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The forward angle  c ross  s e c t i o n  f o r  deuteron 

pho tod i s in t eg ra t ion ,  d(y,p)n,  measured f o r  E between Y 

20 and 120 Mevl has been found a t  var iance  wi th  

s tandard t h e o r e t i c a l  p r e d i c t i o n s 2  us ing var ious  NN 

p o t e n t i a l s .  At the  lower energy, t he  experimental  

f i n d i n g  has been confirmed us ing the  time-reversed 

r e a c t i o n  p(n,d)y wi th  En=72 MevS3 

I n  t h i s  experiment we a r e  i n v e s t i g a t i n g  the  

forward angle  c ross  s e c t i o n  f o r  r a d i a t i v e  cap tu re  

p(n,d)y a t  E,=190 MeV. This  is equivalent  t o  Ey=95 M e V  

i n  the  inve r se  r eac t ion .  Since the  experimental  s t a t u s  

r e p o r t  i n  the  1981 IUCF Annual Report, s eve ra l  

important improvements have been made, a d d i t i o n a l  

hardware and e l e c t r o n i c s  changes have been t e s t e d ,  and 

i n  December 1982 the  experiment reached the  production 

s t age .  I n  January of 1983 a long d a t a  run was 

completed. F i r s t  r e s u l t s  a r e  expected by mid-1983. 

The f i n a l  experimental  s e t - u p  is shown i n  Fig. 1 

and discussed below. The primary proton beam, Ep=190 

MeV, s t r i k e s  a 2g/cm2 n a t u r a l  l i t h i u m  t a r g e t  (2) which 

se rves  a s  the  neutron source.  The l i t h i u m  t a r g e t  is  

immediately followed by a heavy copper co l l ima te r  (not 

shown) which se rves  t o  s t o p  s c a t t e r e d  protons.  The 

primary proton beam i s  then d e f l e c t e d  i n t o  a sh ie lded  

beam dump (4) by pass ing through the  gap of a l a r g e  

magnet (3). This  magnet is the  f i n a l  magnet of t he  

IUCF beam swinger assembly which is normally used f o r  

(p,n) s tud ie s .  Because of t he  high energy and 

nonstandard path  of t he  primary proton beam, shims a r e  

required i n  the  magnet gap t o  produce the  necessary  

f i e l d  f o r  d e f l e c t i n g  the  p a r t i c l e s .  

The neutron beam emerges from the  l i t h i u m  t a r g e t  

(2 ) ,  passes  through a c o l l i m a t e r  ( 5 ) ,  and s t r i k e s  the  

l i q u i d  hydrogen t a r g e t  (6). The l a t t e r  is an 11 cm 

Figure  1. Experimental l ayou t  t o  measure p(n,d)y a t  angles  near  0'. A d e t a i l e d  d e s c r i p t i o n  is  provided i n  the  
t e x t .  
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diameter by 6.4 cm t h i ck  s t a i n l e s s  s t e e l  cy l inde r  

capped a t  both ends by 0.025 mm t h i ck  s t a i n l e s s  s t e e l  

windows through which the  neutron beam and r e c o i l  

p a r t i c l e s  pass. This c e l l  holds 0.6 l i t e r s  of l i q u i d  

hydrogen (0.45 g/cm2) and res ides  i n  a vacuum vesse l  

which a l s o  has 0.025 mm t h i ck  s t a i n l e s s  s t e e l  windows 

f o r  the  passage of the  neutron beam and p a r t i c l e s .  

The incoming neutron path t o  the  t a r g e t  is  

obst ructed by a 7 cm thickness  of lead which serves  t o  

s t o p  charged p a r t i c l e s  which may a l s o  be incoming. A 

t h i n  s c i n t i l l a t o r  (SO) serves  t o  de tec t  those charged 

p a r t i c l e s  t h a t  do impinge on the  t a r g e t  from upstream. 

