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TAe (c,a) str:tppma reaction bao been studied with 4' and~ MeV beluJ.m 

i~ tor .tarSets. ot Ne20 
1 Me24, Ar 4o 1 and Ca 40 as part ot a cOntinuing stu~ 

ot two-nucleon t%'ansfer twetiono. Deuteron ezurrsy speotra 1"roln each target stu.<U.ed 

vere dominated by bipl;y populated levela with charactel"1st1e angular distr1bu.t1cms • 

;;''~; · believed to oonespond to inaertion ot the captured nucleons into a (~/2)'~ 
\ -.. : . J Ill 5 or (f7/2)2 J • 7 co.nff.aurationo b Q values Cit the ca,,2>~ V&nait:ions; 

' ' ~- . observed et exc1tat1cma of 1.5, ~d 0 MeV 1n ma22 and AJ.26 
1 respective~, tall 

' . 
on the ~ extrapolated tram the Q•value-recoU • as number relat:Lonsbip establ1$bed 

· ... tor (a1d.) reactions form1ns ca,12)~ liGhter tarpta.1 ~ higbl:y populated levels 

,t obserred at ·oxc1tat1ons ot o.60 MeV :1.n Sc 42, 1.67 MeV in r:.~2, 6.91 '*' in ~26, -

·: __ : , 1 ·· end 7 ,4; .MeV 1D 11a22 have been aaai.snea. . (t7;2l~ ~sur&tions. 
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7
;z>; CONFIGUllATION IB T1IE {a14) 1\EAC':ION 

. , :9.G.~y1 E.lti.Vot1 J • Cerny, lt.H.Pehl.1 and. J. 1i8ag 
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·• De~ ot ChemiGtry and Lo.Vrence Re.diation t..e.bor-.tory 
· Un1ver&1tr ot Ca.Utornia · .. _-.. 

:·····,--·· 
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. . ~ . - ... 
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llerkelcy 1 Cal.1:f:orni& 

·. ····: .. -- _--~ pr.~eNnt1al exc1tat1on r4 co~ JlUCle~;-:levela 1D ·· 

.. · · (<l~d) ·~10niJ ~ :tir.t .o'baerved. uiUsg the JKl. MeV ~~~-·ion beam · 

· ot ~ 60.· :t.ncll eycJ.otron. 'lWt s.pectre. tran thQ. prod.uo( 1lum1 ul-4, 

. ·~, 

'· .. -·' 

'. 

' "·,"'.' 

' ~ : ., . 

· .. ' o~ 
1 

if-7 ~ pl8 showed one or more verr larp pe&ka, ·;-

. ' ' ' ' ' 

-.... 
·, . ,·. 

These ~~ excited le:vela WCU"e reported. .. , to be the 
' ' . . . 

'~ ., '· 

· .. ·J·5 ~ls ot the <a.,12>2 
contigur&tiOQ•. Tho ta.rpt ~' ~· uu~ 

•.. ~ dux-in& \be reaet1Qn __ WW.. the captured proton .cl neutron .... 
,· .. ' ' ' . . . ' ' -t,\\Q.{., ' ; ' ' 
·_each 6mter ~ c1512 sheU. ~ It vas ebownl\ in .such ou•• .;~ etate ot ·. 

. . ' . -· ' 

highest· aJ..J.crwabl• total ~ ~ntum.111ll be Fetctent1al.l¥ 
populated. Tile illveatlgat1011 ot tbe1le a~ excite~,~~/2)~ ~-m. 

· hO.s ~- continued e.n.d. a a1mnar 1nvest1aat1on hae been started. in , 
., .!• . 

. . . ·.·: .. 
' _:·:~ ~ -~ .. · .. 

