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The r a t i o  of p t o  pp e l a s t i c  s c a t t e r i n g  is found 

t o  be smoothly varying over t h e  range -t = 0.03 t o  

2 0.4 GeV . It is w e l l  f i t  by a s i n g l e  exponential ,  

i n d i c a t i n g  t h e  forward behavior  must be  q u i t e  s i m i l a r  f o r  

the  two reac t ions .  

It has  been known f o r  sometime t h a t  t h e  logar i thmic  s lope  fox pp e l a s t i c  

2 
s c a t t e r i n g  is  s t e e p e r  a t  smal l  momentum t r a n s f e r s ,  -t S 0.15 GeV , than a t  

1 
l a r g e r  momentum t r a n s f e r s .  Although some i n c r e a s e  a t  smal l  t i s  expected on 

the  b a s i s  of quadra t i c  f i t s  of the  type 
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2 
a high s t a t i s t i c s  experiment a t  t h e  CERN ISR ind ica ted  a break, o r  more r a p i d  

2 change i n  s lope ,  near  -t = 0.15 GeV of about 1.5 G ~ v - ~ .  A t  Pennilab energ ies  
3 

a comparison of t h e  s lopes  observed i n  t h e  gas jet  experiment i n  t h e  range 

2 4 5 
0.005 < - t <  0.09 GeV wi th  our and o the r  r e s u l t s  a t  an e f f e c t i v e  -t = 0.2 GeV - - 2 

gives  a s lope  change of about 1.3 G ~ v - ~ .  This  can be compared wi th  a change of 

0.8 G ~ v - ~  expected on t h e  b a s i s  of t h e  quadra t i c  f i t s  t o  t h e  spectrometer  da ta ,  

where t y p i c a l l y  C=2 and is pos i t ive .  

3. To f u r t h e r  i n v e s t i g a t e  the  small t behavior of t h e  IT p and pp e l a s t i c  

s c a t t e r i n g ,  systematic e r r o r s  must be reduced t o  a minimum. To t h i s  end, w e  

have examined t h e  r a t i o  

2 + i n  t h e  region -t - < 0.4 GeV . Since t h e  n p and pp d a t a  were taken simultaneously, 

t h i s  r a t i o  is i n s e n s i t i v e  t o  many systematic e f f e c t s  and g ives  a h igh ly  r e l i a b l e  

r e s u l t  on the  r e l a t i v e  behavior of t h e  two processes.  

The experiment used the  Fermilab M6E high p rec i s ion  beam l i n e  and t h e  

1- 
Single  Arm Spectrometer F a c i l i t y  t o  d e t e c t  s c a t t e r e d  p a r t i c l e s .  Proton and n 

s c a t t e r i n g  off  hydrogen were measured simultaneously under i d e n t i c a l  condi t ions  

using t h e  same acceptance and de tec to r s .  The apparatus has  been previously  
4 + 

described and we w i l l  only d i scuss  those f e a t u r e s  germane t o  t h e  r /p r a t i o .  

The beam l i n e  contained s c i n t i l l a t i o n  hodoscopes t o  t a g  t h e  incoming momenta 

and angles. Pions w e r e  i d e n t i f i e d  with a threshold  gas  Cerenkov counter, whi le  

protons were i d e n t i f i e d  wi th  a gas d i f f e r e n t i a l  counter ,  and kaons wi th  a DISC 

counter. A pion t r i g g e r  required  boLh t h a t  the  threshold  counter  f i r e d  and t h a t  

no proton o r  kaon accompanied the  pion. A proton t r i g g e r  required  a proton 

coincidence and no accompanying pion o r  kaon. The e l a s t i c  s c a t t e r i n g  angle was 

var ied  by changing t h e  angle of incidence of the  beam on t h e  t a r g e t ,  t h e  t range 



being covered i n  a series of s t eps .  No Cerenkov information was used i n  t h e  

t r i g g e r  requirement f o r  p a r t i c l e s  s c a t t e r e d  i n t o  t h e  spectrometer, leaving t h e  

t r i g g e r  equal ly  e f f i c i e n t  f o r  protons and pions a s i d e  from l o s s e s  of pions from 

decays. To check t h a t  t h e  beam l i n e  t r i g g e r  requirements introduced no systematic 

b iases ,  a sample of beam t r i g g e r s  was simultaneously recorded along w i t h  t h e  beam 

spectrometer events. The phase space d i s t r i b u t i o n  of  these  beam t r i g g e r s  could 

be determined from t h e  hodoscope information and w a s  e s s e n t i a l l y  t h e  same far 

pions and protons. 

Several  p o t e n t i a l  sources of e r r o r  were considered. The momentum r e s o l u t i o n  

(-0.1%) was s u f f i c i e n t  f o r  t h e  e l a s t i c  s c a t t e r i n g  peak t o  be  almost completely 

separa ted  from t h e  i n e l a s t i c  processes with a t  most a few percent  contamination. 

