
Lawrence Berkeley National Laboratory
Recent Work

Title
HIGH-RESOLUTION MEASUREMENTS OF BETA-EELAYED PROTONS FROM 37ca AND 41Ti

Permalink
https://escholarship.org/uc/item/9h86508p

Authors
Sextro, Richard G.
Gough, R.A.
Cerny, Joseph.

Publication Date
1974-04-01

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/9h86508p
https://escholarship.org
http://www.cdlib.org/


.4 

Submitted to Nuclear Physics RECEIVt::t-> 
LAWRENCE 

RAOIATrm.J ! t..~()!;'ATORY 

JUL 30 1974 

LIBRARY ANO 
OOCUME:NTS SECTION 

LBL-1955 -v"" 
Preprint r.o 

HIGH-RESOLUTION MEASUREMENTS OF 
BETA-DELAYED PROTONS FROM 37ca AND 41Ti 

Richard G. Sextro, R. A. Gough and Joseph Cerny 

April 1974 

Prepared for the U. S. Atomic Energy Commission 
under Contract W -7405-ENG-48 

TWO-WEEK LOAN COPY 

This is a library Circulating Copy 
which may be borrowed for two weeks. 
For a personal retention copy, call 
Tech. Info. Division, Ext. 5545 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



-i- LBL-1955 

RADIOACTIVITY 
41

Ti [from 
40

ca(
3
He,2n)], measured delayed , .. 

p, T112 , Ep, Ip. 
41

sc deduced levels, log ft. 
37

ca 

36 3 40 3 
[from Ar( He,2n), Ca( He,2na)], measured delayed p, 

37 40 
T

112
, E , I . K deduced levels, log ft. Sc [from 

p P. 
40 . 3 J Ca(p,n) ( He,2np) , measured delayed p, T

112
, Ep, Ip. 

40
ca deduced levels, log ft. Natural 

40
ca target, 

36 
enriched Ar target. 

'" 



-iii- LBL-1955 

HIGH-RESOLUTION MEASUREMENTS OF BETA-DELAYED PROTONS* FROM 
37

ca AND 
41

Ti 

.Richard G. Sextro, R. A. Gough, and Joseph Cerny 

Department of Chemistry and 
Lawrence Berkeley Laboratory 

University of Califiornia 
Berkeley, California 94720 

April 1974 

" 

Abstract 

Identified protons with energies from 870 keV to 5.4 MeV have been 

40 3 
observed following bombardment of a Ca target with He at beam energies of 

29.5, 36.5, 
3 36 

and 60 MeV, as well as from 40 MeV He bombardment of an Ar 

gas target. These data, and t~ose resulting from 20 MeV proton bombardment 

40 41 
of Ca, permit accurate identification of proton unbound levels in Sc, 

37 40 . f 41 . 37 40 
K, and Ca fed by allowed beta decay rom T1, Ca, or Sc respectively. 

Absolute ft values have been determined for beta decay to these levels. The 

half-life of 
41

Ti has been remeasured to be 80±2 msec and the log ft for its 

superallowed decay branch has been foun~ to be 3.35±0.02, indicating an isospin 

• 41 37 
purity for the lowest T = 3/2 state in Sc of "" 91%. The ft values for Ca 

+ S decay are compared to shell-model calculations for beta-decay in A 37 

nuclei. 

* Work performed under the auspices of the u. s. Atomic Energy Commission" 
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1. Introduction 

Although beta-delayed proton decay in light nuclei has been well-

1 2 37 41 
established for the A = 4n + 1, Tz = -3/2 nuclei ' ) , · Ca and Ti are among 

those nuclides which have not previously been studied with high energy resolution 

3-5 
and low-background techniques ). Such studies on other nuclei in this 

series
6

'
7

) have establlshed new levels in the beta-daughters, as well as 

providing precise measurement of beta-decay branching ratios extending over 

several orders of magnitude. 

h 1 . b 1 k f 
37

ca d1'd 1 1 1 T e ear 1er eta-de ayed proton wor or not comp ete y reso ve 

37 
protons arising from decay of the lowest T = 3/2 state in K--fed by super-

b . 37 h b /2 allowed eta decay from Ca--from t e proton decay of near y T = l states. 

Additionally, the low energy portion of the spectra were dominated by high 

background, obscuring any possible low-energy protons either from low-lying 

36 
unbound levels, or from proton decays leading to excited states in Ar. Beta 

decay transitions to any new states as well as a more precise measure of the 

T = 3/2 state decay would be of interest in checking predictions for the mirror 

37 ( - 37 . . . . h . bl 8-ll) Cl v,e ) Ar react1on and the1r 1mplicat1ons for t e solar neutr1no pro em • 

41 . . 1' kl2) . h. h Our results for T1 are an extens1on of ear 1er .wor 1n w 1c we 

showed that the previous assignment for the location of the lowest T = 3/2 

state in 
41

sc was erroneous. Since the ground state JTI is 7/2- for 
41

sc, beta 

. 41 '. TI 
decay to 1t from T1(J = 3/2+) is first-forbidden unique; absolute ft values 

follow directly from the relative proton intensities, and the degree of 

. 41 
isospin impurity of the T = 3/2 analogue .level in Sc can be deduced. 
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Through the use of a helium-jet transport system and particle 

identification, we have been able.to observe all significant particle decays 

f 
37ca and 

41
T; · t f 600 k V t 8 5 M V rom ... spann~ng a pro on energy range rom . e o • e • 

This energy region encompasses decays from the lowest proton unbound levels 

+ fed by allowed a decay for both mass 37 and 41. In addition, higher 

40 
resolution results for the beta-delayed proton decay of Sc have been obtained. 
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2. Experimental Procedures 

h . 37 41 . od . . . 3 b T e nucl1des Ca and T1 were pr uced ut1l1z1ng He earns from the 

Berkeley 88-in. cyclotron for bombardment of 
36

Ar and 
40

ca targets. The 

36Ar + 3He experiments were done at 40 MeV, while the 40ca + 3He experiments 
. 2 

(using 1 to 1.5 mg/cm natural Ca targets) were performed at 29.5, 36.5, and 60 

MeV in order to establish relative peak intensities as a function of bombarding 

energy. In each case competing reaction products can potentially complicate 

the proton spectra; these various reactions, their products and thresholds are 

. h . _,__1 114-16) .( . s own 1n T~ e • Unless noted otherw1se, mass-excesses are from ref. 

Half-life information and intensity as a function of bombarding energy were 

important aids in identifying the origin of individual peaks. Data were also 

40 40 . 
acquired from the Ca(p,n) Sc react1on at 20 MeV bombarding energy, in order 

40 
to ascertain the contribution of delayed-protons from Sc in the proton spectra 

obtained from 3He bombardment of 
40

ca. 

A helium-jet transport system, in conjunction with 6E-E counter telescopes 

and particle identification, was used in these experiments. Since this system 

~as been previously described
7
), only brief details of its operation will be 

given here. Basically, a target is continuously irradiated in a chamber 

pressurized with helium to 1100- 1200 Torr (absolute). A portion of the 

reaction product recoils emerging from the target pass into a collector 

cyclinder, located immediately behind the target, and are thermalized by the 

helium gas. The helium gas containing these recoil nuclei is transported 

(at a measured helium flow of ~ 20 Torr £/sec) via a 40-cm-long capillary 

tube into a continuously evacuated counting chamber. The helium jet deposits 
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the recoils on collector foils mounted 60° apart on a lO~cm-diameter flipper 

wheel. Collection and counting were done simultaneously at adjacent positions; 

the flipper wheel was moved between collection and counting positions once 

every 300 - 500 msec, the change of position requiring ~ 35 msec. 

d . . h 36 (3 2 ) . In or er to 1nvest1gate t e Ar He, n react1on a gas target system 

was developed for the helium-jet. A sketch of this target assembly is shown 

· · · h · 1 · d 37c · b 3 b · 1n f1g. 1. S1nce t e reco1 energy 1mparte to a 1ons y a He earn 1s 

quite small, a very thin exit window on the gas target cell was necessary to 

permit the passage of recoils into the helium transport gas. This exit window, 

2 
which was a 0.23 lJm Ni foil (~ 200 )Jg/cm ) 19 nun in diameter, was only capable 

of withstanding a pressure differential of 10 - 15 Torr. Hence a system was 

constructed that would maintain a nearly zero pressure differential across 

this thin window, while simultaneously operating at an absolute pressure of 

~ 1100 Torr. 

The target pressure was controlled with the mercury-filled Toepler 

pump shown in fig. 1. At the beginning of the experiment, the target box was 

slowly filled with helium to its operating pressure. Simultaneously the target 

gas was transferred into the target cell from the top half of the Toepler pump, 

36 . 36 
which had been charged with Ar (enriched to > 99% Ar) from the source/recovery 

flask. The line leading to the gas target was loS mm ID flexible polyethylene 

tubing, allowing the target wheel to be rotated to permit bombardment of other 

targets while not disturbing the gas target pressure. The differential pressure 

during the filling operation and during the course of the experiment was 

monitored with a specially designed differential pressure transducer, consisting 
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essentially of a low-volume, high-sensitivity bellows (which was closed at 

one end) and a linear displacement transducer with a proportional de output 

signal feeding a digital voltmeter. 
3 

With a target cell volume of 3 ern , 

the total volume "exposed" to the helium-jet, including the volume of 

3 connecting lines to the pressure transducer, was ~ 10 em • This results in 

a minimal target gas loss in the event of a foil rupture. 

Since recoils from the gas target were slowed by both the target gas 

and the exit window, adequate yield required raising the beam energy to 40 MeV 

2 
(increasing the effective target thickness by 35%, to ~ 500 ~g/cm at 1100 Torr) 

rather than the lower value of 29.~ MeV, which would have minimized competing 

reactions. 

