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ABSTRACT 

I n  an experiment a t  t h e  Fermi Nat ional  Acce lera tor  Laboratory 

we have compared the  product ion o f  l a rge  transverse momentum 

hadrons from ta rge ts  o f  W, T i ,  and Be bombarded by 300 GeV 

protons. The hadron y i e l d s  were measured a t  90' i n  the  proton-  

nucleon c.m. system w i t h  a magnetic spectrometer equipped w i t h  

2 Cerenkov counters and a hadron calor imeter .  The product ion 

cross-sect ions have a dependence on the  atomic number A t h a t  

grows w i t h  p , eventua l ly  l e v e l i n g  o f f  p ropor t i ona l  t o  A' 'l. 
I 
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There has recently been a great deal of in t e re s t  i n  the inter- 
1 

action of high-energy hadrons w i t h  nuclear matter . We present here data 

on the production of high transverse momentum hadrons by 300 GeV protons 

from targets  of Be, T i ,  and W.  

These data were obtained in the Proton area of the Fermi Nationals 

Accelerator Laboratory (NAL) w i t h  a focusing magneti c spectrometer view- 

ing the ta rge t  a t  an angle of 77 mrad i n  the laboratory. For r e l a t i v i s t i c  

par t ic les  th i s  corresponds t o  an angle in the proton-nucleon c.m. of 88'. 

Two 86-ft-long gas Cerenkov counters were used t o  identify the secondary 

part ic les  as nt, K', p', d'. The apparatus i s  described in detai 1 
2 

elsewhere . The targets were chosen t o  cover a wide range in atomic 

number (A). In order tha t  i n  the comparison no correction would be 

necessary due t o  secondary interactions in the ta rge t ,  the length of each 

1/4 i n .  diameter target  was chosen t o  be the same number of interaction 
3 

lengths. Using absorption cross sections of 227 mb, 690 mb, and 1635 mb 

fo r  Be, Ti , and W ,  we chose the respective target  lengths t o  be 3.14 in. , 
2.23 i n . ,  and 0.85 in. In each of these targets 20% of the primary beam 

interacted. 

The three targets were mounted s ide by s ide on a remotely con- 

t ro l led  X-Y stage. In order t o  minimize systematic effects  i n  the target  

comparison, such as those due t o  fluctuations i n  beam conditions, runs 

a t  a given were taken with a l l  three targets in quick succession. All 

other conditions , such as magnet se t t ings ,  the Cerenkov counter pressures, 

e tc .  , remained unchanged. 

The run-to-run target t ing efficiency and normalization were 

determined by a three counter s c i n t i l l a t o r  telescope looking a t  the 



t a r g e t  a t  90' i n  t he  laboratory.  The o v e r a l l  normal iza t ion  f o r  each 

t a r g e t  was determined by c a l i b r a t i n g  t h i s  90" moni tor  w i t h  a secondary 

emission moni tor  i n  the  pr imary proton beam 20 ft. upstream o f  the  

ta rge t .  
4 3 The measured i n v a r i a n t  cross sect ions per  nucleus , EdoA/d p 

f o r  p ion  product ion f o r  Be ry l l i um are presented i n  Table I.  Kaon, 

proton, and deuteron cross sect ions are presented as r a t i o s  t o  t h e  p ion  

cross sect ion.  The formula used f o r  c a l c u l a t i n g  t h e  cross sect ions i s  

where A, p, oabs, and L are the  a t m i  c number, densi ty ,  absorpt ion cross 

sect ion,  and length, respect ive ly ,  o f  t h e  ta rge t ;  No i s  Avogadro's 

number,Y i s  the  measured p ion  y i e l d  per  i n c i d e n t  proton, A ~ A P / P  = 1.7 x 1 0 - ~ s r  

i s  the spectrometer acceptance, P i s  t h e  secondary momentum i n  the  labora- 

to ry ,  and the  1.15 i s  the  co r rec t i on  f o r  absorpt ion i n  the  spectrometer. 

The i n v a r i a n t  cross sect ions p e r  nucleus f o r  hadron product ion 

from ta rge ts  o f  T i  and W are presented as r a t i o s  t o  the  Be cross sect ions 

i n  Table 11. One sees t h a t  t he  r a t i o s  r i s e  w i t h  increasing pL, i n d i c a t i n g  

a s t ronger  dependence on A a t  l a r g e r  p,. 

F igure 1 shows the  r a t i o  o f  t h e  i n v a r i a n t  cross sect ions per  
+ 

nucleus f o r  T and p product ion from T i  and W compared t o  those from Be, 

p l o t t e d  versus the  atomic number A .  The approximately 1 i n e a r  r e l a t i o n s h i p  

of t h e  p l o t t e d  cross sect ions impl ies  a power law dependence on A. One 

sees t h a t  the  A dependence gets s t ronger  w i t h  increas ing pL. Using t h i s  



f igure,  one can a l so  ex t rapo l  a te  t o  t h e  proton-nucleon cross sec t i on  ; 

however, because t h e  nuc lear  cross sec t ions  conta in both p-n and p-p 

c o l  1 is ions ,  one cannot d i r e c t l y  e x t r a c t  t h e  p-p cross sec t ions  . 
Figure 2 shows t h e  power n as a func t i on  o f  p, der ived by 

assuming t h a t  the  cross sec t i on  per  nucleus f o r  IT- product ion i s  pro- 

p o r t i o n a l  t o  An . The values o f  n der ived from comparing t h e  two 

n u c l e i  are i n  remarkable agreement, showing t h a t  f o r  a l l  values o f  p, 

between 0.76 and 6.10 GeV/c t h e  assumption o f  a power law An works we l l .  

