
C.R.N 
« « 

CO 

CO 
_SP 

CU 

Sfci 
M M 

GO 
CU 

J 
ë 

.CD 
O 

f^éoLtq^-

A STUDY CF THE C(a, Be) 3e REACTIOH IN THE ENERGY' 

F. Brochard, P. i:h«valli«fc^ D. :Di»r!ier, V. Rauch , 
G:^Rudolf 5^4. F. Scheihliag 

Centre do Recherches Nucléaires and Universiti Loui« 
Paateu^, Strasbourg, France 

W. 
Institut Nat ional 

de-Physique Nucléaire 
r, "et, ,de Physique 

desQParticules 
C 

Université ° 
Louis Pasteur 

.. âe Stra§b<yi 



H.iuset-F.slibach f> r -u l 1 

MYl.KAK REACTIONS ^ C ( i . " B - ' ) . I - ' - i 

- i ^ ••! [h-- e s m i n - . - s " i t . i - - , ] 

NTX.^UT:»':; 

l lu- i.iriiL- r.jr.-. 

:i nui-ifjs. These resul; 

:udi..-d -.he s.wf re^ct ion 





.sra.KAR (if ACT l o s s ' ' c * i ."'B.- . . i -



II. EXPERIMENTAL METHOD 

The experiment was performed with Lhe J. beam delivered 

hy :he Strasbourg K.P. T^ndesi accelerator. The beam entered ar. Ortoc 

scattering chamber through a series of i and 2 ran diara collimators. 
2 The targets consisted of 20 - 50 yg/cc thick, seLf-supporting 

natural rarbon foils. Typical b>eam intensity and integrated charge 

vere respectively 1C - 50 n/i and 10 y 7 per data point. 
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,?t '.̂ i rvn 'HL- dfLf 

,L::<: r-i'.isurtd ancK-s (Fis.I). This .- .rr.-saondt?-. ! t- i rw-i 

jp.T :yre i'.-r °Be 'icte. t :.->n varying -r>u :w,i :.- ;hr.*..- do 

r-.n. sysL'jrr.. The use cf ches>:- ri.'i.-t ar.fii: ] ar ii.-.-i! o-t.-i::.1 



.'.s -OK.'-T, in F ; . ; . - , civi-™ moro i n i . ' r a j t i o n .inc a l lou* b t ' t t i T pv.i-

>L-p.i..it ion. Th^ •-n..r(;y r.-s->'.ui i..n i*--") n tv<ls je iwast I 2A i h a ^ o K 

f.ir c a J i ain^nsLon. Th;i r<.-<;u : r«rtl toi' m.iny u i .mncls co handle 

^iiiulEanoousLy ce Lot- i ^,'nci- .inJ r.mdo-^ s p i c t r a for two B*' dvr*;.- t o r s 

Hnwcve.-, based on the fact tha t tin' tv<j d imens i onal spectrum i = 

s y m e t r i e - i i v i t h ro^n-ct to tht> l i ne E, ] * E (for i d e n t i c a l jiains 

and that over tnt- who Jo energy range cf t h i s s tudy , the ^aximuni 

•••nc-rgy d i f f e r ence hetu»-en t h v cvo j - p a . t i - r U ' s from a Be(p,.s.'< 

decay i s : iearly constant [-2 MeV), the occupied memory sizt ' ran lie 

redured by a c j o r d i n a t . ^han^^ inm Y. , , E__, into ^ • IE ' E. . i , 



. m t-L . h s t - r n i by , : h L : - r-:-%i :b'.v ?r,.,-<- ssi-f- .is ;<>r .x.impl.- vhiTi *h. 

"Si- v-iri ii ÏL-S a r - . - r . i t u ; ir. t h e i r : ' i r s t r x ; : : ^ , s i . j t c ..: ; r- /• :r.. 

.is -iÎKiwr, m F ; ^ . - , c i . ' " aoro i c i i . ' r a j tum .im; allow* bvctt-r piM-

>i-p.i..it: Lor.. Thi- --^..-r^.- r.-s.i ' . iai.m <*--"i n tv<ls j t l e a s t I J8 i h a ^ o K 

f.ir i-aiii nini-nsLon. This r*<;uired tor m.iny ui . inncls to handle 

^irulEanoousLy co itu- i ^-u-i- .inJ r-iiw»"; spi-ctr.i for two B*' dvr*;,- t o r s 

However, based on the fact tha t tin' tv<j dimensional spectrum i = 

syrrsietr icj l with ro^n-ct to tht> Urn- E * E (for i d e n t i c a l ^a ins 

and that QUIT tru- who Jo energy range of t h i s s tudy , the Tiaximuci 

-.•ntrgy d i f f e r ence hetufen thv two j - p a . t i c U ' s from a Be(p,.s. ' . 

decay i s : iearly constant [-2 MeV), the occupied memory s i ze ran be 

redured by a c j o r à i n a t . .iriana* from Ï. , , E._, into ^ = IE * E. . i , 
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.tv\ i.irc>'i l i n *fws 

