
Lawrence Berkeley National Laboratory
Lawrence Berkeley National Laboratory

Title
POLARIZATION IN PION-PROTON SCATTERING FROM 670-3750 MeV/c

Permalink
https://escholarship.org/uc/item/1tg4h002

Authors
Chamberlain, Owen
Hansroul, Michel J.
Johnson, Claiborne H.
et al.

Publication Date
2008-06-20

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

https://escholarship.org/uc/item/1tg4h002
https://escholarship.org/uc/item/1tg4h002#author
https://escholarship.org
http://www.cdlib.org/




Submitted to  Phys i ca l  Review L e t t e r s  UCRL-17186 
P r e p r i n t  

UNIVERSITY O F  CALIFORNIA 

Lawrence  Radiat ion Labo ra to ry  
Berkeley,  Cal i fornia  

AEC Cont rac t  No. W-7405-eng-48 

POLARIZATION IN PION -PROTON SCATTERING 
FROM 670-3750 M ~ V / C  

Owen Chamber la in ,  Michel J .  Hansroul ,  Cla iborne H. Johnson,  
Pau l  D. Grann is ,  Leland E. Holloway, Luc Valentin, P e t e r  R. Robrish,  

and H e r b e r t  M. Ste iner  

October  1966 



-& 
POLARIZATION I N  PION-PROTON SCATTERIRG FROM 670-3750 M ~ V / C  

+ 
Owen Chamberlain, Michel J. Hansroul, Claiborne H. Johnson, Paul D. Grannis , 

++ ** 
Leland E. Holloway , Luc Valentin , Peter  R.,Robrish, and Herbert M. S te ine r  

Lawrence Radiat ion Laboratory, Universi ty of Cal i fornia ,  Berkeley, Cal i fornia  

Using a polar ized proton t a r g e t ,  we have measured the  po la r i za t ion  

parameter ~ ( 6 )  i n  pion-proton s c a t t e r i n g  f o r  both pos i t ive  and negative 

pions. aecause t h e r e  seems t o  be a g r e a t  d e a l  of current  i n t e r e s t  i n  t h e  

analysis of pion-proton s c a t t e r i n g  wc wish t o  present  these experimental 

r e s u l t s  a t  t h i s  time even though we have not ye t  completed t h e i r  a n a l y s i s .  

The measurement consis ted  of scattering pions from polarized t a r g e t  

protons and observing the.asymmetry i n  sca t t e red  i n t e n s i t y ,  1(8) , a s  

t h e  t a r g e t  protons '  sp in  d i rec t ions  were reversed. The i n t e n s i t y  f o r  

s c a t t e r i n g  from a t a r g e t  of po la r i za t ion  PT i s  

where t h e  parameter ~ ( 8 )  i s  t h e  same as t h e  r e c o i l  proton po la r i za t ion  

i n  s c a t t e r i n g  pions from unpolarized protons under t h e  assumption t h a t  

p a r i t y  i s  conserved i n  t h e  process. 
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The pion beam was momentum analyzed t o  w i t h i n  51% by a counter  hodo- 

+ 
scope, and, i n  t h e  case o f  , s e p a r s t i o n  of pro tons  was achieved by 

t ime-o f - f l i gh t  requirements  and a gas Ccrcnkov t h r e s h o l d  counter .  The 

beam w a s  focussed on t h e  one-inch-square t a r g e t  and t h e  en t rance  ang le s  

i n  bo th  p lanes  were measured by colmter hodoscopes i n  t h e  beam. Detec- 

t i o n  of f i n a l - s t a t e  p a r t i c l e s  w a s  mede wfth a pair of crossed-counter  

hodoscopes--one above and  one below t h e  emergent beam. Acceptable events  

w?re r equ i r ed  t o  show coincidcncc nixor,;; ~~lcrner i t s  o f  t h e  momen1,um-, beam-, 

and f i n a l - s t a t e  hodoscopes, as we l l  as -vi-th a smal l  counter  j u s t  below 

t h e  po la r i zed  t a r g e t  c r y s t a l s .  I n  t h e  case  of k inemat ica l  ambiguity 

i- 
between f and p i n  t h e  f i n a l  :;taLr, d i s t . i n c t i o n  was made wi th  a 

l i q u i d  Cerenkov counter  beneath t h e  1 0 w ~ z - r  hodoscope. 