As in the previously described experiments
7
), several 6E-E detector 

combinations were used to span proton energies from 0.6 MeV to 8.5 MeV. 

40 3 36 3 
Three detector telescopes were used for the Ca + He and Ar + He 

experiments--6-~rn 6E, 50-~ E; 11-~ 6E, 265-~rn E; or ~ 50-~ 6E, 500-~rn Eo 

An anticoincidence detector of 1.5-crn diameter and 100-~m thickness was used 

following the telescope to reject long-range particles passing through the 

6E-E detectors. For the 
40

ca(p,n) experiment a 6-~rn 6E, 164-~ E telescope 

was used. Our typical energy resolution was 30 - 50 keV FWHM, depending upon 

the exact coinbination of detectors used. Background was negligibly small; even 

for those experiments using the gas target. 

Only those events identified as protons were recorded; the energy 

signals were stored in an 8X512-channel ND-160 analyzer, with the eight groups 

corresponding to equal-duration, sequential time segments. Half-life data were 

also recorded from a selected peak or group of peaks of interest in the total 

energy spectrum using a multiscaled 400-channel analyzer driven by a quartz-

crystal oscillator. 
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3.. Experimental Results 

3.1. ENERGY CALIBRATION 

We have previously reported a new determination of the. excitation 

energy of the lowest T = 3/2 state in 
41

sc (ref. 
12

), which disagreed 

substantially with the earlier value
17

'
18

). This reassignment has been 

f . d b 1 19 ) f 40 (+ ) d. ·. h. h . 1 con 1rme y recent resu ts rom Ca p,p stu ~es, w ~c also un~que y 

determine its J1T to be 3/2+. Combining the results of this resonance 

experiment with our results, the proton decay of the lowest T = 3/2 state in 

41 20-22 
Sc can be used as an energy calibrant as shown in Table 2 ) • 

This table shows, in addition, proton decay energies from well-known 

21 12 25 12 20 21 
states in Na (ref. ) and Al (refs. ' ' ) that were used to accurately 

determine proton energies observed in these experiments; these delayed 

f 25 . . h 24 (3 · 21M protons rom s~, produced ~n t e Mg He,2n) reaction, and from g, 

produced in the 
20

Ne(
3
He,2n) reaction, were used as calibrants. 

The 
37

ca data were taken as part of our cross-calibration of delayed~ 

proton energies from T = 3/2 states in several Tz = -1/2 nuclei--as reported 

. 12) 
~n ref. • The former ambiguity

22
) concerning which of two closely-spaced 

states in 
37

K is the T = 3/2 state has been resolved by the results of 

15 39 37 
Benenson, .=!, al. ) from K(p,t) K, which selectively populates the T 3/2 

level. We have used the proton decay energy of this state as part of .the 

37 
energy calibration for the Ca results (see Table 2). 

3.2. PEAK IDENTIFICATION, ENERGIES, AND INTENSITIES 

40 23 
The known, weak, beta-delayed proton emitter Sc (ref. ) was present 

41 . 
in all the Ti spectra (see Table 1). Figure 2 shows low-energy proton spectra 

•; .. 



... 

-7- LBL-1955 

3 40 
following He and proton bombardments of Ca; parts a) and b) were obtained 

at 
3

He bombarding energies of 29.5 and 60 MeV, respectively. The 

6-~ ~E, 50-~ E telescope cutoff was ~ 2.2 MeV. 
40 

The · Sc spectrum produced 
I 

at a proton bombarding energy of 20 MeV is shown in fig. 2c and was taken 

with a thicker E counter in order to investigate proton decay groups with 

higher energies. .Those peaks arising from more than one source but not 

separated into clearly identifiable components (due to proton energy differences 

being less than or nearly equal to the ~ 40 keV energy resolution) a:te numbered 

as one peak. 

3 40 
A more complete spectrum from the 60 MeV He bombardment of'a Ca 

target is shown in fig. 3. The intensity of peak 1 has been partially reduced 

due to an electronic threshold effect. Finally, a delayed proton spectrum 

f 
37 d . 36 (3 2 ) . h . f' 4 f th . rom, ca pro uced v~a Ar He, n ~s s own ~n ~g. or e energy reg~on. 

between 2 and~ 4 MeV. Beyond 4.2 MeV the spectrum is featureless, and no 

specific peaks could be identified. The fits to peaks 22, 23, and 24, ·shown 

in the inset of fig. 4, were generated using a Gaussian peak fitting program; 

this program was used throughout these analyses to obtain intensities and 

centroids for multiple peaks. 

Three types of data were used in identifying the origin of individual 

proton peaks: half-lives; energies and intensities from single-component 

spectra; and relative excitation functions. As noted in sec. 2, half-life 

information was available for each statistically significant peak from the 

sequentially-routed 8X512-channel data; the relatively short 
41

Ti half-life 

aids in distinguishing most of the peaks originating from this precursor. 
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2 
40 . h 40 . 40

5 3 •• 1. Ca + p. T e p + Ca react~ort at 20 MeV. produces only c. 

40 . 
These data were used to identify major Sc peaks with higher resolution than 

. 23 
was available earlier ). The resulting energies and intensities could then 

40 3 
be applied to the interpretation of the Ca + He results. 

3.2.2. 36Ar + 3 He. As can be seen from Table 1, the 
3

He + 36
Ar 

reaction at 40 MeV has several competing exit channels capable of producing 

delayed protons. 
. 36 + 

The nuclide K can, in principle, 8 -decay to proton 

unbound levels in 
36

Ar. However, from beta-decay systematics, such decays 

should be extremely weak. We have discounted 
36

K as a source of delayed 

protons produced in reactions on this target. 

Three other possibilities exist. 
32 29 

Two of these-- Cl and s--can be 

eliminated as possible sources for peaks 18, 22, 23, or 24 in fig. 4 since 

the energies of the main decay groups are known
1

) and do not correspond to 

h k h th . d 'b '1' 33 d h . k t ese pea s. T e ~r poss~ ~ ~ty, Ar, oes ave a ma~n decay pea of 

essentially,equal energy with peak 24. However a) other .known proton groups 

33 32 
from Ar do not appear in the spectrum, and b) we have bombarded s 

3 
targets with 29.5-MeV He beams and have seen no proton peaks tnat could 

be . d . h 33 h' 1 . . . h h 'd 24 ) · assoc~ate w~t Ar. T ~s atter ~s cons~stent w~t ot er ev~ ence 

that inert gas nuclides have extremely low collection efficiencies in He-jet 

systems without cooled collector foils. These results eliminate 
33

Ar as a 

source of background in this spectrum. 

3.2.3. 
40 3 40 3 

Ca + He. Data from Ca + He were acquired at three 

bombarding energies and with several different ~E-E detector telescopes. 

These data establish relative excitation functions for most of the peaks 
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40 37 
shown in fig. '3; this spectrum contains contributions from Sc, Ca, and 

41
Ti. As before 

36
K will be neglected as a possible source of protons; 

in fact, no prominent peak exhibiting a lifetime as long as that of 
36

K (ref. 
16

) 

was observed. Our preceding discussion on 
33

Ar eliminates it from consideration 

as a background source. Finally, the relative excitation functions coupled 

32 
with the known Cl proton energies serve to eliminate it. 

In addition to products from competing reaction channels, target 

contaminants comprise another potential source of delayed protons. Thetwo 

most l~kely contaminants are oxygen (from CaO) and Mg; the latter was present at 

~ 0.2% by weight of the natural Ca target material. 
17 

These lead to Ne and 

25 ; .. 16 3 24 3 . 
51, via the 0( He,2n) and Mg( He,2n) reactions, respectively. No 

identifiable 17Ne peaks or components were found; as discussed in the case 

. 33 
of Ar, inert gases do not adhere to the (uncooled) collector. On the other 

h d ak 25 . h . . . . . . an proton pe s from 51 were found; t e1r 1ntens1t1es are cons1stent w1th 

the approximate level of Mg contamination in the Ca targets. 

The results of these analyses are shown in Table 3, where laboratory 

proton energies and relative intensities for one or more components are 

indicated for each of the 43 numbered peaks. For those cases in which more 

than one laboratory energy is indicated for an individual peak, the energy 

was determined independently for each constituent from one-component data • 

The relative intensities for each nuclide were computed separately, correcting 

where necessary for "contaminant" contributions. It should be noted that 

ak 43 d 33 ha b . d 25 . d . h d f . pe s an ve een ass1gne to 51 an ar1se from t e . ecay o 1ts 

1 t 3/2 h 24 d d f' . . 1 12,25) owes T = state to t e Mg groun - an 1rst-exc1ted states, respect1ve y • 
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Our 
36

Ar(
3
He,2n) data reliably give relative intensities down to~ 4%, 

37 40 3 
while Ca peaks in the Ca + He data are similarly identifiable to ~ 2.5% 

41 . 
The results for Ti cover all for E < 3 MeV, and to ~ l% for E > 3 MeV. 

p p 

significant proton decays in the energy range from 0.6 to 8.5 MeV, and with 

relative intensities down to ~ 3% for E < 3 MeV and down to ~ 1.5% for p 

E > 3 MeV. 
p 

3.3. HALF-LIVES 

· 1 d h lf 1· f 40 · 37c 41 · h · PrevJ.ous y reporte a - J.Ves or. Sc, a, and Tl. are s own J.n 

40 37 h 1' Table 1. Our measurements of Sc and Ca alf- J.ves are consistent with 

these results, however neither, when weighted with the·accepted values, 

makes a statistically significant change. We have therefore adopted these 

earlier values, as shown in Table 1, for the half-lives of those two nuclides, 

and have used them for all subsequent calculations in this paper. The present 

results for the 
41

Ti half-life are not, however, consistent with the former 

value. Our number of 80±2 msec results from separate measurements using 

selected peaks at several bombarding energies; These peaks are all associated 

'th 41 . d 1 29 5 k 7 23 d 38 d h'l t th Wl. Tl. ecay ~; at • MeV pea s , 1 an were use , w 1 e a e 

higher bombarding energies of 36.5 and 60 MeV, peaks 7, 15, 29, and 38 were 

used. 

