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ABSTRACT 

D i f f e r e n t i a l  c r o s s  s e c t i o n s  as a func t ion  of t r a n s v e r s e  

momentum are presented  f o r  t h e  product ion a t  %go0 c.m. 

+ + 
of n-, K-, p, and p i n  p-nucleus c o l l i s i o n s  a t  i n c i d e n t  

pro ton  ene rg i e s  of 200 and 300 GeV. 

I n v e s t i g a t i o n s  of l a r g e  t r a n s v e r s e  momentum (pL ) phenomena a r e  

i n t e r e s t i n g  because of t h e i r  p o s s i b l e  r e l a t i o n  t o  b a s i c  processes  a t  small  

d i s t a n c e s .  Experimentally,  it had been known1 f o r  some t ime t h a t  t h e  p d i s -  
I 

t r i b u t i o n s  of long-l ived p a r t i c l e s  produced i n  high-energy hadron c o l l i s i o n s  

were f a l l i n g  o f f  exponen t i a l l y  ( e b  ) , w i t h  t h e  average  t r a n s v e r s e  momentum 

<p > = 0.3 - 0.5 GeV/c, independent bo th  of t h e  seccndaxy p a r t i c l e  energy 
1 

E and of t h e  cam. energy of t h e  c o l l i s i o n .  Recent measurements2 a t  t h e  

CERN I n t e r s e c t i n g  S torage  Rings (ISR) have i n  gene ra l  confirmed t h e s e  <p  > 
J. 

values .  However, a t  high pl( > 3 GeV/c), a much more copious pion product ion 

has been observed 3 y 4 ' 5  than  p red ic t ed  by t h e  e x t r a p o l a t i o n  of t h e  d a t a  a t  

small  p ( < 1 GeV/c). 
l. 

FERMILAB-PUB-73-118-E



I n  an experiment a t  the  National Accelerator  Laboratory (NAL) w e  

have measured, a s  a funct ion of ply t h e  invar ian t  cross  sec t ion  ~ d u / d . ' ~  f o r  

+ + 
the  production of T - ,  K-, p, and p i n  p-nucleus c o l l i s i o n s  a t  inc ident  proton 

energies of 200 and 300 GeV. The measurements w e r e  made i n  t h e  region of 90' 

i n  t h e  c.m. system of t h e  inc ident  proton and a s i n g l e  nucleon a t  rest. 

Figure 1 shows a schematic view of t h e  apparatus. The NAL proton 

beam, ext rac ted  from t h e  main r i n g  and transported $1.1 miles away t o  the  t a r -  

ge t  box of the  Proton E a s t  Laboratory, impinged on a 2-in.-long, 118-in.-diam 

tungsten t a rge t .  P a r t i c l e s  emitted a t  77 mrad ( $90' i n  t h e  proton-nucleon c.m.) 

r e l a t i v e  t o  t h e  d i r e c t i o n  of t h e  inc ident  proton beam traversed a ~ 3 3 0  ft.-long 

magnetic spectrometer consis t ing  of a quadrupole doublet,  2 col l imators ,  2 

bending magnets, and 4 s c i n t i l l a t i o n  hodoscopes H1 - H4. The momentum accept- 

ance was 10% with a s o l i d  angle AS2 = 17 usr. Each hodoscope consis ted  of a 

4-in.-wide, 2-in.-high, 114-in.-thick t r i g g e r  counter (A) followed by an 

a r ray  of 5 hor izonta l  and 17 v e r t i c a l  1/8-in.-thick s c i n t i l l a t o r  channels. 

This arrangement allowed us t o  determine t h e  momentum of individual  events t o  

within +I%, and t o  reconst ruct  t h e  pos i t ion  of each t r a c k  a t  t h e  t a r g e t  t o  

within k0.4 in .  hor izon ta l ly ,  and 50.08 i n v e r t i c a l l y .  This check was e s s e n t i a l  

a t  high momentum t o  e l iminate  background. 

