
Lawrence Berkeley National Laboratory
Lawrence Berkeley National Laboratory

Title
BACKWARD np SCATTERING WITH A POLARIZED TARGET

Permalink
https://escholarship.org/uc/item/97m6t0v8

Authors
Robrish, Peter R.
Chamberlain, Owen
Field Jr., Richard D.
et al.

Publication Date
1970

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/97m6t0v8
https://escholarship.org/uc/item/97m6t0v8#author
https://escholarship.org
http://www.cdlib.org/


UNIVERSITY of CALIFOR UI 



Peter  R.  Robrish, Owen Chamberlain, Richard D. Field,  Jr., 
Raymond Z. Fuzesy, W. Gorn, Charles C .  Morehouse, Thomas Powell, 

Stephen Rock, Stephen Shannon, Gi lber t  Shapiro, and Howard Weisberg 

University of California,  Lawrence Radiation Laboratory 
Berkeley, Cal i fornia  94720 

and 

Michael J. Longo 

University of Michigan, Ann Arbor, Michigan 48104 

APh'iTRACT 

We have measured t h e  polar izat ion parameter P i n  neutron-proton 

e l a s t i c  s ca t t e r i ng  near  t h e  backward d i rec t ion ,  using a polar ized proton 

t a r g e t .  Measurements covered t h e  range of incident neutron momenta from 

1.0 t o  5.5 Gev/c and of four-momentum t r ans f e r  squared u from -0.003 t o  

2 -0.5 (G~v/c) . Forward going protons were detected by means of a wire- 

spark-chamber spectrometer. Slow neutrons near 90 deg l ab  angle were 

detected i n  coincidence by means of an a r r ay  of p l a s t i c  s c i n t i l l a t i o n  

counters. P was determined f r o m t h e  change i n  counting r a t e  I of sca t te r -  

ed p a r t i c l e s  upon r eve r sa l  of t he  t a r g e t  polar izat ion P according t o  
-'I' 

incident 
1 = I [  + [ P neutron x '2 neutron 

s i n  8 
f i n a l  
neutron 

W e  f i nd  t h a t  P i s  cons i s ten t ly  negative and shows no marked s t ruc tu r e  a s  

a function of u and of incident momentum. Our data  roughly follow the  

simple form 
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Measurements of t he  d i f f e r e n t i a l  cross  sect ion fo r  np sca t te r ing  

near 180 deg, sometimes re fe r red  t o  a s  np charge-exchange sca t te r ing ,  

have shown a very sharp peak near u = 0.l There have been many attempts 

t o  expla in  t h e  behavior of t h e  cross sect ion using Regge models, but only 

those models employing conspiring t r a j e c t o r i e s 2  or absorptive corrections 3 

seem t o  have had some measure of success. There has a l so  been some success 

4 
using modified one-pion-exchange models. We there fore  decided t o  measure 

t h e  po la r iza t ion  i n  order t o  provide new information about t h i s  react ion 

and t o  help t o  d i s t ingu ish  between t he  various t heo re t i c a l  models. 

We measured t he  polar izat ion parameter by d i rec t ing  a neutron 

beam having a broad spectrum of momenta from 1 t o  5.5 G ~ V / C  a t  a polarized 

t a r g e t .  Using a magnetic spectrometer, we determined t h e  d i rec t ion  and 

mamentum of protons emerging near t h e  forward di rect ion.  An a r r ay  of 

neutron counters was used t o  measure t h e  d i r ec t i on  of t h e  outgoing neutron 

and, somewhat crudely, i t s  veloci ty .  By using both t he  ve loc i ty  of t he  

neutron and t h e  angular cor re la t ion  between t h e  d i rec t ions  of t h e  out- 

going neutron and proton, we were ab l e  t o  determine whether a given 

event was e l a s t i c  sca t te r ing .  We used t h e  measured momentum 

of t h e  outgoing proton along with i t s  d i rec t ion  t o  calcula te  t h e  momentum 

of t h e  incident  neutron. 

The experiment was performed a t  t h e  Bevatron i n  a neutron beam 

produced a t  0 deg from a 7.5-cm-long Cu t a r g e t  located i n  t he  ex te rna l  

proton beam. The defining aper ture  of t h e  coll imator was 1.6 cm i n  dia-  

meter a t  4.6 m from t h e  production t a r g e t ,  and gave a beam spot of about 

3 cm diam a t  our t a rge t ,  which was 8.5 m from the  production t a r g e t .  
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Four and one-half rad ia t ion  lengths of Pb e r e  put i n  the  beam l i n e  1 m 

down-stream of t h e  production t a r g e t  t o  convert y-rays. Sweeping magnets 

before and a f t e r  t h e  coll imator removed charged pa r t i c l e s  from the  beam. 

