3851 52 1211 72 2640 12
1774 536 2077 72 D(+Q) -0.025 A,=-0.134; A4,=+0.087
3411 175 440 92 D+Q  -0.2114 A,=-0.054; A4=—0.117
3851 235 0 32

3912 52 931 2081 2,(52)
1835 2077 2
3472 440 B
3912 0

4430 4430 100 02

4775 52,72 2072 152 2703 92
2698 252 2077 72 D(+Q) -0.0116 A,=+0.449; Ay=—0.2414

6. —0.0116 or +1.2 4 for 7/2, and—0.06 3 for 5/2
(1972Li02. Larger value+1.2 4 rejected by the
evaluators for RUL using data in the adopted

dataset.
4335 542 440 52 D+Q +0.193  A,=+0.023; A4,=+0.034
§: +0.193 for 7/2, —0.37 3 for 5/2 (1972Li02.
4774 62 0 32
5380 32,52 3303 252 2077 72 D+Q +0.158  A»=-0.126; A4=-0.089
6. +0.158 for 5/2, and-0.105 or —2.003 for 3/2
(1972Li02.
4939 632 440 52 D+Q -0.275  A,=+0.143; A4,=-0.055
6. —0.27 15 for 5/2, and-0.236 or —2.1 3 for 3/2
(1972Li02.
5379 122 0 32 D+Q -0.055 A»=-0.5412, A4=+0.2318
6. —0.0515for 5/2, and 0.6<6 < 3.2 for 32
(1972Li02.
5538 112 2835 766 2703 92 D+Q +0.173  A,=+0.64; A4,=-0.046
3461 245 2077 72 QH+0O) -0.0620 A»=-0.4513 A4=-0.4531

Continued on next page (footnotes at end of table)
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23Na, ,-193 NUCLEAR DATA SHEETS fiNay,-193

26Mg(p,ay)  1972Li02,1966P006 (continued)

¥(%3Na) (continued)

Ei(level) J Eﬁ ly Et X% Mult. ¥ 6 Comments
5740 92,32 5299 372 440 %2 D+Q -0.79 Ar=+0.237; A4=-0.2111
6: —0.79 or 3.0<6< 59 for 52, and-0.3820 or -1.76
for 3/2 (1972Li02.
5739 632 0 32 D+Q +0.213 A,=+0.025; A4=+0.117
6: +0.21 3 for 5/2, and—0.255 for 3/2 (1972Li02.
5967 3327 100 2640 /2 ly: (100) in1972Li02
6043 2192 438 3851 52
2364 1710 3679 32 ly: (17+10) in 1972Li02
3340 83 2703 92 ly: (8+3) in 1972Li02
5602 264 440 92
6238 (132,92) 3535 100 2703 2 D+Q Ap=+0.208; A4,=-0.3813

l,: (100) in 1972Li02

8: 6=—0.15 14 for 1% or +1.6 5 for 92 (1972Li02.
6311 12 3920 100 2391 /2 A=-0.025; A4=+0.058

l,: (100) in1972Li02
6584 92,52 3881 183 2703 92

4507 363 2077 72 A=-0.599; A4=-0.2913
6. 6=+0.44 14 for 32 or +0.13 7 for 92.
6143 454 440 52 Ay=+0.307; A4=-0.349
6: 6=+2.6 4 for D+Q from 52 or -0.10 4 for Q+O
from 9/2.

T From level energy dierence. Recoil energy subtracted and rounded to nearest keV
+ Based on angular distribution dfieients (1972Li02 — assigned by evaluators.
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Na, ,-195

NUCLEAR DATA SHEETS fiNa,-195

F(2'Al)=5/2*.

27A1(d,BLi)  1981Vel3

Self-supporting metalli@’Al target (thickness-80 ug/cm?) bombarded by 55 MeV deuteron; Outgoifigi ions were detected
and analyzed with a QM@ magnetic spectrograph; Measuretfetiential cross sectioor(E(°Li),6) from 1C° to 37 (Lab).
Deduced excited level energies, spectroscopic factor. B\&@Balysis. FWHM~40 MeV.

23Na Levels

Maximum diferential cross section ¢ddQ’)max in unit of ub/sr listed in comments section.

E(level)l ~ J@
0.0 32+

440F 5/2+
20797 7/2+
238815  1/2*
26402 20 12~
2706 92+
297020 32"
36807 32~
38637 5/2-
39227 5/2+
443915 12
47797 7/2+
53787 5/2*
553210 112"
5748% 7
59102 20
59502 20
60387
61117 (11/2)*
62337 (132Y)
63497 92
657715
660210
6830* 20

Lb
2

gb

Comments

0.597

1.0013

0.336

0.12

0.58

0.767

0.1715

0.3524

0.018

0.17

0.154

0.285

0.004

0.356

0.106

0.0815

S: 0.4211 (FR) for L=2; 0.398 (ZR)) and 0.9018 (FR) for L=4.
2.8 ubysr.

S: 1.0014 (FR) for L=0; 1.4312 (ZR)); 1.8027 (FR) for L=2; 0.5518 (ZR) 0.2629 (FR)
for L=4.

12 uby/sr.

S: 0.256 (ZR) and 0.5210 (FR) for L=4; 0.8628 for L=6.

1.5 ubysr.

S: 0.10 (FR) for £2.

0.4 ubysr.

S: 0.94 (FR) for £3.
1.4 uby/sr.

S: 1.029 (ZR) and 1.9714 (FR) for L=4; 1.0937 (FR) for L=6.

4.5 ubysr.

E(level): 2.97 MeV20in 1981Vel3

0.2 uby/sr.

S: 0.1821 (FR) for L=1; 0.7620 (ZR) and 1.1431 (FR) for L=3.

2.0 ubysr.

S: 0.7421 (FR) for L=1; 0.4923 (ZR) and 0.3134 (FR) for L=3; 0.16 (ZR) for L=5.

2.2 ubysr.

S: 0.025 (FR) for L=0; 0.3310 (ZR) and 0.3614 (FR) for L=2; 0.2115 (ZR) and
0.0821 (FR) for L=4.

1.8 ubysr.

S: 0.14 (FR) for £2.

0.5 ubysr.

S: 0.167 (FR) for L=2; 0.175 (ZR) and 0.1312 (FR) for L=4.

1.1 ubysr.

S: 0.266 (FR) for L=2; 0.115 (ZR) and 0.0411 (FR) for L=4.

1.3 ubysr.

S: 0.095 (FR) for L=4; 0.9627 (ZR) and 1.0928 (FR) for L=6; 2.8 14 (ZR) for L=8.

0.8 ubysr.

2.8 ubysr.

0.4 ubysr.

0.8 ubysr.

1.3 ubysr.

S: 0.63 (FR) for 1=4; 0.6320 (ZR) for L=6.

1.4 uby/sr.

S: 0.318 (FR) for L=4; 2.2034 (ZR) and 1.6981 (FR) for L=6; 2.827 (ZR) for L=8.

1.6 ubysr.

S: 0.6319 (FR) for L=3; 1.8753 (ZR) and 2.4697 (FR) for L=5; 11.735 (ZR) and
1.380 (FR) for L=7.

1.9 uby/sr.

0.5 ubysr.

1.0 uby/sr.

1.0 uby/sr.

Continued on next page (footnotes at end of table)
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Na, ,-196

NUCLEAR DATA SHEETS

*3Na, ,-196

E(level)

707d* 20
7120* 20
7176% 7

7250 20
738710
78507 20
79707 20
80607 20
833510
848020
85402 20
862810
870510
879410
894110
9058% 15
920115
92802 20
9382 10

* From 1981Ve13

+ Used for calibration.

27A1(d,SLi)  1981Vel3 (continued)

23Na Levels (continued)

Comments

0.4 uby/sr.
1.3 uby/sr.
S: 3.71 (FR) for £3.
6.3 uby/sr.
0.6 uby/sr.
1.6 ubysr.
2.7 ubysr.
0.6 uby/sr.
0.6 uby/sr.
1.3 uby/sr.
0.5 ubysr.
0.4 uby/sr.
0.8 ubysr.
0.5 ubysr.
1.0 ubysr.
0.2 ubysr.
1.9 ubysr.
1.3 ubysr.
0.6 uby/sr.
0.9 ubysr.

# Listed in 100th of an MeV, appears to be a typo consideringdtheblet indicated by a curly bracket with the overlapping
literature data in Table 6. Assuming in 1000thevaluators list level energy in keV. The assumption redulcesincertainty by a

digit.

@ | isted in 100th of an MeV. Based on the absence of a curly letackhich authors used to indicate a doublet compared with th
literature data, the evaluators considers in 1000th of aN lsied list in keV. The assumption reduces the uncertaintjheflével
energy by a digit.

& Doublet (1981Vel3.

a From Adopted Levels.

b Relative spectroscopic factor from contributions ofetient L-transfer with zero-range (ZR) and finite-range (BRYBA
calculations.
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Na, ,-197

NUCLEAR DATA SHEETS

*Na, ,-197

2005Ke082005Ke11 26Mg beam, E-160 MeV, bombarded onto ¥#%Nd target of thickness 0.4 nimr?, deep-inelastic and

150Nd(28M g, 28Nay)  2005K e08,2005K el

multi-nucleon transfer reactiory, rays were detected using an array of 26 Ge clover detectbr&elcluster detectors, and a BGO
array; measuredg yy coin, deduced level scheme.

E(level)f FE
0.0 32
440 52+
2076 72+
2703 92+
3678 32
5378 52+
5533 112+
6236 (132,92)*

¥ Fromy-ray energies.
¥ As listed in2005Ke11

23Na Levels

¥(*Na)

E, E;(level) J Ef N
440 440 Bt 0.0 32*
627 2703 2 2076  72*
1636 2076 nt 440 g2t
2263 2703 22 440 §2*
2830 5533 1p* 2703 92*
3238 3678 B 440 52+
3533 6236 aR,92)* 2703 92F
4938 5378 o2 440 H2*+
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23
7iNa,,-198

NUCLEAR DATA SHEETS

23
7iNa,,-198

150Nd(28M g,23Nay)  2005K e08,2005K el1

Level Scheme

(30)
&
(13/2,9/2y 3 6236
S o

11/2+ . & 5533
5/2+ 5378

(5]

($2]

(3%
3/ > 3678

(20]
o AN
912+ V& 2703
&
712+ N 2076
S
N

5/2+ ¥ 440
3/2+ I 0.0

23

11Nay

Legend

Coincidence
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Na, ,-199

NUCLEAR DATA SHEETS f3Na;,-199

2ONe(“Li,e)  1984Fol4

Target: Enriched®Ne in a gas cell with no entrance window; Projectifei, E=22.0 MeV: outgoinge particles were momentum
analyzed in a multiangle spectrograph and detected in auel@ulsion plates. Mylar foil stopped all particles heati@na’s.
Deduced excitation energy andi@rential cross section. FWHM50 keV.

23Na Levels
E(Ievel)T (da-/dQ)max@ Comments
0.0
20827 12.3
23892 39.6
26478 11.2
27056 8.5
29842 42.8
36685 245
38427 13.1
39145 8.2
44263 29.2
47703 24.4
53782
55286 17.1
5744 29.4
592310 14.5
595814 13.3
60308 10.1
61176 5.2
618210 11.2
62356 14.6
6320f 2 67.4
6588" 10  55.0
672912 12.7
69268F 9 275
7079F 13 142
7279 10 334
7463 8 348 E(level):1984Fo14identify as doublet of 7448 and 7489there is one additional level 7477.4 within
the range in Adopted dataset. Not referenced (XREF) in Asbbplataset.
75757 52.6
775110 655
786210 72.6
830410 208
84788 165
857014 43.9
864411 105
8801 19  37.4
8965f 10 223 E(level):1984Fo14identify as doublet of 8945 and 8972but there is one additional level 8963.9
within the range in Adopted dataset. Not referenced (XRBEF)dopted dataset.
902417 37.4
9107 14  39.8

T From 1984Fo014

* Doublet.
# Triplet (1984F01%, not referenced in the Adopted Levels.

@|n units of ubysr.
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23Mg, -1 NUCLEAR DATA SHEETS 12Mg, ;-1

Adopted L evels, Gammas

Q(87)=—-12221.64; S(n)=13144.94; S(p)=7580.9723; Q(a)=—9650.4823  2017Wal0
Other reaction2°NeHey): 1983Wa05(E=3-19 MeV).

23Mg Levels

Cross Reference (XREF) Flags

12(:(160@”},)
22Na(py)
22NaCHe,d)
23NalHet)
24Mg(p.d),(pol p,d)

24Mg(d.t)
2“Mg(*Hep)
2"Mg(PHe ay)
2Mg(p.1)

237l ¢ decay

245 ep decay
IH(?2Na,p):res
9Be,C#Mg,**Mgy)
12(:(12(:’”},)

monNnw>
o H Do T
Z2=2r=

E(IeveI)T J T]_/zb XREF Comments

0.9 32+ 11.3046 45 AB DEFG IJKLMN %6e+%g*=100

n=-0.53663; Q=0.1143

5<r?>(2Mg,28Mg)=+0.053 fn? 6 (stat)34 (syst) R012Yo03).

<r2>%2-3 0428 fm10 (stat) 61 (syst) 012Yo03. Also
<r2>12-2 96 fm 14 and 3.00 fm19 (1998Su07.

J: L=2 (pol p,d) and vector analyzing power ((p,d),(pol p;d)
1986Mi01).

T1/2: Weighted average of 11.302738 (2017Mal8,
11.317 s11 (1977Az01- revised value 11.327 4
(1975Az09), 11.41 s5 (1968Go010, 11.36 s4 (1974AI03), and
11.26 s8 (1974Az0). Other: 12.1 sl (1958Mi85).

w: From2017Yo05 2019StZV - collinear laser spectroscopy.
Other: 0.53643 (BNMR — 1993Fu0§.

Q: From1999Mb13 2016St14- SNMR. Other: 0.125%
(1996MazV).

450.78! 15 5/2*8‘ 1.15 ps8 AB DEFG IJKLMN J": L=2in (p,d) and vector analyzing power ((p,d),(pol ps€)

1986Mi01).

Tq/2: Fromr=1.66 ps12 Wt. ave. ofr=1.57 ps12 (1990Ti02
and 2.00 ps 241973Wa26 — both in {2C,ny), 7=1.65 ps25
(BHegwy), and 3.6 ps+91-24 (19711t02— DSA).

2051.6 4 7/2+ 65° fs 12 A DEFG JKLMN J: L=4 and vector analyzing power ifHea).

Tyy2: Other: 21 fs14 from 7=30 fs 20, tabulated in earlier

evaluations1998En04and 1990En08by P.M. Endt- source

missing.
2357.07 12* 575 fs 118 AB DE  IJKLMN J: L=0in (p,d).
27148 5 9/2* 65 fs 8 DEFG KLMN J': 92,52 proposed byl970Ha02(3He ay) from angular

correlation studies of 2263 L=4 in (p,t) from 52*. 92* in
(?2Mg,2°Mgy) from measurements and CCBA calculations.
Band assignment.

Ty/2: Fromr=94 fs12. Wt. ave. ofr=91 fs12 (1990Ti02 and
80 fs20 (1973Wa2§ — both in #2C,ny), andr=140 fs30

(CHeay).
2717127 1/2- 75 s 10 E JKLMN J: L=1 and vector analyzing power in (p,d),(pol p,d).
2905.27 (3/2)* 10.4£ fs 21 DE I LMN J" L=2in (pol p,d) and vector analyzing power (poorly
resolved).
3794.14 3/2- 28.£ fs 42 E JKLMN J": L=1 and vector analyzing power in (p,d),(pol p,d).
3860.67 3/2* .52+ 8.3 fs21 E IKLN J:L=2in(Hep)andy to 7/2*.
3971.F 6 5/2" <14 ns E  JKLMN J%: L=3in (p,t) and B2 from correlation studies ir"ea)
1970Ha02

Tq/2: Upper limit estimated from the coincidence resolving time

Continued on next page (footnotes at end of table)
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NUCLEAR DATA SHEETS E%Mgll'z

b

Adopted L evels, Gammas (continued)

23Mg Levels (continued)

E(IeveI)T J T2 XREF Comments
in (®Hey) measurementsl970Ha03.
4356.420 1/2* <7.6fs IJKLMN  E(level): From BHeay).
J: L=0in (p,d).
4681.57 (7/2)* 6.9 fs21 E JKL N J: M1+E2to 92" and 32". L=2 in (p,t).
5287.58  3/2+52F 35fs14 E IJKLMN J: L=2in (p,d).
T1/2: Other: <9.7 fs CHeay).
5453.f 6 ay2)* <10.£ fs EF  JKLMN J: L>4in (p,t) from 52" target implies>3/2*; E2y to 7/2".
56562 4 52+ I LN J:L=0in(p).
5690.76 (12 to 92)* E JLN J:L=2in(pt).
5712@ 8 12+ 32+ 52 I LN J:L=0in(He,t) from 32 target.
5937.97 (1y2%) EF L N J: D+Qyto 92*. Based on decay scheme and yfasire
band structure'fO,any).
5992.89  1/27,3/2° E JLN J:L=1in(p,d).
6129.37  (7/27) 12.5 fs21 E I LN XREF: I(6138).
J: 567% (E1) to 52+, 2158 (M1+E2) to 52".
6132.313  3/2+,52+ E ] XREF: J(6144)
J: L=2in (p,d).
6194.7 7 (132%) 11.9 fs21 EF L N J: 3480y E2 to 92+, 740y M1+E2 to (132)*.
6240.011 (9/2)* <27.F fs E H LMN J: 4188 D+Qto 72*. L=2in (p,t).
62464 J
6372.510 (7/2*) E H LMN J: 592y D+Q to §2*.
6377.011 (7/2%) <31.Xfs E J: 4325 to 7/2*.
63912 (3/2*,52%) ] J: L=2in (p,d).
6447512 (9/27) E L N J: 1766y to (7/2%).
6449.86 (92) 24.3 fs55 E J: E1to 72%, E2 to 527, band assignment.
6513.610 (7/2)* E H LN J:L=2in(pt), ,=2+0in CHe,d) from 3, 6062 D+Q to
5/2+.
65403 3/2+, 52+ HIJ L N E(level): Unweighted average of data from (p,d), (p3Hén),
(®He,t), and tHe,d).
F: L=2in (p,d). Other: =0 in He,t) from 32* target.
6574.610 5/2* E H LN J:L=0in(pyt).
6775.413 E LN
6803.912 3/2* 52" E J1N J:L=2in(pd). 527 in (*3C,ny).
6804.610 E 1N J:(72%)in (22C,ny).
68183 1/2*,3/2* 52 I 1 J: L=0 in CHe,t) from 32* target.
69083 5/2* <6. fs HIJ LMN E(level): From gHeay).
J©: L=0in (p,t).
69845 5/2+ H L N E(level): Weighted average of data from (p,BHéw), and
(®He,d).
J L=0in (p,t).
70075 (3/2*,52) ] J: L=2in (p,d).
7021.58  (9/2)* E H LN J:L=2in(p}t), 4969 D+Q to 7/2*.
7111.710 (3/2 to 132)* E HI LN J:L=0+2in (He,d) from & target; L=4 in (p,t) from 52*
target. (72%) in (12C,ny).
7145.27  (132%) EF 1 J: yto 92" and (112)* and (132") states.
7149.08  (5/2%) E 11N XREF:J(7144).
J: From L=2 in (p,d); L=0+2 in (p,t) from 32* target implies
(5/2)*; v to 7/2* and 92* ((9/2*) in (*2C,ny)).
7228.513 E LN
72606 (3/2*,52%) J J: L=2in (p,d).
7261.99 (11/2*) 1.4 fs7 E H LN J:454% M1+E2to 92°.
T12: Fromr=2 fs 1 (2013Je04- (1°C,ny)).
7382.810 (7/2%) E N J: 6931y D+Q to §2*.