The p o l a r i z e d  t a r g e t 1  cons i s i cd  O? 7 &/ern2 of L ~ $ ~ ( N o  ) -24  H20 
3 12 

i n  which t h e  pro tons  of t h e  water; of 1;ydration (3% by weight)  could be 

2 
p o l a r i z e d  by dynamic nuc lea r  o r i e n t a t i o n .  The average p o l a r i z a t i o n  

du r ing  t h e  experiment was 50% and was reversed  i n  s i g n  about once every  

two hours .  

Cha rac t e r i za t ion  of  each acccpted  event  w a s  made by a n  on- l ine  

PDP-5 computer, s m m a r i e s  d isp layed ,  and a r eco rd  w r i t t e n  on magnetic 

t a p e .  I n  t h e  subsequent a n a l y s i s ,  t h e  requircrnent t h a t  t h e  beam and 

f i n a l - s t a t e  momenta. 1-ic i n  t h e  s k i m ?  p h n c  rtmoved a la-%" Trac t ion  of 

a t t e n t i o n  vas r e s t r i c t e d  t o  events  wtth a. f i n a l . - s t a t e  p a r t i c l e  hi t -Ling 

a s m a l l  r c z ion  of t h ~ l  upper count;cr array, t i .  p i n t  of  numbors of' counts 



-3- 

t o  e l a s t i c  s c a t t e r i n g  from f r e e  protons. Once t h e  background had been 

subtracted, t h e  number of  counts i:i t h c  e11~st ic  peak could be u ~ e d  t o  

determine t h e  asymmetry i n  pion-proton s c a t t e r i n g .  

The background under t h e  peal< was eva lua ted  by us ing  events  which 

f a i l e d  t h e  c o p l a n a r i t y  requirement .  For  each element of  t h e  upper hodo- 

scope a conjugate  s e t  of elements ir l  t h e  lower hodoscopes w a s  chosen i n  

a way which was i d e n t i c a l  t o  t h e  choice Tor coplanar  elements--except it 

was d i s p l a c e d  perpendicular  t o  i h e  p lane  of s c a t t e r i n g .  The s e t  of events  

s e l e c t e d  by t h e s e  c r i t e r i a  i s  due t o  q u a s i - e l a s t i c  s c a t t e r i n g  from bound 

pro tons  w i t h  a t r a n s v e r s e  component of Fzrrnl momentum and t o  i n e l a s t i c  

s c a t t e r i n g .  It was v e r i f i e d  t h c t  Lhe d i s t r i b u t i o n  of t hese  events  wi th  

ang le  i s  t h e  same a s  that f o r  coplanar  cvcnts  ou t s ide  t h e  e l a s t i c -  

s c a t t e r i n g  peak reg ions .  I n  a d d i t i o n ,  d a t a  were t aken  a t  some beam 

momenta w i t h  a dummy t a r g e t  which contailled elements similar t o  t h o s e  

of t h e  c r y s t a l  b u t  no f r e e  proton;. These dummy d a t a  gave r e s u l t s  which 

s u b s t a n t i a t e d  t h o s e  from t h e  non-coplanzr events .  

I n  o r d e r  t o  verif?y t h e  v a l i d i t y  of our  method we measured t h e  

p o l a r i z a t i o n  parameter i n  p-p s c a t t e r i n g  a t  1400 M~V/C us ing  e s s e n t i a l l y  

c 
t h e  same beam and d e t e c t i o n  condi-Lions as were.used i n  t h e  p s c a t t e r -  

i n g  experiment r epo r t ed  h e r e .  The r e s u l - t s  a r e  i n  good agreement w i th  

previous  measurements. 3 

vhe lower l i m i t  i n  momentum-transfer f o r  which measurements could 

be trade was lmposed by t h e  requirement  t h a t  t h e  r e c o i l  proton have a 

momentun of at l e a s t  350 M ~ V / C ,  s o  it could e a s i l y  escapc t h e  t a r g e t  and 

. , p e n e t r a t e  t h e  d e t e c t o r  a r r a y .  The minimum d i f f e r e n t i a l  c ros s  s e c t i o n  f o r  



which polarization measurements were possible was approximately 30 pb/sr 

(center-of-mac8 sys tem) .  