P a r t i c l e s  were i d e n t i f i e d  i n  t h e  Cerenkov counter located  between 

H and H4. It was a 80-ft.-long, 1-ft.-diam s t a i n l e s s  s t e e l  tube with non- 3 

r e f l e c t i n g  walls ,  bol ted  t o  a 6-ft.-long, 2-ft.-diam o p t i c a l  sec t ion  i n  which 

t h e  Cerenkov l i g h t  was s p l i t  i n t o  2 channels ( 0 - 9 and 9 - 38 mrad), and 

focussed on 2-in. photomult ipl iers  (RCA 31000 M) .  Depending on t h e  momentum 

and t h e  p a r t i c l e . t y p e  t h e  counter was f i l l e d  e i t h e r  with H e  o r  C02 a t  pres- 

sures  ranging from SO t o  10 atm. 



A charged p a r t i c l e  was s i g n a l l e d  by t h e  co inc idence  A A A A In- 1 2 3 4 '  

formation from t h e  counters  was f e d  t o  a PDP-9 computer. The hodoscope infor -  

mation w a s  used t o  r e c o n s t r u c t  p a r t i c l e  t r a c k s  through t h e  spectrometer  back 

t o  t h e  t a r g e t .  

The proton beam s t r i k i n g  t h e  t a r g e t  was monitored by 2 three-counter  

t e l e scopes  loca t ed  at  90' r e l a t i v e  t o  t h e  d i r e c t i o n  of t h e  i n c i d e n t  proton 

beam and d i r e c t e d  a t  t h e  t a r g e t .  The a b s o l u t e  c a l i b r a t i o n  of t h e  monitors  

a g a i n s t  t h e  proton beam i n t e n s i t y  w a s  done i n  two ways (radiochemical  and ion  

chamber). However, wh i l e  t h e  r e l a t i v e  accuracy of t h e  monitors  w a s  b e t t e r  

than 5% t h e i r  a b s o l u t e  c a l i b r a t i o n  was es t imated  t o  b e  known only  t o  ~ 5 0 % .  

We measured t h e  p a r t i c l e  y i e l d s  a t  l a b o r a t o r y  momenta ranging from 

1 0  t o  100 GeVlc, corresponding t o  pA = 0.76 t o  7.6 GeV/c. I n  o rde r  t o  handle 

t h e  h igh  counting rates encountered below 40 GeV/c smaller t r i g g e r  counters  

were used and t h e  hodoscopes removed. Accidenta l  co inc idences ,  monitored 

cont inuously,  were found t o  b e  n e g l i g i b l e  except  a t  h i g h  momenta ( > 70 G ~ V / C )  

where t h e  requirement t h a t  t h e  observed even t s  o r i g i n a t e d  i n  t h e  t a r g e t  was 

e s s e n t i a l  i n  t h e  e l imina t ion  of t h i s  background. The d a t a  were co r r ec t ed  f o r  

nuc lea r  absorp t ion  and m u l t i p l e  Coulomb s c a t t e r i n g  i n  t h e  appara tus  ( s i g n i f i c a n t  

only below 20 GeV/c), and, when appropr i a t e ,  f o r  p a r t i c l e  decay. 

The p a r t i c l e  y i e l d s  were converted i n t o  equ iva l en t  c ros s  s e c t i o n s  

i n  p-nucleon c o l l i s i o n s  by us ing  t h e  f o l l o t ~ i n g  formula: 

where p denotes  t h e  l a b o r a t o r y  momentum, a t h e  proton-nucleon t o t a l  c r o s s  
P 

s e c t i o n  which we took t o  be  40 mb, and f is  t h e  f r a c t i o n  of i n c i d e n t  pro tons  

i n t e r a c t i n g  i n  t h e  t a r g e t .  Using an  absorp t ion  c r o s s  s e c t i o n  i n  W of 1635 mb 



one o b t a i n s ,  f o r  a 2-in. t a r g e t ,  f  = 0.41. The q u a n t i t y  ~ n ~ p / p  = 1.7 x 

t h e  spectrometer  acceptance,  w a s  c a l c u l a t e d  by Monte-Carlo techniques. 