Continued on next page (footnotes at end of table)
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Mg, ;-3

NUCLEAR DATA SHEETS

b

Adopted L evels, Gammas (continued)

23Mg Levels (continued)

E(IeveI)Jr J T12 XREF Comments
7450.58  (9/2)* <9.7¢ fs E IJ MN J: 5399 D+Q to 72*, 6998 Q to §2". L=2 in (p,t).
7497.211  (92)* <13.F fs E H MN J:L=2in(pt), 544% to (92%).
75836 5/2+& HIJLN E(evel): Weighted average of data from (p,8He,d), and
(p.d),(pol p,d).
J: L=0in (p,t).
7624.49  (9/2)* 2.8fs14 E HJ N J:L=4in(pd), =2in (p,t), E2y to 52*.
76483 3/2% 52¢ E HJL XREF: H(7641)L(7635).
J: L=2in (p,d).
7770.46 1.4fs7 E L J: (9/27) in (2C,ny). L=3 (preliminary) in fHeg) yields
5/27,7/2".
7781.89  (11/2%) <0.7 fs E H J: E2to 72%, y to 92°.
7784.78 32 52F 69fs21 A EG J MN J:L=2in (p,d), 7333 M1+E2 to 52*. L=4 in (p,t), 72" in
(**c,m).
T1/2: Other: <8.3 fs EHeay).
7803.06 5/2* A HIJ L N %p=0.178
T=3/2
XREF: (7790)L(7793).
J: L=0in (p,t).
7855.57  (7/2%) A EGHIJ LN 9%p<100
J: L=4 (preliminary) in €Heg). log ft=5.2 from 52" in 23Al
¢ decay.
791815 A
8015.67  (5/2,72) A EGHjLN %p<100
J: y to 7/2* and 92*; log ft 6.0 from 52 in the 23Al ¢
decay. (8 to 13/2) in (*3C,ny).
80444 ]
80622 GH L N E(level): From (py). Others: 805510 (p,d),(pol p,d), 805&
(p.Y).
80748 A HIJ L N E(level): Weighted average of data from (p,8Hé,d), (p.d)(pol
p.d), @He,t), and?3Al ¢ decay.
81415 ]
8163.112 52+ A EGIJLN %p<l00
J: L=0in (p,t).
81938 J N E(level): From (p,t). Other: 8193 (p,d) (estimated uncertainty
by evaluators).
82883 A G N E(level): From (py).
83306 3/2* 52" ] J: L=2in (p,d).
83422 G
83936 N
8427 8 J N E(level): Wt. ave. of data from (p,d) and (p,t).
gaadt 2 32+ 52t A I N %p=100
J: L=0 in CHe,t) from 32* target. logft=4.4 from 52* in
237 £ decay.
85576 N
85782 3/2,52,72 A J: log ft=6.1 from 52* in 23Al & decay.
8617 6 (52,722,920 2 C ] N
87626 J N XREF: J(8770).
E(level): Wt. ave. of data from (p,d) and (p,t).
8793 8 (7/2*)@ AC N XREF: A(8781).
88403 3/2,52,72 A J: log ft=6.0 from 52* in 23Al & decay.
88708 N
89083 (5/2+)2 AC N E(level): Weighted average of data from (p3JAl & decay,

(p,d),(pol p,d), andH(%2Na,p):res.

Continued on next page (footnotes at end of table)
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NUCLEAR DATA SHEETS

Adopted L evels, Gammas (continued)

23Mg Levels (continued)

E(IeveI)T J T1/2b XREF Comments
89245 127,32 J J: L=1in (p,d).
8941.610 <70 fs EF N %p<100
8993* 6 312 5/2*,7/2" N J: L=2in (p.t). logft=5.3 from 52* in 23Al & decay.
902030 127,32 J J: L=1in (p,d).
90027 4 32,52,72 N J: log ft=6.1 from 52* in 23Al & decay.
90608 N
9107 6  3/2,52,72 N J% log ft=6.0 from 52* in 23Al ¢ decay.
91356 3/2,52,7/2 3 N E(level): Unweighted average of data from (p3Al & decay, and
(p.d),(pol p.d).
J: log ft=5.0 from 52" in 23Al & decay.
91596 1/2+ 32+ 52+ I F: L=0in CHe,t) from 32* target.
92538 N
93255 3/2,52,7/2 3 N E(level): Weighted average of data from (p3JAl ¢ decay, and
(p.d),(pol p.d).
JF: log ft=5.0 from 52" in 23Al ¢ decay.
93748 N
94038 N
9421F 4 32+ 52* 72" N J: log ft=4.5 from 52* in 23Al & decay.
94685 3/2t, 52,72+ 3 N E(level): Weighted average of data from (p3JAl & decay, and
(p.d),(pol p.d).
F: L=2in (p,t). logft=5.2 from 52" in 23Al ¢ decay.
95026 1/2+ 32+ 52+ I J: L=0 from 32" in (3He,t).
9596.710 (152+,17/2*) <70fs EF N J: 152 in (160.eny) and (172%) in (12C,n). y to (132*).
96045 3/2,52,7/2 %p=100
J: log ft=5.6 from 52" in 23Al ¢ decay.
96428 ] N
9673 7 32 3 N E(level): Wt. ave. of data from3%Al ¢ decay, (p,t) and (p,d).
J: L=1in (p,d) and logft=6.0 from 52* in 23Al & decay.
97178 N
975050 ]
985030 (3/2+,52%) J J: L=(2) in (p,d).
997040  (1/27,32") ] F: L=(1) in (p,d).
1012050 J
1027030  (1/27,3/2") ] F: L=(1) in (p,d).
102907 1/2+ 32+ 52+ I F: L=0in CHe,t) from 32* target.
1044050  (1/27,3/2") ] F: L=(1) in (p,d).
1057020 127,32 J J: L=1in (p,d).
1075040  (3/2%,52%) ] F: L=(2) in (p,d).
1092070 J
1103060 E ]
111328 1/2+ 32+ 52+ I F: L=0in CHe,t) from 32* target.
1121060 E ]
1138060 J
1154060 E ]
1180040 E ] XREF: E(11760).
1199050 ]
1248080 J
1269080 ]
1294080 J
1328080 ]
1413020 E %p=100
1456020 E %p=100

Continued on next page (footnotes at end of table)
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23Mg, ;-5 NUCLEAR DATA SHEETS 12M9,,°5

Adopted L evels, Gammas (continued)

23Mg Levels (continued)

* From least squares fit tp-ray energies (measured and reported), assumifgl keV fory rays without uncertainty. Calculated
Ey from level energy dferences were deduced after the fit and marked by footnote.

¥ From (p,t).

# Weighted average of data froffAl & decay and (p,t).

@ From @He,t).

& From vector analyzing power in (pol p,d)486Mi02).

a proposed by013Ji13- 1H(?2Na,p):res, based on R-matrix analysis of measured exmwitdtinction.

b From (#2C,ny) — by DSA method), except otherwise noted.
¢ From @GHeay) by DSA method.

d Band(A): 7+ band.

€ Band(B): K™=(1/27) band.
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65¢

Adopted L evels, Gammas (continued)

¥(>3Mg)
Ei(level) J E, 1,C = J Muit.d & of Comments
450.70 %2* 450.76: 15 100 0.0 32 M1+E2  -0.062 B(M1)(W.u.)=0.20915; B(E2)(W.u.)=24 +20-13
2051.6  72* 1601.42 13  100.0%2 24  450.70 %2+ M1+E2  -0.192 1.0x%10%42 B(M1)(W.u.)=0.070+16-11; B(E2)(W.u.)-6.5
+21-16
2051.% 13.911 0.0 32*  E2(+M3) +0.055 3431046 B(E2)(W.u.)=7.5+18-13

I,: Unweighted average of data fror2C.ny)

and EHey).
2357.0 12t 1906F 1 100@ 4 450.70 32+  [E2] 2.74x1074 B(E2)(W.u.=6.9 +18-12
2357.8 45@ 4 0.0 32*
27145 @t 662.04 40  42.36 2051.6 72*
2263 1 100.07 450.70 %2+  [E2] B(E2)(W.u.)=26.5+37-30
27712 127 2769.7% 12 100 0.0 2t  [E1] 1.13x1073 B(E1)(W.u.=5.2x104 +8-6
2905.2 ()" 2454.8 59@ 3 450.70 %2+  D+Q l,: Other: 1004 (*2C,ny).
2006.42 11 100@ 3 00 32 D+Q l,: Other: 666 (12C,ny).
37941 3 1023 1 348 27712 120 M1 B(M1)(W.u.)=0.0236
3343.9%2 13 100.017 450.70 %2+ E1 1.4%1073 B(E1)(W.u.)=7.1x10"% +13-9
3794.P 8.1@ 23 0.0 32* ELM2 <045  0.00158  B(EL)(W.u.)=3.7x10°5 +22-17; B(M2)(W.u.)<3.0

§: Based on the RUL(M23 (upperlimit). Other:
6>0.4 in CHeay), the lowerlimit appears to be
a typo.

3860.6  32*,52° 956 1 2905.2 (32)*
1503 1 428 2357.0 12t
1809 1 10017 2051.6 72"
3971.7  %2° 178F 1 8.96 37941 32
1067 1 1.96 2905.2 (32)
1200F 1 3.86 27712 12-
1920F 1 1003 2051.6 72+  Df
39720 80 0.0 32+ D+Q l,: From GHeay).

§: —4.339 in 1970Ha02note that large value
implies E2¢-M1) and consequently positive
parity for the depopulating state. That would be
inconsistent with negative parity from=3 (p,t).

4356.4 2t 1999 4@ 3 2357.0 2
43568 100@ 3 0.0 32*

46815  (72)* 1967 1 17.417 27145 92+  M1+E2¥ 0.000274
2630° 1 47.817 2051.6 72*
4230F 1 100.026 450.70 32+  M1+E2¥ 0.001178
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Adopted L evels, Gammas (continued)

v(?®Mg) (continued)

f

Ei(level) F E, 1,¢ Et J Mult.d @ Comments
5287.5  32*.5/2* 3236F 1 10011 20516 72*
4836F 1 934 450.70 2+
5453.7  (112)* 2739 1 1003 27145 @* D+QF
34021 503 2051.6 72" E2¥
5690.7  (12to 92"  1830F 1 3860.6 32*,5/2*
5240F 1 322 450.70 2+
5690 1 1007 0.0 32¢
5937.9  (112) 32231 1003 27145 @* D+QF
3886F 1 192 2051.6 72" ¥
5092.8  127,32" 3221F1 215 27712 127
3636F 1 10011  2357.0 12*
6129.3  (72°) 2158F 1 487 3971.7 %2 (M1+E2f  0.000355
3415F 1 10021 27145 92* [E1] B(E1)(W.u.)=9.3x104 19
567741 353 450.70 2+ (E1) 0.00221  B(EL)(W.u37.0x10°5 +19-13
6132.3  32*,52* 377551 100 2357.0 R*
6194.7  (1RY) 7401 11.86 5453.7 (112"  M1+E2F
3480F 1 100.018 27145 $2* E2 9.86x10%  B(E2)(W.u.)-21.4+46-33
6240.0  (92)* 4188F 1 100 2051.6 2% D+QF
63725  (72%) 5921 1 100 450.70 B* D+Q¥
6377.0  (72%) 4325F 1 100 2051.6 2%
64475  (92°) 1766 1 46815 (72)*
6449.8  (92°) 996F 1 10.827 5453.7 (1R)*  [E1] B(E1)(W.u.)=0.00206
2478f 1 100.027 3971.7 %2- E2F 5.50x104  B(E2)(W.u.)=32 +9-6
3735F 1 16.227 27145 9* [E1] B(E1)(W.u.)=5.4x10°5 +18-13
43981 71.627 2051.6 72 (EL)F 0.00183  B(EL)(W.u31.46<10°% +43-27
6513.6  (72)* 6062F 1 100 450.70 B* D+QF
6574.6  52* 6123F 1 100 450.70 B*
6775.4 4418 1 100 2357.0 p*
6803.9  32*,52* 2832F 1 100 39717 B~
6804.6 6353 1 100 450.70 B*
70215  (92)* 4307 1 10013 27145 @*
4969F 1 674 2051.6 72* D+Qf
7111.7  (Rto 132" 6660 1 100 450.70 B*
71452  (1R%) 951f 1 1.03 61947 (1RY)
12041 233 59379 (112%)

LT OINg
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Adopted L evels, Gammas (continued)

v(?®Mg) (continued)

Ei(level) J E, 1,C = J Mult.d of Comments
71452  (1RY)  169%F 1 2.03 5453.7 (112)*
4430f 1 10010 27145 92* I,: Assuming half of the 44304435 y-ray doublet
intensity.
7149.0  (32%) 1459 1 3.03 5690.7 (12 to 92)*
4435 1 10010 27145 92 l,: Assuming half of the 44304435 y-ray doublet
intensity.
7228.5 487% 1 100 2357.0 p*
7261.9  (112f) 1808 1 8521 54537 (112)*
4547 1 100.021 27145 92* M1+E2f  0.001288
7382.8  (72%) 693%F 1 100 450.70 B* D+QF
74505  (92) 5399° 1 636 2051.6 72* D+Q¥
6998" 1 1006 450.70 32* E2¥
74972 () 5445 1 100 2051.6 2t
76244 () 717259 100 450.70 B* g2t B(E2)(W.u.)=2.7 +23-10
7648 32+ 52¢  7196.6 26 100 450.70 B* D+QF
7770.4 231695 739 5453.7 (112)*
5054.6 6 10018 27145 92*
77818  (112*)  5067.F 11 1009 27145 92*
5720.# 11 5013 2051.6 72" g2t 1.68<10%  B(E2)(W.u.-8.5
77847 Pt 52t 5732 164 2051.6 72+ l,: Unweighted average of data from gpand?3Al
¢ decay.
7333.% 11 100% 6 450.70 32+ M1+E2¥
7803.0 B2+ 57514 5521 2051.6 72°
73512 452 5 450.70 2*
7801.% 10(R 0.0 32¢
78555  (72%) 5139.7 12 100% 8 27145 92*
5803.% 13 26% 4 2051.6 72*
7403.8 78 3 450.70 32*
8015.6  (%2,72) 5300.% 8 100.6% 23 27145 @*
5064.7 20  84.0% 23 20516 72*
7564 8.% 15  450.70 %2+
8062 8060.8 100 0.0 3*
8163.1  32* 6109.5 18  33% 3 2051.6 72*
77122 30.3% 21 450.70 32*
81622 100% 3 0.0 32
8288 5578 100 27145 @*
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Adopted L evels, Gammas (continued)

v(?®Mg) (continued)

Ei(level) F E, I,© Et T Comments
8342 7888 100 450.70 B*
8941.6 1794 71452 (1R%)
2745' 6194.7 (1®*) E,: Other: 2752 ¥2C,ny).
9596.7  (1%*,172+) 2451 71452  (1R%)
3402" 6194.7 (1®*) E,: Other: 3417 2C,ny).

T From 60,amy).

¥ From (2C,ny).

# Weighted average of data fro¥C,ny) and (py).

@ From @GHeay).

& From (py).

a From 23Al ¢ decay.

b Deduced from level-energy fiierences, corrected for recoil, except otherwise noted.

¢ From (2C,ny), except otherwise noted.