The earlier Brookhaven data on 
41

Ti (refs. 
4

'
5

) were taken at ~ 32 MeV 

3 
He b?ffibarding energy, at which, noting Table 1, some contributions from the 

37 . 
decay of ca could appear in the spectrum. Although our data acquired at 

37 
29.5 MeV bombarding energy are above the Ca threshold, we saw no evidence 

for it in our spectrum (and expected none, since a ~ 2 MeV a particle has an 
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extremely small probability of emission from· the compound nucleus). On the 

other hand, peak 23 in the E3 = 36.5-MeV results is ~ 33% due to 
37

ca; hence 
He 

at 32 MeV a 37ca contamination of 10% is possible. Since this group amounts 

to ~ 30% of the proton peak intensities previously used to evaluate the 

half-life, this level of contamination could be enough to lengthen the apparent 

half-life to ~ 88 msec. One should ·also note that the present data have a 

peak-to-valley ratio approximately three times better than that of the earlier 

results; this should also serve to reduce the small background contributions 

from 40sc (ref. 23 ) at the higher proton energies. We have used the present 

results for the 
41

Ti half-life for all s~sequent calculations in this paper. 
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4. Analysis 

Since the relative proton intensities can be related to the branching 

ratios for positron decay to proton unbound levels, ft values can be deduced 

+ for each of these B -decay branches. Determination of absolute ft values 

requires knowledge of all significant beta-decay branches, or reliance on 

theoretical predictions for one or more of the decay branches in order to relate 

proton intensities to absolute beta decay transition strengths. 

Briefly, for allowed beta decay, it can be shown that 

1.231 X 10-94 
ft = --~--~~--~~--~ 

g~ 2 ( 1 > 2 + g ~ 2 ( a ) 2 
c.g.s. units (1) 

Using the latest values for the renormalized vector and axial-vector coupling 

constants, respectively, g
1 

v 
-49 3 26 

= 1.413 x 10 erg•cm (ref. ) and 

I I I I 27 gA/gv = 1.251 (ref. ), 

ft = ----~-6~1~6_6 ______ ~ 
( 1 ) 2 + 1. 565 (a ) 2 

sec 

6 7 (References ) and ) give more details regarding delayed protons and ft 

values, while an extensive discussion of beta-decay theory can be found in 

refs. 28 ' 29 ).) The Fermi matrix element ( 1 } connects those initial and 

(2) 

final states differing only in isospin projection, ITz(f) - Tz(i) I = 1, and 

is given by 

( l) 2 = 
' 

(3) 
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where a
2 

is the purity of the final state wave function having isospin T. The 

Gamow-Teller matrix element ( cr } does not reduce so simply, and its evaluation 

depends on the details of the initial and final state wave functions. 

In the case of superallowed beta-decay to the T = 3/2 states in the 

2 2 2 
Tz = -1/2 nuclei, eq. (3) reduces to ( 1 } = 3a • Estimates of ( cr } have 

been made for several of these ~T = 0 decays in the light, A = 4n + 1 mass 

region from the Nilsson model
30

), and most recently via the shell model
31

). 

. 2 2 
In general for these superallowed decays 1.56 <cr} I ( 1} is less than 15%; 

hence from eq. (2) it can be seen that decay to the T = 3/2 state can be 

calculated to a large extent model-independently. 

We have calculated £, the statistical rate function for the allowed 

beta-decays discussed below, using the method of Bahcall
32

); screening corrections 

1 .. 1 k . 11 . 'lk' 33 ) . are exp l.Cl.t y ta en 1.nto account. Fo ow1.ng W1. 1.nson , a more prec1.s.e 

correction for finite size effects has been included. In addition, "outer" 

34 2 35 
radiative corrections to order za (ref. ) and to order za (ref. ) have 

been made. 

41 . 37 
The spin-parity assignments for the precursors Tl. and Ca follow 

from their Tz = +3/2 mirrors and from the JTI of the lowest T = 3/2 states 

in the Tz = ± 1/2 nuclei. For mass 41, JTI for 
41

K (g.s.) is 3/2+ (ref. 
17

) 

while the lowest T = 3/2 state in 
41

ca has been identified as 3/2+ by 

1 36 3 7 . 1 19) . Be ote, et al. ) and Lynen, !:.!, alo ) • Tra1.nor, et ~· have assigned 

TI 41 
J = 3/2+ for the lowest T = 3/2 level in Sc. In the case of mass 37, 

TI 37 17 
the ground-state J for Cl is known to be 3/2+ (ref. · ) , while 

14 TI 
Butler,~~· ) have assigned J = 3/2+ to the lowest T 3/2 states in 

37
K and 

37
Ar. 
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The energy levels in 
41

sc and 
37

K have been extensively studied to 

approximately 7 MeV in excitation in both cases, with spins and parities 

assigned for many levels. Therefore, unlike some of the other Tz = -l/2 

nuclei in the A = 4n + 1 series in which high resolution delayed proton 

. 17 33 
studies have resulted in several new spectroscopic ass1.grunents ( F, Cl 

(ref. 
6

) and 
21

Na (ref. 
7
)), only one new level in 

41
sc has been identified 

from the present results. 
. 40 

However several new levels in Ca have been 

40 
postulated as a result of our Sc data. 

4.1. RESULTS FOR 
40

sc 

The nuclide 
40

sc(JTI = 4-) is a very weak delayed proton emitter, with 

40 + 
less than 1% of the total Sc S decay proceeding to particle-unbound levels 

. 40Ca l.n 
23 

ref. ) ~ The relative intensities for the major ,proton peaks arising 

from the decay of these levels are shown in Table 3~ relative intensities of 

less than ~ 2.5% would not have been reliably measured for proton energies 

less than 3 MeV, nor relative intensities of less than~ 1.5% for protons 

greater than 3 MeV. Peak 5 has been tentatively assigned to 40sc decay. The 

relative excitation data from 
40

ca + 3
He are consistent with this assigrunent, 

even though it ·appears only very weakly in the 
40

ca + p data in fig. 2c). 

40 
The Sc peak energies, corrected to the center-of~mass, are shown in 

abl 438 , 39), w1.'th a · h · 1 d T e compar1.son to t e prev1.ous measurements of Verra. l an 

23 
Bell ) • Their data extend to higher proton energies than. ·ours, and they . 

quote peaks whose relative intensities amount to ~ 0.1%. Our higher resolution 

results show only one major change~ the strongest proton peak, previously 
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~ 1.05 MeV (c.m.) and thought to be composed of decays from two or more 

closely grouped levels, has been resolved into two components (peaks labeled 

2 and 3). It is possible that peak 3 still contains more than one component. 

Also shown in Table 4 are the excitation energies in 
40

ca deduced 

from our data on the assumption that the protons arise solely from decay to 

39 
the K ground state. These excitation energies can be compared to known 

. 40 d . 39 17, 39) . . states 1n Ca measure 1n K + p resonance exper1ments. OUr results 

do not correspond entirely with these previous measurements, possibly because 

allowed beta decay from 
40

sc proceeds to states with JTI? 3-, 4-, or 5-, 

. TI -
while proton capture reactions require t = 3 protons to populate J = 4 or 

5 
40 

levels in Ca. 
39 

No t = 3 proton results for K(p,y) have been reported. 

Finally log ft values have been calculated for these decays assuming 

log ft = 5.0 for beta decay to the 9.45-MeV level--seen in our data as the 

largest intensity proton group. This assumption is based on the average 

11 d t . . . h 20 69 . 1 . 38 ) a owe rans1 t1on 1n t e A = - mass reg1on, as s 1own 1n ref. · • The 

sum of the 8+-decay branches leading to the ten proton groups observed in 

this work is~ 0.2%, following the above assumption. Even in the case of a 

faster transition for this decay, e.g. log ft ~ 4.5, the total branching ratio 

l d . t bl . 40 . ---ea 1ng o proton unsta e states 1n Ca 1s ~ l%. 

4.2. 
37 

RESULTS FOR Ca 

There are two major differences in our otherwise general agreement 

. 37 5 . 
with the previous results for Ca (ref. ); proton decay has been seen from 

the lowest unbound level capable of being fed by allowea beta-decay (peak l 

in fig. 2b) and the decay peak at ~ 3.1 MeV arising in part from the T = 3/2 

state has been resolved into three components. Proton-unbound levels in 
37

K 
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+ fed by allowed S decay are shown in Table 5, along with a comparison to known 

1 1 22,40) eve s • Although other levels with Jrr = (1/2, 3/2, or 5/2)+ are known 

in this energy region, possible proton peaks arising from their decay were 

too weak to havebeen reliably identified in our spectra. 

These level assignments assume that the primary decay mode is to the 

36
Ar ground state. This assumption essentially agrees with the previous 

results, although two levels--one at 5.05 MeV (the T = 3/2 state) and one at 

5.32 MeV--are known to have fp /f < 1 (refs. 
22 ' 40 )~ these partial width ratios 

0 

are listed in the last column of Table 5. In the case of the T = 3/2 state, 

some of our spectra do show qualitative evidence for this very weak proton 

d th f . . . 36 ( 1 h ld k 4 · ecay to e J.rst. excJ.ted state l.n Ar as a ow energy s ou er on pea , 

figs. 2b and 3), but it is not of sufficient intensity to be reliably identified. 

For decay of the 5.32-MeV state to the first excited state in 
36

Ar, the calculated 

' proton energy.is ~ 1.5 MeV, while the relative intensity is~ 0.6% (from rp ;r ~ 0.25). 
1 

This is too weak to have been observed in our data. 