Outgoing protons and deuterons a r e  tagged by a s e t  of 

t h i n  s c i n t i l l a t o r s  (Sl,SZ,S3), t h e i r  energies  measured 

i n  a th i ck  (7.6 cm) s c i n t i l l a t o r  (E) ,  and t h e i r  

d i r e c t i o n s  determined by use of a s c i n t i l l a t o r  

hodoscope (H) which has an a rea  r e so lu t ion  of 15x25 two 

cent imeter  square c e l l s .  S c i n t i l l a t o r  S1 i s  segmented 

i n t o  4 two cent imeter  square c e l l s  f o r  add i t iona l  

accuracy i n  determining the  d i r e c t i o n  of the  p a r t i c l e s .  

Two small  multiwire chambers (Wl,W2) a r e  i n s e r t e d  

between SO and the  t a r g e t  and between the  t a r g e t  and S1 

t o  r e j e c t  deuterons produced by (n,d) r eac t ions  i n  

these  s c i n t i l l a t o r s .  Two l a r g e  volume lead-glass 

de tec to r s  (Cl,C2) a r e  used t o  d e t e c t  the  gamma rays  

from some of the  (n,d)y react ions .  Using these  

d e t e c t o r s  we obtain  an almost background-free sample of 

p(n,d)y deuterons. These events  a r e  r e s t r i c t e d  i n  

space a t  the  hodoscope and form an invaluable  reference 

sample f o r  l a t e r  o f f - l ine  ana lys i s  of the  co l l ec ted  

data.  

The t r i g g e r  t o  t h e  computer f o r  an event is 

provided bp an SOb s 1 ~ 2 .  S ~ * E  coincidence. For each 

event  the  energy s i g n a l s  from all  de tec to r s ,  

coincidence b i t s  from the  elements of the  hodoscope and 

S1, and the  time of the  s i g n a l s  i n  each of the  

de tec to r s  and the  cyclotron RF s i g n a l  r e l a t i v e  t o  t h a t  

from S1 a r e  recorded by the  computer and s to red  i n  

event mode on tape. 

The r e l a t i v e  t iming of RF-S1 allows us t o  

d i sc r imina te  aga ins t  low energy neutrons produced i n  

the  l i th ium ta rge t .  The time-of-flight,  S1-E, together  

wi th  the  energy deposi ted i n  E, allows us t o  c l ean ly  

d i s t i n g u i s h  protons from deuterons. An i n t e g r a t o r  

t r igge red  pu l se r  event g ives  us a measure of the  system 

deadtime and the  acc iden ta l  responses of t h e  de tec to r s .  

The absolute  normalization of the  c ross  sec t ion  t o  

be measured depends on the  neutron f l u x  ac ross  the  

s e n s i t i v e  a r e a  of t h e  t a r g e t  volume and t h e  th ickness  

and dens i ty  (bo i l ing )  of the  t a rge t .  Because the  

u n c e r t a i n t i e s  i n  the  above a r e  common t o  both ~ ( n , d ) ~  

and p(n,p)n which we measure simultaneously, we w i l l  

determine our r e s u l t s  r e l a t i v e  t o  the  known p(n,p)n 

e l a s t i c  s c a t t e r i n g  cross  sect ion.  To conserve event 

tapes  we only sample the  high energy proton events  f o r  

about 5% of the  time throughout the  course of the  

experiment. 

The maximum allowed beam cur ren t  is determined by 

t h e  performance of the  wire chambers and o the r  

de tec to r s  and is  normally chosen t o  be 40-50 na. Under 

the  above condi t ions  about 600 deuterons from p(n,d)y 

a r e  detected each hour i n  the  above apparatus (Fig. 1). 

To achieve a s t a t i s t i c a l l y  s i g n i f i c a n t  measurement of 

j u s t  the  zero degree c ross  s e c t i o n  of p(n,d)y, about 

80-100 hours of beam on t a r g e t  a r e  required. We expect 

t h a t  the  run of January 1983 combined with the  s h o r t e r  

run i n  December of 1982 should supply the  necessary 

data.  

1) R. J. Hughes, A. Ziegler ,  H. Waffler and B. Ziegler ,  
Nucl. Phys. A267, 329 (1976). 