{ ·: .j 

.: ,1'hfl:·'(et;.cl) ~1~· we ol>s~:~ ho1A c1j,~ JM:J~~)~·l4c~f ~~0&r14 :·--~--
·., ··. 4o .. :_' .•. ·. • . · .· .. ·· · . . >,r. · ····<, :~ .. :-; \ 
., .. ·· .. · ;Ca ~~lei. ·The prep&l'e.ticm o:t ·the e&.l"bon targe~ hU beeta :. : ··:·.· .. ····• 

, ;.' cieacr.&• prert~. 2 b a.6 mqJem8 thick ratur&l -aiua 4t :' · . . ; ,• . . ' .· . . . . 
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w.o PApa.red by ·evaporation. · · RolllJJg chips of natural calcium in an . 

inert t.tmosphere pi'ovidod. ~~iw.n foils abOut l. mg/cm2 tbic~. Ar 40 . . . . 

I' ',\ · . 

. ·' .. · .. -:· 

.· 
· .. ··_.,· 

and Ne
20 

!3e.BeG were b<:m1b&rdad in a 3""1nch-diameter ga8 holder equipped · ·' • ·.. .. , 

Vith .ool-inc:h-thick Dural vi.nd.aws • 

. . ~ 'beW!l$ of 4; OJ.' 50 MoV bellum iona trQIIl the 88-i.Zlch·. 

t7clotron wro U$ed.~ ·The out;ioing l)(l.t't1cles vere 1cwntifit:td by a 

a~miconduQtor ~ounter telescope f@&dtns a pulse muktlplier. Pu1Ges 

from$ .<QO•mch-thi.ck lithium drift.~11llcon transmiss1oa counter 

W1:e ~d to tho pulses frQlll .(.90 :Lneh lithium. <lrittec1 stop!)ing 

detector $.Ild the awn wae e.ne.l.;yzed by a 400 cha.m.lel RIDL pu.J.Se he.i:$bt. 

~er. The upel.'ililen~ eond.it1o.ns allowed. a deuteron energy· re~ 

solution of about 230 KeV .from a solid taraot. 

Emut&Y spe<:t1•a and. ~ 4.1Gtr1but1ons ot 4ellterouo were 

. measured. fOJt the :p~t nuclei Na.22, AJ. 26
1 ~2 and si+2• 7~ l 

... 

... ~ . 

. i 

.. show ~;vpical d.euteron ~rgy spectra tQr eacJ:l re~ion.. 'lbe deuteron· ene·rgy scale 
, ·· was estabhshed byl.Smeasi\mg deuteron . , ·~0 · · 

/ f)peetrs. trom C (a,a.)tq • Enough ox,ygen was p~eent in the Ca ·anA 

1·~·· .. '. . 

. ' 
'·" ' ":. . ~·· 

. . . ~ '\ ' 

Ms21~ tu~ts to identify tbG ~trona dcu~ron 11nc fian.~.16{C414)~(·l.l MeV), ... -. · 

· ~®, providing en ad41t1cmal. enrJ:rgr c&,U.bra.tion point• . 
. ' .. ;.:::· 

.At.· J.eost one, .as¥1 in GO!ilC case.- tw, l.tvou ot.: tbla ». roduet . . 

shown· it\ F~ 2.1 tt.y are. all Yel7',tU.mil.&.r to one~~. 
l· • ' 

; : ~ .. ~-wJ.uea .:tor the fo;dDa.tion 'ot the ~ pqp\IJA~ levela c< 
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·-.., -':· _:,-) .::,.,-:.. .... ··: .·, 
... ·:~: ,• .. · . (. .. . : ~·· . ~ - . _:. ,• 

• •• •• -~-; • 11. ~ • •<, ,· • ... '; :, :. - • • 1 

.... ·. ·-.·~·are.· s~ ~ 'fablAl l.;.'Tbe reeultt· ot p~e~iO\IIly ~orted. exp;rimenta ant' . ; . ' .··~ 
':; '.:: ... ~.·· ••·· •• .• :·. r ·.' .. •. '.·' ····~ ... :· . .': •·• .,; : .·' • .' :" ' ; ' · ... _.·"'' ,· ... ~. • ·.·.~; .. ,' _.·~··· .:··.-........ ,: ' .:f.- • --~ ·,·, 