One sees t h a t  t he  value f o r  n r i s e s  s teep ly  w i t h  p, , l e v e l i n g  o f f  near 

+ 
The IT cross-sect ions d i sp lay  a s i m i l a r  behavior,  b u t  t he  proton, 

+ 
ant i -p ro ton,  and K- r a t i o s  are appreciably steeper as a f u n c t i o n  o f  p,. 

This has t h e  consequence t h a t  t h e  proton t o  p ion  r a t i o ,  f o r  example, 

i s  smal ler  w i t h  a Be t a r g e t  than w i t h  a W t a rge t .  F igure 3 shows the  
+ 

p/n and $IT- r a t i o s  from both Be and W targets--one sees t h a t  the  q u a l i t a -  
2 

t i v e  features observed w i t h  W s t i l l  ob ta in  w i t h  Be. 

We would l i k e  t o  express our apprec ia t ion  t o  the  s t a f f  o f  t h e  

Fermi Nat iona l  Acce lera tor  Laboratory, and especi a1 l y  t o  t h a t  o f  t h e  Proton 

Sect ion f o r  t h e i r  support.  F i n a l l y ,  one o f  us (R.M. ) wishes t o  thank 

NAL f o r  i t s  h o s p i t a l i t y  and support.  



- 5 -  

REFERENCES 

* 
Work supported by t h e  Nat iona l  Science Foundation and t h e  U. S. 

Atomi c  Energy Commission. 

'on leave a t  NAL from t h e  U n i v e r s i t y  o f  Geneva. 

1. See, f o r  example, K. G o t t f r i e d ,  CERN p r e p r i n t ,  Ref.-TH 1735-CERN 

(1973) ( t o  be pub l i shed) .  

E. Lehman and G. A. Winbow, P. L. - 468, 375 (1973). 

K. G o t t f r i e d ,  P.R.L. 32, 957 (1974) 

A lso  data from an experiment a t  lower pl a t  24 GeV i s  descr ibed i n  T. 

E ich ten  e t  a l .  Nucl . Phys. 44, 333 (1972). 

2. J. W.  Cronin e t  a l . ,  P.R.L. - 31, 1426 (1973). 

3. Be1 l a t i n i  e t  a l . ,  Nucl. Phys. - 79, 609 (1966). 

4. No one should be confused by t h e  t rans format ion  from i n v a r i a n t  cross 

section pe r  nucleus t o  i n v a r i a n t  cross sec t i on  p e r  e f f e c t i v e  nucleon. 

For a  t h i n  t a rge t ,  t h e  number o f  n u c l e i  pe r  cm2 i s  N pL/Ay w h i l e  
0 

t he  number o f  e f f e c t i v e  nucleons seen by an incoming pro ton  i s  

'abs - (No pLA) where oabs i s  t h e  absorp t ion  cross sec t i on  f o r  t h e  ' 
P 

nucleus and a  i s  t he  t o t a l  p-p cross sec t ion .  
P 

Therefore, t o  compute the  i n v a r i a n t  cross sec t i on  pe r  e f f e c t i v e  

nucleon, d i v i d e  t h e  i n v a r i a n t  cross sec t i on  pe r  nucleus by a  f a c t o r  

o f  5.68, 17.3, o r  40.9 f o r  Be, T i ,  o r  W r espec t i ve l y .  



TABLE CAPTIONS 

Table I. I n v a r i a n t  cross sec t ions  f o r  p ion  product ion  pe r  nucleus i n  

p-Be c o l l i s i o n s  as a  f u n c t i o n  o f  b. Also shown are  t h e  r a t i o s  

o f  K, p, and d  product ion  t o  .rr p r ~ ~ l u c t i o n .  A t  each momentum t h e  
+ + +  

upper l i n e  i s  f o r  p o s i t i v e  p a r t i c l e  product ion (e.g., IT ,K /IT , etc . )  

and t h e  bottom l i n e  f o r  negat ive  (IT-, K-/IT-, e t c . )  

Table 11. The r a t i o s  o f  i n v a r i a n t  cross sect ions f o r  t he  product ion  o f  
* + +  + 

IT , K-, p-, and d- from T i  and W r e l a t i v e  t o  t h e  product ion  

f rom Be as a  f u n c t i o n  o f  pi A t  each momentum the  upper l i n e  
+ 

i s  f o r  p o s i t i v e  p a r t i c l e  product ion (e.g., IT K', p,d) and 
- 

t h e  lower l i n e  i s  f o r  negat ive (IT-, K-, p, ). 

FIGURE CAPTIONS 

+ 
Figure 1. The r a t i o  o f  i n v a r i a n t  cross sec t ions  per  nuc 1eus f o r  IT and p  

product ion  from W and T i  compared t o  those from Be, p l o t t e d  vs. 

atomic number A. Data are shown f o r  t h ree  d i f f e r e n t  values o f  

p, : p, 
= 0.79, 2.29, and 5.34 GeV/c. 

F igure 2. The value of n  der ived from comparing IT- p roduct ion  from T i  

and W t o  t h a t  from Be, assuming t h a t  t h e  i n v a r i a n t  cross sec t i on  

depends on the  atomic number A v i a  a  power law, E do a A y - 

d3p 

p l o t t e d  versus the  t ransverse momentum pL. 
+ 

Figure 3. The r a t i o  o f  p ro ton  t o  -rr and p t o  IT- product ion  vs. p  from 
1. 

proton-Be and proton-\  c o l l i s i o n s  a t  300 GeV. 
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