It was discovered during the run that relatively small amounts of 

electron contamination in the beam could lead to serious background 

caused by bremsstrahlung and subsequent production of electron-positron 

pairs in the one-third radiation length of the polarized target crystals. 

The resulting pairs had momenta which closely paralleled the beam momen- 

+ turn. The polarized target magnet then separated the e and e and 

directed one into each of the final-state hodoscopes. These "events" 

had good coplanarity and tended to obscure the pion-proton elastic peak. 

The remedy chosen was to insert approximately one radiation length of 

Pb at the first focus of our doubly focussed beam. 

4 
The results of this experiment are shown in Figs. 1 and 2. The 

errors shownare statistical only and do not include a 510% uncertainty 

in scale due to inaccurate knowledge of target polarization. At those 

energies where previous measurements have beendmade, the agreement is 

good. 5'6'7 ' It is seen that the polarization is not small even at the 

highest energies of this experiment and  here is considerable structure 

in angular dependence. In particular the variation in the polarization 

with energy near the 1924 MeV I = 3/2 resonance (P 2 1500 M~V/C) , 

Tz Z 1350 M~ V )  is very striking. 

Figure 3 is a plot of the momentum-dependence of the coefficients 

in the Legondre expansion 
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-1- + 
f i t t e d  t o  t h e  po la r i za t ion  F here and t h e  d i f fe ren-  

6 
tial cross c;cction I, of Duke t.t 1 ~ 1 .  preliminary analys ls  of these 

f i t s  indicat,es that they a r e  consijti .nt with t h e  assignment of 3 = 7/2+ 

f o r  t h e  i924 resonance a s  repor ted  3 j  Dike e t  .lab on t h e  b a s i s  of 

Z 
fl -P cross  sec t ion  and n--P po1ari::ation d a t a .  

More extensive a n a l y s i s  of 'ilxsc data has been i n i t i a t e d ;  i n  t h e  

l c w r  energy region a phase s h i f t  search i s  i n  progress and at  higher 

enorgies at tempts a r e  being made t o  explain t h e  da ta  i n  terms of i n t e r -  

ference  of Regge exchange amplitudes with d i r e c t  channel resonances. 

We a r e  indebted t o  D r .  John D o l l e y  f o r  his he lp  i n  conducting 

t h e  experiment. We a l s o  wish t o  thank John Arens, Byron Dieter le ,  

Hay Fkmsy, William Gorn, Charles Morehouse, Michael P a c i o t t i ,  Stephen 

Bock, and David Weldon f o r  t h e i r  contr ibutions throughout t h e  course of 

th is  experiment. Final ly ,  we are g r a t e f u l  t a  t h e  Bevatron operating 

crew f o r  t h e i r  constant  support .  
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FIGURE C A i i I O N S  

Fig. 1. Plots of the polarization parameter P versus cosine of the pion 

+ 
c.m. scattering angle for K p scattering. The errors shown are 

statistical only and do not include a 'lo$ uncertainty in scale 

due to inaccurate knowledge of target polarization. 

Pig. 2. Plots of the polarization parameter P versus cosine of the pion 

c.m. scattering angle for flWp scattering. The errors shown are 

statistical only and do not include a 210% uncertainty in scale 

due to inaccurate knowledge of target polarization. 
r- 

Fig. 3. Coefficients in the associated Legendre expansion I P = LC P I(cos D ) 
0 i i cm 

I- versus lab momentum of the pion for JI p scattering. 
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