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ABSTKXT 

The inclusive pOproduction cross section has been measured 

t - 
i n  the readtion Yp + a IT X a t  203 G~V/C.  W e  f i n d  u(pO) = 

13.5 ' 3.4 mb, with most of the pros-lction occurring i n  t he  central  

+ 
region. Assuming u(p ) = o(p-) = G ( ~ O ) ,  it is concluded tha t  

approximately one-third of the p i o ? ~  a t  &&-is energy cone froa 

p-decay. 

-------------------------------------- 
I n  contrast t o  inclusive single-pszicle proCldction, very l i t t le  detailed 

infomation now exis ts  on inclusive p roe~c t ion  of neson resonances, particularly 

above 25 ~ev/c.[l]. The major reasons fo r  t h i s  are t h e  substant ia l  difficuLties 

of separating resonance from background Sacsuse of s m a l l  s ignal-tenoise ratios, 

especially when high mult ipl ici t ies are  involvee, 2nd t h e  fac t  t h a t  many states,  

+ 0 
such a s  the  UI and p-, are d i f f i cu l t  t o  stufiy inclusively because rc detection 

is required. Nevertheless, resonance deczytvs 3zy zccount fo r  a significant 

fraction of pion production a t  high enersy. Fuxtiiermore, vector mesons may 

be an inportant source of the lepton prc-5uction recently observed[2] innucleon- 

nucleon coll is ions a t  F'enilaS and the CZXil; ISR.  

0 
T.7e describe i n  t h i s  paper a rneasur2-e~t of Zle inclusive p production 

2 
cross section i n  n-p interactions at 205 ~ e V / c  (s = 365 GeV ). The data were 
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obtained frox a 40,00&picture exposure of t h e  Fsrmi national  Accelerz=or 

+ - 
L*oratory 3C-in. hydrogen bubble c h a ~ h u .  To iz.2rove t h e  n rc mass resolu- 

tion, only events occurring i n  a res t r ic ted fiducial voluiie located i n  the  

upstreax half of the  bubble chamher were considced for  the present analysis, 

thus alloxing a t  l eas t  35 cm i n  the forward direction f o r  measurement of out- 

going tracks. View-t-view track matching w + s  Cane by hand using bubble 

patterns when necessary. A l l  of the  2- 'and 4-prong events, 725 02 t h e  6- 

and 8-prongs, and 28% of the  2 lC-prongs i'ou~d in  the  r e s t r i c t ed  fiducial. 

voluas were measured on film-plane digi t izers  and geometrically reconstnacted 

w i L 5  TVGP, yielding a t o t a l  of 2040 inelasrric interactions. Additional de ta i l s  

on the  experimental arrange-xsnt, and on the  scarzing and measuring of events 

m a y  be found i n  Ref. 131. 

A l l  charged outgoing tracks were taken t o  be pions except those of momentum 

l e s s  than 1.4 G~V/C,  f o r  which pion-proton se2aration by means of ionization 

0 
is  possible. From a study of KS productionC+]we estimate t h a t  -. 4% of the 

0 + 
charged tracks are kaons, a s s a ~ i n g  o(KS) 'I-- O(K ) = o(K) .  The ~* ' (8~2)  + 

0 t 
Ks" and ~ ~ ( 1 2 ~ 2 )  -t &w- signals i n  our data .?re suf f ic ien t ly  small tha t  

0 f T  
KYO or AO contamination i n  the p mass regior. (from K fl o r  misidentified 

+ - 
as rc rr ) i s  negligible. 

- + - 
Figure 1 shows the inclusive mass distr ibution for  a l l  n x cornbimtions. 

0 
This spectrum peaks a t  approximately 0.46 GeV and shows a shoulder in the p 

region. For comparison, f ig .  1 also gives the corresponding distr ibution fo r  

+ + - - 
pions o t  l i ke  charge (rr n and n n ), which is observed t o  be structureless. 

+ - 
This distribution, but - not the n rc distribution, is adequayely f i t t e d  by a 

second-order polynomial alone between 0.5 and 1.1 GeV. 