Several calculations for <a} 2 
have been made for the superallowed 

8 10 ll 30 
beta decay to the T = 3/2 analogue level ' ' ' ). All give consistent 

values for (a} 
2 

which, when used in eq. (2), result in log ft = 3.27 to 3.30 

for this decay .. (with a
2 

= 1 in eq. (3)). 

If one assumes log ft = 3.30 for this nearly model-independent prediction 

for the superallowed beta-decay transition strength, relat·ive proton intensities 

can be used to determine absolute ft values for positron decay to unbound 

37 
levels in K. These results are given in Table 6, which also shows the 

37 branching ratio and ft value for decay to the K ground state. The log'_!! 

for this ground state decay has been obtained from the mirror 
37Ar ~ 37

c1 decay. 

.~ 
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7T 
By comoining all these results, the branching to the 1.368-MeV, J = 1/2+ 

state can be estimated. Our decay scheme for the beta-delayed proton decay 

f 
37 . h . f' 5 o . Ca ~s s own ~n ~g. • 

4.3. RESULTS FOR 
41

Ti 

41 7T 
The ground state of Sc has J = 7/2-; hence beta decay to this state 

from 
41

Ti (JTI = 3/2+) is first-forbidden unique and will be strongly hindered. 

(The analogous mirror 
41

ca + 
41

K decay has log ft = 10.5.) The first level to 

which allowed S+ decay can proceed is at E ~ 2.0 MeV, well above the proton 
X 

separation energy. It is therefore possible to directly determine absolute 

beta-decay branching ratios from the relative intensities of the proton groups 

providing all significant proton intensities are measured. 

41 
Excited states in Sc have been extensively studied, using both 

17 41 42 . 43-46 
resonance ' ' ) and particle-transfer react~ons ). Excitation energies 

47 48 . 
deduced from our delayed-proton results are shown in Table 7 ' ), along w~th those 

from previous determinations; these results show remarkably good agreement 

with known levels in 
41

sc. 

, 42) 40 <' 1 ) Mar~nov, et al. have reported Ca(p,p) and p,p results for 

states between 5.8 and 7.0 MeV in excitation; for states below 6.1 MeV, no 

strong inelastic decay modes were seen, consistent with penetrability calculations 

41 40 49 
for Sc + p + ca (ref. ). Some levels above this energy do exhibit 

40 
significant partial widths for decays to excited states in Ca. Three of 

our proton peaks have been assigned to transitions to excited states on this 

b . 42) 
as~s • The state at~ 6.09 MeV has a decay branch to the 3, 3.737-MeV 

40 
state in Ca, as well as a ground state decay branch. Our assignment of 
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peaks 4 and 40 agree with this (see Table 7}. The states.at 6.47 and 6.94 

MeV have been observed to decay primarily to the first and second excited 

states in 
40

ca, respectively~ our assignments follow this result. The ground 

state branches for.both of these states are so weak that we do not reliably 

observe them--consistent with the results in ref. 
42

}. 

We observe a relatively strong peak (#16} at Ep ~ 2.4 MeV. Although 

it has a small 
40

sc component, its half-life (after removal of the 
40

sc} is 

consistent with that of 
41

Ti. It corresponds to a level at Ex ~ 3.56 MeV 

decaying to the 
40ea ground state~ however no such level has been previously 

41 ' 
observed in Sc. . 'th . 41 50,51} . A compar~son w~ the m~rror Ca nucleus , shown ~n 

' 6 52- 54 } ' ' h th k TI (l/2 3/2 5/2} 1 l t f~g. , ~nd~cates t at e nown J = , , + eve s agree up o 

4.3 MeV, except that no mirror for the (3/2, 5/2}+, 3.53-MeV state in 
41

ca 

has been identified. As a result we associate the bracketed level at 3.556 

MeV in 
41

sc shown in fig. 6 as this mirror level. Supporting evidence for 

. h. h . 1 . . d 42 } ass~gnrnent of t ~s new level comes from t e ~ne ast~c scatter~ng ata • 

These results show no level between 5.8 and 7.0 MeV in excitation that would 

correspond to the assignment of this 2. 4-t-1eV proton peak to a state decaying 

to either of the first two excited states in 
40

ca. 

The lower positive parity states in mass 41 arise from particle-hole 

configurations~ hence they are only weakly excited in reactions from a 
40

ca 

. target, and such a level at 3.5 MeV might not have been identifiable. Furthermore, 

the nearby 3.46-MeV state with JTI = 1/2-, produced in particle-transfer 

. 43 , 46 } h 'dth 60k ( 17 h' b . react~ons , as a w~ of ~ ev ref. ) w ~ch could o scure a weaker 

transition to a state near 3.56 MeV. 
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41 rr 17,46}. Figure 6 also shows a state in Scat 2.72 MeV with J = 1/2+ (refq • . 
Protons from the decay of this state were not observed in our experiments, 

although their predicted position is near peak 8, which is predominantly from 

4b rr 
Sc decay. Since this level is the only known state with J = (1/2, 3/2, or 

5/2)+ below 5.3 MeV whose corresponding proton decay was not observed, we can 

< 41 set an upper limit of ~ 1.5% for the relative intensity of this possible Sc 

decay peak. This limit corresponds to a beta-branching ratio ~f ~ 0.4%, and 

log ft ~ 6.04; the uncertainty in the observed beta decay branching ratios 

generated by this upper limit is incorporated in the errors for each decay 

shown in Table 9 below. 

For comparison fig. 6 also exhibits results of shell model predictions 

for mass 41. 

and prediction 

Two of these earlier calculations--prediction 
53 

b), ref. ), 

54 
c), ref. )--used a restricted basis space, allowing for 

52 
lf

712 
particles and ld

312 
holes, while the more complete calculation ), shown 

in part a), uses lf
712

, 2p
312 

and 2p
112 

single-particle states and ld
312 

and 

2s
112 

hole states. Only moderate agreement between theory and experiment is 

observed. 

Consideration of other possible decay modes for the T = 3/2 state in 

41
sc is also of interest. From our experimental results only upper limits can 

be established for possible decay branches of the T = 3/2 state to the first 

three excited states in 
40

ca (ref. 
47

). The proton energies for each of these 

possible decay modes unfortu~ately closely match energies of peaks arising 

40 
from Sc decay. Limits for such decay branches are shown in Table 8, along 

with penetrabilities calculated for each decay mode. Our earlier results
12

> 

showed a decay branch to the 0+? first excited state with a relative intensity 
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of 4±2%. 
40 

This peak (#6) now appears to arise solely from the decay of Sc 

(see Table 3). It is apparent from the penetrabilities listed in Table 8 

that decay of the T = 3/2 state to any of the energetically allowed excited 

states in 
40

ca is quite unlikely and that the upper limits extracted from our 

data are probably too large. Moreover, the intensity of the inelastic scattering 

55 
is~ 0.5% relative to the elastic scattering peak for the analogue resonance ). 

We have therefore not included these possible decays in our calculation of the 

bra~ching ratio and ft v~lue for beta-decay tb this state, nor later in the 

calculation of the isospin impurity. 

From the relative proton intensities, and energy-level assignments 

discussed above, branching ratios and absolute transition strengths for 

41 . 
positron decay of Ti have been calculated and are shown in Table 9. The 

ground state decay branch is taken from the mirror 
41

ca + 
41

K electron 

capture. 
• 41 -5 

Its very small magnitude for Ti (~ 4 x 10 %) has no effect on 

the absolute beta-decay intensities to unbound levels. The excitation 

energies listed in Table 9 are a weighted average of present and previous 

results shown in Table 7. No allowance has been made in .the beta-decay 

branching ratios for y-decay, since the radiative widths for levels in 
41

sc 

41 7T 
are quite small ). For those levels with J = (1/2, 3/2, 5/2)+ and for which 

ry and rare known, fy/f is~ o.s%17
,
41

). 

The proposed decay schemes for 
41

Ti delayed-proton emission is shown 

in fig. 7. Beta-decay branching ratios and log ft values determined from 

h . . h h . 41 . 5) . . . t ~s work are g~ven for eac decay. T e prev1.ous T1. data , acqu1.red w1.th 

a lower proton resolution and a restricted proton energy range, compare well 

with the present results. Of the seventeen decay peaks seen in that work 

only three assignments (based on very weak peaks) do not agree, primarily due 

to the higher resolut~on of the present data. 
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5. Discussion and Conclusions 

5.1. 
37 + 

Ca S· DECAY AND EFFECTS ON THE SOLAR NEUTRINO CROSS-SECTION 

Several predictions have been made for beta-decay transition strengths 

. 37 . 'l . th . to states ~n K, pr~mar~ y to est~mate e solar neutr~no capture cross-

. f h 37 l( _)37 . 8,10,11 
sect~on or t e C v,e Ar react~on ). These estimates for log ft 

value~ and the corresponding excitation energies appear in Table 10 along 

with results from the present experiments. The earlier delayed-proton data are 

also shown for comparison. BDth Bahcall
8

) and Engelbertink, et a1. 10 ) calculated 

ft's for decay to the first three. levels with J'TT = (l/2, 3/2, and 5/2)+ and 

for the transition to the lowest T = 3/2 state, using a limited basis space, 

h 'l d 'l 11 ) . w ~ e Lanfor and w~ denthal employed a full sd shell bas~s space. These 

more complete calculations still fail to predict several of the states between 

3 and 5 MeV fed by allowed beta decay. As noted in ref. 
11

), this lack of 

agreement probably arises from the restrictions still present in their basis 

space for the calculations, since some of the states are undoubtedly due to , 
particle excitations into the lf-2p shell. 

Since ~ 62% of the total beta-decay strength populates the ground state 

plus T = 3/2 state (5.05 MeV), it is unlikely that any new information on the 

beta branching would cause a dramatic change in the predicted solar neutrino 

capture cross-section. The effect of the present experimental results on 

this cross-section has been estimated using the method detailed by Bahcall
8
). 

