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fstate have been measured using the 10 (3He,t) C reaction. The results confirm
f)MeV, and an average of all relevant measurements for the energy of the first ex~
‘cited state yields (3.3L4 ‘ 008) MeV. These . values differ significantly from

v'ffthose previously accepted, and since they provided energy calibrations for

a'lj quoted for the mass excesses of'leg and 3'YCa,;as well as for the energies of -

. Lawrence Radiation Laboratory and 1, S

AR Department .of Chemistry- - .. con T
o University of California . = - = Lo L oo
. Berkeley, California .~ - ... = . 7 = S

g 108

" ABSTRACT

10 C and the exc1tation energy of its first excited f

Th 'mass excess of

.x~v-

\,,l . .'., ¢

s

' one of three earlier measurements which gave the mass excess as (15.7025 * .0018)

- measurements on a number of 1light nuclei, eppropriately revised results are . & :

.. ..the second excited state in 813 and T = 3/2 states in 7Be, 2lye and M.
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nj‘accurate to better than 5 keV

iincluded a remeasurement of the (p,t) and (p, He) reactions on Ne and " "Mg vhi;
fltargets,in which-carbon impurities had been added;to provide an energy cali?.‘.(:
?tration. In particular, the ground and first excited.statesjbf'lqc, produced‘;;
Eiin the,reaction'l2c(p,t)loc, result in:triton peaks whose energles bracket
i;that'of'the T:= 2Istetes~in 2ONe and ~ Mg. . Since the ground-state mass of ~ Cff&

’iitaken from. the current mass table

UCRL-18272

Accurate values now exist for the excitation energies of the T=2

"analogue states 1n 2ONe and hMg These states have been observed as final
'states in (p,t) and (5He n) reactions,l and as. compound nuclear resonances
~appearing in proton 1nduced reactions.2 For both nuclei, the averages of

's”rjt'values for these excitation energiles compiled3 from all available sources are -

T A recent investigation of analogue states throughout the (1d5/2) shell“

26

o 10 o

5

}:keV, it was therefore surprising to observe & discrep&ncy of ~45 keV with the
.~ accepted energies of the T = 2 states. This has led to the present re—evaluationr ;{f‘

x ﬁi?of the mass of l_C, and the energy of its first excited state.

There have been three previous measurements6-8 of the mass of lOC,

" 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 ~45 keV, while using a similar experimental method, made it

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

purpose, the reaction loB(BHe,t)lOC was chosen.

was 15.658 MeV with a quoted error of * 13 BT



v II EXPERIMENTAL PROCEDURE P T,
The experiment was. carried out using the external beam of the Berkeley
S : '88-inch spiral-ridge cyclotron. A diagram and general descripuion of the

"vexperimental layout have been given elsewhere.9

.The beam was magnetically Lo ‘1,1)
e -'.energy--tanalyzed-fby:being- ~'deflected' lLO ‘and passed"througha 1mm slit. . It . 5 .

. was then focusedito a spot 2:mm-X2 mm on a target at the center of the scatter-iwt

“ing chamber. The exact angle at. which the beam intersected the target was
 measured uSing ,’WO luminous foils, One'at.the*ffarget position,- and the other-,#';?

' ‘i‘T:f€70'°m downstream{f The beam'.energy was inferred: from measuring its range in -

G alumimm, oo
‘ . Reaction products were detected in tuo.independent counter telescopesl
‘t“f;lﬂon opposite sides of the beam.' ‘Each’ consisted of a- 150,u phOSphorus-diffused

:‘iaisilicon AE transmission counter and a . 3 O mm’ lithium—drift silicon E counter ;
rf\j_Operated in coincidence, followed by a 500 u lithium-d.rift silicon E-reject

':counter Operated in anticolncidence to eliminate 1ong range Particles. The ';“v?“ff“~f”

hj:signals from these telescopes were fed to- Goulding-Landis particle identifiers,v‘jf

,ﬂ’f.producing output signals characteristic of the particle type, and the corres- -
sponding energy signals were routed accordingly into lQQh-channeligroups of a.ilh~
A"'}.hogseehannel analyzer. In'addition to.the.telescopesybtwo single 1 mm "monitor"
.*\““l-counters were mounted at © 1ab = +27.5° and -18.064_'The-angular resolution of
- the telescopes and monitors was about 0.25°, : |
Figure 1 shows the energy spectrum of tritons observed from the (5He,t) "~

