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ABSTPACT 

I n  205 GeV/c r r p  i n e l a s t i c  in te rac t ions ,  negative p a r t i c l e s  with 

t ransverse  momentun greater  than 1.0 GeV/c moving forward i n  the  center  

of mass outnumber s imi la r  pos i t ive  p a r t i c l e s  by a f a c t o r  of 3.7 t o  1, 

grea t ly  i n  excess of t he  corresponding r a t i o  f o r  small  t ransverse  momentum. 

The asymaetry is reversed i n  t he  badward direct ion.  The forward asym- 

metry is most prominent in 2-, 4-, and 6-prong in te rac t ions ,  but  both 

forward and backward asymmetries a r e  a l s o  subs t an t i a l  f o r  higher mult ipl i -  

c i t y  interactions. 
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Numerous r e s u l t s  have been published on transverse momentum (P ) T 

d i s t r i bu t ions  of pa r t i c l e s  emerging from high energy pp co l l i s ions  a t  

the CERN ISR [ 1-41 and a t  Fermilab [ 51 . Substant ia l  production of 

pa r t i c l e s  with la rge  pT (pT > 1.0 GeVlc) has been observed i n  the  region 

of go0 i n  the  center of mass, and small charge a s y m e t r i e s  have been 

reported [ 61, with pos i t ive  exceeding negatives by 10-20%. 

We describe in t h i s  paper an investigation of charge asymmetry i n  

2 
i n e l a s t i c  ncp in te rac t ions  a t  205 GeV/c ( s  = 385 GeV ). For pa r t i c l e s  

with pT > 1.0 GeV/c, we f ind subs tan t ia i  charge asymnetries i n  the For- 

ward and backward d i rec t ions  i n  the  center of mass. The present experi- 

ment d i f f e r s  from previous experiments on l a rge  p phenomena i n  two T 

important respects:  the beam pa r t i c l e s  a r e  negative pions r a the r  than 

protons, and the pa r t i c l e s  emerging from the in te rac t ions  a r e  detected 

i n  a l l  d i rect ions ,  ra ther  than in a l imited angular region i n  the center 

of =ass. 

Experimental Details .  The data were obtained from a 48,000 p ic ture  

exposure of the Fermi National Accelerator Laboratory 30" hydrogen 

bubble chamber. View-to-view track matching was done by hand using 

bubble pat terns  where necessary. Events were measured on film-plane 

d i g i t i z e r s  and geometrically reconstructed with TVGP, y ie ld ing  a t o t a l  

of 2040 i n e l a s t i c  in te rac t ions .  No events with mu l t ip l i c i t y  greater  

than 16 a r e  included i n  t he  present study. Additional d e t a i l s  on the  

experimental arrangement, and on the scanning and measuring of events 

may be found i n  Refs. 7,8,91 . 



For purposes of kinematical calculat ions ,  p a r t i c l e s  were taken t o  

be pions except those iden t i f i ed  by ion iza t ion  a s  protons. This 

separat ion is r e l i a b l e  fo r  t racks  of momentum < 0.6 GeV/c and i s  useful  

f o r  some t racks  up t o  1.4 GeV/c. Thus some protons of monentum grea te r  

+ 
than 0.6GeV/c may be included i n  t he  t racks  taken a s  n . Assuning t h a t  

one proton is produced per two nsn-beam-diffraction events, and subtrac- 

t i n g  the  i d e n t i f i e d  protons, we estimate t h a t  %8% of the  pos i t ive  t racks  

taken a s  pions a r e  protons. From a study of I? decays observed i n  t he  
S 

chamber, and assuming equal K', KO, go and K- cross  sect ions ,  we estimate 

t h a t  %% of t he  charged t racks  taken a s  ni: a r e  r e a l l y  K'. These a r e  global 

es t imates  made without reference t o  t ransverse  momentum, but calculated 

values of pT a r e  near ly  independent of the  mass assumed fo r  t he  pa r t i c l e .  

Rapidi t ies  do change somewhat, however, according t o  the  mass hypothesis. 

For values  of p a . 3  GeV/c, the  r ap id i t y  calculated fo r  the  n+ hypothesis T 

is  about one un i t  greater  than t h a t  f o r  the  proton hypothesis, but  f o r  

PT -1.0 GeV/c t h e  rap id i ty  di f ference i s  only about 0.3. Since only %a"/, 

of unident i f ied pos i t ives  a r e  protons we neglect  t h i s  e f f ec t .  I n  a l l  

subsequent ana lys i s  we group a l l  pos i t ives  together.  