The largest change occurs in the estimated cross-section for capture to the 

+ = 3/2 state. 
9 

In his later paper, Bahcall ) apparently used log ft 3.2 

for this decay, which·allowed for unresolved contributions from nearby T = 1/2 
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5 
states to the total decay strength >.. As noted earlier, the present results 

have resolved these components and the capture cross-section contributions 

can be computed separately for each level. Using the ft values shown in 

Table 6, the predicted solar neutrino capture cross-section is 

~ 1.31 X 10-42 2 
em 

. 9 
This value is only rv 3% lower than Bahcall's estimate); clearly the present 

results have no significant effect on this estimated cross-section. 

It is also of some interest to estimate the magnitude of possible 

mixing between the 5.047-MeV, 3/2+, T = 3/2 state and the nearby state at 

5.018 MeV (if it has JTI 3/2+). If one assumes that the entire decay 

strength to the latter is due to mixing with the analogue state, then via 

perturbation theory one obtains a charge dependent matrix element of rv 6 keV, 

h . h . . h. . 56,5 7) • w ~c ~s w~t ~n the expected range, as discussed ~n refs. 

The mixing gives an estimate for tne probable lower limit on the 

isospin purity of the T = 3/2 state of rv 96%. Such an impurity level in this 

state would have a minimal effect on the estimate for the predicted neutrino 

capture cross-section in the mirror. 

5.2. 
41

Ti BETA DECAY AND THE ISOSPIN PURITY OF 
41

sc (T = 3/2) 

5.2.1. The antianalogue state and the Gamow-Teller Matrix Element. 

The T 3/2 analogue levels in mass 41 can be described as: 

[ 2 @ -1 J 
(f7/2)J=O,T=l {d3/2) J=3/2,T=3/2 
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The antianalogue configuration has the same components, but recoupled to 

T = 1/2 , viz. , 

2 -1 
((f7/2)J=O,T=l ® (d3/2)]J=3/2,T=l/2 

Particle-hole states in mass 41, mainly in the Tz = +1/2 isobar 
41

ca, have 

39 3 
been studied and identified through direct-reactions, including K( He,p) 

36 42 3 
ref. . ) ; Ca ( He , a) 

37 42 50,58). ref. )~and Ca(p,d) refs. They have also 

. 40 51 59 
been observed 1n Ca(d,p) refs. ' ), through 2p- 2h.components in the 

40 
Ca ground state. All these reactions show that the main d

312 
hole strength 

41 
is in the lowest 3/2+ state in Ca at 2.017 MeV, with possibly some fractionation 

to levels at 3.7 and 4.8 MeV. However, it is not clear from the data whether 

these latter two levels have Jn = 3/2+ or 5/2+, or the exact strength of the 

antianalogue component, if any. Neither of these two levels was seen in 

41 3 60 
K( He,t) ref. ), while the analogue and 2.02 MeV levels were strongly 

populated. Experimental estimates of the amount of antianalogue strength in 

the 2.02-MeV level in 
41

ca range from 80%
37

) to 100%
58

). 

41 n 
In the Tz '= -1/2 mirror Sc, the lowest J = 3/2+ state at 2.1 MeV 

. 40 (3 ) f 45) . hr h 2 2h . 40 was seen 1n Ca He,d re • , aga1n t oug p - components 1n Ca. 

40 . 46 
The Ca(d,n) react1on ) to this state exhibits the same strong£= 2,stripping 

pattern as does the analogous (d,p) reaction to its mirror in 
41

ca. These 

arguments, along with the evidence in 
41

ca, serve to locate the main antianalogue 

41 
strength at ~ 2.0 MeV in Sc. 

Using the experimental results in Table 8 and eq. (2), (a ) , the 
AA 

.Gamow-Teller matrix element for beta decay to the antianalogue level, can 

then be calculated to be 0.253±0.013. This value is then related to the 
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matrix element for the superallowed decay, (a )SA' by 

hence 

( 0 ) SA 
1 

12 
(a ) 

AA 

<a >~A = o.032±0.002 

LBL-1955 

5.2.2. 
41 

Isospin PUrity of the Lowest T = 3/2 State in Sc. Using the 

above value for <a) ~A , the isospin purity, (a
2

), of the T = 3/2 state can be 

calculated. From our experimental determination of f!:.sA' and eqs. (2) and (3), 

we get 

2 a = (90.9±4.1)% 

2 
In the extreme case of (a ) SA = 0 (where deviations from the calculated value 

can only be due to isospin impurities) 

2 
a = (92.6±3.8)% 

In view of this 8 to 10% impurity for the T = 3/2 state, it would be 

of interest to ascertain those states which predominate in the mixing with 

the analogue state. 
61 

Auerbach and Lev ) have calculated contributions to the 

partial width of isospin-forbidden proton decays. Their results indicate 

that normally a major term in these amplitudes comes from mixing between the 

configuration state (i.e. the antianalogue state) and the analogue level. 

41 
However the estimated mixing is only of the order of 1% for Sc. 
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It is of course possible that mixing with other states occurs, which 

might aid in explaining the isospin impurity found in the present results. 

One such candidate is the state at 5.838 MeV, which is '\.. 100 keV away from 

the T = 3/2 state, and is populated by significant beta-decay strength. 

Trainor
48

) has tentatively identified the level as having J~ = 3/2+. The 

possible mixing with this state can be estimated by assuming that its beta-decay 

strength arises solely via mixing with the T = 3/2 state. This gives an 

admixture of'\.. 19%, and the resulting charge-dependent matrix element is '\.. 43 keV. 

. 56 57 
The latter is within the range of tabulated values for this matr~x element ' ). 

Although this exceeds the observed isospin impurity for the T = 3/2 state, the 

assumption that the entire beta-decay strength observed for the 5.838-MeV state 

arises from this mixing is certainly an oversimplification. A more realistic 

appraisal of the sources contributing to this beta-decay strength would serve 

to decrease the size of the mixing. 

The observed isospin purity of the T = 3/2 state in 41sc of '\.. 91% is 

similar to previous determinations of isospin purity for other T = 3/2 

states--particularly that in 
33

c1 (ref. 
6
). It appears that in the present 

case mixing with nearby states is a plausible source of the observed ~purity • 
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Table 1. Thresholds and half-lives for beta-delayed proton 

Product a 
Nuclide 

40 
Sc 

37Cac 

36Kd 

33Ar 

32C1e 

29
8 

36 40 
precursors produced from Ar and Ca targets. 

(Reaction), Threshold (lab) in MeV 

Target 

3 
( He,2n) ,21.8 

3 
( He,2np),24.5 

3 
( He,2n),l9.8 

3 
( He,2na),27.2 

3 
( He,2np),23.1 

3 
( He, 2nap), 31.3 

3 
( He,2na),26.5 

3 
( He,2n2a),33.9 

3 
( He,2nap),30.2 

3 
( He,2n2ap),37.5 

3 
( He,2n2a),35.9 

present 
work 

Half-life a 
(msec) 

88 ± 1 

80 ± 2 

182o4 ± 0.7 

175 ± 3 

340.0 ± 3.3 

173.8 ± 1.8 

298 ± 6 

189 ± 6 

a 13 -
Unless otherwise noted, the mass-excesses used in this paper are from ref. ), 

1 and the half-lives are from ref. ). 

bThe calculated mass-excess is from ref. 
12

). 

cThe 
37

ca mass-excess is -13.161 ± 0.034 MeV, which is a weighted average of the 
14 15 

values in refs. ) and ) • 

~his nuclide is energetically capable of beta-delayed proton emission, but such 

decays have not been observed. The mass-excess and half-life are weighted 
16 

averages from ref. ). 

eThe mass-excess is from ref. 
16 )~ 

.. 



Table 

Precursor 

41Ti 

25 
Si 

21Mg 

37 
Ca 

aRefs. 12,19). 

b 20,21). Refs. 

c 12 
Ref. ) • 

d f 22,15) Re s. . 

-31-

2. Delayed proton peaks used as energy 

(Energies in MeV ± keV) 

E in Final state 
,X Note in proton 

emitter 
daughter 

5. 939 ± 4 a g.s. 

4.197 ± 1 b ,, g.s. 

4.582 ± 1 b g.s. 

4.582 ± 1 b l. 369 

7.902 ± 3 c g.s. 

7.902 ± 3 c l. 369 

8.970 ± 4 c g.s. 

8.970 ± 4 c l. 634 

5.047 ± 3 d g.s. 

LBL-1955 

calibrants. 

Proton 
energy 
(lab) 

4.734 ± 4 

1.849 ± 1 

2.218 ± 1 

0.905 ± 2 

4.091 ± 3 

5.404 ± 3 

6.225 ± 4 

4.669 ± 4 

3.103 ± 3 
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Table 3; Observed proton energies and relative intensities for 
41 . 40 37 

the delayed-proton precursors T1, Sc, and Ca. The peak 

numbers correspond to peak identification numbers shown in Figs. 

2, 3, arid 4. ,_ 
\"-

Peak 
Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

' 

0.870 ± 15 

1.000 ± 15c) 

1.085 ± 10 

1.248 ± 15c) 

1.339 ± 25 

1.454 ± 15 

1.546± 15 

1.612 ± 25 

1. 709 ~ 10c) 

1.846 ± 20 

. 1.925 ± 10 

1.983 ± 25 

2.063 ± 30 

2.113 ± 25 

2.271±10 

2.409 ± 20 

2.443 ± 25e) 

2.498 ± 20 

2.580 ± 20g) 

2.662 ± 20 

2. 745 ± 20 

2.814 ± 15 

3.063 ± 15h) 

3.103 ± 3i) 

3.077 ± 15j) 

3.173 ± 10g) 

3. 148 ± 20j) 

41Ti. 