»reaction on a 280 ug/cm? boron target,'92% enriched in ;0

B. The 5He beam energy - ’ i
was measured to be (30.3 * 0.2) MeV, and the laboratory angle, after correction
for a measured "beam angle" of -0.4°, was +22.7°. It can be seen from the

Tigure that the energy of the triton peak corresponding to the ground state of




7&;:

':state of 10 C appears close to the second and third excited states of 7C

:7respectively.‘ For this reason, an integration of the elastically scattered -

s,particles, monitored frequently'throughout a run, permitted a continuous senffh?‘m

3= e vcRL-gere

loC is about 200 keV greater than that of the peak corresponding to the first

_;excited state~of c (E = 1. 995 t. ,003 MeV) ,f Similarly, the first excited

11

(E =k, 305 .oo6 MeV and u T i..oos MeV) : Kinematic calculations for_ ,";

'qu peaks in this region show a change in the energy of: 10C peaks relative to those S
«f} i;from H C of about lO keV per. degree, and thus, if the Q-values for the pro-
'tgl_duction of states in C are to be determined by comparison with known states T

T C, a precise knowledge of the laboratory angle must be maintained. Con-:>ﬁfff'iih

ﬂisequently, during this and all other runs, elastically scattered 3He particles
Tiwere recorded»in”the fixed monitor counters. Prior,measurements of the
(

5'magnitude per degree change in scattering angle at 61 b'f -18.0° and 27. 5

3He,EHe),.cro‘s:szsection had shown variations of ~60% and ~l§%‘in absolute -

ffsitiVe determination (to about 0.1°) of variations in the beam angle. No beam-

'*itangle excursions were detected during any of the experiments.

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

v telescope 1 set at the same nominal angle on Opp0site sides of the beam, while
,“iteleSCOpe 2 remained fixed at 61 B —:—60.l° toidetect any significant beam energy
‘J j.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

“also taken at elab = +18.3° and -55.2°, and for comparison, a 500 ug/cm2

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

latter target, taken at elab-= 22.7°, is shown in Fig. 2.




L .listed in Table I shows the former to be consistent with the value dbtained

-u-~',.,i'»h}>~ 1 ;sv; © UCRL-18272

n '111. RESULS AND DISCUSSION o
The data were analyzed using the computer program LORNA.12 This pro-

gram establishes an- energy scale by finding a least squares fit to peaks S

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

for kinematic effects and absorber losses. The states taken as known were the.~>.
11

ground and first three excited states of .’ C, Although the energy scale was Q; {nf

determined by these States at all Observed angles, the unknown states were:

“.evaluated independently at each angle, and the results for the OC ground and

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

'”measurement used in calculating the average was determined from the counting
';statistics.;tff

A comparison of our final result in Table I1 with the measurements o )

"~ "in Ref. 8 and inconsistent with the ‘other two. Thus we confirm the mass ex-th_afﬂgz

. cess of °c to be (15.7025 * .0018) MeV.

There have been three previous measurements 3 15, relating to the

R first excited state of 10 C: 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 ianable
ITI. A summary of all experimental data onlthis State.is;given in Table III,
together with:the-averaged result; this correspondshto an excitation energy of
(3.34h * .008) MeV. - ' | ‘7 .

An earlier investigation13 of the reaction'loB(3He,t)loC observed
states in “OC at (5.28 £ ,06) and (6.58 * .06) Mev, and made a tentative identi-
fication‘of states at 5.03 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,

Yy




B ' UCRL-18272.

'j'we see no indication of the other two states.; In fact it should ‘be noted that
at a bombarding energy of 30 MeV and 9 30° (the experimental conditions
« - in Ref. -13) the peaks observed in the spectrum of Mangelson et al. would

‘”5;?'correspond exactly to‘states in’ C 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 heaadequately accounted for as being entirely due to these statesf.gﬂ,j;]m

’_.in llCr Thus, the tentative assignment of states at 5 03 and 5.60 MeV in 10C

‘;ﬂ- should be dr0pped.

