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QUASI ELASTIC SCATTERING OF 600 MeV PROTONS BY 
ALPHA CLUSTERS IN LIGHT AND MEDIUM NUCLEI 
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G. Landaud, P. Delpierre , J. Y o n n e t , J. Kahane p A. Devaux , R. Senë 

L.P.C- Caen University' , Saturne Department C.E.N. Saclay . 

Knockout of a - clusters from light and medium weight nuclei by 
600 MeV protons has been investigated. The outgoing protons and a - particles 
were detected in coincidence ; cheir momenta were measured with two large 
magnetic spectrometers with proportional wire chambers. Experimental methods used 
to work with a high beam rate and an efficient proton rejection in the a-arm are 

6 7 12 ?4 ?7 described. Separation energy spectra are given for Li, Li, C, Mg, " Al and 
40 

Ca nuclei. A peak is observed at an excited energy equal to zero, except for 27 the Al target. 
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1 - INTRODUCTION 

Recently, alpha c l u s t e r s knocked out of l i g h t nuc l e i by protons» wi th 

energ ies of about 150 MeV, have been inves t i ga t ed . Our (p,p00 experiment was 

performed with a 600 MeV proton beam from the synchrotron Saturne (Sac lay ) . This 

energy i s necessary to d e t e c t f a s t alpha p a r t i c l e s (50-120 MeV range) with a r e a 

sonable cross s ec t ion , the s t rong c t -pa r t i c l e absorp t ion by the nucleus and secon

dary reac t ions ( sequen t i a l decay, s p a l l a t i o n ) a re minimized. 

When the a - p a r t i c l e momentum in the nucleus before knock-out i s about. 

or l e s s than If the k inemat ica l condi t ions of the r e a c t i o n a re c lose to those 
m 

of free p-a s c a t t e r i n g . Two magnetic spec t rometers , with a 25 msr acceptance, were 

used to de tec t (p.pcc) r e a c t i o n s . The law (p,pa) c ross s ec t i on required a 10 p ro 

t o n s / b u r s t beam and the flux of p a r t i c l e s in each spectrometer compels the use of 

propor t iona l wire chambers with low memory t ime. To avoid the la rge background due 

to (p,2p) or (p,pd) r e a c t i o n s , a d r a s t i c s e l e c t i o n on the alpha arm ( I o n i z a t i o n 

and range counters) i s achieved 

High energy (which means p r ec i s e l o c a l i z a t i o n ) , l a rge so l id ang l e s , 

high beam r a t e , e f f i c i e n t proton r e j e c t i o n were d i f f i c u l t c o n s t r a i n t s ; we w i l l 

thus descr ibe the experimental methods with some d e t a i l s in paragraph I I . Data 

ana ly s i s and sepa ra t ion energy spec t r a are discussed in paragraph 111. 

£1 - DESIGN OF THE EXPERIMENT 

A/ KINEMATICS 

The q u a n t i t i e s of i n t e r e s t in a (p,pot) experiment a re the s epa ra t ion 

energy E of the knock-out a - p a r t i c l e and the momentum p_ of the r e c o i l nuc leus . 

The sepa ra t ion energy can be c a l c u l a t e d from the equat ion : 

E s = E o " E l " E 2 " E R ( I > 

where E , E , E„ a re the k i n e t i c energies of the incoming pro ton , the knock-out 

a - p a r t i c l e and the s c a t t e r e d proton r e s p e c t i v e l y . 

2 
The r e c o i l nucleus energy E R can be neglec ted (ER = p R / 2 ï O . E i s 

r e l a t e d to the e x c i t a t i o n E of r e s i d u a l nucleus by E = E - Q, where Q i s tne Q 

value of the r e a c t i o n . The r e c o i l momentum p_ can be computed from the r e l a t i o n : 
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PR = P 0 " Pl " P 2 { 2 ) 

If the impulse approximation is valid, the a ~ particle momentum q in the 
nucleus before the reaction is related to p R by q = - p„. 

To obtain the quantities E and p R , it is sufficient to determine the momen
tum vector of the outgoing particles. The schematic diagram of our experiment 
is shown in Fig. 1. 

B/ EXPERIMENTAL ARRANGEMENT AND 
BACKGROUND LIMITATION 

The 600 MeV proton beam, extracted by a resonance method was focused to 
a spot of about 1 x 1,5 cm at the target position. The duty cycle was about 10.2 
and the energy resolution was estimated as better than 1 MeV. Two double scin
tillation counter telescopes were checking the beam position and intensity, one 
directed towards the target and the second towards a thin aluminium foil on the 
beam line far away from the target. 