6 
The neutron i n t e n s i t y  a t  our t a rge t  was about 3 X 10 neutrons per 10 11 

incident  protons. 

The polar ized t a rge t  consisted of about 6 g/cm2 of 

I . ~ M ~ ~ ( N O ~ ) ~ ~ ~ ~ H ~ O  i n  which the  f r e e  protons i n  t h e  water of hydration 

(3% by weight) were polarized by dynamic nuclear or ienta t ion.  The average 

po la r iza t ion  during t h e  experiment was 50%. The s ign of t he  polar izat ion 

was reversed about every 90 minutes. The NMR s igna l  used t o  obtain the  

polar izat ion of t h e  t a r g e t  was measured a f t e r  every Bevatron pulse. 

Figure 1 i s  a diagram of t h e  apparatus used t o  detect  the  f i na l -  

s t a t e  p a r t i c l e s .  Outgoing protons were detected i n  a magnetic spectro- 

meter consis t ing of t h r ee  counters P1, P2, P3, and six wire spark cham- 

bers ,  SC1 - S C ~ ,  with magnetostrictive readout, t h r ee  before and three  

a f t e r  t he  spectrometer magnet. This spectrometer was used t o  measure 

t h e  momentum, and d i r ec t i on  of each proton. 

The data  from both t h e  wire chambers and t he  e lect ronics  associated 

with t he  neutron counters described below were read i n t o  a PDP-5 computer 

and t rans fe r red  t o  magnetic t ape  between Bevatron pulses.  The computer 

a l s o  recorded t h e  polar ized t a rge t  information and provided displays 

which allowed us t o  monitor the  operation of t h e  experiment. 

The neutrons were detected i n  an a r r ay  of 30 p l a s t i c  s c i n t i l l a t i o n  

counters each 2.5 cm X 15 cm x 96 cm, where t h e  long a x i s  of each counter 

was perpendicular t o  t h e  plane of Fig. 1. By measuring t he  time of 

f l i g h t  d i f ference of t h e  s c i n t i l l a t i o n  l i g h t  t o  two photomultiplier 



tubes,  one located a t  each end of t h e  counter, we determined t he  locat ion 

of t h e  detected neutron vertex along t h e  long ax i s  of each counter t o  

about -+ 4cm. We staggered t h e  counters i n  t h r ee  rows a s  shown i n  Fig. 1 

i n  order t o  minimize t h e  e f f e c t  of t he  "cross talk" caused by t h e  sca t te r -  

i ng  of r e c o i l  p a r t i c l e s  i n t o  adjacent  counters. We iden t i f i ed  t he  neutron 

i n t e r ac t i on  ver tex with t h e  row c loses t  t o  t h e  t a rge t  i n  which a count 

r eg i s t e r ed  and demanded t h a t  only one counter i n  t h a t  row have f i r e d  

(-, 7$ of t he  events were l o s t  because of t he  requirement). The e lect ronic  

c i r c u i t r y  was arranged so  that, t h e  time dif ference information which was 

recorded always came from t h i s  f i r s t  norblank row alone; timing informa- 

t i o n  from other rows was l o s t .  For each event we a l s o  measured t he  time 
- - - -- . - - - - 
difference between counter P1 and a photomultiplier at  one end, i n  order 

t o  g e t  t ime-of-fl ight  information on t he  f i na l - s t a t e  neutron. 

Using t h e  measured proton momentum and angles and assuming t h a t  

t h e  event was e l a s t i c  sca t te r ing  from a f r e e  proton, we calcula ted t h e  

incident  momentum and t h e  four-momentum t r ans f e r  squared. We then made 

cu t s  on t h e  di f ference between t h e  measured outgoing neutron sca t te r ing  

angle,  azimuthal angle, and time of f l i g h t ,  and t he  values calculated 

from the  proton information. These cuts  e f fec t ive ly  suppressed i n e l a s t i c  

events, and a l s o  the  background from t h e  quasi -e las t ic  sca t te r ing  from 

t h e  bound protons i n  the  heavy nucle i  of t h e  t a r g e t .  Typically we 

obtained a r a t i o  of e l a s t i c  peak t o  background of about 6:1. We deter-  

mined t h e  shape of t he  remaining backgrcund i n  two ways. F i r s t  we made 

use of events i n  which t h e  measured neutron azimuthal angle f a i l e d  t o  

s a t i s f y  t h e  coplanari ty condition; and second, we ran with a dummy t a r g e t  
\ 

s imi l a r  i n  nuclear composition t o  t h e  polarized t a rge t ,  but  containing no 
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hydrogenous mater ia l .  After porper normalization, t h e  background obtained 

was subtracted from t h e  coplanar events t o  get  t h e  number of events coming 

from f r e e  protons; t he  r e s u l t s  using both types of background subtraction 

a r e  q u i t e  consis tent .  