38.6 ± 2.4d) 

3.9 ± 0.9d) 

21.6±0.7 

3.1 ± 0.6 

4.1 ± 0.5 

26.1 ± 0.9 

14.7 ± 0.3d) 

8.1 ± 0.8 

4.9 ± 0.5 

• 
60.3 ± 3.8i) 

4.0±1.1i) 

Relative Intensities b) 

40Sc 37Ca 

2 7.3 ± 3 .oe> 

100. 

14.5 ± 1.8e) 

4.4 ± 1.0£) 

8.9 ± 1.5 

4.7± 0.6 

2.6 ± 0. 7e) 

9.4± 1.0 

9.0 ± 1.0 

5.4 ± 0.9e) 

continued . 

13.8 ± 1.5 

8. 7 ± o.8d) 

9.7± 0.6 

2.5 ± 0.3 

4.5 ± 0.4g) 

2.5± 1.0 

4.0 ± 1.2h) 

100 . 

12.8 ± 1.0g) 

I 

I 
l 
l 
I 

. I 
I 

I 
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Table 3 (continued 

Peak E (Lab)a) Relative Intensities b) 
Number p 

41 Ti 40Sc 37Ca MeV± keV 

25 3.339 ± 30 2.3 ± 0.4k) 1. 7 ± 0.4h) 

26 3.487 ± 20 2.8 ± 0.4k) 1.1 ± 0.4h) 

27 3.605±15 9.7±0.4 

28 3.690 ± 15 15.5 ± 0.8 

29 3. 749 ± 10 31.0 ± 2.0 

30 3.836 ± 25 '2.4 ± 0.2 

31 3.904 ± 25 1.5 ± 0.2 

32 4.046 ± 20 1.4 ± 0.2 

33 4.094 ± 25 -25Si--

34 4.187 ± 15 15.4 ± 0.5 

35 4.3 79 ± 15 7.2±0.4 

36 4.564 ± 20 2.2 ± 0.3 

37 4.638 ± 10 22.1 ± 0.7 

38 4. 734 ± 4i) 100. 

39 4.832 ± 25 3.0 ± 0.3 

40 4.876 ± 20 3.4 ± 0.4 

41 4.925 ± 20 2.9 ± 0.3 

42 5.177 ± 30 1.5 ± 0.3 

43 5.387 ± 30 -25Si_._ 

a) Unless otherwise noted, the observed energies are average values 
40 3 

from the Ca + He data. 

b) These values are computed separately for each nuclide with 100 

assigned the strongest branch. Unless otherwise indicated, they are 

from the 
40

ca + 3
He data. 

c) 

d) 

e) 

Average of values determined from 
40

ca + 3
He and 

40
ca + p data. 

40 
Computed after removal of the Sc component. 

From 
40

ca + p data only. 

continued 



-34- LBL-1955 

Table 3 (continued) 

f) This peak is tentatively assigned to 
40

sc on the basis of the relative 

excitation function data. 

g) 

h) 

i) 

j) 

k) 

Average of values from 
40

ca + 3He and 
36

Ar + 3He data. 

36 3 
From Ar + He data. 

Energy calibration point, see text. 

40 3 
From Ca + He at 29.5 MeV only. 

37 
Computed after removal of Ca component. 



Table 4. Energy Levels, Branching Ratios, and Log!! Values 

(Energies in MeV :1: keV). 

for 40sc Delayed-Proton Decay. 

Known 
Peak 

Number 

Proton Energy (c. m.) 
23 . 

Ref. ) Present 

Deduceda) 

E in 
40

ca 
X 

Levels 

in 
40

ca 
Jtr Note 

Present 
Results6 
Log!! ) 

!} 
4 

5 

6 

8 

9 

tO 

t4 

16 

a) 

b) 

c) 

d) 

1. 08 :1: 30 
r·032:1:t5 

1.tt2:1: tO 

i.27:t: 30 i. 279 :1: t 5 

t.373:1:25 

1. 48 :1: 30 t. 49t :1: t 5 

1. 58 :1: 40 1.653:1:25 

1. 72 * 30 t.752:1: tO 

t. 88 :1: 30 t.893:i:20 

2. t 5 :1: 30 2.t66:1: 25 

2. 44:1: 30 2. 505 :1: 25 

9.362:1: t5 

9. 442 :1: 10 

9. 609 :1: 15 

9.703:i 25 

9. 82t :t: t5 

9.983 :i: 25 

t0.082:1: 10 

10.223 :1: 20 

tO. 496 :1: 25 

10.835 * 25 

9. 364 :1: 1 

9. 454:1: 1 

9. 603 :1: 1 

9. 669 :i: 1 

c·812:1: 1 
9.830:1: t 

t0.236:t:2 

10.53t:l:2 

(2, 3)-

3-

(0,1,2,3)-

. 13 
These are computed using our measured proton energies and E ; 8. 330 ± 0. 001 MeV (ref. )). 

S~P· ' . 

c) 

c, d) 

c, d) 

c, d)' 

c) 

c) 

c) 

The_!! values are computed with a o13 value of 14.324 ± 0. 007 MeV (ref. 
13

)), and the branching ratios are calculated 

assuming log!!,= 5. 0 (ref. 
38

)) for the strongest transition (peak 3). 

17 . . . 
From ref. ), corrected for the newer value of the separation energy. 

l7 39 
Weighted average of values from refs. ) and ). 

5. 61 

5.00 

5.76 

6.22 

5.85 

6.04 

6.23 

5. 59 

5.43 

5.40 

I 
w 
V1 
I 

r;; 
t:-t 
I 

f-' 
\.0 
V1 
V1 



Table 5. 

Peak· 
Number 

9 
1t 

i7 

18 

20 

22 

23 

24 

25 

26 
32 

Energies of Unbound Levels in 
37

K Fed by Allowed Beta Decay from 37ca, and a Comparison with Previous iteaulta. 

(Energies are in MeV :fl: keV) • 

Deduced E a) .. ·• •· .... •• .. •• .. ·• •· ·· .. •• ·· ·····Previous Work·· .... ··~.······ .. •••••••· .... • . zz 40 r, ;rb) 
in 37K 

X Ref. ·) Ref. l. 
Ex J'IT Ex J'IT PO 

2. 751 :l 15 2. 750 :i: 1 5/2+ 

3.6i4:t:10 3.623:t:15 ( 1/2, 3/2. 5/2.)+ 

3.836:t: tO 3. 844 '* 10 (1/2. 3/2. 5/2)+ r· 417"' 
5 (1/2, 3/2, S/2)+ 

4.425 * 20 or 
4. 435 * 5 ( 1/2. 3/2. 5/2)+ 

4. 509 :t; 20 4. 523 :t: 2.0 1/2+ 4. 496 '* 10 1/2+ 

4. 679 :i: 20 4. 659 :i: 10 (1/2, 3/2, 5/2)+ 4.671:t:15 ( t/2.. 3/2. • S/2 )+ 

5.oo6s 15 s. 018 a 3 (3/2. 5/2.)+ s. 018 .. 1() 

5. 047 :t: 3c) 5.048 .. 3 (3/2, 5/2)+, T=3/2. s. 048 '* 15 o. 988 .. o. 007 

5.119:t:t0 5. tt6 * s 1/2+ S.H6:t: 10 

5. 289 :i: 30 5. 318 * 6 3/2. 5.3Z1.t10 l/2+ 0. 75 * o. 08 

s. 442 :i: 20 5. 449 * 6 5. 452 :i: 10 1/2+ 

6. 016 :t 20 6. Oil :t: 2.0 ( 1/Z, 3/2, 5/2)t 6. 017 :t 10 (l/2., 5/2)+ 

a) All peaks were preeumed to arise from decay to the 36Ar g. •· The. excitation energiea were computed uaini a proton 

separation energy of 1.857 * 0.001 MeV. 

b) 
. 22 40 

Thia ratio is baaed on partial widths given in refs. ) and ). 

c) This number is alrc:a<!y average~ and was used, in part, as an energy calibrant (see sec. 3.1 in text). 

" 
-----·--------- ------- ------·-- -- ----·-

I 
w 
~ 
I 

t; 
1 
1-' 
1.0 
U'1 
U'1 



,_ 
Table 6. Bruu:hin.g Ratioa aDd ft Values for 37ca Poaitron Decay. -· 

Energy In ) 
37 a K 

(MeV* keY) 

0.000 

t. 3b8e) 

2.7!10 * t 

3.6t7 * 8 

3. 840 * 7 

4. 4t7 * sh) 

4.503. 8 

4.665 * 8 

5.018 * 3 

5. 047 * 3 

5.117 * 4 

5. 3t8 * 5 

5. 449 * s 
6. Ot 6 s 8 

J1T b) 

3/Z+e) 

t /2+ e) 

5/2+ 

t/2+ 

(3/2, 5/2)+ 

3/2+, T=3/2 

t/2+ 

3/2+ 

1/2+ 

(3/2. 5/Z)+ 

Proportion of 
Proton Decays (~) 

8.5 * 0.9 

s. 35 * 0. 50 

5. 96 * o. 40 

1.54•0.19 

2.77 * 0.25 

t. 54 • o. 62 

. 2 ... 6 * 0. 74 

61 . 5 • 2.3 

7.87 * 0.64 

1. 04 • o; 25 

o. 68 * 0. 25 

o.86 * o.t2 

Branchilll 

From 37ca c) 
('ro) 

15. 6 t o. sf~ 
8.4 * 2. sl) 

6.4 * 0.7 

... 02 * 0.39 

4.48 .. 0.32 

t.t5 * o.14 

2.08 * 0.20 

t. 15 * 0. 46 

i. 85 * 0. 56 

.. 6.74 

5. 9i * 0. 50 

t. OS * 0. 27i) 

O.St * 0.19 

0.65 * 0.09 

a) Thia is a weighted avera1• of present and previous res~lts shown in Table 5. 

b) Spina and parities are from those shown in Table 5 and the present results. 

