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ABSTRACT 

28, 
Deuteron breakup on ~ Si has been s t u d i e d a t 17.85 MeV using both 

s i n g l e s and p-n coincidence t e c h n i q u e s . Angular c o r r e l a t i o n data were 

obt a i n e d between 144 and -144 f o r protons and between 120 and -120 f o r 

neu t r o n s . These r e s u l t s a l l o w the s e p a r a t i o n of the breakup r e a c t i o n i n t o 

e l a s t i c , i n e l a s t i c , and a b s o r p t i v e p a r t s , and the d e t e r m i n a t i o n o f the 

c o n t r i b u t i o n of each p a r t t o the r e a c t i o n c r o s s - s e c t i o n . 

- 621 -



The f i r s t d iscovered and most f r e q u e n t l y s t u d i e d p r o j e c t i l e breakup 

1) 2) 
process i s t h a t o f the de u t e r o n . At energies o f 190 and 56 MeV the 

f e a t u r e s of the breakup process are s i m i l a r t o those observed i n the breakup 
3 3-5) 

o f He . The most common technique used t o study deuteron breakup has 

been the measurement of the i n c l u s i v e (d,p) r e a c t i o n s p e c t r a . K l e i n f e l l e r 

e t a l have r e c e n t l y measured t h i s r e a c t i o n a t low e n e r g i e s . So f a r o n l y a 

few angular c o r r e l a t i o n s t u d i e s o f the (d,pn) r e a c t i o n have been made. 
28 

In t h i s paper we present measurements o f the 17.85 MeV Si ( d , p n ) 

r e a c t i o n c a r r i e d out a t the AVF c y c l o t r o n a t the U n i v e r s i t y of Colorado. At 

o n l y 9 MeV per n u c l e o n , t h i s r e a c t i o n i s near the low-energy l i m i t f o r the 

a p p l i c a t i o n o f d i r e c t r e a c t i o n , and t h e r e f o r e of d i r e c t breakup, models. 

The measurements should t h e r e f o r e p r o v i d e a s t r o n g t e s t of such models. The 

Si t a r g e t was chosen because i t s ground and f i r s t - e x c i t e d s t a t e s are e a s i l y 

separated even w i t h s h o r t p a t h l e n g t h time o f f l i g h t measurements, and 

because the long-range Coulomb breakup mechanism i s not expected t o be 

dominant i n such a l i g h t n u cleus. 

F i g . 1 shows the i n c l u s i v e p r o t o n spectrum a t 1 0 ° . This spectrum 

e x h i b i t s a continuum s t r u c t u r e as w e l l as d i s c r e t e s t a t e s up to an 

e x c i t a t i o n o f 15 MeV. The continuum s t r u c t u r e may be d i v i d e d i n t o a bump 

v i s i b l e a t f o r w a r d angles and a t a i l t h a t i s v i s i b l e even at 1 4 4 ° . I t i s 

c l e a r from t h i s s i n g l e s spectrum t h a t high r e s o l u t i o n i n the proton d e t e c t o r 

i s needed i n order to d i s t i n g u i s h between the d i s c r e t e s t a t e s and the 

continuum p a r t of the spectrum. 

F i g . 2 shows the t o t a l k i n e t i c energy (TKE) spectra at 8 =-12.5°and 
n 

8 = + / - 1 2 . 5° t o g e t h e r w i t h p r o j e c t e d p roton spectra i n coincidence w i t h both 
P 

neutrons and c e r t a i n gates i n the r e l e v a n t TKE spectrum. I t f o l l o w s from 

the TKE s p e c t r a t h a t the dominant r e a c t i o n s a t forw a r d angles are e l a s t i c 

and i n e l a s t i c breakup. The p r o j e c t e d p r o t o n s p e c t r a c l e a r l y i n d i c a t e the 

l a r g e c o n t r i b u t i o n s to the TKE spectra o f e i t h e r (d,n) t r a n s i t i o n s t o pr o t o n 

unbound s t a t e s or (d,p) t r a n s i t i o n s t o neutron unbound s t a t e s . I n s u f f i c i e n t 

p r o t o n energy r e s o l u t i o n may e a s i l y r e s u l t i n an ov e r e s t i m a t e of the cross-

s e c t i o n o f the p r o j e c t i l e breakup process by a f a c t o r o f two. 

