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ABSTRACT ., 
.. "t, .. ~l :to '.{, ..... ~ .. ~r~· •. ' .. _.:«~'t:·~{,~.'~,·. 

" 

.. :, :. 
. ~. 

~":;:!/"~:;" .. , ,:'~~ " ~e;;~SB ,;exc.7s~·. f:?f:" C and ,the ,excitation .~nergy of:its" fir'stexcited::,:',.'j·:':':· 

. ;~'j"'::,; <:'~~~tate haVe,been:~ea~~ed·,uSing·~he lOB(3He,~)lO~ :~e~~tiO!l.';e results confirm""", 
.; .. ' ~ '. / . 

i 

. 'f', 

'.:;!:., :;' one of three earlier measurements which gave the mass excess as (15.7025 ± .0018) 

'I' • ;:: ", MeV, and an average of all relevant measurements for the energy' of the first ex-:" 
",,' "~ ...• . , • "" O. 

+".' .. ';",',;< . 
. , "·<.'~'::'cited state yields (3.344±.OOB):MeV. These.values dif~er significantly from 

: ~ 'those previously accepted, and since they provided energy calibrations for 

'." measurements on a number of light nuclei, appropriately reVised results are 

":" .:' quoted for the mass excesses of 2~ and 37ca " as well as for the energies of . 

'··:~>;~,::.:the second excited state in BB and T = 3/2 states in 7Be , 2~a and 37K• 

~ , , .. " / .. ' " .. 

, , 

. " 

.,,' 

" 

~, : ,.j. 
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'/,\' 

~ , ; .. ~.f ~' . .:'~ ! • : 

.' .'.':'.,- . '~:.i : ':,P \:/'., ,"/ '.'" '.- • . ' 

Accurate.ya1uesnowexist ,for the excitation energies. of the T = 2 
····20 .. : ,. 24 

·analogue states in . Ne and Mg. These states have been observed as final 

states'in (p,t) and' (3He ,n) reactions,l and as;compound nuclear resonances 

:2 appearing in proton 1nduced reactions. For both nuc~ei, the averages of 

values for these excitation energies compiled3 from all available sources are 
t" ;~'. ", 

.•.. accurate to petter than ± 5 keV. 
"' "j, .. " 

. ,'. 

" r' . '. '~," . 

",I" • 

" ." 

I
t.:, , -.1' •• l·· , : .. ~.: . " ", , 

: .', '·l·':.).~ j' ,~ 
J ,.... '; , . 

4':', .;,~·:I·: ' 
A recent investigation of analogue states throughout the (ld5/2) shell.:' .;' 

l ':, ". \ :,+' : included a remeasurement of the (p, t) and (p, 3He ) reactions on 2~Ne and 26Mg 
j , 
~ ".;. '\ ~ p ~~" ,." 

\ .: ." ' .. >': targets in which carbon impurities had been added to provide an energy cal1-
I :,"'. I ' ... 
l;,<:.,f: .. : bration. In particular, the 
I ' . '. ,,'" c" "" 

1":·'<:":'::':~i~ the .reaction 12C(p,t)lOC, result in triton peaks whose energies bracket 

10 ground and first excited states of C, produced 

:. :. ~}~ ,'~ 
, ,.-. 

, " .1 ~ '.' 
' .. 

" "' ... 

, ' 
",,~.~.~::-\ I," ,; 

'. ~, -'\. . ", :~ ~ .. 

! . '::.:"::that of the T= 2 states' in 20Ne and 24Mg •. Since the ground-state mass of 
10 .-: '~." 

C, 

." '=:.·;",:/taken from the . current mass table5 was 15.658 MeV with a quoted error of ± 13 
," . . 

keY, it was therefore surprising to observe a discrepancy of ~5 keY with the 
<. .j ~ '~\~. 

;, , .. f· accepted energies[;of the T = 2 states. This has led. to the present re-evaluation 
.: .. "~ ~ . 

. '., 10 
.: ..... of the mass of C, and the energy of its first excited state. 