- -.~-

ftc, d) 

(t03 sec) 

125 * 
)f) 

121 * 36 
7 .. * 8 
68 :t; 7 

52. t * 3.6 
133 * 16 

69 * 7 

110 * 44 
52 * 16 

2.0 

1•.9• t.Z 

71 * 18 

qo • 47 

60 * 9 

·'' 

Log ft 
(secT 

-
5. tO* 0.01 

5. 08 * 0. t3 

4.87. 0.05 

... 83 • 0.04 

4.72. 0.03 

S.tZ * 0.05 

4.84 * 0.04 

5.04 * 0.18 

... 71 • o .... 
3.30 

4.17 * o. o• 
... 85. 0.12 

s. t 1 • o. t 7 

4.77 * 0.06 

c) The branching ratios and~ values are calculated baaed on the assumption of iaoapin purity for the loweat T:3/2 atate, 

correcting for rPo;r. 

continued ..• 

I 
w 
....,J 
I 

&; 
t-< 
I 

....... 
<.0 
IJ1 
IJ1 



Table 6 (continueclJ .. __ ,_ ~ 
d) The f! values are calculated using a 37ca ma~s-excess of -13.161 ± 0. 034 MeV (refs. 14, 15)) and a half-life of 

175 ± 3 msec. 
zz e) 

f) 

g) 

Ref. ). 

This is taken from the mirror decay, using OE.C. and T i/Z from ref. 
17 

). 

The branching ratio is calculated from the sum of all measured branching ratios and that inferred for the ground 

state decay. 

h) The lower of the two energies listed in Table 5 has been tentatively used, since no evidence for the upper 
. 40 

level was observed 1n ref. ). 

i) Corrected for rp
0
/r given in Table 5. 

.. . ~ 

I 
w 
(X) 
I 

&; 
t"' 
I ,...... 

\£; 
U1 
U1 
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Table 7. Energies of Unbound Levels in 
41

sc Fed by Allowed Beta Decay from 
41

Ti, and a Comparison with Previous Results 
(Energies are in MeV! keV). 

Final a Deducedb Previous work 
Peak state energies Ref. 4l)c Ref. 17 )c Ref. 42)·c Other 

number 
in 

40
ca in 

41
sc JTT JTT JTT 

Ex JTT E E E 
X X X 

2 g.s. 2.111 ± 15 2.096 ± 7 (3/2+,5/2+)d 

2.100 ± 20 3/2+e 

2.077 ± :w 3/2+,5/2+ f 

7 g.s. 2.671 ± 15 2. 667 ± 3 (5/2+,9/2+) 

15 g.s. 3.414 ± 10 3.415 ± 2 1/2+ 

16 g.s. 3. 556 ± 20 

19 g.s. 3.8i5 ± 20 3. 782 ± 3 5/2+ 3. 783 ± 2 5/2+ 3.776 ± 10 5/2+d 
I 
w ...., 

21 g.s. 3.971 ± 15 3.970 ± 2 1/2+ 

23 g.s. 4.241 ± 15 4.246 ± 4 5/2+ 4.248 ± 2 5/2+ 

24 g.s. 4.313 ± 20 4.329 ± 4 

25 g.s. 4.509 ± 30 4.505 ± 2 (3/2,5/2)+ 

26 g.s. 4.661 ± 20 4.643 ± 3 1/2-9 

27 g. s. 4.782 ± 15 4. 778 ± 2 (3/2,5/2)+ 

28 g.s. 4.869 ± 15 4.872 ± 6 5/2+ 4.868 ± 2 (3/2' 5/2) + 

29 g.s. 4.929 ± 1() 4.948 ± 4 (3/2,5/2)+ 

30 g.s. 5.019 ± 25 5.023 ± 2 1/2+ 

3i. g.s. 5.088 ± 25 5.082 ± 2 (3/2,5/2)+ 

34 g.s. 5.378 ± 15 5.380 ± 9 5.375 ± 2 

35 g.s. 5.575 ± 15 5.575 ± 10 5/2+ 5.575 ± 2 (3/2,5/2)+ 

36 g.s. 5.765 ± 20 5.780 ± 8 

continued • . ·• 



Table 7 (continued) 

37 g.s. 5.841 ± 10 5.838 ± 2 (3/2 ,5/2)+ 5.837 ± 10 5.838 (3/2+) l\J 

38 g.s. 5. 939 ± 4 i) 5.941 

39 g.s. 6.040 ± 25 6.017 l/2) 6.014 ± 10 l/2+ 

40 g.s. 6. 085 ± 20 \ 

6.102 ± l5k 
6.087 + ll 

4 3.737 MeV 
6.086 + 10 

41 q.s. 6.135 ± 20 6.130 3/2+j 6.132 ± ·1o 

42 g.s. 6.393 ± 30 6.413 ± 10 (5/2+) 

l2 3. 353 !1eV 6.472 ± 25k 6.477 ± 10 

l3 3.737 MeV 6.938 ± 30k 6.948 ± 10 

a) The excitation energies in 
40

ca are froM ref. 
47

). 

b) The energies are calculated using a proton separation energy of 1.086 ± 0.001 MeV, from ref. 
13

) and D. E. Alburger and 

D. H. Wilkinson, Phys. Rev. C ~ (1973) 657. 

3/2+, T=3/2 h) 

c) The excitation energies given in this reference have been corrected for the change in proton separation energy (note b) above. 

d) Ref. 
46

). 

e) Ref. 
43

). 

f) Ref. 
44J. 

g) The assigned parity of this state precludes its being fed by allowed beta decay. Nevertheless, the deduced energy appears to 

be in agreement. The width of this level is 36 keV (ref. 17 )); it is possible that this is a doublet, part of which is fed by 

allowed~+ decay. 

h) Ref. 
48

) 

i) This energy is already -averaged and part of the energy calibration. 

j) This energy is from N. A. Brown, Rice University Ph.D. Thesis, 1963 (unpublished), quoted in ref. 
41

). It is not 

included in the average computed for Ex' however the J~ assignment is tentatively used. 

k) This assignment is based, in part, on agreement with ref. 
42

) with respect to excitation energy and observed decay mode • 

... 

I 
~ 
0 
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Table 8., Possible Proton Decays of the Lowest 
T = 3/2 State in 41sc. 

40ca Final Statea) 

E Decay Observed 
Penetrability d) X Energyb), Intensity c) 

(MeV) JTT I( o/o) p (MeV) 

0.000 0+ 4. 734 24.3 0.39 

3.353 0+ 1.463 <0. 7 0.0005 

3. 737 3- 1. 089 <1.2 . 0. 0003 

3.904 2+ 0.926 <0. 4 0.0002 

4.492 5- 0.352 e) -1X 10- 12 

40 47 
a) Excited states in Ca are from ref. ). 

b) Calculated assuming a separation energy of 1. 086 MeV. 

c) These are in terms of percent of the total proton decay of 
41

sc. 

d) h 1 1 d . d f 7. 4 9 . 3 T ese ca cu ations are escnbe in re s. ), w1th r
0 

= l. fm. 

e) This proton energy is below the experimental range of obser

vation. 



Table 9. Branching Ratios and ft Values for 
41

Ti Positron Decay. 

Energy In 
Proportion of 

Jld) 
41 a) Proton Decays Log ft 

Sc 'IT b) (Beta Decay 
(MeV± keV) Branching Ratio c))(o/o) 3 (sec) J (10 sec) 

0.000 7/2- ,.,.4 X 10 
-5 e) 

.-3 X 10 7 10.5 

2.097±6 3/2+ 9.4 ± 0.6 61.5 ± 4.4 4.79±0.03 

2. 667 ± 3 5/2+ 5.24 ± 0.19 82.5 ± 3.9 4. 92 ± 0. 02 

3.415±2 1/2+ 6.33 ± 0.24 45.6 ± 2.2 4. 66 ± 0. 02 

3.556±20 3. 57 ± 0. 09 74.6 ± 3.1 4. 87 ± 0. 02 

3.783± 2 5/2+ 1.96 ± 0.20 119 ± 12 5.07±0.05 

3.970±2 1/2+ 1. 19 ± 0. 12 176 ± 19 5. 24 ± 0. 05 

5/2+ 
I 

4. 248 ± 2 14.6 ± 1. 0 12.0 ± 0.9 4.08±0.03 ~ 
N 
I 

4. 329 ± 4 0.97 ± 0.27 1 73 ..... ± 48 5. 24 ± 0. 12 

4. 505 ± 2 (3/2. 5/2)+ 0.56 ± 0.10 268 ± 48 5.43±0.08 

4. 643 ± 3 0. 68 ± 0. 10 201 ± 30 5. 30 ± 0. 06 

4. 778 ± 2 (3/2. 5/2)+ 2.35 ± 0.10 53.2 ± 2.9 4. 73 ± 0. 02 

4. 868 ± 2 5/2+ 3. 76 ± 0. 20 31.3 ± 2.0 4. 50± 0. 03 

4. 945 ± 7 (3/2, 5/2)+ 7. 52 ± o. 50 14.9 ± 1.1 4.17± 0.03 

5. 023 ± 2 1/2+ 0. 58 ± 0. 05 182 ± 17 5. 26 ± 0. 04 

5. 082 ± 2 (3/2, 5/2)+ 0.36 ± 0.05 280 ± 39 5. 45 ± 0. 06 

5.375±2 3.74 ± 0.14 22.1 ± 1.1 4. 34 ± 0. 02 

5.575± 2 5/2+ 1. 75 ± 0. 10 40.8 ± 2.7 4. 61 ± o. 03 t-' 
tll 

5. 778 ± 7 o. 53 ± 0. 07 115 ± 16 5.06±0.06 
t-' 
I 

1-' 
\.0 
Vl 
(J1 

continued ... 