+ - 
Figure 2 shows the  inclusive n rc mass distr ibution f o r  the  folloriing 

+ - 
three intervals of center-of-mass rapidity, y, of the fi n system: - 3  < y < -1 

(backward or target  fragmentation region), -1 < y < 1 (cent ra l  region), and 



1 < y < 3 (forward or be&= fragmentation region). (only 0.35 of the obssrvsd 

s - 
I; ;T cornbinations f a l l  outside of the - 3  < y < 3 r a ~ i c l i t y  raqe.) A l l  regions 

0 
shov a shoulder a t  the p nass. [&++& f - d l  

0 
The inclusive p cross szction for  each rapidity i n t e r v a l  was ohtainett 

+ - 
by Citting the 0.48 < E!(z n ) < 1.12 GeV mass range wi th  a r e l a t i v i s t i c  P- 

wava Breit-wigner (with a fixed mass of 0.765 GeV and a fixed r.ridth of 0.150 

+ - 
G ~ V )  plus a second-order polynomial i n  ?.l(n rt ) f o r  t h e  background. Iiigher 

order background terns  were considered t o  be unnecessary since ( i )  a second- 

order p o l y ~ i a i a l  leads t o  s t a t i s t i ca l ly  acceptable fits, and ( i i )  i n  the s m a  

5 5 
mass range, the n rt distr ibution for each rapidity in terval ,  a s  well a s  t h e  

+ + 
overall n-< dis t r ibut ion (fig. 1)) a re  well described by such a polynomial 

+ - 
alone. A resolution function obtained from the  measurement errors on *I(% n ) 

was folded into t he   rei it-liigner l ine  shape. The average mass resolution is 

12 t4eV for  -3  < y < -1, 23 MeV for  -1 < y < 1, and 42 N s V  fo r  1 < y < 3. 

The result ing f i t s ,  shown by 'he smooth curves i n  f ig-  2, a r e  excellent. The 

2 0 
f i t  X per degree of freedon and ) fo r  each rapidity in te rva l  are given 

0 
in  t ab le  1. The errors given for ) a re  s t a t i s t i c a l  only; however, varying 

0 
the  0 mass and width used i n  "Lhe f i t s  by 220 l?eV and making reasonable varia- 

t ions i n  the Breit-Wigner l i ne  shape change the  quoted c r o s s  sections by l e s s  

than one standard deviation. 

We note t ha t  production appears t o  be nost copious i n  the  central 

region, and that ,  a t  the  present level of s ta t i s t i cs ,  the fonrard and backward 

cross sections are  similar. Summing over the three r ap id i ty  intervals, we 

obtain an overall cross section of 13.5 2 3-1: nb. A subs tan t ia l  fraction 

of thFs cross section comes from events with high charged m ~ l t i p l i c i t y ;  fo r  

0 
exam?Le, o(p ) = 9.12 3.4 mb for n 2 10- ch 

0 The inclusive p cross section a t  lox.rer energy is 3-49 20.42 rb i n  24 G ~ V / C  

pp rezctions 151 and is  - 3.2 mS i n  8 G ~ V / C  x-P reactions [ 6 ] .  Thus up$) has 



- 
ircrsassd by about a factor of fmr i n  z p reactions between 8 and 20j G ~ V / C ,  

I 0 
t i e  increase coming predonin3ntly fron central p production i n  the h i g ~ e r  

charged nul t ip l ic i ty  interactions. (Over the same momentum rancje, the average 

charged multiplicity has increased [5,3] fron 3.4 t o  8.0, a factor of 2.4.) 

The inelast ic n - ~  cross section a t  203 G ~ V / C  is 21.01 5 0.46 rb [3], so 

thilt an average of 0. !:" 0.16 are produced per i ne l a s t i c  interaction. The 

fraction of pions (charc;& plus neutral) coning from p decay can be estimated 

+ - 0 
assusing equill cross sections for p , p , and p production. Using u ( ~ )  = 

f 
3 X U ( ~ O )  = 40-5f 10.2 nb and ~ ( n )  = 2362 8 rb then gives tha t  (%.4+ 8.7)$ 

of a11 pi0r.s are products of p decay. The corresponding f ract ions  a t  lower 

energy are  - 15% i n  2k G ~ V / C  pp reactions [ 5 ]  and - 24% i n  8 GZV/C np xeac- 

t ions  [6]. 
-k 

The cross-section r a t i o s  U ( ~ ~ ) / U ( ~  ) and ~ ( ~ ~ ) / a ( r c - )  a r e  given i n  t ab le  1 

0 f 
fo r  the backizrd, central, and forward regions of p and n center-of-mass 

+ - -&E 
rapidity. Here ,  t he  denominator includes a l l n  or n , including those 

