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ABSTRACT 

We report on a study of pion charge exchange scattering carried out at 

Fermilab in the energy range 20 to 200 GeV. The results can be described 

remarkably well by a simple Regge pole model. The charge exchange cross 

sections in the foward direction lead to a prediction for the difference in 

+ 
total cross sections of n-p and a p which is in satisfactory agreement with 

direct measurements of this difference in another experiment at Fernilab. 
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special importance because of their simplicity from a theoretical point 

of view. These are the pion charge exchange scattering 

and the related reaction in which n mesons are produced, 
- 
n p -t lln. 

In Regge theory, the amplitude of each of these reactions is dominated by 

a single Regge pole, (the p-pole in charge exchange and the A in the rt 2 

reaction) so that the experimental data have a relatively direct theoretical 

interpretation. In addition, the foward charge exchange.cross section provides 

a measure of the difference between rr-p and n+p total. cross sections. 

With these motivations we have carried out an experiment at Femilab to 

study these reactions over a large beam energy range extending from 20 to 200 

GeV. A description of the apparatus and~data analysis procedures is presented 

in the following letter1) along with the results for the n reaction. Results 

for the no reaction are presented here in Table 1 and in Figs. 1 and 2. Data 

on the production of other particles such as n' and w wfll be reported later. 

According to Regge theory, if the charge exchange amplitude at high energies 

is dominated by the p-pole, it is expected to have a simple power lav energy 

dependence at fixed t, giving a differential cross section of the form 

where v = (s - u)/4~ - w + t/4M, w is the n- lab energy and s, t and u are the 

usual energy and momentum transfer variables. The functions B(t) and a(t) are 

not predicted by the theory but it has been found from previous d a ~ a ~ * ~ * ~ )  that 

the " p  trajectory," a(t), is approximately linear in t, the extrapolation of 

act) as determined for negative t passing nearly through the points corresponding 

to the observed spin and mass2 of the p and g mesons. 
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Some dev ia t ion  from t h e  above simple power law behavior might be  expected 

because of possible  Regge c u t s  and because the  observation of a s m e t r y  i n  

charge exchange s c a t t e r i n g  from polar ized i n d i c a t e s  t h a t  t h e  

amplitudes must have o ther  components besides the  dominant po le ,  a t  l e a s t  

i n  the  energy region below 10 GeV. Nevertheless, an exce l l en t  phenomenological 

desc r ip t ion  of our e n t i r e  s e t  of d a t a  is provided by the  simple expression (1). 

wi th  

2 
a c t )  - aO + a t + a 2 t  , -1.4 < t 5 0 GeV 

2 
1 

B(t) - B1eblt - t ( t  - to)' (B2 + B 3 t  + 04t2)eb2t 

Values of t h e  parameters found Yrom a f i t  t o  our data  a r e  

aO - '481 f .004 a1 - '928 t ,034 a 2  - .205 f .055 

bl - 5.20 f .21 b2 - P.16 f .61 to -.542 f .004 

- 2340 t 80 B2 - (2.34 f .10)x10 
5 

Bl - G.77 t l.41)xlo5 B4 = (11.6 * 5.4)x105 

2 do 2 
The u n i t s  a r e  such t h a t  t is  i n  GeV , v i n  GeV, and i n  vblGeV . The 

2 
f i t  g ives  a x of 107 f o r  128 degrees of freedom. 

Curves computed with t h e  above parameters a r e  shown i n  Pigs.  1 and 2. 

The d a t a  po in t s  shovn i n  t h e s e  f i g u r e s  and a l s o  t h e  cross  s e c t i o n s  given i n  

Table 1 have been cor rec ted  f o r  t h e  e f f e c t s  of experimental t - reso lu t ion  and 

f i n i t e  b in  widths. Th is  cor rec t ion  (o r  unfolding) has been made a s  follows: 

t h e  f i t t i n g  funct ion (1) has  been folded wlth the  t - reso lu t ion  and in tegra ted  

over t h e  f i n i t e  b in  widths i n  order  t o  ob ta in  "smeared" c ross  s e c t i o n s  t o  be 
2 

compared wi th  the  measured d a t a  i n  minimizing x . The r a t i o s  of unsmeared 

t o  smeared f i t t i n g  c r o s s  s e c t i m s  a r e  then used a s  the cor rec t ion  f a c t o r s  

appl ied t o  t h e  measured data .  

Separa te  f i t s  a t  each energy were a l s o  made t o  i n v e s t i g a t e  t h e  energy 

dependence of t h e  parameter to. The values of to f l u c t u a t e  by 50.02 G ~ V ~  

but  no sys temat ic  v a r i a t i o n  wi th  energy is apparent. 