Since the  i n e l a s t i c  c ross  s e c t i o n s  i n  the  neighborhood of t h e  e l a s t i c  peak s c a l e  
6 

propor t ional  t o  the  e l a s t i c  cross  sec t ions ,  the  e f f e c t s  of t h i s  contamination 

cancel  i n  the  r a t i o .  Another source of p o t e n t i a l  e r r o r  a rose  from poss ib le  

changes i n  the  p and e contaminations i n  t h e  beam. This small  contamination was 

mis iden t i f i ed  a s  pions by the  Cerenkov t r i g g e r  requirement and could thus cause 

a v a r i a t i o n  i n  t h e  pion cross  sec t ion .  The contamination was checked pe r iod ica l ly ,  

amounted t o  a few percent  and remained constant  t o  b e t t e r  than 1%. A poss ib le  

source of e r r o r  came from two beam p a r t i c l e s  separa ted  i n  t i m e  by less than t h e  

resolving time of the  e l e c t r o n i c s  (same r f  bucket).  This was l a r g e l y  el iminated 

by t h e  requirements of "one p a r t i c l e  only" i n  the  beam hodoscopes and a t  most 1% 

of t h e  t r i g g e r s  contained two p a r t i c l e s .  Radiat ive and t a r g e t  empty cor rec t ions  

were made and amounted t o  a t  most 10%. Estimates were made f o r  Coulomb in te r fe rence  

e f f e c t s  and w e r e  never more than 3%. Corrections of a few 2srcent  were made t o  t h e  

r a t i o s  t o  take i n t o  account double s c a t t e r i n g  pion Brernsstrahlung, pion decay, and 

t a r g e t  a t tenuat ion.  These cor rec t ions  a r e  small ( ~ 4 % )  and only slowly varying i n  t. 



Accordingly, w e  be l i eve  the  sys temat ic  e r r o r s  a f f e c t i n g  t h e  t dependence of c ross  

s e c t i o n  r a t i o s  were less than 1.5%. 

f Figure 1 shows p l o t s  of t h e  r a t i o s  of IT p t o  pp s c a t t e r i n g  a t  each energy. 

It is c l e a r  from v i s u a l  inspec t ion  t h a t  a simple exponential  f i t  provides an 

e x c e l l e n t  r epresen ta t ion  of t h e  data.  The use of more complex f i t t i n g  funct ions  

does no t  s i g n i f i c a n t l y  improve t h e  q u a l i t y  of t h e  f i t s .  The results of f i t t i n g  

t o  var ious  t ranges are shown i n  Table I. 

2 
Figure 2 compares t h e  exponential  s lopes  found a t  smal l  -t (0.03 t o  0.15 GeV ) 

2 
with  those a t  l a r g e r  -t (0.15 t o  0.40 GeV ). Although t h e  s m a l l  -t s lope  has  

considerable s t a t i s t i c a l  uncer ta in ty  and some f l u c t u a t i o n s ,  t h e  two s lopes  agree 

2 
with  one another t o  wi th in  + 0.25 GeV when averaged over momentum. Given t h i s  

+ 
r e s u l t  and the  smoothness of the  A /p r a t i o s ,  w e  conclude t h a t  s t r u c t u r e ,  i f  any, 

7 
must be  q u i t e  s i m i l a r  f o r  the  two reac t ions  i n  t h i s  t region. 
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In a separate analysis of the n p, n-p and pp elastic data from this experiment, 

it was found that at 50 and 70 GeV/c the forward slopes of these processes 

- 2 
increase by typically (0.3 f 0.2) GeV over that given by a quadratic fit to 

2 the data at -t > 0.12 GeV . 



TABLE I. Results of the fit of the.elastic cross section ratios 

dcJ + do R = -(n p)Iz(pp) to the single exponential form R = for d t 
2 

the t ranges indicated in GeV . 

a 
Only a small amount of data was available at 100 GeV in the 

small t range. 



FIGURES 

+ 
Fig. 1. The r a t i o s  R of t h e  c ross  s e c t i o n s  of e l a s t i c  a p s c a t t e r i n g  t o  

e l a s t i c  pp s c a t t e r i n g  p l o t t e d  versus  -t a t  energies  of 50, 70, 

100, 140, and 175 GeV. The l i n e s  drawn i n  have t h e  form exp(-1.3t) 

and are f o r  comparison purposes only ( see  Table I f o r  the  f i t s ) ,  

Fig. 2. Values of t h e  s lope  parameter f o r  t h e  r a t i o  R for t h e  t ranges 

2 
0.03 t o  0.15 and 0.15 t o  0.4 GeV/c versus  t h e  beam energy. (The 

l i n e  is simply t o  guide the  eye and is not  t h e  r e s u l t  of a f i t . )  





-2 SLOPE PARAMETER (G~V/C ) 