The e r r o r  i n  our r e s u l t s  due t o  uncertainty i n  the  background 

sub t rac t ion  i s  neg l i g ib l e  compared with t h e  e r ro r  from counting s t a t i s t i c s .  

Checks of t he  i n t e r n a l  consistency of t h e  data  ind ica te  t h a t  systematic 

e r ro r s ,  such as i n s t a b i l i t i e s  of t h e  monitors and detectors ,  a r e  a l s o  

negl igible .  The only s ign i f ican t  e r r o r  i n  our data ,  other than t h a t  

from counting s t a t i s t i c s ,  i s  thought t o  be given by an overa l l  normali- 

za t ion  f a c t o r  of (1.00 * 0.03) corresponding t o  our estimate of t h e  

uncer ta inty  i n  t h e  measurement of t h e  t a r g e t  polar izat ion.  

The r e s u l t s  of our preliminary analysis ,  which includes about 

2,000,000 event candidates of which about 60,000 were e l a s t i c  events, 

a r e  shown i n  Fig. 2. The s o l i d  l i n e s  represent t h e  purely empirical 

funct ion P = - 0 . 5 m / m  and a r e  presented t o  show t h s t  t h i s  function 
P , 

represents  our data  f a i r l y  well .  O u r  s ign  convention f o r  P corresponds 

t o  def ining t h e  normal t o  t h e  s ca t t e r i ng  plane as t h e  vector product 

of t h e  incident  and sca t te red  neutron momenta. The features  of t he  

da ta  which a r e  probably most important a r e :  

( a )  The po la r iza t ion  i s  s i gn i f i c an t l y  d i f f e r en t  from zero a t  most 

points .  

(b) The s ign of t h e  po la r iza t ion  i s  cons i s ten t ly  negative. I n  par t icu-  

lar, t he r e  i s  no indicat ion t h a t  t h e  polar izat ion passes through 
/ 

r 
- - 

zero i n  t h e  range studicd.  



( c )  A t  a given value of u, t h e  polar izat ion does not seem t o  vary much 

with energy. 5 

6 
We note that, according t o  conventional Regge-pole analysis ,  t he  

pion t r a j ec to ry ,  which i s  supposed t o  play an important par t  i n  deter-  

mining t h e  cross sec t ion  f o r  t h e  np charge-exchange react ion,  cannot 

contr ibute  t o  P d o / d ~ . ~  Of t h e  other t r a j e c t o r i e s  which can contribute 

t o  t h e  po la r iza t ion  f o r  t h i s  reaction,  t h e  leading ones a r e  t he  p and A 
2 ' 

I f  only these  two t r a j e c t o r i e s  contribute t o  t he  polar izat ion,  and i f  

they a r e  exchange-degenerate i n  t he  most r e s t r i c t e d  sense ( i . e . ,  that 

both t h e i r  t r a j e c t o r i e s  coincide and t h e i r  residue functions a r e  equal) ,  

t he r e  should be no po la r iza t ion  since t he  amplitudes would then be r e l a -  

t i v e l y  r ea l .  For -u < 0.3, our data  seem t o  agree with a prediction by 

8 
Arnold and Logan who used a weaker form of exchange degeneracy. Their 

model, however, p r ed i c t s  that P(-u) w i l l  pass through zero a t  about 

-u = 0.3. We see no s ign of t h i s  zero-crossing. 

We thank Dr .  Herbert Ste iner  f o r  h i s  help i n  t h e  design of t he  

experiment, and G a r y  LeBonte and Stephen Wilson f o r  t h e i r  help with 

t h e  t e s t i n g  of t he  spark chambers. Final ly  we a r e  g r a t e fu l  t o  t h e  

Bevatron operating crew f o r  t h e i r  excellent  support. 
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F I G r n  CAPTIONS 

Fig .  1. Side view of t h e  experimental arragement. M2 i s  t h e  polarized 

t a r g e t  magnet. The neutron beam entered through a  hole  i n  t h e  

r e t u r n  yoke of t h i s  magnet. M 3  i s  t h e  analyzing magnet i n  t h e  

proton spectrometer. 

Fig. 2 .  Measured values of t h e  po la r i za t ion  P i n  backward np s c a t t e r i n g  

f o r  t h e  indicated  values of inc ident  neutron labora tory  momentum 

Errors  due t o  counting s t a t i s t i c s  only a r e  shown. There i s  an 
C 

a d d i t i o n a l  o v e r a l l  mul t ip l i ca t ive  f a c t o r  of (1.00 * 0.05) due 

t o  uncer ta in ty  i n  t h e  average t a r g e t  po la r i za t ion .  
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