The t r a j e c t o r y  a ( t )  obtained from the  o v e r a l l  f i t  is s h m  by t h e  s o l i d  

curve i n  Fig. 3, toge ther  wi th  "data  points." a * ( t ) ,  obtained i n  t h e  conven- 

t i o n a l  manner by f i t t i n g  t h e  d a t a  a t  each va lue  of t s e p a r a t e l y ,  using t h e  form 

(1). As may be seen i n  t h i s  f i g u r e ,  t h e  observed values of a ( t )  i n  t h e  t range 

from 0 t o  -0.3 G ~ V ~  f a l l  remarkably c l o s e  t o  a s t r a i g h t  l i n e  drawn through t h e  

po in t s  corresponding t o  t h e  p and g mesons. 

Although tho  paramete r iza t ion  given above f i t s  our  d a t a  remarkably wel l ,  

i t  agrees  only q u a l i t a t i v e l y  wi th  previous a s  shown by an example 

a t  5.9 GeV i n  Fig. 1. E f f e c t i v e  t r a j e c t o r i e s  obtained from t h e  l w e r  energy 

d a t a  have had a s i g n i f i c a n t l y  l a r g e r  i n t e r c e p t  a 
0' 

We next  consider  a comparison between our d a t a  and t h e  d i f f e r e n c e  i n  t o t a l  

f + cross  sec t ions  f o r  n-p and n p i n t e r a c t i o n s .  Ao - utOt(n-~) - otOt(n p). As 

is w e l l  known, i s o s p i n  invar iance  and the  o p t i c a l  theorem r e l a t e  t h i s  d i f fe rence  

t o  t h e  imaginary p a r t  of t h e  forward charge exchange amplitude. Expressed i n  

terms of c ross  s e c t i o n s ,  t h i s  r e l a t i o n  is 

where R is  t h e  r a t i o  of r e a l  t o  imaginary p a r t s  of t h e  forward charge exchange 

amplitude A(O), plab is t h e  inc iden t  beam momentum i n  GeV, and 2 is  t h e  charge 

2 exchange c ross  s e c t i o n  i n  pb/GeV i f  A0 is i n  mb. Furthermore, i f  we assume 

t h a t  t h e  observed power law dependence of g ( t - 0 )  extends t o  higher  energies ,  

d i spers ion  r e l a t i o n s  give a r e l a t i o n  between t h e  r a t i o  R and the  exponent 

na(O) . a(0) ;  R - t a n  - 2 



We a r e  thus a b l e  t o  p r e d i c t  t h e  d i f fe rence  A 0  from t h e  charge exchange 

da ta .  The r e s u l t  is shown i n  Fig. 4 where it i s  compared wi th  d i r e c t  measure- 

ments of t h i s  d i f f e r e n c e  i n  t h r e e  e ~ ~ e r i m e n t s ~ * ~ * ~ ) .  Our p r e d i c t i o n  agrees 

very well  with t h e  r e s u l t s  of C a r r o l l  e t  a1.') obtained a t  Fermilab i n  t h e  

energy range 23 t o  240 GeV. 

We wish t o  express  our  apprec ia t ion  t o  t h e  many people a t  t h e  Fermilab. 

a t  LBL and a t  Cal tech,  who have con t r ibu ted  much t o  t h i s  experiment. A power- 

f u l  system f o r  on-line a n a l y s i s  of d a t a  was c rea ted  by J. F. B a r t l e t t .  The 

charged p a r t i c l e  and gannna ve to  system was designed by M. A. Wahlig. D. Hermeyer 

helped bu i ld  and maintain much of t h e  e l e c t r o n i c s  and a l s o  helped t ake  some of 

t h e  data .  Others t o  whom we a r e  p a r t i c u l a r l y  indebted a r e  D. Ear t l ey .  P. Koehler, 

R. Lundy, H. liaggerty. G. C. Fox, R. D. F ie ld ,  and P. R. Stevens. 
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Captions 

2 
Table 1. D i f f e r e n t i a l  c ross  sec t ions  i n  pb/CeV and o t h e r  r e s u l t s  

f o r  Fp -c non. These d a t a  have been corrected f o r  t h e  e f f e c t s  

of experimental t - reso lu t ion  and f i n i t e  bin widths. Only s t a t i s -  

t i c a l  e r r o r s  and e r r o r s  i n  t-dependent cor rec t ions  a r e  given f o r  

da but  a l l  systematic  e r r o r s  a r e  included i n  t h e  i n t e g r a l  c ross  
d t  

s e c t i o n s  uI. The right-hand column, a*(t) ,  con ta ins  values of t h e  

t r a j e c t o r y  obtained by f i t t i n g  the d a t a  f o r  each value of t 

separately.  