•. ' 

6-B 10 There have been three previous measurements of the ""ass of C, 

and these are summarized in Table I. Only the first two results are included 

in the average value quoted in Ref. 5. Although the error bar on the third 

measurement is significantly smaller than the others, the fact that it differed . 
from them by ~5 keY, while using a similar experimental method, made it 

desirable to perform an independent measurement of a different type. For this 

purpose, the reaction 10B(3He ,t)10C was chosen. 

; t. 

::'" 
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The,. experiment· wa s . carried cut using' the external beam, of . the Berkeley 

88-inch spiral-ridge cyclctrcn. A, diagram'and general'descr~~vicn cf the .' .... 
.' {. 

",experimemtal:- laycuthave been given elsewhere. 9 The beam was magneti~ally 

",energy"analyzed'by. being' deflected 40", and J>assed'through a l'mm slit •. It., ' 
, . : . 

was then fccused,~:tca spct ,2'~.K 2 mm cn a target at the center cf the scatter..;.: .... ; 

" ":/;:1:;" 
'. . 

. ing chamber., The exact.angle at which the beam intersected the target ·was . 

"measured using twclumincus, foils, cne at, the.target pcsiticn,' and the cther <',::,::,;',/'\' . 

:70 cm downstream. 'The beam energy was inferred,frcm measuring its range in 
. ";,\;;:~:~, . 

. _. '~ , .'!o'\.'. 

".' . '. 

.~ ,,": ; aluminUm. 
\- .~' f,:' ,"'>::'il'!'> , , 

Reacticn prcducts were detected in twoindependentccunter telescopes . . :t.,' .'.~. ,"::;' 
" .. :-'< '~ >-~ " '. 

," """1 

, . ' . ,., ~ ':. 
,\ .: 

(." ": 

... ,.,', siliccn AE transmissicn ccunter and a .·3.0 mm' lithium-drift siliccn E ccunter . 
• • ~\, • .' y .' 

, ,,<' operated in cCincidence, fcllowed by a 500 j.L li thiUm.-drift siliccn E-reject .',' . '.' 

·r .• 
, ,', ~. ... \ r;: • /.' 
•. '.f 

'>/., . ccunter operated in anticcincidence to. eliminate lcng range particles. The'''' 
)",' 

, ,10 '.;," 
signals frcm these telescopes were fed to. Goulding-Landis particle identifiers" :.-, 

. ,',' ".T,\ .~.' ~ .' • 
, .. ; ..... 

'. prcducing cutput signals characteristic cf the particle type, and the ccrre~ .. 

. ;'" ' 

spcnding energy signals were routed acccrdingly into 1024-channel grcups cf a' , ~, . 

4096-channel analyzer. In' additicn to. the telescopes, two. single 1 mm "mcnitcr" 

ccunterswere mcunted at elab = +27.5° and -18.0°. 

the telescopes and mcnitcrs was abcut 0.25°. 

The angular rescluticn ct 

Figure '1 shows the energy spectrum cf tritcns cbserved frcm the (3He"t) 
2 '.' 10 . 3 

reacticn cn a 280 j.Lg/cm bcrcn target, 92% enriched in B. The He beam energy 

was measured to. be (30.3 ± 0.2) MeV, and the labcratcry angle, after ccrrecticn 

fcr a measured "beam angle" cf -0.4 0, was +22.7 0
• It can be seen frcm the 

figure 'that the energy cf the tritcn peak ccrrespcnding to. the ground state cf 

" 
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':/ :, 

10C' is about:200'~eV greater ,tbSntbat:, of the' peak, corres;pond1ng to the first, 

',,11 '.' " , , '11 
excited state of" ' C'(E~ = 1.995 ± !~00.3 MeV). 'Similarly,the first excited 

W 'll 
' , state of C appears' close to the' second and third excited states of C 

" 11 
(E = 4 • .305 ± .006 MeV and 4~794 ±.006 MeV). Kinematic calculations for 

x ,',' , 

peaks in this region show a change in the energy ,. 10 ' 
of C peaks relative to those 

;' 11 
,from, C of about 10 keV per degree, and thus, if the Q-valuel for the pro- . 