We have made an extensive ana lys i s  of the  e r r o r s  introduced i n t o  

the  value of p through the  e r r o r s  i n  measurement of momentum and angles, T 

since i t  is crucial  t o  ver i fy  t h a t  the  observed asymmetries are not 

spurious,  i .e . ,  generated by the  experimental measurement and analysis.  

We have thus compared the r e s u l t s  obtained with no cu ts  t o  those obtained 

with cu t s  on t he  f i duc i a l  volume, on t he  f r a c t i o n a l  e r r o r  i n  p and on T ' 



* 
the  FBIS value of each track.  

F i r s t  rue removed events with production ver tex  i n  the  downstream 

half  of t he  bubble chamber. A l l  forward tracks then have 11 > 30 cm. . 
k'e then s tudied the  dependence of the  f r ac t i ona l  e r r o r  ApT/pT on pT t o  

determine t o  what extent  e r r o r s  i n  pT generate l a rge  measured values of 

PT' 
No s ign i f i can t  systematic increase  with Ap /p was found i n  the  

T T 

f r ac t i on  of t racks  with l a rge  p up t o  a f r a c t i o n a l  e r r o r  of 0.8 i n  pT. 
T 

To determine whether measurement e r rors  in d ip  and azimuth angles 

had any systematic e f f e c t s ,  w e  s tudied the  d i s t r i bu t ion  of pTx vs. pTZ, 

t he  two cornponefits of p along dip  and azimuthal d i rec t ions ,  f o r  tracks 
T 

with pT > 1.0 GeV/c. For ApT/pT < 0.5, no asymmetry was apparent i n  

t h i s  d i s t r ibu t ion .  

Another possible source of e r ro r  i s  mismatching of t r acks  i n  d i f f e r -  

en t  views producing a f a l s e  t rack  wi~ich could have l a rge  p There was T' 

no not iceable  di f ference between FPJlS d i s t r ibu t ions  f o r  high p tracks T 

and a l l  tracks.  Both d i s t r i bu t ions  peaked a t  1 . 5 ~  and only 2Z of the  

tracks had FILYS > 4v. From a study of events i n  which t r acks  were de- 

l i b e r a t e l y  mismatched, we conclude t h a t  t rack  mismatch e f f e c t s  a r e  

negl igible ,  pa r t i cu l a r ly  i f  t racks  with FPXS > 4.0~ a r e  removed from the  

sample. I n  general, we h o w  of no biases  i n  t rack  momentum t h a t  would 

4- 
a f f e c t  n- and no t  n o r  v i ce  versa.  Fron t h e  above considerations w e  

* 
The FRMS value is given by the  roo t  mean square deviat ions  of the  measured 

points  from the project ion of t he  reconstructed t rack on f i l m  i n  the  three  

views. 



conclude t h a t  the  observed charge asymmetries a r e  r e a l  and not due t o  

measurement errors .  For a more de ta i led  discussion of the  e r rors ,  s e e  

Ref. [91. 

Results. Fig. 1 shows do/djr f o r  pos i t ive  and negative tracks a s  a 

function of r ap id i ty  y i n  three d i f f e r en t  p intervals :  (a) pT < 0.5 T 

GeVlc, (b) 0.5 < pT < 1.0 GeV/c, and (c) pT > 1.0 GeTllc. The charge 

asymmetry is apparent for  a l l  th ree  in te rva ls ;  there  a r e  more negatives 

than pos i t ives  i n  the  forward d i rec t ion  and v ice  versa i n  t h e  backward 

dizection.  The e f f e c t  increases with increasing p except near the 
T 

t a r g e t  o r  beam rap id i ty .  

Fig. 2a shows the r a t i o  of t he  inc lus ive  do/dy for  negative tracks 

t o  t h a t  f o r  pos i t ive  tracks as a function of y for  two in te rva ls  of 

t ransverse  momentum: small pT < 0.5 GeV/c) and l a rge  pT (pT > 1.0 

~eV/c ) .  We have plotted the r a t i o s  f o r  no cuts, and with cuts on f iduc i a l  

volume and FRMS, using two d i f f e r en t  cu ts  on ApTIpTto i l l u s t r a t e  t h a t  

the  observed e f f e c t  is not due t o  measurement e r ror .  In  Fig. 2b, f i n e r  

bins i n  y a r e  used, and the - / t o t a l  r a t i o s  a r e  plot ted f o r  various cu ts  

described i n  the  f igure  caption. (Use of the - / t o t a l  r a t i o  ra ther  than 

the  -/+ r a t i o  avoids i n f i n i t y  i n  the -/+ r a t i o  i n  some bins.) Table 1 

show -/+ r a t i o s  for  small, intermediate and la rge  p integrated over the 
T 

forward, cen t r a l  and backward regions. 