··'::., ... ~ ·al.So<tnol.~ •. : ;~ 3 ~that tb&·:Q•val.ueo.tor tqrmation ot the · ., 

_: ·.: .:~ 1~53 MeV lwel ot iza22 and.1;b, sround .-t'at. ot Ju.26 taU $n a· amooth l1ne : •. ·.": · 

•·. '111th the 'l·w.l.ue• rar exc1te.t1on ot the Pl"ovi.CUIIJ.i ~rted (4.;/2)2 J-5 ···. . . .. 

levela when plotted ae a ~ction of ·maes ll\&Dlber • . It 1a therefore very .. 

prQbabl<J that these tvo levelS bavo alao tho collfipra.1;1cm <0,;2)2 Ji.5• . 

. ~ . In tact the ophl ot the ~·0\.mll state Qt Al. 26 11 aJ.read¥· lulown t() be ;+, 

· .. an<1 the stronaJ.Y exo1te4 level is e:itber tho sroun4 state or wry Ol.Oae . .. ,;. :. 

~o tbe ~ state. ·. ', J 

The lt:mtl of S¢42 a~ o.G MeV must ll&ve bJ.c3b opin·(Bi:o~ it ia .. · 

'-'i. 
,.··.' ·. 

. . ) . . . 
a..lone•:Uved. 1Somt!lric stt~:te..,).. . Siuce tte~JA~t1oo rul.ea tor'bid formation . ' 

· · by (a,.ct) rea.ctioraa or ewn•apift levels ot a (J)2 ocmt1aurat1c>n1 it J.a 

.. 

·. ·:-: : .... ~ -~-
·moat ~l¥ tha~ thct l.evel. l1A8 spin e.n4 parity 7+ ar1s1na frf:D the 

·-·· · (t712>2 
corat1surat1oJ1• Sinoe the Q ... value tor ita f'Q%'2!Jtitio.n taUs on a 

smooth CurAt (aa a 1\lilction ot -.s ilU:iber)·\dtb ·the levvl. at 7•45 MeV 
... ·•. 

.... 
< • ' 

·,·;:-,. 

u Ha22
1 6,.91. MeV 1r1 Al26

1 !).2 MeV 1n Cl34 ~ l.87.MeV 1D ~2, it 1a vory _· 

. . .' .· probablA th&t these levels 6lao are the J-7 .memben of tbe. (t7; 8>2 

· ·: · .•. ·· ~~tion. · · 

t.ewa or so42 at o,6o, 1.431 a.a,, J•OO arw. 3·55 MeV vere. 

·. Wentit1e4• . \'he. (u.l 1;p) reaction.; vtLieb earl ·excite both o44 anci· ewri. 

~J.A ~" of tht (:718)2 contigUra.t1oa1 excited ·l.Ov$~. pi S~ 42 u.t o1 

0.617, 1.03~1 1·509, .1..958, a.z1~ and 2.5)98 MeV, 4 It u thuiJ wrv '-. •' ·, 

· ·,l.,ikel.Y ,_t thO o, :).,035 and 1.958 MeV levels r.u.-. ate.tea ot oven a.pa, 

'~... ·.: .. :since (~1p) excit.s ~-~t (~~d) .• n~.. . 
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Channel number 
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MUB-HH 
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40 42 
Fig. 1. Deuteron energy spectra from the Ar (a, d)K , the 

Mg24(a, d)A126, the Ne20(a, d)Na22, and the ca40(a, d)Sc42 
reactions. · 



.. 

-7- UCRL-11231 

10 

5 ••• Ca 40 (a,d) Sc 42 

0.60 MeV 

• • 
6 ••• • 6 • 

6 • 
~ • .... 
fJ) 

Ar 40 (a,d) K42 • ' 6 
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0 
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0 
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0 20 40 60 
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Fig. 2. Angular distribution of the strongly populated levels 
in the K42, Na22 and Sc42 nuclei. 
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Fig. 3. Dependence of ~ on Mass number A, for (a., d) 
reaction to (d5; 2>5 and (f7; 2>~ levels. 
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