4 From @Heay), except where otherwise noted and RUL.

€ From GHeay).

f Total theoretical internal conversion dheients, calculated using the Brlcc cod2008Ki07) with Frozen orbital approximation based grray energies,
assigned multipolarities, and mixing ratios, unless ofliez specified.
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NUCLEAR DATA SHEETS

23
1oMg,;-10

Adopted L evels, Gammas

Level Scheme

Intensities: Relative photon branching from each level

& &
¥ >
@s/r a7y ¥ ¥ . 9596.7
RS
AN N N
A 8941.6
N 858 o 8342
O— V- B—t5—§
94 N9 N Q 8288
SIS T s
5/2+ TN S 4{,\7,\{.:9 N 8163.1
P R S 8062
SIS 7
(512,712) NGO o0 So o ¥ 8015.6
12" NG ga/@i{fj&i S o 7855.5
e NI ‘@;@7:’&&7“ S 7803.0
32" 52" To oy SR o 7784.7
12 R SIS 7781.8
SO QO

W é"'—éy 7770.4
3/2¢,5/2¢ N \AIRSEIP I o 7648
(@12)" Ve TS s 7624.4

FosT§
(or2)" T e & g 7497.2
(9/2)" TP & IO 7450.5

S o
(12" C Ao 7382.8

F&—3

(11/2") LA 7261.9

&
7228.5
(13/2") 7145.2
(13/2") v 4 6194.7
a1y 5453.7
9/2+ 2714.5
12+ 2357.0
. 2051.6
5/2" v 450.70
372+ 0.0

23
M0y

<70fs

<70fs

6.9 fs21
<0.7fs
1.41s7
2.8fs14
<13.9fs
<9.7fs

1.41s7

11.9fs21

<10.4fs

65 fs8

575fs118

65 fs12

1.15 ps8

11.3046 $45
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NUCLEAR DATA SHEETS

23
Mgy ;-11

Adopted L evels, Gammas

Level Scheme (continued)

Intensities: Relative photon branching from each level

oS
Q
F& S W "?3 o &
(5/2) VY 888y Voo 7149.0
(13/27) YNNOTE 9N o 7145.2
(3210 1112f R S s 7111.7
(912)" VY @ N o 7021.5
Sy $ S

o o= 6804.6

3127512 Fo T RIS P 6803.9
L Y 6775.4

T TG :
512+ E o > 6574.6
@2y SR S S 6513.6
(9/2°) ST S o oW 6449.8
(972°) &*&w < S 6447.5
712" T UY o oS 6377.0
(712%) Ve AN 6372.5
(912" SN Y ST 6240.0
(13125 PTRY S 6194.7
3127 512° OV 6132.3
(72°) i \ 6129.3
12 32 > 5992.8
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23
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NUCLEAR DATA SHEETS

23
1oMgy,-12

Adopted Levels, Gammas

Level Scheme (continued)

Intensities: Relative photon branching from each level
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Mg, ;-13

NUCLEAR DATA SHEETS

Mg, ;-13

Adopted L evels, Gammas

Band(B): K™=(1/2")

band
Band(A): 7+ band ©27) 6498
(13/2) 6194.7
740
(w2t 5453.7
2478
3480
2739
3402
9/2+ 27145
662
712+ l 2051.6
2263
1601
2052
5/2+ 450.70
451
32+ 0.0

23
12Ma;
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23Mg,,-14 NUCLEAR DATA SHEETS Mg, 14

23Al edecay  2011Sal5,2011K 26,2006l a03

Parent:>3Al: E=0.0; F=5/2*; T1/,=446 ms6; Q(¢)=12221.64; %e+%3*+ decay-100

Other references2015Su152014Ka01 2012Tr08 2002Wa33 2001Wa54 2000Pe281998J0201995Ti08 1972G003 1998R0ZX
(same group o0f.995Ti0§, and2020Fr04

2011Sa1%012Tr0820061a03 Source produced byH(?*Mg,23Al) at E(3*Mg)=48 MeVju. Target2.5 mgcn¥ thick liquid
nitrogen cooled K at 1.6 atm pressure. Detection system: double-sided $idttector (DSSSD) and a thick Si pad detector for
particle detection. This system was used in implantatiodenas aAE-E telescope to control the implantation for particles of
interest, and in measurement mode to record spectra ofrofithe thick Si detector served as a detectgs*oparticles. A 70%
HPGe detector was used for detectingays. Measured £ |y, delayed proton spectrgp coin, 8y coin.

Ref. 31 in2006la03and Ref. 25 in”2011Sal5efer to a Ph.D. dissertation by Y. Zhai at Texas A & M (2007hiet contains
additional data (R. E. Tribble mentioned by e-mail to B. Sirfdated March 13, 2019) that identification of some of the mam
lines was uncertain and not included in the publication)e $tatements like “Transitions to and from 13 distinct editevels in
24Mg levels are observed” or “Twenty-ray peaks in all were identified as originating from the gec&23Al” in paragraphs 1
and 2 (section IV) could not be followed comparing the préseémlata in2006la03or dissertation.

2011Ki26& 22Al beam produced via th&Mg(p,2n) reaction with beam energy of 40 MeV and natural-sefiporting 4.3 mgn?
thick Mg target. The mass separated ions were implanted artzon foil. The detection system consisted of four douldes
silicon strip detectors (DSSSD) and each one backed by oressigd silicon detector. Measureg, B,. Deduced excitation
energies for proton unbound states, and branching ratios.

2014Ka01 Source produced vi&d*Mg(p,2nf3Al, E=40 MeV, reaction. MeasuredsE|B, Ey, |y; deduced Gamow-Teller
strengths.

2015Sul5 23Al ions were produced by fragmentation of a 75.8 MeMtleon primary beam d®Si on a 198Qum thick °Be
target. Measured § Ip, By-coin, py-coin, g-proton coin, decay-time distribution. Deducgdlelayed proton decay branching

ratios.
2020Fr04 23Al ep decay— measured proton emission of 204, 275, and 583 keV (c.m) aemes i?3Mg using the new device

Gaseous Detector with Germanium Tagging system. Repastegldtive to | (839 keV (lab)) 0f2011Sal5 Deduced 204 keV
(c.m.) resonance strength.

The decay scheme is incomplete.

23Mg Levels
E(IeveI)Jr i Comments
0.0 32+
4511 5/2*
20511 7/2*
77881 3/2",52%  E(level): Others: 77871 from E(p)(c.m.}206 11 (2011Sal} 778715 from E(p)(c.m.x206 15

(2015Sulb.
I'p/I'=0.00658 (2020Fr04, 0.00108 for 2000Pe28n 2020Fr04and 0.03820 based ol’y=63 meV 20
andI'p=2.5 meV11in 2011SalXunit “meV” not listed), however2020Fr04list as 0.0379.
wy=0.24 meV8 (2020Fr04, 1.4 meV+5-4 (2011Salj and 0.4 me\V3 for 2000Pe28n 2020Fr04 All
using7=10 fs 3 (2004Je0}
78031 5/2* E(level): IAS of 22Al g.s. No proton decay was observed from this st2@1(Salk This is in contrast
to what was observed ih995Ti08and 2000Pe28
78489 (7/2%) E(p)(c.m.2679 (2011Salk Others: E(p)(c.m=269 16 (2015Sulb, E(p)(lab)=246 20 (1998R0ZX.
791815 E(p)(c.m.x33715 (2011Salk
802415 (5/2,72)  E(p)(c.m.x44315(2011Salkh
807010 E(p)(lab)=468 10 (1998R0ZX).
8164.712 52+ %p=100
E(p)(c.m.x583.812 from E(p)(Lab}558.212 (2011Ki26). Others: E(p)(c.m35798 (2011Salband 586
15 (2015Sulb, E(p)(lab)=556 5 (1998R0ZX.
828710 E(p)(lab)=675 10 (1998R0ZX).
84482 3/2.,52%  %p=100
E(p)(c.m.x866.819 from E(p)(Lab}828.819 (2011Ki26 Others: E(p)(c.m3866 8 (2011Salband 875
12 (2015Sulb, E(p)(lab)=8385 (1998R0ZX.

Continued on next page (footnotes at end of table)
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23Mg,,-15 NUCLEAR DATA SHEETS 12M9,,-15

23Al edecay  2011Sal5,2011K i26,20061 a03 (continued)

23Mg Levels (continued)

E(IeveI)Jr JE Comments
85792 3/2,52,7/2% %p=100
E(p)(c.m.x998 2 from E(p)(Lab}954 2 (2011Ki26). Other: $E(p)(lab}942 10 (1998R0ZX.
870510 E(level): Not adopted- source is a secondary publication.
E(p)(lab)=107510 (1998R0ZX.
87823 (7/2%) %p=100

E(p)(c.m.x12013 from E(p)(Lab}11483 (2011Ki26). Others: E(p)(c.m=512048 (2011Salk
E(p)(lab)=1156 10 (1998R0ZX.
88403 3/2,5’2,7/2# %p=100
E(p)(c.m.x12593 from E(p)(Lab}x12043 (2011Ki26). Other: E(p)(lab}121510 (1998R0ZX).
89053  (5/2%) %p=100
E(p)(c.m.x13243 from E(p)(Lab}12663 (2011Ki26). Others: E(p)(c.m=513389 (2011Salk
E(p)(lab)=1277 10 (1998R0ZX.
E(level): Other: 89163001Wa5%.
900010  3/2*,52",7/2*  E(p)(c.m.x141910 (2011Salk

90234 3/2,5’2,7/2# %p=100

E(p)(c.m.x14424 from E(p)(Lab}x13794 (2011Ki26).
91025  32,52,72% %p=100

E(p)(c.m.x15215 from E(p)(Lab}14545 (2011Ki26).
91444 3/2,5’2,7/2# %p=100

E(p)(c.m.x15634 from E(p)(Lab}14954 (2011Ki26). Others: E(p)(c.ma15619 (2011Salk
E(p)(lab)=1505 10 (1998R0ZX.
93214 3/2,5’2,7/2# %p=100
E(p)(c.m.E17404 from E(p)(Lab}x16644 (2011Ki26). Other: E(p)(c.m3>172925 (2011Salk
94224 32+ 52+ 72*%  %p=100
E(p)(c.m.x18414 from E(p)(Lab}17604 (2011Ki26 Others: E(p)(c.m31843 9 011Salk
E(p)(lab)}=174810 (1998R0ZX.
94695 3/2* 52,72 %p=100
E(p)(c.m.x18885 from E(p)(Lab}x18055 (2011Ki26). Other: E(p)(labx1797 10 (1998R0ZX).

956510 E(level): Not adopted- source is a secondary publication.
E(p)(lab)=1897 10 (1998R0ZX.
96055  3/2,52,72% %p=100
E(p)(c.m.x20245 from E(p)(Lab}19355 (2011Ki26).
96827 32- %p=100
E(p)(c.m.x21017 from E(p)(Lab}20097 (2011Ki26.
988310 E(level): Not adopted- source is a secondary publication.

E(p)(lab)=2201 10 (1998R0ZX.

 For levels up to 7803-keV from least-squares fiyytoay energies and above from E(c.mS(p)@3Mg), where
E(c.m.)=[(m(p)+m(2Naym(®?Na)]*Ep (Lab). S(p}:-7580.9723, m(p)=1.0078259, and mf2Na)= 21.994443718 (2017Wal0.
E(p)(Lab) values fron2011Ki26 are listed in comments section. Fr&@11Sal%E(p)(c.m.) values are listed.

¥ From Adopted Levels, except otherwise noted.

# Assigned by evaluators from ldg value.

&,B* radiations

%Ip from 2011Ki26 obtained by multiplying relative Ip by 0.0041 (3-decay branching ratio to the 8448 keV level2@11Salkh

Continued on next page (footnotes at end of table)
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Mg, ,-16

NUCLEAR DATA SHEETS

Mg, ,-16

23Al edecay  2011Sal5,2011K i26,20061 a03 (continued)
&,p* radiations (continued)
E(decay) E(level) g* @ 1@ Log ft I(e +/3+)T@ Comments
(25407) 9682 0.0008@ 6x10°2 6.01 0.0008 2 %Ip=0.00082 from 0.205 (2011Ki26).
(26175) 9605 0.0028 1.7x107° 2 561 0.002% 3 %Ip=0.00253 from 0.627 (2011Ki26.
(27535) 9469 0.00846 4.4x107° 3 5.234 0.0084 6 %Ip=0.00846 from 2.0413 (2011Ki26).
(28004) 9422 0.051 0.0002 4.51 0.05¢ 1 %Ip=0.051 (2011Sal}k Other: %Ip=0.0211 from
5.2119 (2011Ki26).
(2901 4) 9321 0.021 8x107°4 5.02 0.02F 1 %Ip=0.021 (2011Sal}k Other: %Ip=0.00594
from 1.4410 (2011Ki26.
(30784) 9144 0.031 9x107° 3 5.02 0.03 1 %Ip=0.031 (2011Sal% Other: %Ip=0.0171 from
4.2 2 (2011Ki26).
(31205) 9102 0.003%6 9.4x10%18 6.019 0.003% 6 %Ip=0.00326 from 0.7814 (2011Ki26).
(31994) 9023 0.003B 8.4x10°68 6.085 0.003% 3 %Ip=0.00323 from 0.777 (2011Ki26).
(322210) 9000 0.021 5x107° 3 532 0.02 1 %Ip=0.021 (2011Salk
(33173) 8905 0.021 4.x107° 2 542 0.02F 1 %Ip=0.021 (2011Salk %Ip=0.0171 from 4.11
16 (2011Ki26).
(33823) 8840 0.005&% 1.2x107°1 5.973 0.005¢ 4 %Ip=0.00584 from 1.4210 (2011Ki26).
(34403) 8782 0.021 4x10752 552 0.02F 1 %Ip=0.021 (2011Sal}k Other: %Ip=0.0131 from
3.17 15 (2011Ki26).
(3642.621) 8579 0.00644 9.7x10°% 6 6.133 0.0064 4 %Ip=0.00644 from 1.5510 (2011Ki26).
(3773.621) 8448 0.411 0.000541 4,421 0.4% 1 %Ip=0.411 (2011Salk %Ip=0.411 from 100
(2011Ki26).
(4056.913) 8164.7 0.28L 4,772 0.28 1 %Ip=0.281 (2011Salk %Ip=0.191 from 46.28
(2011Ki26); 0.2816 — deduced from 0.6822
(2020Fr03.
(419815) 8024 0.021 6.02 0.02F 1 %Ip=0.021 (2011Salk
(4304 15) 7918 0.031 592 0.03 1 %Ip=0.031 (2011Salkh
(43749 7848 0.1183 531 0.118 3 %Ip=0.184 (2011Salkh 0.196 (2015Sulj, 0.118
3 — deduced from 0.2880 (2020Fr03.
(4418.611) 7803 13.47 0.00935 3.312 13.47
(4433.611) 7788 4.8925  0.0033618 3.75923  4.8925 %Ip=0.143 (2011Sal} 0.155 (2015Sul}, 0.026
2 — deduced from 0.062 (2020Fr04.
(10170.611) 2051 5.9110 5.671 5.9110
(11770.611) 451 26.25 5361 26.25
(12221.64) 0.0 36.316 5.302 36.316 I(e+p4"): Quoted in20061a03- appears to be from

Ref. 31 (Ph.D. dissertation by Y. Zhai at Texas
A & M (2007)): deduced fromy-ray intensity
balance. R. E. Tribble mentioned by e-mail to B.
Singh (dated March 13, 2019) that identification
of some of the gamma lines in the thesis was
uncertain and not included in the publication.
The datum should be considered with caution.

T From 20061a03 except otherwise noted. Deduced frganay intensity balance quoted 20061a03 appears to be from Ref. 31 in
20061a03(Ph.D. dissertation by Y. Zhai at Texas A & M (2007)). NotettB@06la03state “Transitions to and from 13 distinct
excited levels ir?*Mg levels are observed” or “Twenty-ray peaks in all were identified as originating from the gech
23Al" in paragraphs 1 and 2 (section V) could not be followeinparing the presented dataZz@06la03or in the dissertation
(Ref. 31 in2006la03and Ref. 25 i2011Salh Note total I€+5+) < 100 — the decay scheme is incomplete.

¥ From2011Sal5based on %lp.

# From 2011Ki26 based on %lp.

@ Absolute intensity per 100 decays.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2011Ki26,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Fr04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2011Sa15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2011Sa15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2011Sa15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Su15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Fr04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2011Sa15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Su15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Fr04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ia03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ia03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ia03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ia03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ia03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ia03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ia03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2011Sa15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2011Sa15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2011Ki26,B

23Mg,,-17 NUCLEAR DATA SHEETS 2Mg,-17

23A]l edecay  2011Sal5,2011K i26,20061 203 (continued)

y(**Mg)

Iy normalization: Dataset appears to be incomplete and notalared fory-ray transition intensities. See comments for the)451
from 451 keV level.

Ei(level) J Eﬂ Iy@ Et N Comments

451 52* 4511 100 0.0 32* E,: Other: 450.7 2011Salk

ly: From 2011Sal5 Absolute intensity43.3% 10 quoted in2011Sal5
appears to be using data from Ref. 25 (Ph.D. dissertation.by Y
Zhai at Texas A & M (2007)). The procedure to deduce the value
was not available. In an e-mail reply, R. E. Tribble mentine B.
Singh (dated March 13, 2019) that identification of some ef th
gamma lines in the thesis was uncertain and not includedein th
publication. It is not clear whick-ray intensity was considered to
deduce the 43.3%0 value. The datum should be considered with

caution.
2051 72+ 15982 451 52+ E,: Other: 1600.0Z011Salk
20532 0.0 32t E,: Other: 2050.82011Salh
7788 32+ 52¢ 5736 205 2051 72" 1,: 1.53 with respect to)(450)=100 2011Salh
73358 100 451 32" 1,: 1.53 with respect to)(450)=100 2011Salh
7786 3.825 0.0 32t E,: From 2006la03 not reported ir2011Sal5
7803 5o+ 5751 5521 2051 72*
73502 455 451 52t E,: Other: 7351 2011Salh
78012 100 0.0 32* E,: Other: 7801.3%011Salk

T From 2000Pe28unless otherwise stated.
¥ From2011Sal5
# From Fig 2 in20061a03 not placed in the level scheme by the authors. Evaluatsrssi unplaced.