2) H. Arenhovel and W. Fabian, Nucl. Phys. A282, 397 3) J.F. Gilot ,  A. Bol, P. Leleux, P. Lipnik, and 
(1977); M. Gari and B. Sommer, Phys. Rev. Le t t -  41, P. Macq, Phys. Rev. Lett.  47, 304 (1981). 
22 (1978); M.L. Rustgi, Phys. Lett .  z, 145 
( 1977). 

PROTON RADIATIVE CAPTURE BY DEUTERIUM AT MEDIUM ENEKGIES 

M.A. Pickar, H.J. Karwowski, M. Hugi, J.R. Hall,  J. Brown, R.E. Pollock, M. Fatyga, V.R. Cupps, and A.D. Bacher 
Indiana University Cyclotron F a c i l i t y ,  Bloomington, Indiana 47405 

In  an attempt t o  l ea rn  more about react ion 

mechanisms fo r  (p,y) a t  medium energies ,  we have 

designed and executed an experiment inves t iga t ing  

* ~ ( ~ , y ) ~ ~ e  i n  the proton energy range of 100-200 MeV. 

Eight point angular d i s t r i b u t i o n s ,  a t  angles ranging 

from 17" t o  150° i n  the l ab ,  have been obtained f o r  the 

d i f f e r e n t i a l  cross  sec t ion  and analyzing power a t  

energies  of 100, 150, and 200 MeV. 

In  order t o  obtain good event d e f i n i t i o n  and 

reduce background, the emitted 3 ~ e  and y were detected 

i n  coincidence. The r e c o i l  p a r t i c l e s  were detected 

using a p l a s t i c  s c i n t i l l a t o r  range telescope. The high 

energy photons were detected using lead g lass  Cerenkov 

de tec to rs  whose s o l i d  angles were defined with lead 

collimators.  In  order t o  obtain high eff ic iency,  

simultaneous measurements were made a t  e igh t  angles 

ranging from By=17" t o  150" i n  the lab. This was done 

by using an array of e igh t  independent photon de tec to rs  

and a p l a s t i c  s c i n t i l l a t o r  range telescope covering an 

extended angular range (2.5"-16"). The range telescope 

was segmented t o  reduce the r a t e  i n  each of i ts  

elements and a l s o  t o  provide a measure of the angle a t  

which the detected p a r t i c l e  was emitted. 

Production runs were made using CD2 ta rge t s .  The 

deuterium and carbon content of the t a r g e t s  was 

monitored continuously using a p l a s t i c  s c i n t i l l a t o r  - 
NaI telescope. Background checks were made repeatedly 

using CH2 ta rge t s .  We general ly  found the background 

everywhere t o  be l e s s  than 5%. 

The high e f f i c iency  and e f fec t iveness  of the 

apparatus has yielded data  of high s t a t i s t i c a l  qual i ty .  

Although the data  analysis  is s t i l l  i n  i ts  preliminary 

s tages ,  we should be ab le  t o  e x t r a c t  analyzing powers 

with uncer ta in t i es  of k0.02, or  l e s s ,  a t  a l l  energies  

and angles. We should be able  t o  e x t r a c t  d i f f e r e n t i a l  

cross  sec t ions  with absolute uncer ta in t i es  l e s s  than 

15%. The experiment has made i t  c l e a r  t h a t  with only a 

few minor modifications t o  the apparatus and with a 

l i t t l e  more time spent inves t iga t ing  systematic 

e f f e c t s ,  we should be able  t o  make absolute  

measurements of the cross  sec t ion  t o  b e t t e r  than -5%. 

The small r e l a t i v e  uncer ta in t i es  i n  the extracted 

analyzing powers and cross sec t ions  w i l l  permit a more 

s i g n i f i c a n t  study of the energy dependence of these 

quan t i t i e s .  We hope t h a t  the exis tence of these 

measurements w i l l  eventual ly  lead t o  an increase i n  our 

understanding of mechanisms f o r  r a d i a t i v e  capture a t  

intermediate energies. 