Figure 1. D i f f e r e n t i a l  cross  sec t ions  a t  20.8, 64.4, and 199.3 GeY from t h i s  

experiment, and a t  5.9 GeV from Ref. 2. The curves a r e  t h e  r e s u l t  

of a f i t  described i n  the  t ex t .  

Figure 2. D i f f e r e n t i a l  c ross  sec t ions  i n  the  region of small t. The curves 

a r e  the  r e s u l t  of a f i t  described i n  t h e  t ex t .  

Figure 3. The e f f e c t i v e  t r a j e c t o r y  a ( t ) .  

Figure 4. Data from ' three experiments (Refs. 7 ,  8,  9) on t h e  d i f f e r e n c e  ha 

+ 
of n-p and n p t o t a l  cross  sec t ions ,  compared t o  t h e  p red ic t ion  

( so l id  l i n e )  from our d a t a  on charge exchange s c a t t e r i n g .  This  

predict ion is obtained from t h e  parameters of t h e  f i t  descr ibed i n  

the  t ex t .  
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do 
-(PO) from f i t  
d t  I 100.3 

a*( t )  

0.491 t 0.012 
0.474 f 0.011 
0.474 2 0.010 
0.471 f 0.009 

0.453 + 0.009 
0.439 t 0.008 
0;422 f 0.008 
0.427 * 0.008 
0,393 f 0.007 

0 .38720.008  
0.344 f 0.007 
0.326 f 0.008 
0.294 f 0.010 

Bin 
-t Width 

(cev2) (G~vZ)  

0.002 0.004 
0.006 0.004 
0.012 0.008 
0.020 0.008 

0.028 0.008 
0.040 0.016 
0.056 0.016 
0.072 0.016 
0.090 0.020 

0.110 0.020 
0.140 0.040 
0.180 0.040 
0.220 0.040 

Table 1 

Beam Momentum GeV - 
20.8 40.8 64.4 100.7 150.2 199.3 

104 f 5 50.6 2 2 . 1  32.0 1 1 3  20.3 2 0 . 8  13.4 2 0.5 10.4 + 0.4 
105 + 5 57.8 f 2.3 35.9 + 1.4 21.1 f 0.8 14.0 f 0.6 10.1 f 0 . 4  
121 * 5 55.2 2 1.8 34.5 + 1.1 20.8 + 0.7 14.6 f 0.5 11.0 + 0.4 
120 + 5  59.9 f 1.9 36.8 f 1.2 21.5 + 0.7 14.8 f 0.5 11.3 2 0 . 4  

137 + 5 62.1 f 1.9 36.9 + 1.2 22.6 + 0.7 15.6 +- 0.5 11.3 .1 0.4 
134 f 4 62.1 f 1.6 37.0 + 1.0 22.1 i 0.6 14.5 f 0.4 10.6 +- 0.3 
126 + 4 59.0 2 1.6 36.5 f 1.0 20.5 + 0.6 13.2 ?r 0.4 9.3 * 0.3 
116 f 4 54.2 f 1.5 30.7 2 0.9 18.6 + 0.5 11.9 ?r 0.3 8.84 f 0.26 
108 + 3 48.0 t 1.2 28.4 +- 0.8 16.1 t 0.4 10.0 -+ 0.3 6.86 + 0.20 

92.1 f 3 40.1 2 1.1 22.9 + 0.6 12.9 + 0.4 8.2 + 0.2 5 . 7 9 5 0 . 1 8  
74.3 f 2.1 31.4 f 0.8 17.0 f 0.4 9.5 f 0.2 5.54 + 0.15 3.88 f 0.11 
50.9 + 1.5 20.2 f 0.5 10.6 f 0.3 5.87 t 0.17 3.54 -1 0.11 2.40 2 0.08 
33.7 + 1.2 13.1 + 0.4 6.8 -1 0.2 3.64 + 0.13 2.10 f 0.08 1.36 f P.06 

Oda 
u , ( u b ) = j  d t  

-1.5 

Number of Events 

22.6 +- 1.1 9.8 f 0.5 5.61 + 0.25 3.20 + 0.14 2.02 + 0.09 1.44 t 0.06 

26,700 36,500 29,900 30,700 26,100 23,400 
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