@ From 20061a03 except otherwise noted.
X'y ray not placed in level scheme.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2011Sa15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2011Ki26,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ia03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2011Sa15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2011Sa15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2011Sa15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2011Sa15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2011Sa15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2011Sa15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2011Sa15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ia03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2011Sa15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2011Sa15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2011Sa15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2000Pe28,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2011Sa15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ia03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ia03,B

23
1oMg,;-18

NUCLEAR DATA SHEETS

23
1oMg,;-18

23A] e decay  2011Sal15,2011Ki26,20061 a03

Decay Scheme

Intensities: Relative photon branching from each level

5/2" 0.0 446 ms6
%£+%B+:100 Q=12221.64
Al
IB* le Log ft

3/2- 9682/ 0.00080 6.0x10°% 6.0
312,512,712 9605 / 0.0025 00000170 5
312+ 5127712 9469 / 0.0084 0000044 523
3127 5127 712 9422 / 0050 Q00020 45
312,512,712 9321 / 0.020 Q0000008 50
312,512,712 9144 / 0.030  0.0000009 5.0
312,512,712 9102 / 00032 94x10°% 601
312,512,712 9023 / 00032 84x10°% 608
312+ 5127712 9000 / 0.020 Q0000005 53
(527 8905 / 0020 Q000040 54
312,512,712 8840 0.0058 00000120 5.97
73) / \\__ 8782// 0.020 Q000040 55
312,512,712 / \__ 8579// 00064 9.7x10° 613
3127 512" RS s \__ 8448// 0410 Q000540 4.42
5/2" S5 — S 8164.7 0280 0 477
(512,712) /[7«‘"—@*«?7{972‘9*«»‘9—\\ 8024 / 0020 0 60

I ARG \_ 7918 0.030 0 5.9
7] / \__ 7848// 0118 0 53
5/2+ 7803 134 00093 331
3/27 5/2 7788 4.89 0.00336  3.759

/
7/2* vy o 2051 5.91 0 5.67
N
R
5/2+ v 451 / 26.2 0 536
302" | 0.0 363 0 530
%gMgll
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Mg, ;-19

Mg, ,-19 NUCLEAR DATA SHEETS

245 gp decay 20091 c05,20091 c06

Parent:?4Si: E=0.0; F=0%; T1/2=141.4 msl5; Q(sp)=893020; %sp decay-45 4

245i-Q(ep): from 2017Wal0

24Si-T1/22 Weighted average of 140.5 m$ (20091c05 and 143.4 m22 (2015Sul32016Su2® Half-life 140.5 ms15 in 2009Ic05
was recommended based on their measured values of 1426 (664y(t)) 140.8 msl8 (ZIp(t)).

245i-%ep decay: 100(%e+%3*) decay to bound states. =55 4 quoted in2009Ic06is incorrect, based on an email
communication between the first author2f09Ic06and XUNDL compiler, dated May 25, 2009.

Others:1998Ba53 1998Cz0] 2001Ba07 2015Su152016Su22
20091C0520091C06 24Si produced by fragmentation 88Si beam, E100 MeV, bombarding &Be target. Reaction fragments

were collected and analyzed using RIPS facility at RIKENe Jhs were measured using a clover-type germanium detector and
eight BGO counters. A plastjg veto counter was used to detgcparticles. Protons were detected and separated ffsnosing
the AE-E method. FounE-E detectors were used, each consisting of adasletector and silicon E detectors. Measured E

ly, B, By coin, By, Ip.

23Mg Levels
E(levelll — FT
00 32
451 52+
2359 12+
T From Adopted Levels.
¥(*Mg)

E,S  Eevel) J Er T
19061 2359 y2¢ 451 52F
23572 2359 12 0.0 32
* From 20091c05

Delayed Protons?fMg)
EE’  EGMg) 1 E®A) | E@"  E®Mg) e EC*A)
111921 0.0 757 2991 | 351010 0.0 0.8710 5382
149213 00 141 3364 | 392950 0.0 1.34 5801
172413 2359 4.85 5953 | 40817 0.0 7.98 5953
202410 2359 1.01 6243 | 437111 0.0 1.82 6243
25179 0.0 0.628 4389 | 461511 0.0 0.335 6487
28287 0.0 1.42 4700 | 486311 0.0 0.092 6735
31048 0.0 1.01 4976

T From 20091c05 in center-of-mass (total decay energy).

¥ From 20091c05 deduced in proportion to the relative intensities throvghormalization with %p=45 4.
# Absolute intensity per 100 decays.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Ic05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Ic06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Ic05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Su15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016Su22,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Ic05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Ic06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Ic06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1998Ba53,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1998Cz01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2001Ba07,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Su15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016Su22,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009IC05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009IC06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Ic05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Ic05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009Ic05,B

23
1oMg,,-20

NUCLEAR DATA SHEETS

23
12Mg,,-20

245} ep decay

20091 ¢05,20091 c06

Decay Scheme

I(p) Intensities: I(p) per 100 parent decays

%ep=45

6735

6487

6243

5953

5801

5382

4976

4700

4389

3364/

™

2991/

0-0/

E() (M) EGAN  EEMg)

1119 75 2991 0.0

1492 140 3364 0.0

2517 062 4389 0.0

2828 1.40 4700 0.0

3104 100 4976 0.0

3510 087 5382 00

3929 1.3 5801 0.0

4081 79 5953 0.0

4371 180 6243 00

4615 0.33 6487 0.0

4863 0090 6735 0.0

1724 4.8 5953 2359

2024 1.00 6243 2359

& &
12+ ¥ M 2359/
5/2+ 451
7
Mgy,

24
13A| 11

ot

0.0

Q:p=893020

24
14

Sijg

i

141.4 msl5
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$Mg,,-21 NUCLEAR DATA SHEETS 2Mg,-21

IH(?2Na,p):res  2013Ji13

Based on XUNDL:

Compiled by C.D. Nesaraja (ORNL), August 12, 2014.

Resonant scattering 6ENa(p,p) measured using thick target inverse-kinematichotet EE2Na)=37.1 MeV 10 beam produced in
charge exchange reactidhle@Ne 22Na)n at E=6.0 MeV/nucleon using CRIB separator at RIBF-RIKEN facility of Ueigity of
Tokyo. Scattered protons were detected usiigE Si detectors. Measured proton energy spectrum. Dediitedd proton partial
widths for resonance states. R-matrix analysis was appli¢be experimental excitation function to deduce %fglg resonance
parameters with the assumption of only elastic scatterindpé analysis. Proton spectroscopic factorlted resonance calculated
using the shell model code NUSHELL.

23Mg Levels
E(IeveI)Jr b Sid Comments
861120  (5/2,72,92) I'p=3.2 keV 10
E(level): From Ep(c.m31030 keV20.
879313  7/2* 0.0234 TIp=1.2keV3

S: FromI'sp=67 keV.

E(level): From Ep(c.m31212 keV13.
891615 52+ 0.0145 Tp=2.3 keV7

S: FromI'sp=182 keV.

E(level): From Ep(c.m31335 keV15.

* From 2013Ji13based on Ep(c.m)} Sp3Mg). Ep(c.m.) values are listed in comments section. In ARIER 2017Wal(
S(p)=7580.9723. 2013Ji13note the uncertainty oAEp(c.m.) within 20 to to 15 keV in increasing order for Ep(g.nEvaluators
assign as of the reported uncertainty in resonance levels.

¥ Proposed by2013Ji13 based on R-matrix analysis of measured excitation functio

# Experimental spectroscopic factor based on theoretioglesiparticle widths.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013Ji13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013Ji13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013Ji13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013Ji13,B

23Mg, ,-22 NUCLEAR DATA SHEETS 12Mg,,-22

9Be C(**Mg,22Mgy) 2011Gal8

Based on XUNDL: Compiled by J. Choquette and B. Singh (MceigstAug 13, 2011.

The 22Mg beam obtained by fragmentation #Mg beam, E=170 MeV/nucleon, bombarding 8Be target (thickness 1.904ay).
The A1900 fragment separator at NSCL used to sep&falg ions. Secondarg?Mg beam, E84 MeV/nucleon, bombarded a
secondary’Be (thickness 188 mign?) and C target (thickness 149.4 rog?) — placed at the reaction target position of S800
magnetic spectrograph. The target position was surroubgeseGA array of 32-fold segmented HPGe detectors. Meadtyetly,
particle spectra?®Mg)y-coin, cross sections, longitudinal momentum distritngioParticle identification from energy loss and
time-of-flight events. Coupled-channel Born approximat{€CBA) reaction analysis.

One-neutron pickup (from2C) reaction.

Measured partial cross sections are listed in comments.

Inclusive measured cross sectich40 mb19 and 2.58 mhil6é for °Be and C targets, respectively.

23Mg Levels

E(IeveI)Jr Jk Comments

0.0 32 04<0.86 mb+8-11and<0.77 mb+9-13for °Be and C targets, respectively.
Configuratior=0"®1dz, or 2" ®1ds.
451 52+ 4=1.32 mb12 and 1.27 mhl4 for °Be and C targets, respectively.
Configuratior-0*®1ds/7.
2052 72t 04=0.15 mb4 and 0.18 mtb for ?Be and C targets, respectively.
Configuratior=2*®1ds/7.
2360 ¥2*  4=0.13 mb4 and 0.08 mtb for °Be and C targets, respectively.
Configuratior-0* ®2sy/5.
2715 92t  ¢=0.13 mb4 and 0.10 mib for °Be and C targets, respectively.
Configuratior-2*®1ds/5.
~2900 32" Configuratior-0* ®1dg)>.

T Fromy-ray energies.
¥ From2011Gal8based on comparison of measured neutron pickup cross rsectib CCBA calculations.

¥(**Mg)

E, Ei(level) J E¢ N

451 451 B2+ 0.0 32*
663 2715 @t 2052 72*
1601 2052 »* 451 §2*
1908 2360 »* 451 52+
~2900 =~2900 32t 0.0 32+
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2011Ga18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2011Ga18,B

23
1oMg,,-23

NUCLEAR DATA SHEETS

23
1oMg,,-23

9Be,C(22M g,23M gy)

2011Gal8

Level Scheme

()
&
3/2+ ¢ o> ~2900
9/2+ S 2715
12+ S N 2360
S
712+ ~ 2052
&
5/2+ > 451
3/2+ 0.0
23
M0y
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Mg, -24

NUCLEAR DATA SHEETS

Mg, -24

12c(l2c)ny)  2013Je04,1977EV02

Others:2015Bu082006Ag082006Je062005Je062004Je021990Ti021977Ev02 1974Sp03L973Wa26
2013Je0£004Je02 E(12C)=16,22 MeV provided by the ATLAS accelerator at Argonne NagioLaboratory. Targetl60 ug/cr?

12C. Measured E, ly,yy-coinyy(6)(DCO), Ty2 using the Gammasphere array and the fractional Doppler tslifinique.

Deduced levels, J, multipolarity, bands, mirror energy fiitrences2005Je06and 2006Je06are conference reports from the same
research group.

1977Ev02 E=19.3, 37-40 MeV, Two runs with pulsed beam and one run with aelm. 1) with two Ge(Li) a#90° and-90°

and a Si detector; 2) rays were detected af 030° and 60 with Ge(Li) and at-90° with Ge(Li) and six Nal(Tl); 3) NE213
liquid scintillator detectoe50° andy at 9C. Measured particle-coin, time-of-flight, angular distribution of neutrons; @eed
excited levels, spin, parity,1J, by DSA method, L.

2015Bu08 12c(12C,n), E=7.5, 9.5 MeV; measured reaction products, deduced yieldactBrs, astrophysical reaction rate.

E(level)f

F@

Tl/Z&

23Mg Levels

Comments

0.07
450.# 6

2050.% 6
2356.38
2713.8 7

2770.8 7
2903.57
3793.38
3859.67

3970.P 7
4680.68
5286.79
5452.8 7
5690.47
5936.89
5992.310
6128.58
6131.713
6193.2 9
6238.712
6372.112
6375.712
6446.713

6448.% 8
6513.112
6574.112
6774.813
6802.912
6804.212
7020.49

7111.312
7143.99

7149.29

7200*

7227.913
7260.910
7382.412

32"
5/2*

7/2*
12t
92+

12
32
32
5/2*
5/2-
7/2¢
5/2*
12+
72t
12+
32
72
(1/2,52)
132+
(92%)
(7/2%)
(7/2%)
92
(927)
(7/27)
(5/2%)
(1/2,52)
52
(7/27)
(92%)
(7/2%)
132+
(92%)

(1/2,52)
112+
7/2*

1.15 psl2

61 fs8

8.3fs21

6.9 fs21
35fs14

12.5 fs21

11.9fs21

24.3 fs55

1.41fs7

E(level): From1973Wa26

T1/2: Fromr=1.66 ps17: wt. ave. ofr=1.57 ps12 (1990Ti09 and7=2.00 ps24

(1973Wa28.

T1/2: From7=88 fs 12 wt. ave. ofr=91 fs12 (1990Ti02 andr=80 fs 20 (1973Wa26.
At lowest input value.

Tl/zi

Tl/gl
Tl/zi

Tl/gl

Tl/gl

Tl/zi

Fromr=12 fs 3 (2013Je0%

From =10 fs 3 (2013Je0%
From =5 fs 2 (2013Je0%

From =18 fs 3 (2013Je0%

From =17 fs 3 (2013Je0%

From =35 fs 8 (2013Je0%

E(level): not reported in any other studiesnot adopted. Might be the same level at 7228.

Tl/gl

From7=2 fs 1 (2013Je0%

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013Je04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Ev02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Bu08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ag08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Je06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2005Je06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2004Je02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Ti02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Ev02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1974Sp03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Wa26,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013Je04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2004Je02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2005Je06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Je06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Ev02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Bu08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Wa26,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Ti02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Wa26,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Ti02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1973Wa26,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013Je04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013Je04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013Je04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013Je04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013Je04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013Je04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013Je04,B

Mg, ,-25 NUCLEAR DATA SHEETS 12M9,,-25

12c(l2c)ny)  2013Je04,1977Ev02 (continued)

23Mg Levels (continued)

E(Ievel)T F@ Tl/z& L Comments

744979  92*
7496.012 (9/2%)

7624.011  9/2* 2.8 fs14 [p=1.6 meV+22-10 x 10713 (2004Je0p
T1/2: Fromr=4 fs 2 (2004Je02
76473 32+ [p=2.4 meV+34-15 x 10°° (2004Je0p
7769.48  (9/2)) 1.4 fs7 T12: Fromr=2 fs 1 (2004Je02
7780.710 11/2* <0.7 fs [p=(6 x 1072) meV (2004Je0p
Ty/2: Fromr < 1 fs (2004Je02
7785.213  7/2() 6.9 fs21 Ty/2: From7=10 fs 3 (2004Je0p
7852.315 (7/2%) E(level),J: Reported in2004Je02as 7851.5. Missing in the full version

2013Je04 First author expressed it might be a mistake but did not nonfi
while communicated by the reviewer of this manuscript B.gBifdated:
March 14, 2019).

8015.89 (52" to 112%) J': In 2004Je02
8160.719 5/2F
8945 8 (152%) <70 fs 4 %p=15 (1977Ev02
J: From angular correlations and decay into the g.s. rotatiband
(1977Ev02.
Tl/z,LZ From 1977Ev02
9610- 8 a7/2%) <70 fs %p=23 (1977Ev02
JF: From angular correlations and comparison to analogue si#tNa
(1977Ev02.
Tl/zi From1977Ev02
1004d* E(level): not adopted may be a doublet of 9970 and 10120 in Adopted
Levels.
11040°
11210
11540°
11760
12210* E(level): not adopted not reported by others.
12830* E(level): not adopted not reported by others. May be a doublet of 12690
and 12940 in Adopted Levels.
14000* E(level): not adopted not reported by others.
14136 20 2y2%) 2 %p=100 (L977Ev02

J': Consistency with proton penetrability ratiadk977Ev02.
L: From 1977Ev02

14400 E(level): From Table 1 in977Ev02 Not included in the level scheme. Not
adopted.
14560F 20 (192%) %p=100 (1977EVv02

J': Consistency with proton penetrability ratiadk977Ev02.

T From least-squares fit tp-ray energies, except otherwise noted.
 From 1977Ev02
# From Fig 1 in1977Ev02

@ From 2013Je04based on decay schemeray multipolarity, and band assignments.
& From 2013Je04Doppler shift technique), except otherwise noted.

a Band(A): 7+ band.

b Band(B): K™=(1/2") band.
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Mg, ,-26

NUCLEAR DATA SHEETS Mg, ,-26

12c(12C ny)  2013Je04,1977Ev02 (continued)

¥(*Mg)
Eﬂ 1, E;(level) J Ef N/ Mult.& Comments
Y i f
1781 141 3970.7 92 3793.3 32~
450.7¢" 15 450.3 g2+ 0.0 32* M1+E2 DCO0=0.761
662.04 40 28.14 27136 9R2* 2050.3 72* M1+E2 DCO=1.121
7401 201 61931 12" 5452.6 112+ M1+E2 DCO=0.714
9511 0.31 7143.9 12 6193.1 1R2°*
956 1 3859.6 g2+ 2903.5 2"
996 1 0.82 6448.8 (927) 5452.6 112*
10231 0.41  3793.3 32 2770.8 12
10671 0.31  3970.7 92 2903.5 2*
12001 0.61  3970.7 52- 2770.8 12
12071 0.71  7143.9 12 5936.8 112*
14591 091 7149.2 (92%) 5690.4 72*
15031 0.51 3859.6 32+ 2356.3 12*
16001 100.0 2050.3 2 450.3 52* D+Q DCO=0.591
16911 0.61 7143.9 12 5452.6 112*
17661 6446.7 92~ 4680.6 72+
18081 0.82  7260.9 12* 5452.6 112*
18091 122 3859.6 g2+ 2050.3 72*
18301 5690.4 72" 3859.6 32*
19061 6.24  2356.3 »* 450.3 32*
19201 15.75  3970.7 92- 2050.3 72* D DCO0=0.972
19671 2.02 4680.6 72+ 2713.6 92* M1+E2 DCO0O=1.3415
20501 13.311 2050.3 72" 0.0 32*
21581 142 61285 72 3970.7 32 M1+E2 DCO=1.289
22631 66.55  2713.6 (* 248 450.3 32* E2 DCO=1.841
2316.9 5 0.81 7769.4 (927) 5452.6 112
24531 5.02 2903.5 2" 450.3 32* D DCO=1.144
24781 7.42  6448.8 (927) 3970.7 %2~ E2 DCO=1.735
26301 552  4680.6 72" 2050.3 72*
27391 11.63  5452.6 12* 2713.6 * D+Q DC0O=0.492
2752 8945 (132%) 6193.1 1R E,: 2745 in1977Ev02
27711 1.81 2770.8 - 0.0 32+
28321 0.72  6802.9 92- 3970.7 %2~
29031 3.33 29035 32 0.0 32*
32211 0.41 5992.3 2 2770.8 12
32231 9.53 5936.8 112* 2713.6 92* D+Q DCO=0.714
32361 273 5286.7 32+ 2050.3 72*
33431 1192  3793.3 32 450.3 52* D DCO0=0.992
34021 5.83 5452.6 12* 2050.3 72* Q DCO=1.806
34151 296 61285 72 2713.6 92*
3417@ 9610 ayz+) 6193.1 12+ E,: 3410 in1977Ev02
34801 17.03 6193.1 12 2713.6 R* E2 DCO=1.893
36361 192 5992.3 32 2356.3 12*
37351 122 6448.8 (927) 2713.6 2*
37751 3.12 61317 (12,52) 2356.3 12*
38861 1.82 5936.8 12* 2050.3 72* DCO=1.4112
Mult.: E2 in 2013Je04 DCO ratio 1.41 is low for a
stretched quadrupole transition.
41881 445  6238.7 (92%) 2050.3 72* D+Q DCO=0.622
42301 1153  4680.6 72" 450.3 32* M1+E2 DCO0=0.591
43071 243 7020.4 (92%) 2713.6 92* DCO=1.3018
Mult.: AJ=0 transition.
43251 223 63757 (72%) 2050.3 72* DCO=1.63

Mult.: AJ=0 transition.