. th .ih.^-iui,- and rel 

;,-r --Mr. ' . B.-l.-w E 

• it .- = J I . l M c V i f = J 3. HH MfV 

r . v i ^ i l v by ilnr-Mr.i 

ci; ^.-rresp^r.rU C - ,, 

L-T-t- ne. isur^l s i n u l t a ilv in the U( * -i , '"C - ,, , 

• mr- ' " N * ; . h a n r u l s . All th.-

.'.i,,-.- •. rosui-..irt bi-hovi:-r ! T i R . V - . 

ii.. ; , vu l has both .i proton an.! .1 

;] r.-.vly bei-n observed far .1 J* =• -' 

iK.'t". 1) . The a n a l y s i s of the 

L-infi thu ph.-ifi- s h i f t s dfetf.-rrair.od 

bv C a r t e r ' , l eads i s -he r a t i o !' •" =• C . f>6 • 0.02 fur Che j " * h* 

vt> I . If UP <i*=scr>bé •,-, 3 .-rurtv vav the- n - s ^ m r n at V. = 22.10 îfc-Y 
1 

the C + 1, and 3<-li;.s.l + ' B L ' I J I . S . ) chat.nols thrcufch B r e i t -

°Be vidth. Surh a <; 

s t a t e i?Xk-itfd al E, 

v t a s t i t : s c a i t e r i n ç : 
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rhir same nin imun • ~ va 1 ui- u'tri' ••!•>' . iru-d f,>r t-nch sngula r di s t r i b u t i t>n . 

Th- o r i g i n u f t h i s m u l t i p l i c i t y a r U t s from chf fact that t he r e Is 

st l e - s t one anb igu i ty , r. the r o n u l a • ' - . ! ) for !-'-LMAX a n d a l s o 
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The dif fe rent ial • rnss sei C : >n can also be expressed 

Itru.irlv in terms of even Lej;endrt p.il ync.mi a i s . However, as the 

coefficients of this deeoraposi'.ior. have i.; unique interprétatif 

ir. '.c-rms of l.-partiil orJss se'-; icr.s :e:, es: f.-r Che highest !. 

valut), famuli fi.l) w s use.1 i:i .1 n-n-lintar fitting program. 

In Fi'c.f, we snow the t̂ t.il ar-.J partial i-ross sections 

ki.-d'n-cJ froi". tin. angular --iisl, S t i . n ^ cieasurud ir. '.his vi.rW 

:Fi£.n), in t:i<- vrV. ^ Chevjl li.r ; . ' , .md th.- of Martin 

,ir.d Gpht*\" . Several set s ."»;" \ < !. > / . iutt r^r r*? spending tc abput 

the same ninimun •" value utre •-!•>< int-d for t-ach angular distribute, 

Th- origin uf this multiplicity arises from the fact that there Is 

st k_st one anbiguity , r. the r o n u l a •' ̂ . 1 ) for !.'- L^AX a n d also 
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1 = S is important bt-lou K ( = 20 MeV. In t:ie B e t g . s . ) + °3e<R.s . ) 
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] = S is important below K ( = 20 MeV. In t:>e Betg.s.) + °3e<E.s-) 

oxit channel, the observed structures ippear for each L value about 

T MIÏV belov energies cal-.ilated with formula (5-1) and Ro = l.&fm. 

However the agreement becomes quite satisfactory (Fig.8) if we use 
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s:-nig ancul-ir mnnciu 

1 , T U 1 . T s tn l . -* . 

one t-a«rj;y rvSi 

.\ s i a i i l a r s i t u a t i o n vh.'rv ri-s^nanci 1-'- tke s t rue tun-s .ire 

nbserved near the Coulomb b a r r i e r i:. pneountorfd in the stud--- ••: 

r e a c t i o n s l ike ~C * ''i. L>r '~C + l h , \Rvi.\2,. y.i.sL of ;he noue I 

developped to - x p i a i n sur h bt'h.ivi.ir art- basod on t w d;::"tr--n; 

hypo theses . The f i r s t ass units ths forçat i<>n ot "i-par'-trW 

rv lcwules ' . The cond i t i ons " t'.-r the e x u t e r ^ o .•: t i n s , 

nule.-ules arc- a l so f u l f i l l e d f^r the ' : c i -,. *V- (g . s . i ) =Be i •;. s - '• 

r e a c t i o n . Howuver the lack of apparent fn r r c l . i t ions with o ther ox 
\"> 12 M 

channels l i k e "C + ^ , C + X And "C * a . disf avrrV-his hypotti 

in our - a s e . The second p o s s i b i l i t y i s basetf on the c r e a t i o n of 
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VI. OCCLUSION 

In the energy range £ = 1 7 - 3 3 MeV of this study only ont-

narra-.- resonar.ec, o r rt-spond ir.g '..•• r: J = 6 level, is found at 

E •= 22.30 MeV. Belou t = 20 MeV, the ^nistenco of a / • 8* level 

cannot be dvf in L t i vely rul ed out, as it may be possible thdt the 

Limitée amount of angular corsentum in the entrance channel inhibits 
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VI. COS'CLL'SIOS 

[n tht; entrgy rangé E = 1 7 - 3 3 MeV of chis study only onr 

narrov resonance, corresponding to a J = 6 level, is found at 

E •= 22.30 MeV. Below i.^ = 23 MeV, che -xistfrnct- of a -T - 6* U-vel 

cannot be definitively ruled out, as it may be possible thjl the 

Limited amount of angular eoiaer.tuir, ir. the entrance channel inhibits 
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