,y 
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Table 9 (continued) 

Energy In 
Proportion of 

ft d) 
41 a) Proton Decays 

Log ft. Sc 1Tb) (Beta Decay 
(MeV± keV) Branching Ratio c))(%) 3 

(sec) J (10 sec) 

5. 838 ± 2 (3/2, 5/2)+ 5.36 ± 0.19 10.9 ± 0. 5 4. 04 ± 0. 02 

5.939 ± 4 3/2+, T=3/2 24.25 ± 0.50 2.22± 0.09 3.35 ± 0.02 

6.018 ± 9 1/2+ o. 73 ± o. 07 70 ± 8 4.84 ± 0.05 

6. 089 ± 6 1. 77 ± o. 24 27.0 ± 3.8 4.43 ± 0.06 

6.133 ± 9 (3/2)+ 0.70 ± 0.07 66 ± 7 4. 82 ± o. 05 

6. 411 ± 9 ( 5/2)+ 0.36 ± 0.07 100 ± 20 5.00 ±)0.09 

6. 4 76 ± 9 0. 75 ± 0. 15 46 ± 9 4. 66 ± 0.09 

6. 94 7 ± 9 0.99 ± 0.12 22. 7 ± 2.9 4. 36 ± o. 06 

a) This is a weighted average of excitation energies listed in Table 7. 

b) 
17 :sa sed on those listed in Table 7. The ground state JTI is from ref. ), 

c) V.'ith the exception of decay to the ground state, the absolute beta -decay branching ratios 

follow directly from the observed proton intensiti~s .. 

d) Theft values are calculated using Tl/Z = 80 ± 2 msec, and a predicted Inass-excess of 

12 
-15. 78 ± 0. 03 MeV (ref. )). 

. 17 
e) This branching ratio is calculated from comparison with the mirror decay (ref. )). 

I 
.t. 
w 
I 

f;; 
t" 
I 
~ 
\!) 
(Jl 

U'1 



Table 10. Comparilon of Calculated Excitation Enersiea and loa ft Values with Experimental Ruulte for 37ca. 

Experimental Results Theoretical Predictiou 

. fESIIIIS a) 
5 

fEIXimll '''• l. 
'"· 81 

ref. 101 ref. ill 
Ex log .!! E log .!! E loa .!! Ex log .!! Ex log!!, 

X X 
(MeV) (sec) (MeV) (sec) (MeV) (aec) (MeV) (sec) (MeV) (sec) 

0.000. 5.1.0 o.oo [ 5. O&]b) o.oo ( S. O&]b) o.oo 4.45 0.00 s. 1.4 

1.368 5. 08c) t. 36 [ 4. 9)c) t.46 4.48 t. 36 4. 7i t. 47 5.44 

2. 750 4.87 2.75 [4. 9t) t. 57 4.34 2. 74 3.81 Z.65 4.36 

3.08 (> s. 4) 

3.&17 4.83 3.62 4.8 3.61 4.68 I 

""' 3.840 4. 7Z 3.84 4.1 ·""' I 

(4. tZ) 5.0 

4.417 s.n 4.40 4.7 

4.503 4.84 

4.665 5.04 4.66 4.5 4. 71 4.12 

4.83 (> 4. 8) 

5. 01.8 4. 71 s. oz } 3. 2d) 
5.047 3.30 5.05 s.n 3.Z8 5.07 l.U s.os 3.30 

5. us 4.17 
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Table 10 (continued) 

Experimental 

Present a) 

i· 

Results 
8 

ref. ) 

.. 

Theoretical Prediction• 
10 

ref. ) 

~ 

11 
ref. ) ·--Preyioua ref S ~ . 

E og t 
X -

Ex --1otf !!_ ~~ log !!. ~· l.Oj!!_ Ex -- -1og ft · 

(MeV) (sec) (MeV) (aee) (MeV) (sec) (MeV) (aec) (MeV) (sec) 

5.317 4.85 

5. 449 5. tt 

6.0t6 4.77 

a) Taken from Table 6. 

6.03 

(6. 32) 

6.54 

6.96 

4.5 

4. 7 

4.6 

4.5 

5.53 

5. 79 

5.9t 

6.03 

b) This log!!_ ia from the previoue experimental value for the mirror 37 Ar electron "capture decay ae computed in ref. 
8

). 

c) Estimated by assigning the remaining beta-decay strength to known, but unobserved level(a) with i" = (1/2, 3/2. or 5/2)+. 

d) The earlier work did not resolve the T = 3/2 state decay protons from thoee decays from nearby levels. hence a 

slightly lower!!. was adopted by these authors. 

3. 77 

4.47 

4. 34 

4. 77 I 
,j:>. 
\.11 
I 

fu 
t"' 
I 

I-' 
\.0 
\.11 
\.11 
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Figure Captions 

Fig. l. 
36 

A sketch of the Ar gas target for use with the helium-jet transport 

system. For simplicity, only the target system is shown; the transport 

system and counting chamber are omitted here. Details of its use are 

given in the text. 

Fig. 2. 
3 40 

Identified protons following He or proton bombardment of Ca. The 

peak identification numbers are discussed in the text. 

Fig. 3. 1 ll . 40 3 b rnb De ayed protons fo ow1ng Ca + He o ardrnent at E3 He 
= 60 MeV. The 

numbering system is identical to that in fig. 2, and is described in the text. 

Peak (l) appears at a reduced intensity. See text. 

Fig. 4. 
37 

Delayed protons from Ca. The peak numbering corresponds to that 

in figs. 2 and 3 (see text). Numbers iri parentheses show locations of 

37 
proton peaks from Ca whose energies were determined from other data. 

The inset shows in more detail the three main proton groups with energies 

greater than 3 MeV. The smooth curve and the dashed lines are Gaussian 

fits to these peaks. 

Fig. 5. 
37 

Proposed decay scheme for Ca. The excitation energies are weighted 

averages of present and previous results. The branching ratios and log ft 

· values for decay to excited states are from the present work, while the 

ground-state log ft is taken from the mirror decay. 

Fig. 6. Comparison of mirror levels in mass 41 below 4.3 MeV with JTI (l/2, . 

3/2, or 5/2)+. The level at 2.72-MeV (shown by dashed lines) is 

not observed in the delayed proton spectra, while the bracketed level at 

3.5 MeV is from the present results. The theoretical predictions are 

52 53 54 
from a).ref. ), b) ref. ), c) ref. ). 
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Fig. 7. P d d h for 41T;. ropose ecay sc erne ~ The branching ratios and ft values 

for all unbound levels are from the present work. 
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312+ 11.640 

1 175 msec 

+ 
{3 I 37Ca .) 

o/o Log ft 

0.65 4.77 

0.51 5.11 
1.05 4.85 
~.91 4 .74 

4.17 
3.30 

1.85 4.71 

1.15 5·04 
2.09 4·84 
1.15 5.12 

2+ 3.827 3.84 4.48 4.72 

3.617 4.02 4.83 

0+ 1.857 

36 
Ar + p 

.:..:lt_,2:...:+ __ .:.:1.3:.:6QI= 8.4 s.o8 

3/2+ O.OOQr-{15·6 5-10) 

XBL7310-429H 

Fig. 5 
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Mass 41 mirror levels with 

J 1T = ( I I 2, 3/2, 5/2 ) + 

5/2--4.248 512--4.27 
(312,5/2)---4.11 

1/2--3.970 

~dt~==3:9~ 5/2--3.783 
312--3.53 [-3.556] 312-3.62 
'1/2--3.41 1/2--3.415 

1/2 __ 2.68 I /2 ---- 2.72 
(5/2)--2.61 512 ___ 2•&,7 512--2.42 

1/2--2.30 
312--2.01 3/2--2{)97 3/2--2.10 

(a) 

Experiment 

Fig. 6 

3/2--'3.89 

512-·-2.71 
1/2--2.55 

3/2--1.72 

(b) 

Theory 

LBL-1955 

5/2--5.73 

3/2--5.04 

1/2--2.98 

5/2--2.53 

3/2--2.10 

(c) 

XBL 7310- 4 296 
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3/2 + [12.86] 

l 80msec 

{3+1 41Ti 

o;o Log ff 

6.947 0.99 4.36 

5/2 )+. 6.4766.~11-f--- 0.36 0.75 5.00 
4.66 

(3/2)+ 6.133~0.70 --·-- 4.82 .! 4.43 
4.84 172+ 3/2+ m~s 0.73 < 

3.35 i 
(~/2,5/~)-+ --5.8385.77~3 5.36 5.06 

4.04 ! 

5/2+ 5.575r 1.75 4.61 ---------
5.375r 3.74 4.34 

-1/2+ 1312.5121 .. 5.023~ o.~ 0.58 
5.45 

2+ 4.990 I 
·-·--·--- 5.26 

~·512)+ 4 868~2 
3 76 4.17 

3- 4.823 ------ 4.50 ~312,512)+-" -4.771¥..,--- 2.35 . 4.73 

4.439/ 

4.643..-r- 0.68 5.30 

0+ (312,5/2)+ 4.505..,--- 0. 56 5.43 

4.3294.248~14.6 0.97 
--- 5.24 

"512+ 4.08 

1/2+ 3.970.- 1.19' 5.24 

5/2+ 3.783r 1.96 5.07 

3.556.- 3.57 4.87 
1/2 + 3.415,.,--- 6.33 4.66 

i 
... i 

5/2+ 2.667,r- 5.24 4.92 

3/2i- 2.097_,-- 9.4 4.79 

0+ 1.086 

712- o.ooo, [10. 5] 
.t l 

X8l7310- 4298& 

Fig. 7 
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This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the United 
States Atomic Energy Commission, nor any of their employees, nor 
any of their contractors, subcontractors, or their employees, makes 
any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness or usefulness of any 
information, apparatus, product or process disclosed, or represents 
that its use would not infringe privately owned rights. 
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