Continued on next page (footnotes at end of table)

279


https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013Je04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Ev02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Ev02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977Ev02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2013Je04,B

BMg,,-27 NUCLEAR DATA SHEETS 2M9,,-27

12c(l2c)ny)  2013Je04,1977Ev02 (continued)

¥(2®Mg) (continued)

EyJr IyT Ei(level) J E¢ JfT Mult.& Comments

43981 532  6448.8 (927) 2050.3 72* D DCO=0.973

44181 242 6774.8 (12,52) 2356.3 12*

44301 6.13 7143.9 12" 2713.6 92 l,: for 4430+4435y-ray doublet.

44351 6.13 7149.2 (92%) 2713.6 92+ l,: for 4430+4435y-ray doublet.

45471 9.42 7260.9 12* 2713.6 ¢ M1+E2 DCO=0.756

48361 251 5286.7 52+ 450.3 52+ DCO=1.668

Mult.: AJ=0 transition.

48711 051 7227.9 (12,52) 2356.3 12*

49691 161 7020.4 (92%) 2050.3 72¢ D+Q DCO=1.064

5054.86 6 112 7769.4  (92°) 2713.6 92+

5067.# 11 081 7780.7 112+ 2713.6 92+

5138.113 7852.3 (72%) 2713.6 92+ E,: Reported in2004Je02 Missing in the full
version2013Je04 First author expressed it
might be a mistake, but did not confirm, while
communicated by the reviewer of this
manuscript B. Singh (dated: March 14, 2019).

52401 1.71 5690.4 72+ 450.3 52+ DCO=0.443

5300.% 9 051 8015.8 (32" to 1y2*) 2713.6 92*

53991 1.01 7449.7 R+ 2050.3 72+ D+Q DCO=0.985

54451 0.21  7496.0 (92%) 2050.3 72*

56771 1.01 6128.5 72~ 450.3 32t D DCO=0.8713

56901 5.44  5690.4 72" 0.0 32*

5729.% 11 041 7780.7 112* 2050.3 72* E2 DCO=1.4211

59211 1.51 6372.1 (72%) 450.3 32 D+Q DCO=2.4821

5966.7 11 0.21  8015.8 (32* to 112*) 2050.3 72" E,: In 2013Je04the y-ray placement from
(9/2%) is most likely a typo.

60621 3.22 6513.1 (72) 450.3 32+ D+Q DCO=0.693

6109.5 18 0.071 8160.7 52+ 2050.3 72+

61231 071 65741  (32) 450.3 52*

63531 242 6804.2 (72%) 450.3 52+

66601 151 71113 (729 450.3 32*

69311 281 7382.4 72+ 450.3 32+ D+Q DCO=0.743

69981 1.61 74497 R* 450.3 32+ Q DCO=1.5812

7172.5 9 051 7624.0 92+ 450.3 32+ E2 DCO=1.5724

7196. 26 0.41 7647 32" 450.3 32 D+Q DCO=0.8715

73337411 191 77852 720 450.3 32+ M1+E2 DCO=0.895

T From 2013Je04except otherwise noted.yHincertainty of 1 keV is assigned based on a stateme201r8Je04hat crossover
transition energies were reproduced within 0.5 to 1 keV aspared to the energy sums of two coincidemay energies. All

the data are fron2013Je04unless otherwise stated.
* From 2004Je02
# From 1973Wa26
@ From level energy dierence, recoil corrected, rounded to nearest keV. Pladeiméi®77Ev02

& Assigned by2013Je0%ased on DCO ratio 0.9 for pure stretched-dipole transitions and 1.8r pure stretched-quadrupole
ones. Magnetjelectric assignments from depopulating Iésahean lifetime measurements (RUL).
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23\g,,-28 NUCLEAR DATA SHEETS 12Mg,;-28

12c(*2Cny)  2013J€04,1977EV02

Legend
Level Scheme

— 1y < 2%xIP¥
Intensities: Relative, — 1, < 10%xI)
— Iy > 10%xIy™

$ &
(17/2%) @; &S Qo 2 9610 <70fs
(15/2%) 9 On & 8945 <70fs
5/2¢ “?E,ﬁfn?i AR 8160.7
(5/2" to 11/2) &R TA o ™ 8015.8
(712 TE w TS 7852.3
712 SE 2o & & 77852 6.9fs21
11/2" @“’,Q,Lé;,%w © 7780.7 <0.7fs
(glzi ) Nz{\iiéiﬁ\? ;Q;E? 7769.4 1.4fs7
S S ASI 76240
oz SE—5—F& 7496.0 28114
S—no—P
9/2+ © §¥éi7$37gq§ 7449.7
712t B ol N O AL 7382.4
YRR oD o
11/2- 3'3709376\ ,No,\cr?,o'\r 7260.9 1.4fs7
(1/2,5/2) FEIF oSy 7227.9
(9/27) 0B — " 7149.2
13/2F / v &zgi*o; - \ 7143.9
(712%) / o NN \ 7111.3
(9727) RS ARSI A 7020.4
72 ARSI 6804.2
= Y TONER \ :
212 / =90 - 6802.9
(1/2,5/2) R L) 6774.8
(5/2%) 07,;\9 - 6574.1
(712%) /// Yo \\ 6513.1
(9/2°) I hd \ 6448.8 24.3fs55
9/2- \ 6446.7
(712%) / 6375.7
(712%) 6372.1
13/2° 6193.1 11.9fs21
11/2° 5936.8
712" 5690.4
11/2" 5452.6
7/2" 4680.6 6.9fs21
5/2- 3970.7
9/2" 27136 61fs8
12" 2356.3
7/2+ 2050.3
5/2+ v 450.3 1.15psl2
3/2+ 0.0
23
M0y,

281



23
1oMg,,-29

NUCLEAR DATA SHEETS

23
1oMg,,-29

12cl2cny)  20133e04,1977Ev02

Level Scheme (continued)
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Mg,,-30 NUCLEAR DATA SHEETS 12Mg,,-30

12c(l2Ccny)  2013Je04,1977Ev02

Band(B): K™=(1/2")

band
Band(A): 7+ band ©2) 6448.8
132+ 6193.1
740
12+ 54526
2478
3480
2739 _
52- 39707
3402
1200
a2t mzey| A= 27708
662
712+ 2050.3
2263
1600
2050
52+ 450.3
451
32+ 00
23
MOy
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Mg, ;-31

NUCLEAR DATA SHEETS

Mg, ;-31

Other: 2017Bo08

2018B0172017B008 E=60-70 MeV; measured charged particles by theDIAMANT detector consisting of 80 CslI(Tl)

12C(160,a'n)/)

2018Bol17

scintillators, neutrons using the neutron wall array of @it scintillators, E, Iy (numerical value not given), particley-coin
usingy-ray array EXOGAM of 10 Compton suppressed clovers. Sevevecs were placed at 9@nd other three at 135with

respect to the beam direction; deduced excited levels anb KMirror Energy Diferences) betweet?Mg and 23Na.

E(level)l  J¥
0.0 32
4501 52
20501  7/2*
27131 92*
54521  11/2*
50371  11/2
61931 132
71441 132
89381 152
95951  152*

23Mg Levels

T From least-squares fit tpray energies, assumingE=1 keV.
¥ Proposed by2017B008 based on decay scheme and ysaare band structure.

y(*3Mg)

E, E;(level) J E¢ N E, E;(level) J E¢ N

450 450 Bt 0.0 32* 2451 9595 1R 7144 132*

663 2713 2 2050 72* 2739 5452 1pt 2713 92*

741 6193 1R+t 5452 1312+ | 2745 8938 1R 6193 132

951 7144 12t 6193 132+ | 3223 5937 1pt 2713 92*
1207 7144 12" 5937 112¢ 3402" 5452 12* 2050 72+
1600 2050 )24 450 H2*+ 3402f 9595 132t 6193 132F
1794 8938 1R+ 7144 132" | 3480 6193 1+t 2713 92*
2050 2050 Y24 0.0 32* 3886 5937 1pt 2050 72
2263 2713 22 450 52+ | 4430 7144 1t 2713 92*

T Multiply placed.
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23\g, ,-32 NUCLEAR DATA SHEETS Mg, ;-32

12c(160,any)  2018Bol17

Level Scheme
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23Mg,,-33 NUCLEAR DATA SHEETS 12Mg,,-33

22Na(p,y)  2011Sal2

Others:2010Sa262002Wa33 1996St08 1990Se091989G0o01

Based on XUNDL: Compiled by J. Chen and B. Singh (McMasteg¢ D, 2010.

2011Sa12010Sa26 E=213, 288, 454 and 610 keV proton beams of aboutAQroduced by a tandem Van de Gfiaccelerator
at the Center for Experimental Nuclear Physics and Astrsjgsy(CENPA) of the University of Washington. Radioacth#dla
target made by bombarding thick SiC targets with gu#40 500 MeV proton beam from the TRIUMF cyclotron. Therays were
detected by two high purity 100% Ge (HPGe) crystals (FWAMI and 7.4 keV at 1.275 MeV with high rates and 2.2 and 3.0
keV with low rates) surrounded by Pb shielding and scirtilia for cosmic-ray rejection. Measurgdyields. Deduced resonance
energies and resonance strengths.

All data are from2011Sal2unless otherwise stated.

23Mg Levels

E(IeveI)Jr Jt Comments

0.0 32*
450.213 5/2*
2051.813 7/2*
2715.115
7784.712 3/2*,52* E(level): 7784.616 from E(p)(lab)}213.514 (2011Salpand S(p).
Resonance strengthy=5.7 meV+16-9 (2011Sal®
7856.110 (7/2%) E(level): 7855.913 from E(p)(lab}x288.111 (2011SalPand S(p).
Resonance strengthy=39 meV8 (2011Salp

8015.38 E(level): 8014.811 from E(p)(lab¥x454.28 (2011SalPand S(p).
Resonance strengthy=166 meV22 (2011Sal®

8062 2 E(level): From E(lab}503 2 (1990Se0®

8163.98 52t E(level): 8163.611 from E(p)(lab}x609.88 (2011SalPand S(p).
Resonance strengthy=591 meV+103-74 (2011Sal)

828¢" 3 E(level): From1990Se09 E(lab)=7402 (1990Se0}

8342 2 E(level): From E(lab}796 2 (1990Se0®

 Level energies 7784.7 and above fr@®11Sal2except otherwise noted. Lower levels framray feeding from above levels.
Ep(lab) in2011Salds the adopted value from excitation function and value figm S(p)=7580.58 in 2011SalXrom measured
masses 0f3Mg in 2009Sa38nd2008Mu05 S(p)=7580.9723 (2017Wa10.

 From 1990Se09
# From Adopted Levels.

y(**Mg)
Ei(level) J Eﬁ Iﬁ Et NH Comments
7784.7 32+ 52+ 573 115 2051.8 72*
7332.712 895 450.2 32*
7856.1 (72%) 5140.610 675 2715.1
5803.213 264 2051.8 72*
7408* 6.729 450.2 52*
8015.3 5300.8 51.912 2715.1
5962.78 43.612 2051.8 72*
7564" 458  450.2 52*
8062 8061 0.0 32*
8163.9 g2+ 6117 20.018 2051.8 72" 1,: From1996St08 In 2011Sal2thisy ray was obscured biPF
background.

7711.211 18.613  450.2 32F
8162.39 61.318 0.0 32+

Continued on next page (footnotes at end of table)
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$Mg,,-34 NUCLEAR DATA SHEETS 12Mg,,-34

22Na(p,y)  2011Sal2 (continued)

¥(2®Mg) (continued)

E(eve) ET 1,1 E X

8288 5572 100 2715.1
8342 7896 100  450.2 ®*

 From 2011Sal2except otherwise noted.
¥ From level energy dierence, recoil energy subtracted. Placemerit980Se09
# From level energy dierence, recoil energy subtracted. Placemer@0ih1Sal2
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23\g,,-35 NUCLEAR DATA SHEETS 13Mg,;-35

22Na(p,y) 2011Sa12

Level Scheme

Intensities: % photon branching from each level
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23Mg,,-36 NUCLEAR DATA SHEETS 12Mg,,-36

22Na(®Hed)  1995Sc36

F(?2Na)=3".

Target: 0.7 mCP2Na target was prepared at ISOLDE, CERN, implantilya ions on a carbon foil (thickness 7&y/cn?);
Projectile:3He beam, E30 MeV; Q3D spectrograph, deuteron spectra were obtainddawposition-sensitive detection array (a
sequence of several proportional wire chambers with catbadouts), energy resolution of abaE ~ 1.5 keV, depending on
reaction kinematics, the ejectiles were finally stopped stiatillation detector. Deuteron and other particles weparated with
AE-E arrangement. Measured deuteron spectra, angulaibdig&in of deuteron groups at anglé@ab=7.5° to 31°), deduced
spectroscopic factors. FWHM 15 keV.

23Mg Levels
E(level)f L¥ (23+1)C2s? Comments
62368  2+0 0.4710 (23+1)C?S: 0.08 for EO.
63758  2(+0) 1.047 (23+1)C2S: 0.00 for EO.
65078 2+0 0.246 (2J+1)CZS: 0.085 for 1=0.
65388  2(+0) 0.203 (23+1)C2S: 0.00 for EO.
65688 0+2 0.378 (2J+1)CZS: 1.5818 for 1=0.
68998  2+0 0.507 (23+1)C2S: 0.07 for EO.
69848 0+2 0.063 (2J+1)CZS: 0.307 for 1=0.
70178 240 0.143 (23+1)C2S: 0.02 for EO.
71118 0+2 0.379 (2J+1)CZS: 1.0630 for 1=0.
72588 240,143 (23+1)C2S: 0.4421 for 1=2, 0.21 €0.67) for 0, 0.12 €0.63) for k=1, and 1.0223 for |=3.
74938  2(+0) 0.456 (23+1)C2S: 0.00 for EO.
75828 <0.03 (231)C?S: <0.07 for k0.
76218 240 1.1212 (23+1)C2S: 0.12 for EO.
76418 2+0 0.346 (2J+1)CZS: 0.04 for EO.
77808 2+0,1+3 (23+1)C2S: 0.4313 for 1=2, 0.3634 for =0, 0.279 for |=1, and 0.5016 for 1=3.
77958 0+2 0.3814 (2J+1)CZS: 0.33 for EO.
78538  2(+0) 0.569 (23+1)C2S: 0.00 £0.08) for k0.
80168 2 0.745
80588 0+2,1+3 (23+1)C2S: 0.917 for 1=2, 0.8830 for 1=0, 1.0221 for I=1, and 0.3216 for |1=3.

80768 0+2,1+3 0.7910 (23+1)C?S: 0.7910 for =2, 1.4134 for 1=0, 0.5516 for =1, and 1.023 for |=3.

T From 1995Sc36 Absolute uncertainty stated to be about 8 keV. The relativeertainty was 2 keV.

¥ From comparison of experimental angular distribution VbWBA calculations.

# Values for k2 listed in the column and foe=l, 1, 3 in the comments section. In some ca4695Sc3dist an upperlimit without
a defination for +0 values. Those values are not listed in the dataset.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1995Sc36,B
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$Mg,,-37 NUCLEAR DATA SHEETS 12Mg,,-37

23Na(®Het)  2002Ful?

F(®Na)=3/2".

Target: Thin foil of NaCOQs using polyvinyl alcohol as supporting material (thicknesmut 2 mgecm?); Projectile: 3He, E=140
MeV/nucleon, from the K400, RCNP Ring Cyclotron; Outgoing tritons were momenturalyred and detected at the focal plane
of the Grand Raiden spectrometer with a multiwire driftyoier system allowing track reconstruction; FWHNB keV; Measured
triton spectra mainly atQ and also®( \/(92+¢2)) within 0° to 2.0° in steps of 0.05 for triton intensity; Deduce excitation

energy, L value, B(GT) strength. Also studied isobaric agaé structure of3Na, mirror nuclide o23Mg.