+ + 
The product ion c r o s s  s e c t i o n s  f o r  e r r - ,  and those  f o r  K-, p, and 

r e l a t i v e  t o  p ions  of t h e  same charge,  a r e  l i s t e d  as a func t ion  of p  i n  
I' 

Table I. I n  Fig. 2 we have p l o t t e d ,  as an  i l l u s t r a t i o n ,  t h e  IT- c ros s  s e c t i o n  

+ 
a g a i n s t  p a t  bo th  i n c i d e n t  pro ton  energ ies .  (The n c r o s s  s e c t i o n  has  similar 

J. 

behavior . )  W e  observe a  f a l l - o f f  w i t h  p which is  slower than  exponent ia l ,  
I 

and an energy dependence which, though ve ry  small a t  low 5 ,  becomes s t r o n g e r  

as 5 increases .  This  is  i n  q u a l i t a t i v e  agreement w i t h  t h e  work of t h e  Saclay- 

3 
Strasbourg group , and of t h e  CERN-Columbia-Rockef e l l e r  group4 a t  t h e  ISR. 

6 Most of t h e  t h e o r e t i c a l  models which have been proposed p r e d i c t  f o r  

0 
t h e  s i n g l e  pion i n c l u s i v e  c r o s s  s e c t i o n  a t  %90 c.m. a behavior ,  a t  h igh  p 

I' 

of t h e  f  o m  g ( s )  f  ( x ~ ) ,  where g ( s )  is  some f u n c t i o n  (gene ra l ly  a power law) of 

s, t h e  square  of t h e  c.m. energy of t h e  c o l l i s i o n ,  and f(xL) is  a func t ion  of 

t h e  s c a l i n g  v a r i a b l e  xL = 2 P L / G  . I f  ou r  pion d a t a  can indeed b e  expressed 

i n  such a  form, then  t h e  logar i thm of t h e  c r o s s  s e c t i o n  p l o t t e d  a g a i n s t  xL 

a t  bo th  c.m. ene rg i e s  (19.4 and 23.8 GeV) should y i e l d  p a r a l l e l  curves,  inde- 

pendent of t h e  a b s o l u t e  c a l i b r a t i o n .  F igu re  3 shows t h a t  t h i s  is  approximately 

s o  only a t  l a r g e  xL( > 0.4) where, f o r  example, t h e  form ~ - ~ * ~ e x ~ ( - 3 6 x ~ )  i s  

found t o  g ive  a  good r e p r e s e n t a t i o n  of ou r  da ta .  At low xi( < 0.3) ,  however, 

t h e  curves become slowly s t e e p e r  a s  i n c r e a s e s  ( t h e  h ighe r  energy curves 

4 a r e  t h e  I S R  IT' d a t a  ). 

+ 
The K-, p and p y i e l d s  r e l a t i v e  t o  p ions  a r e  d isp layed  as func t ions  

of xl i n  Fig. 4. With t h e  except ion  of p / ~ +  t h e  r a t i o s  do n o t  change 

d rama t i ca l ly  w i th  i n c i d e n t  pro ton  energy. I n  f a c t  f o r  xl > 0.4 t h e  r a t i o s  

a r e ,  t o  a good approximation, independent of energy. For p > 3.0 GeV/c t h e  
I 

i- 
r a t i o s  of heavy p a r t i c l e s  (K-, p ,  p) t o  p ions  do n o t  i n c r e a s e  wi th  p a s  sug- 

I 



5 gested by measurements a t  t h e  ISR a t  lower p . A s  xl is increased from 0.2 
I + 

t o  0.5 t h e  r a t i o s  K-/K and pip decrease by a f a c t o r  of ~2 and $4, respect ively .  

This is  a f e a t u r e  q u a l i t a t i v e l y  s i m i l a r  t o  t h a t  found i n  hadron production 

a t  small xl and l a r g e  x = 2 p f l / G  . 
Fina l ly  i t  should be mentioned t h a t  a u x i l i a r y  measurements made with 

beryllium and t i tanium t a r g e t s  es tabl ished t h a t  none of t h e  important f ea tu res  

observed i n  tungsten w e r e  dependent on atomic number. 
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