The scattered protons were detected after the bending magnet by four tele
scopes. To limit the Y ~ ray background, each of these was defined by a double 
scintillation counter. In these conditions, the ratio of single counting rates 

2 
with and without a 20 mg/cm target was about 2. All the wires of the PC2 
chamber were used as a fast counter and included in the trigger. 
This geometrical configuration selected mainly particles coming from the ta .-get. 
On the a - particle arm, the same background limitation was obtained with the 
wire chamber PC5. Besides, the large difference between the ionization of single 
and double charge particles gave reliable high voltage working conditions where 
the a - particles were detected with a total efficiency and about 80% of the 
protons rejected. 

The a- particles were detected after the bending magnet by three tele
scopes. On each one, a threshold on the thin scintillation counter AE (0.25 m/m 

a 
thickness rejected protons. The ratio between the pulse height of the fastest 
ct - particle and the slowest proton was better than 3. The thick counter E 

a 
(8 m/m thickness) stopped a - particles up to 120 MeV. The third counter SC3 
rejected particles of range greater than that of a 120 MeV a - particle. 
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The t r i g g e r of a ( p , p a ) r e a c t i o n was d e f i n e d by t h e c o i n c i d e n c e b e t w e e n 

t h e p r o t o n a n d a l p h a a r r a s . The t a r g e t f a c e d t h e a l p h a s p e c t r o m e t e r and was 
2 9 

l i m i t e d t o a 20 mg/cm t h i c k n e s s . With an i n c i d e n t beam of 10 p r o t o n s / b u r s t 

on a L i t h i u m t a r g e t , 2 c o i n c i d e n c e s were t y p i c a l l y o b t a i n e d w i t h 10% random 

c o i n c i d e n c e r a t e and t h e e f f i c i e n c y of t he whole a p p a r a t u s w a s e q u a l t o 

0 . 7 ± 0 . J. 

C/ MAGNETIC SPECTROMETERS AND 

WIRE CHAMBERS 

The d i r e c t i o n of e a c h o u t g o i n g p a r t i c l e was d e f i n e d by two w i r e p r o p o r 

t i o n a l c h a m b e r s . I t s momentum was a n a l y s e d u s i n g a b e n d i n g m a g n e t f o l l o w e d 

by a t h i r d c h a m b e r . T h r e e w i r e p l a n e s p e r chamber g a v e a h o r i z o n t a l a c c u r a c y 

ax = 0 . 5 m/m. Two of t h e s e p l a n e s w i t h w i r e s i n c l i n e d a t ±15° g a v e t h e v e r t i 

c a l c o o r d i n a t e w i t h an a c c u r a c y oy - 2m/œ. In o r d e r t o m i n i m i z e m u l t i p l e 

s c a t t e r i n g of p r o t o n s and a - p a r t i c l e a b s o r p t i o n , t h e two s p e c t r o m e t e r s were 

e q u i p p e d w i t h h e l i u m b a g s . 

The m u l t i w i r e p r o p o r t i o n a l c h a m b e r s and t h e i r e l e c t r o n i c s were, d e r i v e d 

m a i n l y from p r o t o t y p e s p r o p o s e d hv Charpak . H o w e v e r , t o a v o i d e n e r g y s p r e a d 

on t h e a. - p a r t i c l e a r m , t h e c h a m b e r s were s t u d i e d and e q u i p p e d w i t h t h i n 

a l u m i n i z e d M y l a r f o i l ( 6 \im t h i c k n e s s ) a s HV p l a n e s . 

To r e d u c e t h e e l e c t r o n i c s r e q u i r e d by t h e l a r g e number of w i r e s ( ^ 4 5 0 0 ) » 

t h e l a r g e s t c h a m b e r s w e r e e n c o d e d by a m a t r i x p r o c e d u r e . 

8 g r o u p s of 8 a d j a c e n t s w i r e s were c o n n e c t e d i n two d i f f e r e n t w a y s . A s e t of 

8 b i t s d e f i n e d t h e w i r e s w i t h t h e same p o s i t i o n w i t h i n t h e g r o u p s and a s e c o n d 

s e t d e f i n e d t h e g r o u p s t h e m s e l v e s . Thus 16 b i t s r e p r e s e n t e d a m a t r i x o f 64 w i r e s 

and t h e number o f e l e c t r o n i c c o m p o n e n t s was d i v i d e d by 4 . 

F i r e d w i r e s , Time of F l i g h t b e t w e e n p r o t o n and a l p h a (TOF) and p u l s e 

h e i g h t s C^E » E ) i n SCI and SC2 c o u n t e r s were r e c o r d e d on m a g n e t i c t a p e . The 

d a t a h a n d l i n g was c h e c k e d on l i n e w i t h a d i s p l a y of t h e AE , E , TOF c o r r e l a t e d 
c r ct 

i n f o r m a t i o n s . 