23Mg Levels
E(level) i Comments
0.0 0 B(GT)(0.34014) (including Fermi-transition strength).
451 0 B(GT}0.1466 (used for calibration).
23603 O B(GT)=0.0554.
29063 0O B(GT)=0.19311.
38603 O B(GT)=0.0554.
43573 0 B(GT)=0.25013.
52913 O B(GT)=0.0665.
5658 4 0 B(GT)=0.27017.
5712/ 8 0  B(GT)=0.0619.

61383 L: Populated with small L transfeR002Ful7noted.

65503 O B(GT)=0.1167.

68183 0 B(GT)=0.0283.

69113 O B(GT)=0.0574.

7114 L: #0 (from Fig. 5 caption).
7247 E(level): May be a doublet of 7228.5 and 7261.9 in AdoptedelgvNot adopted.

L: #0 (from Fig. 5 caption).

7449 L: #0 (from Fig. 5 caption).
77906 L: #0 (from Fig. 5 caption).
78516 L: #0 (from Fig. 5 caption).
807615 L: #0 (from Fig. 5 caption).
81684 0 B(GT)=0.29015.

84525 0 B(GT)=0.0393.

91596 O B(GT)=0.0695.

95026 O B(GT)=0.0554.
102907 O B(GT)=0.0464.
111328 O B(GT)=0.0625.

 Close doublet state the peak shape was well reproduced at 5691 keV.
¥ From Fig. 5 in2002Fu17
# Determined from relative peak intensities of the tritonctpeat angle intervals 0f°6-0.5°, 0.5-1.0°, 1.0°-1.5°, and 1.5-2.C°.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2002Fu17,B
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23\Mg,,-38 NUCLEAR DATA SHEETS 12Mg,,-38

24Mg(p,d),(pol p,d)  1986Mi01,1979Mi15,2020K w01

Other referencesl994Ku06 1984Ha02 1984A121, 1982Mi10, 1980H018 19800h06 1979CI03 1975Kal0 1968Ko11 2001Bal7

1986Mi01 2“Mg(pol p,d) E=49.2, 94.8, 150.3 MeV. Measurer(d), Ay(d). FWHM 200-300 keV.1986Mi0L 1984AI21,
1982Mi10 and1979Mil5same research group.

1979Mi15 2*Mg(p,d) E=94.8 MeV. Measured-(§), performed DWBA analysis. FHWM: 80 keV.

2020Kw01 2*Mg(p,d) E=31 MeV. AE+E Si telescope. Measured(s), deduced excited levels, L, spin-parity. DWBA
calcualtions. 99.9% enriched target. Energy resolutiothéoground state was about 0.4%.

1994Ku08 2*Mg(p,d) E=34.945 MeV. Magnetic spectrograph. Deduced possible jsaiity.

23Mg Levels
E(level)t b Lt < Comments
0.0 32t 2 0.11 S: 0.12 (for 94.8 MeV) and 0.13 (for 150.3 Me\1p86Mi01).
do/dQc.m=1100pub/sr atfe m=10" (1979Mil5).
45061 5p2* 2 15 S: 1.8 (for 94.8 MeV) and 1.7 (for 150.3 Me\)986Mi01).

do/dQc.m=6840pub/sr atfe m=11" (1979Mil5).

2048 2 E(level): Other: 2050%986Mi01).

2360 y2* 0 0.09 E(level): 2359.04 (from literature) was used for internal energy calibration

(2020Kw01).
S: and 0.06 (for 49.2 MeV), 0.12 and 0.08 (for 94.8 MeV), 0.28 .14 (for
150.3 MeV) (986Mi01).
do/dQc.m=118 ub/sr atfe.m=18.5 (1979Mi15).
2770 2= 1 1.4 E(level): 27711 (from literature) was used for internal energy calibrat{@620Kw07).
L: In 2020Kw01, o(6) fitted well considering E1 and a constant contribution for
DWBA calculations, instead of only=+1.
S: 1.8 (for 94.8 MeV) and 1.8 (for 150.3 MeV1486Mi01).
da’/dQ(;m>4760;1b/Sl’ atgcm<653 (1979M|13
291F 6 (3/2Y) 2 0.09 E(level): Other: 2916 poorly resolved 1986Mi01).
S: 0.095 (for 94.8 MeV) and 0.07 (for 150.3 Me\V)986Mi01).
do/dQc.m=955 ub/sr atfem=8° (1979Mi15).

3800 32- 1 0.62  S:0.95 (for 94.8 MeV) and 0.90 (for 150.3 Me\IpB6MI0Y).
do/dQc.m>1800uby/sr atfe.m<6.5> (1979Mil15).
381¢F 4 E(level): Possible doublet of 3793 and 3859measuredr(6) fitted well with

considerations of £1 (83.7%) and k2 (16.3%)— 2020KwO1noted. In Adopted
Levels the corresponding energies are 3794.1 and 386@6eatively.
397£ 3 E(level): Other: 3970(979Mi15— Fig. 1).
436F 2 1/2* 0 0.036 E(level): Other: 436AL.986Mi01).
S: and 0.025 (for 49.2 MeV), 0.070 and 0.045 (for 94.8 MeV(;70. 0.050 (for
150.3 MeV) (986Mi01).
dO'/dQ(;_m.:86 ub/SI’ at6c_m_:180 (1979M|1a

4686 7 E(level): Other: 46801979Mil5 - Fig. 1).
dO'/dQ(;_m.ZSO ub/SI’ at6c_m_:21.53 (1979M|1a
5290* 2 E(level): 52861 (from literature) was used for internal energy calibrat{g020KwO01).

L: From 1982Mi1Q
dO'/dQ(;_m.ZQ:LO,Ub/Sr a.tgc_m.:].l.s) (1979M|13

5450% do/dQ¢c . m=4.0 ub/sr at. m=47° — data presented with question a ? mark in
1979Mi15 probably to indicate uncertain data.
568& 7 E(level): Other: 56901979Mi15 - Fig. 1).
5990* 1 E(level): 59921 (from literature) was used for internal energy calibrat{8020KwO07).

L: From 1982Mi1Q0
dor/dQe m>1310byST atfem<6.5 (1979Mi15.
6144 3  (3/2+,52+)¢ 2€ E(level),F: 2020Kw01compare this level with 6129.3 and discuss the disagreement
with J*=7/2~. However, the level energy is also comparable with 6132\3 ike
Adopted Levels.
6246 4
6391¢ 2 (3/2+,52+)¢ 2C E(level),J: 2020Kw01compare this level with 6372.5 and discuss the disagreement

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Mi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Mi15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Kw01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994Ku06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Ha02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Al21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1982Mi10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Ho18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1980Oh06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Cl03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1975Ka10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Ko11,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2001Ba17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Mi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Mi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984Al21,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1982Mi10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Mi15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Mi15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Kw01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994Ku06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Mi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Mi15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Mi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Mi15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Mi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Kw01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Mi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Mi15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Kw01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Kw01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Mi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Mi15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Mi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Mi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Mi15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Mi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Mi15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Kw01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Mi15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Mi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Mi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Mi15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Mi15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Mi15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Kw01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1982Mi10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Mi15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Mi15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Mi15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Kw01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1982Mi10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Mi15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Kw01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Kw01,B

Mg, -39

NUCLEAR DATA SHEETS iSMg,,-39

24Mg(p,d),(pol p,d)  1986Mi01,1979Mi15,2020K w01 (continued)

23Mg Levels (continued)

E(Ievel)T JTb LT Comments
with J7=7/2". However, the level energy is significantlyfidirent— might be
considered as a fierent level.
6537 3 (32 52+)¢  2cd E(level): Other: 65401979Mi15 - Fig. 1).
L: Implied from the spin and parity as of the text 2020Kw01
680F 2 (3/2+,527)¢ 2 E(level): Other: 68101979Mi15 — Fig. 1).
6916  (3/2+,521)C 2cd
700°5  (3/2+,521)C 2cd
714£ 4 (327,527 2cd
7260 6 (3/2t,52H)¢  2€ E(level),L: Assuming the peak arose from a singlet sta@0Kw03). Other excitation
energy: 724@®0 (1979Mi15).
7441° 8 E(level): Other: 742@B0 (1979Mi15.
75852 10 E(level): Other: 76180 (1979Mi15.
7625 9 4 E(level),L: Other: 7624L0 (1994Ku0§. L from 1994Ku06
76432 10 2 L: From 1994Ku06
778€ 5 (3/2+,521)¢ 2cd E(level),L: Others: 77820 (1994Ku0§, 779030 (1979Mi15. L=(1) (1979Mi15.
7857 10 E(level): Other: 7856L0 (1994Ku08§.
80142 10
80442 4 E(level): Others: 80580 (1994Ku0§, 806040 (1979Mi15).
80722 10
8141% 5 E(level): Others: 8142 at°8(2001Bal}.
817(FC 4 E(level): Others: 817® at 16 and 8168 at 8angle 001BalJ.
819742 5 E(level): Other: 8195 at®8angle 001Bal}.
833C° 6 (3/2+,52+)¢  2cd E(level),L: Assuming the peak arose from a singlet sta@20KwO0?).
8436 7 E(level): Other: 842010 (1979Mil15).
8610- 40
877¢° 8 E(level): Other: 877%0 (1979Mil15).
892F 5 1# E(level): Other: 8910 (1979Mi15).
do/dQe.m>177 ub/sr atfe.m<8.6° (1979Mi15).
9020F 30 1¥ do/dQe.m>122 ub/sr atfe.m<8.6° (1979Mi15).
912% 7 E(level): Other: 914340 (1979Mi15).
935(F 13
947 7 0+1 or 2 E(level): Other: 949610 (1979Mi15).
964X 8 E(level): Used for internal energy calibratioROR0KwO0J).
9670- 20 1# do/dQe.m>421 pb/sr atfem<8.6° (1979Mi15).
9750 50
9850° 30 @)
9970¢ 40 (@) L: (2 step+ | = 1).
10126 50 L: (2 step) L979Mi15).
10270F 30 (@) L: (2 step+ | = 1).
10440 50 (@) L: (2 step+ | = 1).
10576F 20 1¥ do/dQc.m>306 wb/sr atfe.m<8.6° (1979Mi15).
10750° 40 @) L: (2 step+ | = 2).
1092070 ¥
1103060 ¥
1121060 ¥
1138060 ¥
1154060 ¥

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Mi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Mi15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Kw01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Mi15,B
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Mi15,B
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994Ku06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994Ku06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994Ku06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994Ku06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Mi15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Mi15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994Ku06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1994Ku06,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Mi15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2001Ba17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2001Ba17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2001Ba17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Kw01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Mi15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Mi15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Mi15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Mi15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Mi15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Mi15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Mi15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Kw01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Mi15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Mi15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Mi15,B

Mg, ,-40 NUCLEAR DATA SHEETS 12Mg,,-40

24Mg(p,d),(pol p,d)  1986Mi01,1979Mi15,2020K w01 (continued)

23Mg Levels (continued)

E(level)f

1180040
1199050
1248080
1269080
1294080
1328080

B I = T SR
—

 From 1986Mi01, except where otherwise noted.

¥ From 1979Mi15

# From Fig. 1 in1979Mi15

@ From Fig. 1 in1994Ku06 Authors noted uncertainty within 10 keV.

& From 2001Bal7(p,d) at 16 angle, measured values &t &ngle listed in comments sectioP001Bal7used?*Mg(p,d) reaction
product as calibration standard. 5-keV uncertainty for®Baid 8197 keV levels assigned by evaluators based on statdisted
for 8141 keV level as “error similar to that observed for thkes two states”Z001Bal7.

a 818030 (1979Mi15 appears to be a doublet of 8170 and 8197.

b From vector analyzing power ih986Mi01, except where otherwise noted.

¢ From 2020Kw01 Spin and parity are based on-Ldetermined from measured(#) and DWBA calculations.

d Not presentefiisted in FigTable, implied in the text and proposed spin and parity inlddb(2020Kw01).

€ C2S value for 49.2 MeV in column and for 94.8, 150.3 MeV in comisesection {986Mi01).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Mi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Mi15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Kw01,B
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2001Ba17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2001Ba17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1979Mi15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Mi01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Kw01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Kw01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1986Mi01,B

23Mg,,-41 NUCLEAR DATA SHEETS Mg, 41

24Mg(d,t)  1972Nel8

Other: 1978Co13(pol d,t).
1972Ne18 2*Mg(d,t) E=21.1 MeV. Self-supporting 99.96% enrichétMig target (thickness about 37@ycm?) was used.
Measuredr-(6). Performed CCBA and DWBA analysis. FWHM 42-55 keV.

23Mg Levels
E(level)f FE c2s Comments
0.0 32 0.33
450 52+t 2.2 J: From the vector analyzing power data and DWBA predictidt&78Co13.
2050 72
2360 ot 0.18
2710 92+
2770 y2- 2.3
2900 32 0.14
3790 32 0.36
3860 (52*)  0.014
3970 (527)
4350 12* 0.053
4680 (72%)
5290 (52%) C2S: 0.21 from shell model calculations.
5450 (112%)

T As listed in1972Nel18
¥ From comparison of measured angular distributions wittptamlschannel Born approximation (CCBA) and DWBA calcuais.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Ne18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Co13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Ne18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1978Co13,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Ne18,B

Mg, -42

NUCLEAR DATA SHEETS

Mg, -42

24Mg(PHeq)

1967Hal7,1981En04,1969J015

Other referencesl984ScZM1981Gi041970Mc181969Ka281969J0151967Du04

1967Hal7 2*Mg(®He ), E=8, 10 MeV.o(Ea), deduced excited level energies, 99.9% enriched target.
1981En04 2*Mg(pol 3Heg), E=33.3 MeV, 99.9% enriched target, measuce@d), Ay(6), deduced contribution of two-step

processes, DWBA, coupled-channels analysis.
1969J015 2*Mg(®He ), E=15 MeV. Measuredr(Ea,d). Deduced levels, L, S.

1984ScZM 2*Mg(3He ), E=12, 15, 18 MeV. Measured(6,E) using broad range magnetic spectrograph, positioritsens

proportional counter, and photographic plates. Deducegldespin, parity, L-transfer. The reported results wesdiminary, noted
by authors.

E(level)f

N

0.0%
450F

2050
2356

2710

2768
2904
38005
38655
39765
43606
46826
52846
54506
56517
56868
57068
59317
59847
61287
61947
62387
63798
64448
65088
65408
65719
67718
68118
69008
69888
70169
71109
71419
722410
725510

7587
76357
777H

32+ @
52+ @

72+ @
¥2*

12-,32"
3/2* 52*
127,32
y2r

3/2* 52"

1/27,3/27

3/2* 52"
5/27,7/27
5/27,7/27

1a

ot
i
i

23Mg Levels

Comments

S:0.84 (981EN03, 1.6 (1969J015, 0.9 (1970Mc1§
S: 4.74 (981En03, 7.8 (1969J015, 4.4 (1970Mc1§

E(level): From1969J015

L: From 1969J0151967Du04

S: 0.57 (1969J015.
E(level): Fronl969J015

L: 3 in 1967Du04(fewer data points) and (2) ih969Jo15poor fit).

S: (4.4) 1969J015.

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Ha17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981En04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Jo15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984ScZM,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Gi04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Mc18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Ka28,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Jo15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Du04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Ha17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981En04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Jo15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984ScZM,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981En04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Jo15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Mc18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981En04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Jo15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Mc18,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Jo15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Jo15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Du04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Jo15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Jo15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Du04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Jo15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Jo15,B

$Mg,,-43 NUCLEAR DATA SHEETS 12Mg,,-43

2"Mg(PHe@)  1967Hal7,1981En04,1969J015 (continued)

23Mg Levels (continued)

E(IeveI)Jr J L& Comments

7793 32+ 52t o
7852 72+ 92t 4#
8o16?
80547

8076"
8164" J': 5/2* in 1984ScZM- no argument was available.

* From 1967Hal7 except where otherwise noted.
 From 1981En04

# From 1984ScZM(Preliminary).

@ From vector analyzing power ih981En04

& From 1969Ka28 except otherwise noted.

a8 From 1967Du04
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Ha17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981En04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Jo15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984ScZM,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Ha17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981En04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1984ScZM,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981En04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Ka28,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Du04,B

23Mg, ,-44 NUCLEAR DATA SHEETS Mg, 44

2*Mg(PHe@y)  2016Ki03,1971En04,1970Ha02

Other referencesl968BI02 1967Da09 1967Du04
2016Ki03 3He*Mg,ay) E=3.125 MeV/nucleon; ay-ray detector array consisting of four HPGe crystals isaséd 7.83 cm

downstream from the target. Measured, Enean lifetime using Doppler Shift Attenuation Method.
1971En04 >*Mg(®He),(®Heay), E=6.4, 8.4 MeV. Measured#6), DSA.
1970Ha02 2*Mg(®Heay) E=6.37, 8.05 MeV.o(Ea,Ey,6(y)). Ge(Li) for Ey and Nal(TI) foray() measurements.
1968BI02 2*Mg(®Heay) E=9 MeV. o(Ea,Ey,0(ay)).
1967Da09 2*Mg(®Hey), E=4.90-6.00 MeV, measured(Ex,Ey,0(ay)). Deduced spin, mixing ratios, branching ratios.