The earlier values for the masses of the ground and first exclted states'y;'

:}of ;OC 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-;”

'refij ments must be changed to take account of the revised lOC masses. Table 4 lists :}.'“v

previous values, and the revised excitation energles for those

19,16

‘iireferences

i_earlier measurements which vere sufficiently precise to warrant adjustment

;Not all values have been changed by as much as h5 keV since in most cases lOC

5ﬂ{was not the only source of calibration. Not listed in the table are the T ='2"

“fi}rﬁstates in 2ONe and 21+Mg whose measurement - as discussed earlier - first indi-
v-_cated that a discrepancy existed; using 10C for calibration the_derived exci-
q.tation energies of these states are within lO keV of the accepted values, pro- i
~wviding final confirmation of the present results.

| One of us (JCH) gratefully acknowledges a felloWship from_the Miller

LA | Institute for Basic Research in Science.
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.%'ffTab1e f;ijre#1ous méasurements of the ﬁass’of‘loc.
. Experiment . Ref. Mass excess (MeV)
(p,n) threshold . 6 15.663 * .025
8" ena point 7 15.656 * .015
(p,n) threshold - 8 115.7025 * ,0018

‘Table II. Summary of results from the »

(3He t) O¢ reaction measuring the ‘

ground and first excited states of 10¢C.
“Run - No. “ Telescope 1 Telescope 2
_ o Mass excess for: ) Mass excess for:
- Orap ground . 15t excited 'elab' ground 157 excited
S state (MeV) state (MeV)
" (MeV) . (MeV)
1 22,7 . -15.6% 19.041 - © 0.1  15.708 19.052
2 C21.9 15.702 19.045 -60.1°  15.704 ©  19.048 -
3 42207 . 15.701 19.036. ~  -60.1: . 15.703 19.05k
? 40 A8.3 15.69%2 - 19.039 -55.2 15,700 19.0%6
R — , T - e v
Weighted cverall averages..-:loc ground state ‘1(+15.700ii .010) MeV
' - . 1% 15._"'_ exci't'ed state  (+19.042 * ,015) MeV

Zs/'i
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10

‘able IIT. Sumary of experimental data on the first excited state of  C.
‘xExperimentk ‘,iﬁ “ . ‘Ref. .. ..ﬁ:  Mass excess (MeV) .
105(3ge t)loc 13 . 19.028 %.030

- . (o) threshold R T . 19.039 * .020
o 7 dgecay - .15 .. (19.053 £ .010)"
105 (ge t)loc .. _this . ., 19.0k2 * .015
S work -
B Average ' N ' 19.0,4-7 i" 008

1.'J?his measurement was. of the excitation energy rather than the mass excess,

¢ (15.703 MeV) .

—_— — —— —

it has been converted using the. best value for the ground- state mass excess el

] f '_fﬁﬁf.Table Iv. Original and revised exPerimental values which depend for calibratiOn .

upon the ground and first excited states of - 100.

j i Beactipn‘ :3.>'_;'_3Ref.  Measured 'v Prevzﬁgg)value . 'Ne?Mzs%uee
| . Phgg(Ore,One) g é 5. 9 Mass excess +10.62 £ 0.12  #10.66 * 0.12
- M0 (Ptte, 6 He)”Tca g.s. 9  Mass excess -13.2k * 0,05  -13.23 * 0.05
B ?Be(p, )yBe" (T=3/2) o ‘16 excitation 10.97 £ 0.0%  11.01 * 0.0k
l°B(p',t)813* (2nd exéited) _, 16  excitation 2;33 0.0k 2.34 * 0.0k
t71' 23Na(p,t)2lNa* (T=3/2) 9 excitatién' 8.92 * 0.03 . 8.97 * 0.03
2 e'e'59k(p,t)57x* (T=3/2) ‘}. 9" exéitaeion '5.035’1 0.025 5.046 * 0.025

q
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Fig. 1. QA.fr;tsn_Eheré;éféétrum obtained at Giég ;r22f7°, from a boron
target 92% enriched-in l9B. PR | ‘

Fig. 2. ;A;tritbn eﬁérgy'speétfum obtéined from é}nafurél boron tafget aﬁ."

O1ap = 22f7_?q
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