To o b t a i n s u f f i c i e n t a c c u r a c y in t h e p r o t o n momentum c a l c u l a t i o n , a map of 

t h e m a g n e t i c f i e l d t o 5 Gauss p r e c i s i o n had been made . Us ing t h e t h r e e componen t s 
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of the field , a set of theoretical trajectories was precisely cilculated. 
For data analysis, each experimental momentum was estimated by linear inter
polations between the theoretical set values. The accuracy of the method was 
Ap = 1.2 MeV/c (FWHM) and calculation time on CDC 6600 was about 1.5 ras. On 
the a - particle arm, a rough precision Ap/p = 1% was sufficient and had given 
spread AE = 1.5 MeV. 

Ill - DATA ANALYSIS AND 
EXPERIMENTAL SPECTRA 

We choose the following selection rules for data analysis. 

a) The intersection coordinates of the proton and alpha trajectories must 
lie within the target. This reduces random coincidences and (p,pa) reactions 
where one of the outgoing particles has been scattered by the wires. 

b) On the alpha arm, the correlation of E and AE pulse heights is 
connected to the charge of the particle (figure 2 ) . S ingle-charged particles 
are well rejected. Furthermore, if some of such unwanted particles are considered 
as double charge, the error on their calculated momenta will be larger than 
400 MeV/c. 

3 4 
c) To separate He and He, the calculated momentum p is compared to the 

alpha energy estimated from pulse height measurements in E Q counters, (iigure i). 
A complementary selection is obtained with the Time of Flight (TOF) and the 
momentum. 

Using equations (1) and (2), the separation energy E and the recoil mo
mentum p n is calculated. To estimate the systematic error due mainlv to uncer-

6 2 
tainty in the incident energy (about 5 MeV) , the Li (p,pct) H reaction is 
used to calibrate the separation energy scale absolutly. The peak must correspond 
to the value E =1.5 MeV {figure 4 ) . The experimental width of the peak is 
10 MeV (FWHM) and represents an upper limit of the energy resolution. 

The figures 4 to 9 show the separation energy spectra for Li, Li, C, 
24 27 40 . 24 
Mg. Al and Ca. Till Mg the peak corresponding to quasi free reactions 

letting the residual nucleus in its ground state is well observed and it is 
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enhanced by the s e l e c t i o n of small r e c o i l momenta ( f i g . 4 - 7 ( a ) ) . For Al t h i s peak 

disappears and only i n e l a s t i c a l events corresponding to high e x c i t a t i o n energ ies 

are de t ec t ed . In the case of Ca the peak for E = 0 i s again observable . The 

r e c o i l momenta s e l e c t i o n has not been poss ib le for t h i s two nuc le i because of 

the def ic iency of s t a t i s t i c s . 

3 
The pre l iminary values of the d i f f e r e n t i a l cross sec t ion d a/dQ.dïî^dE for 

the Li and the C are shown on f igure 10. For the ~C the energy r e s o l u t i o n 
g 

i s not s u f f i c i e n t to show evidence of the 2.9 MeV exc i ted s t a t e of Be. However, 

a d i f ference in form between the ground and f i r s t exci ted s t a t e momentum d i s -
3 t r i b u t i o n may be supposed and the d i f f e r e n t i a l cross sec t ion ( f igure 10) show 

a maximum at p R = 0. That seems to i nd i ca t e a low populat ion of the f i r s t 

exci ted s t a t e . 

IV - CONCLUSION 

We conclude that (p,pa)reactions with high energy protons are efficient 

probes for the study of a - clusters structures. 

Results on Li, Li, C and Mg are significant, but for Al and Ca 

mors statistics are needed. 
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FIGURE CAPTIONS 

Figure 1 : Experimental layout 
Figure 2 : Charge dépendance of the c o r r e l a t i o n between t o t a l and p a r t i a l 

losses in energy in p l a s t i c s c i n t i l l a t o r s , 
3 4 

Figure 3 ; He and He separa t ion by the c o r r e l a t i o n between the energy 
l o s t in a thicU s c i n t i l l a t o r and the impulse mesured in the a -
spect rometer . 

Figure 4 : Separat ion energy spec t r a for L i , and 60 % E ^ 80 MeV. 
Figure 5 : Separat ion energy spec t r a for L i , and 60 <^ E ^ 80 MeV 
Figure 6 : Separat ion energy spec t r a for C, and 60 ^ E ^ 80 MeV 
Figure 7 : Separat ion energy spec t r a for Mg,and 50 ^ E ^ 90 MeV 
Figure 8 : Separat ion energy spectrum for Al , and 50 ^ E ^ 90 MeV 
Figure 9 : Separat ion energy spectrum for Ca, and 50 ^ E ^ 90 MeV 
Figure 10 : D i f f e r e n t i a l cross s ec t ions vs r e c o i l momentum for Li \ ^ ) and 
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