, 10 
duction of states in C are to be determined by comparison with known states 

11 ' , 
'.in C, a preCise knowledge of the laboratory angle must be maintained. Con-

, ,I 

1 ,,> 

.' <, ,'sequently, during 'this and all other runs, elastically scattered .3He particles' .<,,' 
- '.r-':' ' 

. .:: " were recorded in the fixed monitor counters. Prior measurements of the 

.• (.3He,.3He ) 'cross section had shown variations of rv60'/o and .... 1.3% in absolute 

"'magnitude per degree change in scattering angle at 81ab ,=18.00 and 27.5° 

,~:' ~' ' 
';'. '~ 

",' 

"respectively. For, this reason, an integration of the elastically scattered, " " 

. particles, monitored frequently throughout a run, permitted a continuous sen-' 

;1:;i;$,.'4;". ;':-'::sitive determination (to about 0.1°) of variations in the beam angle. No beam- ' 
",' ~' 

.. ',' ;;;' angle excursions were detected during any of the experiments. 

As a further precaution, in two runs spectra were recorded with counter 

telescope 1 set at the same nominal angle on opposite sides of the beam, while 

telescope 2 remained fixed at 81ab =,-60.1° to detect any significant beam energy 

change. It will be shown in the following section that the peak energies ex-

tracted from these runs were consistent with the independent determinations of 

the laboratory 'angle.' Additional spectra using the enriched boron target were 

2 
also taken at 8lab = +18 • .3° and -55.2°, and for comparison, a 500 flg/cm 

natural boron target was bombarded at the same energy., A spectrum from the 

latter target, taken at 81ab = 22.7°, is shown in Fig. 2. 

" . ~(, .!. 
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"The" ~~"~ere ~nal~edusing the ~omputer' progr~~ IDRNA.12 This pro-

gram establishes an ,energy scale by finding a least sqtiares fit to peaks 
,~ .. ' 

, ' 

whose Q-values are known, after correcting all incoming and outgoing particles ' 

for kinematic effects and absorber losses. The states taken as known were the', ' 

, " 11 
ground and first ,three ,excited states ofC. Although the energy scale was 

dete~ined by these: states, at all observed angles, the unknown states were 

" evaluatedindep~ndently at each angle, and the results for the 1oC ground and., 
" ," 

.. -";. .,' ~, ;'. 

, '" .... 
," ,", ., 

first excited states are listed in Table II. ,The weighting for each individual. ',,:-,;' 
.. ' , . 

',- mea surement used in calculating' the average we s determined from the counting 
.. , ;', 

,c :~. ". ' ' .. 

..... statistics. ' 

,; 

, , 
A comparison of our final result in Table II with the measurements 

, , 

listed in Table I shows the former to be consistent with the value obtained' 

in Ref. 8 and inconsistent with the other two. 

cess of 1°C to be (15.7025 ± .0018) MeV. 

Thus we confirm the ma ss ex-

There have been three previous measurementsl .3-l 5" relating to the 

"'first excited state of 1oC: two have determined its mass excess, and the other" 

its excitation energy. Using the correct ground state mass excess, good 

agreement is obtained among ,these measurements and the value derived in Table 

II. A summary of all experimental data on this state is given in Table III, 

together with the averaged result; this corresponds to an excitation energy of 

(.3 • .344 ± .008) 'MeV. 

An earlier investigationl .3 of the reaction l OB(.3He ,t)lOC observed 

, , 

, '. ~ 

states in 1oC at (5.28 ± .06) and (6.58 ± .06) MeV, and made a tentative identi-' 

fication of states at 5.0.3 and 5.60 MeV. An examination of all angles taken in 

this experiment confirms the existence of states at 5.28 and 6.58 MeV; however, 
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'. ,. 
" \ ' ~ 

, 'we see'no i~~i~ati~~':Of';'th~"other two stat~s.'>~n"f~ct" it should be noted that 
, ; ," . , ' 

at a bombarding energy ,of,30MeV and~\ab = 30° (the experimentaLconditions 

in Ref . 1,3) the peaks observed in the spectrum of Mangelson et a1. would 

'correspond exactly to states 'in llC at 6.906 and 7.509 MeV. Similar peaks are' 

observed, in our spectrum of Fig. 1 and by comparison with Fig. 2 it is evident 

that they can be, adequately accounted for as being entirely due to these states' 

11 10 
in C. Thus, the tentative assignment of states at 5.0,3 and 5.60 MeV in C 

should be dropped . 