23Mg Levels
E(IeveI)Jr JF# T1/2@ L Comments
0.0 32t 2
450.8 7 5/2* 1.14 psl7 2 Ty from 7=1.65 ps25 (1971En03.
2052.33 7/2* 65 fs 12 4 Ty2: Weighted average of 55 fs4 (1971En04 and 72 fs12 (2016Ki03).
2359F 2 1/2¢ 5755118 0
2715 2 9/2,52 97 fs21 J: From angular correlation studies of 236Ry 1970Ha02
2769.912 1/2- 75 fs 10 1 T2 Weighted average of 107 &l (1971En04 and 68 fs10 (2016Ki03.
2906.611 (3/2)* 104 fs21 2 T1/2: Other: <17 fs (1971En0J.
3795.013 3/2- 2848 fs42 1 E(level): Other: 378% (1970Ha02.
Tq/2: From 2016Ki03 Other: <14 ns, upper limit estimated from the coincidence
resolving time in $He ay) measurementsl970Ha03.
39686 52~ <14 ns E(level): Froml970Ha02
T1y2: Upper limit estimated from the coincidence resolving timeSHe ay)
measurementsl970Ha02.
4356.420 1/2* <7.6% fs 0 E(level): Other: 4355 (1970Ha02.
T12: From 2016Ki03 Other: <14 ns, upper limit estimated from the coincidence
resolving time in $Hexy) measurementsl970Ha03.
52883 <9.7% fs
5453.524 <10.4% fs
62394 <27 fs
63757 <31.% fs
69083 <6.9% fs
74443 <9.7% fs
7495.024 <13.% fs
7787.120 <8.3% fs do/dQ ~ 3-4 ubysr for 6(c.m.}>159 (2016Ki03.

T Fromy-ray energies, except otherwise noted.
¥ From 1971En04

# From Adopted Levels, except otherwise noted.
@ From 1971En04 unless otherwise stated.

& From 2016Ki03

¥(**Mg)

Ei(level) J Eﬂ Iy Et X Mult.# 6 Comments

450.8 52 450.8 100 0.0 @ D+Q -0.062 A,=—0.462; A4;=—0.022 (1970Ha02
Ap=-0.486; A4=—0.1211 (1968BI02
Ap=—0.504; A,=—0.087 (1967Da09
Ap=—-0.577; A4=—0.097 (1967Du04

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016Ki03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971En04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Bl02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Da09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Du04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016Ki03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971En04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Bl02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Da09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971En04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971En04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016Ki03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971En04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016Ki03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971En04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016Ki03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016Ki03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016Ki03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971En04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971En04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016Ki03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Bl02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Da09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Du04,B

23Mg,,-45 NUCLEAR DATA SHEETS 12M9,,-45

2“Mg(PHewy)  2016Ki03,1971En04,1970Ha02 (continued)

¥(2®Mg) (continued)

Ei(level) J Eﬂ ly Et ¥ Mult® 0 Comments

f
6: Weighted average 0f0.075 (1970Ha02,
—0.044 (1968BI02, —0.06 2 (1967Da09,
—0.07524 (1967Du03.
2052.3 72+ 1601.413 842  450.8 32+ D+Q -0.192 A»=-0.663; A4=+0.014 (1970Ha02
A,=-0.776; A;=+0.0511 (1967Da09
Ao=-0.715; A4=+0.017 (1967Du0g
A,=-0.419; A;=-0.1514 (1968BI02
ly: Weighted average of 83 (1970Ha03, 815
(1968BI02, and 843 (1967Da09.
6: Weighted average 0£0.184 (1970Ha02,
—0.087 (1968BIl02, —0.233 (1967Da09, and
—0.18225 (1967Du03.
2052.2 162 0.0 32+ Q(+O) +0.055 A,=+0.1710; A4=—0.3315 (1970Ha02
A,=+0.4910; A4;=-—0.0516 (1967Da09
A,=-0.5611; A;=-0.0310 (1968BI02
l,: Weighted average of 18 (1970Ha02, 195
(1968BI02, and 163 (1967Da09.
6: Wt. ave. of+0.065 (1967Da09 and-0.1425
(1970Ha02.
2359 Jot 1908 693  450.8 32* A,=+0.003; A4;=-0.034 (1970Ha02
Ao=+0.024; A4=+0.006 (1967Da09
A>=+0.019; A4=+0.0012 (1967Du04
A,=-0.027; A4=+0.019 (1968BI02
l,: Wt. ave. of 714 (1970Ha03, 68 3 (1967Da09y,
675 (1968BI02.
6: 0.081 or —3.34 17 for spin 32 (1967Da09.
2359 313 0.0 32* A=-0.015; A4=-0.038 (1970Ha02
A,=+0.137; A4=+0.0410 (1967Da09
A>=+0.0612; A4=+0.0920 (1967Du04
A,=+0.049; A;=-0.0510 (1968BI02
l,: Wt. ave. of 294 (1970Ha03, 32 3 (1967Da09y,
and 335 (1968BI02.
6: 0.193 or +15.573 for spin 32 (1967Da09.

2715 92,52 663 332 2052.3 72" l,: Weighted average of 38 (1970Ha02, 335
(1968BI02, and 323 (1967Da09.
2264 672  450.8 32* A,=+0.0614; A4,=—0.6821 (1970Ha02

ly: Weighted average of 65 (1970Ha03, 675
(1968BI02), and 683 (1967Da09.
2769.9 12 2769.712 100 0.0 32* A,=0.001; A4=0.002 (1970Ha02
Ap=-0.103; A4=-0.174 (1967Du03
A,=+0.045; A4=—0.056 (1968BI02
2906.6 (32)" 24557 332  450.8 32 D+Q Ap=-0.055; A4=-0.247 (1970Ha02
Ay=+0.1217; A4=-0.1326 (1967Da09
Ap=-0.115; A4=+0.027 (1967Du04
ly: Weighted average of 48 (1970Ha03, 305
(1968B102), and 322 (1967Da09.
2906.411 672 0.0 32+ D+Q Ar=+0.113; A4=+0.154 (1970Ha02
Ap=+0.173; A4=+0.104 (1967Da09
Ay=+0.074; A4=+0.025 (1967Du03
l,: Weighted average of 68 (1970Ha02, 705
(1968BI02), and 682 (1967Da09.
3795.0 32 1025.1 73 2769.9 120 D+Q Ap=-0.3318; A4=—0.0431 (1970Ha02
A,=+0.1917; A4=+0.2225 (1968BI02
l,: Weighted average of 6 (1970Ha02 and 83
(1968BI03.
6: +0.0820 or —2.1521 (1970Ha02.
3343.913 865 450.8 32+ D(+Q) +0.024 A»=-0.093; A4;=+0.005 (1970Ha02

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016Ki03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971En04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Bl02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Da09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Du04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Da09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Du04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Bl02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Bl02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Da09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Bl02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Da09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Du04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Da09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Bl02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Bl02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Da09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Da09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Da09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Du04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Bl02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Da09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Bl02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Da09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Da09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Du04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Bl02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Da09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Bl02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Da09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Bl02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Da09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Bl02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Da09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Du04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Bl02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Da09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Du04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Bl02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Da09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Da09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Du04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Bl02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Da09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Bl02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Bl02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha02,B

Mg, -46

Ei(level)

3795.0

3968

4356.4

5288
5453.5
6239
6375
6908
7444
7495.0
7787.1

T

32

32"

12+

NUCLEAR DATA SHEETS Mg, ,-46
2“Mg(PHewy)  2016Ki03,1971En04,1970Ha02 (continued)
¥(2®Mg) (continued)
EyJr ly Et N Mult. Comments
A>=-0.124; A4=-0.026 (1967Du0j
A»=-0.194; A4=-0.109 (1968BI02
l,: Weighted average of 86 (1970Ha02 and 855 (1968BI02).
6: Weighted average 0f0.0014 (1970Ha02, +0.077
(1968BI02, and+0.01137 (1967Du04.
3794.7 72 0.0 32* D+Q Ap=-0.478; A4=+0.0612 (1970Ha02
l,: Weighted average of 8 (1970Ha02 and 72 (1968BI02.
§: —7.1< 6 < 0.4 (1970Ha02.
1061  1F  2906.6 (F2)*
1916 4§  2052.3 72*
3968 3¢ 0.0 32* D+Q Ap=-0.204; A4=+0.406 (1970Ha02
6: —4.339 in 1970Ha02implies E2-M1 and consequently
positive parity for the depopulating level. It is inconsist with
the adopted negative parity in Adopted Levels.
1997 43 2359 72*
43562 96' 3 0.0 32* A»=-0.023; A4=-0.014 (1970Ha02
A>=-0.0417; A4=-0.0318 (1968BI02
48373 450.8 52+
34012 2052.3 72+
41863 2052.3 72
43226 2052.3 72+
69073 0.0 32*
74433 0.0 32*
54422 2052.3 72*
73322 450.8 52+

T From 2016Ki03 y rays without uncertainty- from level energy dferences, recoil energy subtracted, calculated by evakiato

after obtaining the level energies from the measured E

¥ From 1970Ha02

# Fromy-ray angular distribution measurements (&aéents).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016Ki03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1971En04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Du04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Bl02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Bl02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Bl02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1967Du04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Bl02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1968Bl02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016Ki03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1970Ha02,B

23
1M, ,-47

NUCLEAR DATA SHEETS Mg, -47

22Mg(PCHe,ay)  2016Ki03,1971En04,1970Ha02

Level Scheme

Intensities: % photon branching from each level
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Mg, -48

NUCLEAR DATA SHEETS

Mg, -48

F(®®Mg)=5/2".
Other: 1969Ha38
1981Na01 25Mg(p,t), E=40 MeV. Measuredr(¢). DWBA analysis, shell model spectroscopic amplitudesidied target. FWHM

2Mg(p,t)  1981Na01

= 10-15 MeV.
23Mg Levels
E(level) L br/dQ (,ub/sr)?t Comments
0.03 2 76.0

4503 0+2 235.0
20473 2 50.9
23555 2 3.4
27125 4 34.2
27685 3 50.9
29055 2 6.2
38015 3 61.0
38635 2 12.9
39735 3 50.9
43506 2 5.1
46886 2 3.0
52906 2+4 10.3
54636 >3 5.9 L:>4 in 1981Na01
56628 0 55.0
56958 2 5.0
57158 2 4.9
59336 6.1
59846 11.3
61236 3 22.0
61896 >3 5.9 L: >4 in 1981Na01
62346 2 4.5
637010 4 2.4
64406 6.3
65076 2 12.0
65366 2 2.0
65668 0 5.6
67716
67996 8.1
68096 4.4
68995 0 11.2
69825 0 39.0
70175 2 5.0
71117 4 2.2
71486  2(+0) 21.8
72317 4 1.5
72597 >3 2.2 L: >4 in 1981Na01
73818

74448 3.8
74938 2 4.4
75826 0 4.2
76218 2 3.4
7780 6 4 7.4
7795' 6 0 140.0
78526 3.2
80166 4.7
80587

80768

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Na01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Ha38,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Na01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Na01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Na01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Na01,B

Mg, ,-49 NUCLEAR DATA SHEETS Mg, ,-49
2Mg(p,t)  1981Na01l (continued)
23Mg Levels (continued)
E(evel) L d/dQ (pb/sr)i Comments
81556 0 46.0
81938
82858
83348
83936
84206
84535 4 7.4
85576
86176 >3 2.0 L: (=4) in 1981Na01
87586 2.8
87938
88708 2.1
89166 4 5.9
89417
89906 2 18.1
90188 2.2
90608
91036 6.3
91386 4 4.6
92538
93288 4.0
93748
94038
94208
94656 2 17.0
95968 3.8
96428 5.6
96628
97178 4.8

T 7788 keV25 in 1969Ha38appears to be a doublet.
¥ Value at the maximum in the angular distributidt981Na0).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Na01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Na01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Ha38,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1981Na01,B

NUCLEAR DATA SHEETS igAl 101

Adopted L evels, Gammas

Q(B7)=-16950syst S(n)}=19525syst S(p)=141.05; Q(a)=—860611 2017Wal0
AQ(B7)=500 (syst),AS(n)=400 (syst) 2017Wal(; Q(ep)=4640.64 (2017Wal(.

S(2n)=36390600 (syst), S(2p¥5645.24 (2017Wal0.

Other reactions:
1969Ce01 28Si(pSHe), E=54.7 MeV — First observation of3Al.

2002Ca04 12C(23al,X), E=35.9 MeV/nucleon— Proton halo. Alsd®2002Zh49
2016Fal0 C(28si,X), E=135 MeV/nucleon— Mechanism of two-proton emission froAAl mainly sequential.

E(level)

F

O N w>

T1/2 XREF

235j ¢ decay
QBe(ZZMg ,23A| )
9Be?si23Al)
9Be®Al,23Aly)

237 Levels

Cross Reference (XREF) Flags

12C(23A|, 23A| /)
22Mg(p,p):res
24Mg(7Li,BHe)
Pb12C(23Al,p??Mg)

— o mm

Comments

0.0

55020

147539
16196

177335
257534

300020
314030
319721

g2t

(1/2%)

@2 "
(7/2%)

(32+)*
(7/2+ 5/2*)*F
@2 f

446 ms6 ABCD FGH

GH

%e+%B+=100; %p=1.043

1=+3.8922;, Q=0.165

%ep: Considering allj in 2011Sal%nd by replacing 0.18 and 0.184 for
Ip[Ep(Lab) 197 and 255, respectively] 8011Sal%y 0.0262 and 0.1183,
respectively, i2020Fr04— deduced from the values of 0.0@3and 0.28810
for Ip[Ep(c.m.) 204 and 275, respectively] 2020Fr04 reported relative to
Ip[Ep(Lab) 8392011Sa1p=0.411. %ep=1.225 from 2011Sal5Others: 1.1
(1995Ti08, relative Ip in2000Pe28

T1/2: From2006la03(value 446 ms5 in 2012Tr08from the same group
appears to be from the same experiment). Other values: 4780ms
(1972G003, 350 ms100 (2000Pe2B 476 ms45 (2001Wa54002\Wa33.

JF: Allowed decay to ®*, 52+, and 72* states i®3Mg. From g factor
measurement and calculatiorZ)060z04. Also from experimental exclusive
momentum distributions ir?8Al,p22Mg) — (2011Ba27.
Configuratior=1ds/2. Member of isospin quartet.

w: From20060z04 2019StZV—- NMR (uncertainty2, smaller by an order, in
2019StzVis a typo— confirmed by N. Stone, email dated Oct 8, 2020).

Q: Preliminary value- Nuclear magnetic resonanc2009NazV, 2014StZ3.

%p=100; %IT=8.6x10"7 17

%IT: FromI'y/(Ty+I'p). ['y=6.35x10;, average value of 5.49E-7 eV
("Li,8He) andl'y=7.2E-7 14 eV €3Al,p?2Mg). I'p=74 eV (Li,8He).
Uncertainty from the input value.

J: Member of isospin quartet.

%p~100

%p<100

E(level): from B.

J: Tentatively assigned b008Gal17(%2Mg,23Aly), compared to mirror
state of?>Ne at 1701.6 keV.

Configuratior[2>Mg(2")®ds 2] 7/2+-

%p~100

%p~100

%p~100
E(level): Weighted average of 3166 (23Si ¢ decay) and 32021
("Li,BHe). Uncertainty lowest input value.

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1969Ce01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2002Ca04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2002Zh49,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2016Fa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2011Sa15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2011Sa15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Fr04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2020Fr04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2011Sa15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2011Sa15,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1995Ti08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2000Pe28,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Ia03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2012Tr08,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1972Go03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2000Pe28,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2001Wa54,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2002Wa33,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Oz04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2011Ba27,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006Oz04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2019StZV,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2019StZV,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009NaZV,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2014StZZ,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Ga17,B

A2 NUCLEAR DATA SHEETS 237152

Adopted L evels, Gammas (continued)

23| Levels (continued)

E(level) F XREF Comments
326030 (7/2*,52) F
370924 (5/2)*T A G 9%p~100
E(level): Weighted average of 3745 (23Si ¢ decay) and 36924 ("Li,8He)
Uncertainty lowest input value.
395030 (7/2%)% F
415647  (7/2)+T A %p~100
513459 A %p~100
1183248 (5/2)+T A %2p~100
F: 1AS to 23Si parent.
12.7x10° 23 E E(level): From excitation energy windest0.5 to 15 MeV 2015Mal19— (23Al,23Al").

¥ From systematics of*Ne mirror states populated #¥F decay.
¥ Proposed by2007He30(p,p):Res, based on R-matrix analysis (SAMMY-M6-BETA cpdémeasured dierential cross sections.

y(3A)

Ei(level) J E, Et T Comments
1619 (72*) 16196 0.0 2* E,: Average of 1616 (*’Mg,2%Aly) and 16226 (?°Al,23Aly).

Adopted L evels, Gammas

Level Scheme

1619

712%) 1619

512" 0.0 446 ms6

23
13A| 10
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2015Ma19,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2007He30,B

A3 NUCLEAR DATA SHEETS 23713

23Gi ¢ decay  1997Bl04,2018Wa05

Parent:3Si: E=0.0; F=(5/2)*; T1/2=42.3 ms4; Q(g)=16950syst %s+%3" decay-100

Other references1997Cz02- same research group and same experimei967BI04

1997Bl041997Cz02 Produced by8Ni(3Ar,x) E(36Ar)=95 MeV/nucleon. LISE2 at GANIL. TOF mass identification, SAE
telescope. Measuregldelayed Ep, %lp, deduce &2p, level energy, etc.

2018Wa05 23Sj produced fron?8Si beam, E75.8 MeV/nucleon, fragmentation o?Be target (thickness 198@m). 23Sj was
separated by Radioactive lon Beam Line in Lanzhou, ChingidRss identified by energy los\E) by two Si detectors and time
of flight (TOF) by two plastic scintillators. Implanted on &iray of two double-sided Si detectors (DSSD). Also a-3i thick
quadrant Si detector for escaping protons, another 1&sdéhick Si detector foB particle detection. Two additional Si and four
clover HPGe detectors. Measurgdielayed Ep, %lp, 7.

237 Levels

Proton decay branch for levels above ¥p()=141.05 (2017Wal( assuming no competition with decay.