The -/+ r a t i o  is s t r ik ing ly  grea te r  f o r  l a rge  p than f o r  small p T T 

in the forward direct ion and the e f f e c t  i s  reversed i n  t he  bachward 

d i rec t ion .  I n  the  cen t ra l  rap id i ty  in te rva l ,  -0.5 < y 0.5, the  -/+ 

r a t i o  is unity within s t a t i s t i c s  independent of p and of the  type of 
T 



cur. chosen. For small pT the asymmetry remains small except near the 

ta rge t  r ap id i ty  (y = -3) and the beam rap id i ty  (y = +5). For large pT 

la rge  charge asymmetries begin t o  appear on e i the r  s i d e  of t he  cen t ra l  

in te rva l .  

For small pT the  (-/ total)  r a t i o  (Fig. 2b) is nearly 0.5 except for  

regions near the  beam (or  target)  rapidity.  Tnus i t  is tempting t o  

associate  the  observed charge asymmetries i n  these regions with  leading 

p a r t i c l e  e f f e c t s  and i n  par t icu la r  with d i f f r a c t i v e  d i ssoc ia t ion  of t he  

- -  - - -  - Q 1 T ~ A o o A ,  the DYPOC, 1, p hackward 
LCI&&SL \"A US-""., Y Y L  LZCLC , " ,&", - 

T 

pos i t ive  and forward negative tracks a r e  consis tent  with being associ- 

ated almost en t i r e ly  with lor? mul t ip l ic i ty  (G 8 prong) beam and t a rge t  

* 
d i f f r a c t i o n  dissociat ion events, respectively.  

For the high pT tracks,  however, the l a rge  asymmetries a r e  not 

l imited t o  regions near the  beam or ta rge t  r ap id i ty  but a r e  apparent i n  

a l l  but the cen t r a l  rapl;lity in te rva l ,  and a r e  ofte:: £0-~nd t n  be assor i -  

a ted with non-diffractive processes. 

I n  Figs. 3a(b) we p l o t  t he  cross sect ions  t o  produce a forward 

(backward) la rge  p negative o r  pos i t ive  t rack  a s  a function of the event 
T 

* 
A beam d i f f r a c t i o n  d issoc ia t ion  event is here  defined as one having an 

ident i f ied  proton with missing mass squared reco i l ing  aga ins t  the proton 

2 l e s s  than 30 G e V  . For t a rge t  dissociation we require  t h a t  the  angle 

between the f a s t e s t  n- t rack and the beam di rec t ion  be l e s s  than 0 . 5 ~  

and t h a t  the event not be beam d i f f r ac t ion  dissociat ion;  s e e  Refs. [ 8, 

l o j  . 



mul t ip l i c i t y ,  n 
ch' Fig. 3a shows t h a t  the  forward a syme t ry  is grea tes t  

f o r  low mul t i p l i c i t y  events when high p t racks  a r e  selected.  The T 

asymmetry f o r  t racks  with l a rge  p is a l s o  subs tan t ia l ,  however, i n  both ' T 

forward and backward direct ions  f o r  events with n 8, i .e . ,  fo r  high ch 

mu l t i p l i c i t y  events not associated with d i f f r a c t i v e  processes. 

In  Fig. 3c we plot  the percentages of events of charged mul t ip l ic i ty  

n which produce a forward high pT t r ack  of negative o r  pos i t ive  charge. 
ch 

For negat ive  tracks the da ta  a r e  consis tent  (X2 probabi l i ty  of 70%) with 

being independent of n i , e .  t he re  is a constant p ruba l i i i i y  of 8.1 :: ch' 

0.9% (weighted average) fo r  an event of any n t o  produce a fornard high 
ch 

p negat ive  track.  For n > 6, the  pos i t ives  a r e  l ikewise consistent  T ch 

(X2 p robabi l i ty  of 75%) with a constant probabi l i ty  of 2.9 + 0.6% f o r  an 

event t o  produce a l a rge  p pos i t ive  t rack  i n  the  forward direct ion.  T 