F i g . 3 shows the angular c o r r e l a t i o n f o r the e l a s t i c breakup process 

w i t h 0 f i x e d a t - 1 2 . 5° and 8 v a r i a b l e . S i m i l a r angular c o r r e l a t i o n s have 
" P + 2 8 

been obtained f o r i n e l a s t i c breakup t o the 1.78 MeV 2 s t a t e o f S i . 
C o r r e l a t i o n s were a l s o measured w i t h the proton d e t e c t o r f i x e d at - 1 2 . 5° and 
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the neutron d e t e c t o r v a r i a b l e . A l l of the d i r e c t breakup c o r r e l a t i o n s are 

s i m i l a r i n shape; they show a peak f o r d e t e c t o r s on o p p o s i t e sides of the 

beam. I he c o r r e l a t i o n s w i t h 8 f i x e d show a second maximum at 6 =50 c 

n p 
maximum i s absent i n the f i x e d - p r o t o n c o r r e l a t i o n s . This s i t u a t i o n 

This 

i s 

s i m i l a r to t h a t of the p-d c o r r e l a t i o n s measured i n the 52 MeV breakup o f 
3 28 
He on S i . In t h i s case i t was found t h a t the c o r r e l a t i o n w i t h 0 f i x e d 

d 
showed a secondary maximum at 6 = 4 5 ° , w h i l e the c o r r e l a t i o n w i t h 0 f i x e d 

4,5) P 3 P 
showed no secod maximum . For He breakup the angular c o r r e l a t i o n s could 

be reproduced by c a l c u l a t i o n s using the q u a s i - f r e e breakup model (QFBM) w i t h 
4) 

the proton a s p e c t a t o r . Such c a l c u l a t i o n s are p r e s e n t l y being used t o 

determine which p a r t i c l e i s the dominant s p e c t a t o r i n the breakup o f the 

deuteron. 

A c o r r e l a t i o n was a l s o o b t a i n e d w i t h the neutron counter f i x e d and 

28 

gates set on the r e g i o n o f the TKE spectrum above the 1.78 MeV s t a t e i n Si 

e x c i t a t i o n . This c o r r e l a t i o n has a s i n g l e maximum a t about 1 2 ° , and a FWHM 

of about 50 c. 

I n t e g r a t i n g the angular c o r r e l a t i o n s over the angular range a l l o w s a 

comparison w i t h the i n c l u s i v e breakup c r o s s - s e c t i o n a t 1 2 . 5 ° . The 
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F i g . 2: TKE and p r o j e c t e d proton s p e c t r a . 

p r e l i m i n a r y r e s u l t s are l i s t e d i n t a b l e 1. From t a b l e 1 i t may be concluded 

t h a t the e l a s t i c and i n e l a s t i c breakup t o g e t h e r c o n t r i b u t e about 20% o f the 

c r o s s - s e c t i o n , w i t h the r e s t being a b s o r p t i v e breakup. 

This work was fi n a n c e d i n p a r t by USDOE, NATO, FOM and ZWO. 
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F i g . 3: Proton angular c o r r e l a t i o n . 

Table 1 

Comparison o f proton and neutron breakup bump c r o s s - s e c t i o n s a t 1 2 . 5° 

to g e t h e r w i t h cross s e c t i o n s o b t a i n e d from the angular c o r r e l a t i o n 

measurements. 

6 = - 1 2 . 5 ° : 
n 

E l a s t i c : 14+/-3 

I n e l a s t i c : 11+/-3 

A b s o r p t i v e : 85+/-10 

T o t a l : 110+/-16 

Sin g l e s neutron continuum bump: 100+/-50 

• 1 2 . 5 ° : 

E l a s t i c : 17+/-4 

I n e l a s t i c : 9+/-4 

A b s o r p t i v e : (unmeasured) 

T o t a l : 26+/-6 

S i n g l e s proton continuum bump: 148+/-20 
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