Y 
- 

We have used U(K)  = o(ici) i a(<)  + U(xO), with a(% ) = (rich) oinel /2 
- f - u ( f )  = 80.4 2 2.0 mS; G ( r :  ) = (rich) binel/2 - U(K ) - u(p) = 70.02 2.0 mb; 

and u(xO) = o(<p 4 y i anything)/2 = 85.3f 7.6 mb [&I. Here, (n ) = ch 

average charged mult ipl ici ty = 7.99 * 0.06, cr = 2l..01+0.46 I& [3], and 
ine l  

-+ 0 
u(p) = uinel/2; also, we assme U(K ) EJ U(K-) = U ( K ~ )  = 3.49+ 0.60 mb [ k ]  

an< neglect possible p contarrination i n  t he  <- sample. 

w + + 
The rc- cross sections used have been corrected for  K- contamination assuxing 

i + + 
a rapidity-independent R/%- r a t i o  of 4%. In addition, o(n ) fo r  -3 < y < -1 

has been corrected f o r  an estimated 4.1 mb of contamination due t o  protons 

(with nonentum ;a 1.4 G ~ V / C )  which could not be iden t i f i ed  by ionization, 

Proton contanination i n  the central and fon.rard regions is assumed t o  be 

negligible. 



0 0 + 
fro:? p decay. The p /n r a t io  i n  the central  region is 0.26+- 0.q,  i n  agree- 

ment with a value of 0.21 obtained fron a general peripherzl calculation [7] 

an3 with a value of 0.20 obtained from the  quark model [ 8 ] .  

0 + - 
Finally, using a p + p p branching fraction [ 9 ]  of (6.75 1.2) X 

we find a r a t i o  

0 (c from p decay)/(all rr-) = (1.15 0.3) X , 

integrated over rapidity and over transverse momentum up t o  p = 1 G~V/C.  
T 

0 
Hawever, due t o  l in i ted  s ta t i s t i cs ,  we a re  unable t o  neasure t he  p / ( a l l  5') 

r a t i o  for h i g h s  pTJ a& thus no direct  compariso~ is possi'sle with t he  data  

-4 of the  lepton production experiments of ref .  [2], where ;/(all ni) r 10 

is  observed for  pT 2 1 G~V/C.  

0 
Conclusions.-We have measured the  cross section for  n p  + p + anything 

a t  205 Gev/c t o  be 13.553.k n h  and estimate that approximately one-third of 

the pions a t  this energy cone from p decay. Thus p production is an important 

source of pions i n  n p  collisions a t  high energy end can thzrefore  be expected 

t o  have a substantial  effect  on single-pioil inclusive d i s t r ibu t ions  and two- 

pion correlat ions [lo]. W i t h  the present s t a t i s t i c s  we are not able t o  explore 

0 
i n  d e t a i l  other aspects of inclusive p production such a s  mlarization, scaling, 

and p-x o r  p-p correlat: 1 ons. 

Acknow1edp~nts.-Ic i s  a pleasure t o  acknowledge the e f f o r t  put forth by 

the  3Sin .  bubble chaiaber staff ,  the  hadron beam group, t h e  accelerator opera- 

t ions personnel, and our scanning and measuring staffs.  



0 0 + - 
~ a b l c  1. p cross sections hrd p /ir- ratios in 205 G ~ V / C  5 p inter;ietions. 

c. 7. 

rapidity 
in t=val  x2/d.&. 
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FIGURE CLTIONS 

- + - c + + - 
Fig. 1. Inclusive fl r; and n n mass distr ibutions fo r  n p x rr X a t  205 

0 + - 
G ~ V / C .  The arrow indicates the expscted posiiion of t h e  p a t  N(Z x ) 

= 0.765 G ~ V .  

+ - 
Fig. 2. r; mass distr ibution for t k e e  intervals of ceqter-of-mass rapidity, 

+ - - 4- - 
y, of the rr x systev. i n  r; p -a n n x a t  233 ~ e v j c .  The arrow indicates 

0 + - 
t he  expected position of the p a t  ~ ( n  rr ) = 0-765 GeV. For each rapidity 

interval,  the up2er curve is t h e  r e su l t  of f i t t i n g  the 0.48 - 1.12 GeV mass 

region with a resolutio?-folded Breit-Wig-ner 9lus a second-order polynomial 

backgrouncl (lower curve). 
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