Similar ly ,  Fig. 3d shows the  percentages of events yie lding backward 

high p pos i t ives  o r  negatives. Although the  e r ro r s  a r e  l a rge ,  the  da t a  
T 

i nd i ca t e  t h a t  the  probabi l i ty  per event f o r  production of l a rge  p posi- T 

t i v e s  in the  backward direct ion increases  with mul t ip l ic i ty ,  but f o r  

negatives does no t  vary appreciably with mu l t i p l i c i t y  f o r  n > 6. The 
ch 

mean n of the  events producing backward positive- la rge  p tracks is 
ch T 

10.3 i 0.7 conpared with the  ove ra l l  <n > of 8.0 f. 0.1 171. A similar 
ch 

effect w a s  found by E. W. Anderson e t  a l .  [ I l l  i n  pp in te rac t ions  a t  

28.5 GeV/c. 

We conclude t h a t  l a rge  charge asymmetries occur f o r  t racks  with p > 
T 

1.0 GeV/c i n  205 GeV n-p interact ions .  The charge a syme t ry  a t  l a rge  p T 

is o f t en  associated with non-diffractive processes and. wick r a p i d i t i e s  



not  c lose  t o  the  bean or  ta rge t  rapidity.  These r e s u l t s  a r e  suggestivz 

of hard co l l i s ions  between s t r u c t ~ t r a l  e n t i t i e s  l i k e  partons i n  the pion 

and proton and a r e  qua l i ta t ive ly  consistent with various parton models 

* 
of l a rge  p phenonena . T 
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TABLE 1 

Ratio of the  invar iant  cross see t i ac  f o r  negative tracks tc t h a t  

f o r  pos i t ive  t racks  f o r  s n a l l  p T (PT 
< 0.5 GeV/c), intermediate 

pT (0.5 < pT < 1.0 GeV/c) and large p T (PT > 1.0 GeV/c) f o r  backward, 

cen t ra l ,  and forward regions of rap id i ty  i n  t h e  center  of mass. Data 

a r e  f o r  Ap /p, < 0.5. T r 



FIGURE CAPTIONS 

Figure 1. Inclusive center-of-mss rap id i ty  d i s t r i bu t ions  for 

pos i t ivz  and negative t racks  f o r  (a) pT < 0.5 GeV/c, 

(b) 0.5 < pT < 1.0 GeV/c, and (c) pT > 1.0 GeV/c. 

The t a r g e t  r ap id i ty  " -3.0 and the beam rap id i ty  

=+5.0. Tracks with APTIpT > 0.5 have been removad. 

Tnis cut  biases t he  y dis t r ibu t ions  s ign i f i can t ly  for  

y k 2 but  does not  h i a s  the -!+ r a t i o .  Cunles are  to 

guide the eye. 

Figure 2(a).  Ratios of negative to pos i t ive  t racks  versus the center- 

of-mass rap id i ty  y. Ratios a r e  shown f o r  p  c 0.5 GeV/c 
T 

( s o l i d  points  and dashed l i n e s  indicat ing the  rapidi ty  

i n t e rva l )  and for  pT > 1.0 GeV/c (open points and s o l i d  

l i n e s ) .  In  each case points a r e  p lo t ted  f o r  the following 

cu ts  on the tracks: i) no cuts  ( c i r c l e s ) ,  i i )  f iduc ia l  

volume and FRMS cuts ,  and t racks  with Ap /p > 0.5 re- 
T T  

moved ( t r iangles ) ,  i i i )  the same f i d u c i a l  volume and FRXS 

cu ts ,  and tracks with Ap /p > 0.2 removed (squares). 
T T 

2(b). Ratios of negative t o  t he  sum of pos i t ive  and negative 

t racks  vs. y  i n  f i n e r  b i ~ s  of y .  The s o l i d  points with 

e r r o r  bars a r e  f o r  cuts (ii) as  i n  ( a ) .  The open points 

a r e  f o r  cuts  on f i d u c i a l  volme and FRMS only. (Their 

e r ro r s  bars;  not s h m ,  a r e  smaller.) The square points 



(and s o l i d  curves t o  guide the  eye) a r e  f o r  p > 1.0 T 

GeV/c and the  t r i ang le s  and dashed curves a r e  fo r  

PT < 0.5 GeV/c. 

Figure 3(a).  Cross sect ion t o  produce pos i t ive  o r  negative t racks  

with pT > 1.0 GeV/c and y > 0.5 vs. the  charged multi- 

p l i c i t y  n of the parent event. 
ch 

3(b). A s  i n  (a), except y < -0.5. 

L Z . G  LLUS., -..&..--. 3Ccj. Katio of the  cross  sec t ious  ifi (a: t o  ".- ----- --"'i"~ 

o(n ) t o  produce an event with rich. 
ch 

3(d).  Ratio of the  cross  sec t ions  i n  (b) t o  o(nch). 
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