The earlier values for the masses of the ground and first excited states ... , , 

,.", 

10 of C were used'in determining the energies of analogue states and certain 

.' mass excesses for a number of light nuclei. Thus} the results of these measure-, 

; " 10 ' 
ments must be changed to take account of the revised C masses. Table 4 lists ''i .... 

',. ',916 
- . references,' previous values" and the reVised excitation energies for those 

earlier measurements which were suffiCiently precise to warrant adjustment. 
'c':", ' 10 

: ,",: 'Not all values have been changed by as much as 45 keV since in most cases C 
;:" . 

~ -, ' ~ 

,..,., was not the only source of calibration. Not listed in the table are the T = 2 

"'" . 20 24 , 
", states in Ne and Mg whose measurement - as discussed earlier - first indi-

cated that.,a discrepancy existed; using 10C for calibration the derived exci-

. tation energies of these states are within 10 keV of the accepted values, pro-

viding final confirmation of the present results. 

One of us (JCH) gratefully acknowledges a fellowship from the Miller 

Institute for Basic Research in Science. 
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. '. . .. .': '10 
. Table I. PrevioUs measurements of the mass of C. 

I. Experiment. Ref. MEiss excess (MeV) 

(p,n) threshold 6 15·663 ± .025 
+ .. 

t3 end pOint 7 15·656 ± .015 

(p,n) threshold 8 15·7025 ± .0018 

, \ 

. , 10 (3 )10 Summary of results from the B He,t C reaction measuring the 
ground and first excited states of 10C. . 

,~ .. : . Table II. 
.;.. . '~ 

==================================" '. ,~.' .~-".' 
'. Run \No',~., Telescope 1 Telescope 2 

, .,. Mass excess for: Mass excess for: 
e

lab
· 

1st elab 1st ground excited ground excited 
state (MeV) state (MeV) 
(MeV) (MeV) 

'1' +22·7 "15.695 19.041 -60.1 15.708 19.052 

2 -21.9 15~702 19.045 -60.1 15.704 19.048 '. 

3 • ,+22.7·' 15·701 19·036 -60.1 ' • 15·703 19.054 . 
.~. 4 

, 
" t +18.3' 15.692 19·039 -55.2 

~ w' . , 
Weighted overall averages :." C ground state 

. 10 . 
C 1st excited state 

! 15·700 19·036 

.• ·.·.(+15.700'± .010) MeV 

(+19.042 ± .015) MeV 

v' 

t ' . 

";'. ,,'. 
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Table III. Summary of ejeper imenta 1 data 
, "" ' " " """ ' , 10 

on the, first excited state of C. 

, Experiment:i, 'Ref.- Mass excess (MeV) 

10B(3He ,t)10c 13 19.028 ±. .030 

(p,n) threshold 14 19·039 ± .020 

''Y decay 15 (19.053 ± .010)t 
,', 

10B(3He ,t)10C this 19.042 ± .015 . 
. '. .~ work 

, 
',' , .... 

Average . ;.,. ", I,; 19.047 ± .008 
:I"f--,-" -,-, ----------------, ,-,,""':"_, -, --.,... --.;...---------,--,, ,,' 

, This measurement was of the excitation energy rather than the mass excess; 
, ,' .•. it has been converted using the. 'best value for' the ground-state mass excess 

, " of 10C (15.703 MeV) . ' 

'.,' 

", "~, 

.. .'",; 

~ , ," 

Original and revised experimental values which depend for calibration 
, . upon the ground and first exc,ited states of ,1 Pc . 

" ======================================================================= , , 

Reaction Ref. Mea sured Previous value 
(MeV) 

New value 
(MeV) 

. \~, 



... 10- UCRL-18272 
, , 

" , , 

'FIGURE CAPTIONS '.',,' 

Fig. 1. A ~ritonenergy spectrum obtained at elab = 22.7 e , from a boron 

target 92% enriched in lOB. 

Fig. 2. A triton ene!'gy' spectrum obtained from a natural boron target at 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com~ 
m1SS1on, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa­
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

8. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor­
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behal f of the 
Commission" includes any employee or contractor of the Com­
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 