E(level)f ¥ Ty2 Comments
0.0 52+ 446 ms6 Ty,2: From Adopted Levels.
147539  (3/2)* %p~100

E(level): From Fecay=133339, weighted average of 13240 (1997BI04 and 134639
(2018Wa03%. Uncertainty— lowest input value. Level energy 1450 1997Bl04and 1445 in
2018Wa05
316645 (3/2)* %p~100
E(level): From Fecay=302445, weighted average of 30460 (1997BI04 and 301545
(2018wWa03%. Uncertainty lowest input value. Level energy 31701B87Bl04and 3140 in
2018Wa05
374545 (52)* %p~100
E(level): From Fecay=360345. from 235645 [weighted average of 24080 (1997Bl04 and
230941 (2018Wa05] + E(32Mg)=1247. Also Becay 365060, level energy 3770 i1997BI04
and Eyecay3524 65 and level energy 3665 iR018Wa05
415647 (7/2)* %p~100
E(level): From Feca=401447. from 276447 [weighted average of 28360 (1997BI04 and
273043 (2018Wa05] + E(*2Mg)=1247. Others: Level energy 4200 1997BI04and 4120 in
2018Wa05
513459 %p~100
E(level): From Feca=499259: weighted ave. of 50581 [from 381151 (2018Wa03 +
E(22Mg)=1247] and 493916 [from 163146 (2018Wa03 + E(22Mg)=3308].
1183248 (5/2)* %2p~100
E(level): Unweighted ave. of fgcay=11837100 (Ep=5860100(1997BI04 + S(2p)EAl) +
E(?INa)=332), 1183466 (Ep=5857 66 (2018Wa03 + S(2p)E3Al) + E(*INa)=332), and
11825100 (Ep=6180100 (1997BI04) + S(2p)E3Al). Others: 116454 (from Ep=6000
(2018Wa03+S(2p)=5645). IAS level energy 11780 ib997Bl04and 11834 irk018Wa05

" Deduced by evaluators fromg&ayand Spf3Al)=141.0 keV5 or S(2p}5645.2436 (2016AME — 2017Wal(. 1997Bl04present
level energies in Fig 5 using S{5Al)=125 keV. Those values are listed in comments along with ther&sgies. Note that
Edecayrepresents the total decay energy that includes Ep and esgaigy.

¥ From systematics ofNe mirror states populated f¥F decay. Parity determined by allowed decay to all excitatestfrom
(5/2)*.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Bl04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Wa05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Cz02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Bl04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Bl04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Cz02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Wa05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Bl04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Wa05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Bl04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Wa05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Bl04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Wa05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Bl04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Wa05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Bl04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Wa05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Bl04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Wa05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Bl04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Wa05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Bl04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Wa05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Wa05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Wa05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Bl04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Wa05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Bl04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Wa05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Bl04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Wa05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2017Wa10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Bl04,B

A4 NUCLEAR DATA SHEETS 2371, -4

235 ¢ decay  1997BI04,2018Wa05 (continued)

&,B" radiations

E(decay) E(level) Iaf+ﬂ+)Jf?t Comments
(5118sys) 11832 3.55 I(e+p*): Weighted average of %}=3.6 3 [from 2.7 2 and 1.92 (1997BI04] and 1.511
[from 0.9 9 and 0.66 (2018Wa03].
(11816sys) 5134 10.86 I(e+B%): From %Ip=6.21 and 4.66 (2018Wa0%.
(12794sys) 4156 11.822 I(e+p4"): Unweighted average of %414 1 (1997BI04 and 9.61 (2018Wa05.
(13205sys) 3745 384 I(e+p%): Weighted average of %#89.220 (from 322 and 7.22 — 1997BI04 and 295
(from 212 and 85) (2018Wa03.
(13784sys) 3166 8.55 I(e+p%): Weighted average of %#¥.8 6 (1997BI04 and 8.95 (2018Wa03.
(15475sys) 1475 7.625 I(e+p8"): Unweighted average of %410 1 (1997BI04 and 5.15 (2018Wa05.

* From g-delayed proton intensities ih997Bl04and 2018Wa05 Decay scheme incomplete.
¥ Absolute intensity per 100 decays.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Bl04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Wa05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Bl04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Wa05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Wa05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Bl04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Wa05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Bl04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Wa05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Bl04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Wa05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Bl04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Wa05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Bl04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Wa05,B

Al155 NUCLEAR DATA SHEETS 237155

9Be(*2Mg,23Aly)  2008Gal?

Based on XUNDL: Compiled by F.G. Kondev, ANL, August 22, 2008

One proton pickup reaction. Studies were also carried dnguselastic scatteringBe@3Al,23Al’y) reaction.

Secondary cocktail beam composed of 323%g and 3%23Al and produced in reactioPBe(6Ar,X) at E=150 MeV/nucleon.
A1900 fragment separator. Experiment performed at NSCLUNERility. Detectedy rays using Segmented Germanium Array and
S800 spectrograph. Measured time-of-flighE using two plastic scintillators.

A total cross section of 0.54 mbwas measured for the one-proton pickup channel.

237 Levels

E(level) F Comments

0.0 [ot
16168  (7/2") E(level): from B.
J': Tentatively assigned b008Gal7compared to mirror state GfNe at 1701.6 keV.
0>0.07 mb2 for one-proton pickup reaction tgZ" state.
Configuratior[2’Mg(2*)®ds/2] 72+ -
A branching ratio off’y/I'p~20 is estimated from shell model and proton decay calculat008Gal}.

y(2A)

E, Ei(level) J Bt X Comments

16168 1616 (72*) 0.0 2t E,: Weighted average of 1614 ke¥and 1618 ke\8, measured ifBe(*Mg,2%Aly)
and °Be(3Al, 23Aly), respectively.

9Be(2Mg,2%Aly)  2008Gal?

Level Scheme

16‘[6‘

(712 1616

5/2" 0.0

23
13A| 10
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Ga17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Ga17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Ga17,B

1A 156 NUCLEAR DATA SHEETS 23716

9Be(?4Si,2%A1)  2008Gal0

Based on XUNDL: Compiled by S. Geraedts and B. Singh (McM#stepr 17, 2008.

One proton knockout reaction.

E(2Si)=85.3 MeV/nucleon beam produced in reacti®®e®Ar,X) at E=150 MeV/nucleon. A1900 fragment separator. Experiment
performed at NSCL, MSU facility. Measured time-of-fligitE using two plastic scintillators.

2371 Levels
E(level) J L Comments
0.0 52+ 2 L: Determined from comparison of the measufédl residue longitudinal momentum distribution to the
shape calculated for the removal of a proton from thgoldrbit.
0=67.3 mb35.
Configuratior=ds),.
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Ga10,B

A7 NUCLEAR DATA SHEETS A1, 7

9Be(?°Al,23Aly)  2020L 005

Two neutron knockout reaction.
Secondary cocktail beam composed of 54.3%g, 29.5%2°Al, and 13.5%2%Si was produced in reactiotBe(5Ar,X) at E=150

MeV/nucleon. A1900 fragment separator. Two-neutron knockeattion of2°Al was induced on anothélBe target in front of the
S800 spectrograph,402 MeV/nucleon (mid target). Detectedrays using 192-element Cs-I scintillator array CAESAR.
Measured parallel momentum distribution of states popdlan 23Al by gating ony-ray transition.

Inclusive cross section of 0.69 nthwas measured for the two-neutron knockout reaction forans. 72* state at 1622.

237 Levels

E(level) Ft Comments

0.0 52+ Partial cross sectioor = 0.60 mb8.

Comparison of measured momentum distribution with pred&iby sd-shell model shows neutron coupling with

a predicted dominance of | (defined as the total angular mamenf two removed neutrons)0.
16226  (7/27) E(level): from B.

Partial cross sectioor = 0.09 mb3.

Comparison of measured momentum distribution with pred&iby sd-shell model shows neutron coupling with
a predicted dominance of angular momentu larger than+2 component by about a factor of 2. See the
defination of | above in the g.s. comments.

* From Adopted Levels.
y(3A)

E, Ei(level) J Er
16226 1622 (72*) 0.0 F2+

9Be(2°Al,23Aly)  2020L 005

Level Scheme

1592

(712) 1622

5/2" 0.0

23
13A| 10
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A8 NUCLEAR DATA SHEETS 23718

12c(23a1,23A1")  2015Mal19

Based on XUNDL. Compiled by B. Singh (McMaster); Mar 12, 2015

Measurement of two-proton emission and proton-protonetaiions from an excited state (most likely 1178Q2)5) in 23Al.

S(2p)23Al)=5645.24 (2017Wald AME-2016).

E=57.4 MeVnucleon23Al beam produced from fragmentation #iSi beam at 135 Mejucleon on’Be production target. Particle
identification of23Al was done by means of BAE-TOF method using RIPS beamline at RIBF-RIKEN facility.eTteaction
target was'2C around which was g detector array of 160 Nal(Tl) detectors (DALI2), after wiithere were five layers of
Si-strip detectors for detection of heavy fragments andgms Analyzed excitation energy distribution from ineenti mass of
two-protons emissions iftNa+p+p channel, momentum distributions of two protons in the texicin energy window of 10.5-15
MeV, and opening angle distribution of two protons. The ekltions compared the three-bod}a+p+p) emission with 2-body
(®INe+2He) emission.

23| Levels

E(level) Comments

12.710° 23 E(level): From excitation energy windext0.5 to 15 MeV.
A dominant mode of two-proton emission from this level isttbhisequential emission based on broad momentum
distribution without any peaks and structureless anglgidigions.
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A1109 NUCLEAR DATA SHEETS 237159

22Mg(p,p):res  2007He30

Based on XUNDL: Compiled by S. Geraedts and B. Singh (McM#siéov 16, 2007.

Target=(CHy)n, Beam=22Mg12*, E=5.93 MeV/nucleon, produced by bombardincflde gas target witf°Ne®* primary beam,
E=8.11 MeV/nucleon, at CNS radioactive-ion beam facility at RIKEN. Mesnergy o?2Mg beam was 4.38 MeNucleon.
Target(CHy), polyethylene. MeasuredE and time-of-flight of charged particles using-E Si telescopes (at4°, 17°, and
23), double-sided Si strips and focal plane detectors. Cathaet was also used to evaluate contributions from carbdhe
(CHy)n, target. Overall FWHNM20 keV at 500 keV to 45 keV at 3500 keV excitation energy. Rrinanalysis.

Sufixes p and pimply the 22Mg(g.s.)+p (elastic) and®Mg(2;)+p (inelastic) channels.

23A] Levels
E(level) Ff LT Comments
0.0 52* J': From Adopted Levels.
300020 (3/2) 2 Elastic scattering peak.
C?S(to first excited state).005 for 1d,, 0.059 for @, 0.018 for 2g,. C?S(to g.s.)0.28 for
1d3/2.

Main configuratior-0*®1dg), O* for 22Mg core g.s.
Partial widths:T'y=32 keV 5 for 3/2*, I'p=17 keV 3 for 5/2*.
2 CS(to first excited state).024 for 1@/, 0.324 for @p.
J: R-matrix analysis fits /2,52, but negative-parity states of this spin are neither alesein the
mirror nucleus”®Ne nor predicted by shell-model. This level may correspandaiculated level
at 3605, 72*.
Main configuratios-2* ®@1ds.
Partial widths:T,=2-5 keV, I'y=30 keV 20.
0 Partial widthsT'p,=2-5 keV, I'y=30 keV 20.
C?S(to first excited state0.010 for 1@, 0.033 for @2, 0.023 for 2g. C?S(to g.s.3-0.01 for
1ds5)2.
395030 (7/2%) 2 C2S(to first excited state)0.002 for 1d2, 0.180 for @p.
J: R-matrix analysis fits /27,52, but from systematics of neighboring nuclidg&5is unlikely.
Main configuratior-2* ®1dg,.
Partial widths:T'p=20 keV 10, I'y =30 keV 20.

314030 (7/2*,52) 4

326030 (7/27,52%) 2

* Proposed by2007He30 based on R-matrix analysis (SAMMY-M6-BETA code) of measlidiferential cross sections, except
otherwise noted.
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A0-10 NUCLEAR DATA SHEETS 23A1,,-10

24Mg("LiBHe)  2001Ca37

E("Li)=50.1 MeVnucleon. Magnetic spectrometer, plastic scintillator TOF
Other reference1988Wi18

All data from 2001Ca37 except otherwise noted.

23| Levels

E(level) J¥ 28 Comments
0.0 5§22t
55020 (1/2¥) 0.66 TI'p=74 eV andly=5.49<10"7 eV (calcualted values i8001Ca3}; I'p=32 eV +53-23 and
[y=2.5x10"7 eV +12-9 (calculated values i1988Wi1§.
C?S: From1988Wi18

177335
257534
320421
369924

T From Adopted Levels.
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Al 11 NUCLEAR DATA SHEETS 23A1, 11

Pb,12C(23Alp22Mg)  2005G033,2011Ba27

Other reference2005G034 2004G034— same research group and experimen2@5Go33

2005G033 Pb@3Al,p22Mg): 50 MeV/nucleon secondar§®Al beam produced by 135 MeWucleon?8Si beam on &Be target. Si
E-AE, plastic scintillator hodoscope, Nal(Tl) array.

2011Ba27 12C(33Al,p%2Mg): E=57 MeV/nucleonZ3Ar beam produced from fragmentation of an intensguA) 32516+ beam at
95 MeV/nucleon on a thick carbon target at the GANIL coupled cyclotfacility. The secondary ion beams were collected using
the SISSI device. Secondary target of a 175amy thick carbon. lons were identified at the focal plane of SPE&someter
using the energy loss in a ionization chamber and time-ghflbetween a thick plastic stopping detector and the ayrotadio
frequency. Momentum distributions using the SPEG (FWABM10~3). Deduced ground state structureZ8Al.

23A] Levels
E(level) J L Comments
0.0 52t J: Proposed ir011Ba27 based on experimental exclusive momentum distributiQusfiguratior=1ds>.
55020 2 E(level): From Adopted Levels. 12005G033 400 keV (in relative energy scale Fig 2.).

L: From 2005G033 from comparison of measured angular distribution dfedéential cross sectionogsQ
[mby/sr], and DWBA calculations.

[y=7.2x10"7 eV 14 Deduced in2005Go33assuming spins and parities of the g.s. and 1st exited siates
5/2* and 12*, respectively.
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$3Sig-1 NUCLEAR DATA SHEETS 23Sig-1

Adopted Levels

S(nE=17712syst S(p)=1785syst Q(w)=—10556syst  2017Wal0

AS(n)=711 (syst),AS(p)=503 (syst),AQa=505 (syst) 2017Wall. Q(sp)=16810500 sysi(2017Wall; Q(s2p)=1.13x10* —
deduced by evaluators using mass datada7Wal0

S(2p)=1790500 syst(2017Wal0.

Particle stability established in nickel 4°Ca reactions1986Lal7.

23gj Levels

Cross Reference (XREF) Flags

A %Be@*siZsi)

E(level) F T2 XREF Comments

0.0 (52" 423 ms4 A %e+%51=100; %=p~88; %=2p=3.6 4

%ep,%e2p: From1997BI04 %ep from ~92% (ep+s2p) — 3.6. Other values:

%ep=73 6 and %2p=1.511 (2018Wa03% — obtained by evaluators from data in Table
1. Peaks 10 and 11 were identified B§18Wa05asB2p branch. Note that the sum 75
6, from listed %p and %2p in Table 1 2018Wa03 is in good agreement with the
sum 753, in Fig. 5 and Table 11997BI04. However,1997Bl04recommend-92%
(ep+£2p) considering peaks in Fig. 1 and peaks not listed in thelile 1.1997BI104
mention their recommended value ©92% is in agreement with the predicted value of
94% (Ref. 27 (private communication)2018Wa05did not comment on total
%(ep+e2p) branch. The evaluators recommend the valu987Bl04

J: L=2 in (24Si23Si). 52+ from shell model {990Br2§.

Ty/2: From1997Cz021997BI04 Other value: 40.17 m$86 (2018Wa09$. 1997Bl04also
present measured values from decay-time characteristiadifferent event groups as
46.8 ms20, 40.9 ms10, and 37.4 m®9. The adopted half-life of 42.3 m& by
1997Bl04was measured considering all events. Note that the valuemf4
(1997BI09 in the abstract and on page 250 is a misprint, confirmed biydirthor B.
Blank (private communication with B. Singh, dated Nov. 2018).
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Bl04,B
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Bl04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Br26,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Cz02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Bl04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Wa05,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Bl04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Bl04,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1997Bl04,B

$2Sig-2 NUCLEAR DATA SHEETS 23Sig-2

9Be(?45i,23Sl)  2008Gal0

Based on XUNDL: Compiled by S. Geraedts and B. Singh (McM#stepr 17, 2008.
One neutron knockout reaction.
E(24Si)=85.3 MeV/nucleon beam produced in reacti®®e®Ar,X) at E=150 MeV/nucleon. A1900 fragment separator. Experiment

performed at NSCL, MSU facility. Segmented Germanium Araag S800 spectrograph. Measured time-of-fligt, using two
plastic scintillators.
No y rays were observed.

23gj Levels
E(level) F L Comments
0.0 52t 2 Ju L=2yields 32*,52%. 52" from shell model {990Br2§.
Configuratios=dsy,.
0=9.8 mb10.

315


https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2008Ga10,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1990Br26,B

NUCLEAR DATA SHEETS

1933Gr03
1933J004
1934EI02
1934Ra01
1940P001
1950Br78
1950Pr64
1954Wa37
1956Te33
1957Pel2
1958Mi85
1958Nu41
1959AI110
1959B044
1959Ku79
1959Ral10
1960Fr04
1960Mi05
1960Mo07
1960Tal4
1961Am04

1962Br21
1962Mo17
1963Ar05
1963Ca06
1963Sw01
1963Sw02
1964Mell
1964Pa08
1965Ba28
1965G0o03
1965Lal0
1965Pu01
1966F002
1966Ja05
1966P006
1966Ral19
1966Sk01
1966We05
1967Af03
1967Da09
1967Du01
1967Du02
1967Du04
1967Du08
1967Hal7
1967H008
1967Kal0
1967Lu04
1967Mul3
1967Ri04
1967Wal5
1967Yu01
1968BI02
1968Do07
1968Du03
1968G0o05
1968Go010
1968Kell
1968Ko11
1968Mo03
1968Ne08
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