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ABSTRACT 

Inclusive spectra are presented fo r  m* productlon I n  100 GeVlc i p  

lnteractlom. The r rp ld l t y  dlstrlbutlon fo r  the difference (Fp-pp) 

appmxllutely scales as the dlffere~lce i n  tota l  cross-sectlons I n  the 

f ragne~~lr t lon reglon between 12 and 100 GeVIc and exhlbits m appmxlute 

s-112 dependence I n  the central reglon. 

the hlgh energy behavlour of mul t lpar t ic le productlon i n  bp lnteractlons a d ,  

I n  partlcular, about the baryon annlhflatfon process above %12 ~evlc.(') 11 

th ls  l e t t e r  we present the f i r s t  results on lncluslve vf productlon I n  i p '  

lnteractlons a t  100 GeVlc. These data permit a study o f  the center of  u s s  

(CH) energy dependence o f  inclusive v* productlon I n  both the fragmentation 

and central reglons. Although indlvldual annlhllatlon events cannot be 

ldent l f led I n  thls experln~ent. by maklng comparisons wl th s lml lar  data from 

pp Interactlons we Infer some features o f  inclusive pion production which 

m y  descrlbe hlgh energy baryon annlhllatlon. 

The data resu l t  fm a 98.000 picture exposure o f  the Fernllab 30-In 

hydrogen bubble chamber-wlde gap spark chanber hybrld system to  l 1W GeV/c 

beam wlth typically 0.32 i 'slnegatlve par t l c le  I n  each plcture. Results M 

the charged n u l t l p l l c l t y  d l ~ t r l b u t i o n ( ~ ) ,  a conparlson(') wlth pp data, and 

neutral par t lc le pmduct~on '~)  have already been publlshed. The results 

presented here are based on -9300 inelast ic  events. Ye have removed K* d - 
p* contan~lnatlon from the charged part lc le dlstrlbutions as f o l l m :  
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fonard  hmlsphere; (b) K' contanination was subtracted using data on - 
*(5); (c) the r e u l n l n g  contamlnatlon war e s t l u t e d  by rqu l r lnp .  ib * K, 

by c-lnvarlmce. that the v' dlstributlons I n  the fotuard (f) a d  backward (I 
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t r  t i H hemlspl~cres shon s y m t r y .  1.e.. m f  = wb and pf - pb. A l l  rapld l ty  d l s t r l -  

ullons have been correctedln t l ~ l r  way wlth due allowance fo r  varying larentu 

osolutlon. 

Flgure I ( * )  s l w s  tho lncluslve r- Invariant cross sectlon (6) 

E *'a dp;, as a ntegrated over transverse @mentW. C(PL) -/om 2 
P dPT dpL 

unctlon of PL. t l a  longltudlnal nmnrntu* I n  the laboratory system, together 

I t h  some loner energy datat7). The dominant feature I s  the decrease I n  

(PL) fo r  PL 2 1.2 kV/c  as the CH energy (6) Increases. To study th ls 

nerw dependence I n  mare detall, tn Fig. l(b) we show G(pL). Integrated 

ver the range -0.4 f pL !. +0.2 GeV/c. as a functlon of s-' l2 and compared (0) 

IU s lu l l a r  data fror mip. tip and pp lnteractlons. . The bp data show the 

trongest energy dependence belween beam m a n t a  o f  4.6 and 100 GeVlc and, 

w t l~e rwre .  are co~s ls ta r t  wl th the sane asym~ptotlc value (20.02 GeV) as 

h ap. Kp and pp data. 7hls m y  be taken as further evldence for  Ponoron 

actorlzrtfon I n  hlgh energy lncluslve processes. Slmllar conclusions m y  
4 

e drawn fm the dlstrlbutlons for  i p  .r . (not shown). 
t+pL 

Flgure 2(1) shons the laboratory rapldlty (y = 1/2 in(r)) 
"1 

t 
pectrcn for  i p  * .-, averaged wlth that for i p  + sf reflected about yua=O. b 
Iso shcun are data for pp + .- a t  100 Gev/c('). We have shown elsewl~ere (4) 

hat snootl~ extrapalatlorn of tlrc lon energy annlkflatlon n u l t l p l l c l t y  

m n t s  am Qtalned by approxlmatlng the high energy m ~ t l h l l a l l o n  lonantS 

y dlfferences between correspndlng cp and lrp topological cross s e c t l 0 ~ .  

n r r lm l la r  veln we also show In Flg. 2(a) the dl fhmnces 

Because of the dlf ferct l t  t e c ~ m l q u e s ( ~ ~ )  that had to bo used to r n a v e  protan 

4 i n  the iip and pp experiments. the differences for A ( 8  ) are less re l tab le  
Y 

and presentation of LI~ese data I s  deferred to a future report. 

I n  vlew o f  these neu hlgh encrgy data. I t  I s  now ~msslble t o  ermine 

t l ~ c  enogy dcpcndence o f  these dlfferences. For coayrarlson, we dlsplay as 

the so l ld  curve III Fly. 2(a) 12 C e ~ / c ( ~ )  data for A (I-). nonul lzcd by the 
Y 

r a t l o  of the dlfferencer o f  to ta l  cross sectlons, aoT(ptP) - oT(ip). - o ~ ( ~ ~ )  

a t  100 and 12 GeVlc whlch we take to be 3.55(4) and 12.1 &('). respectlvell 

We note that scallng for A ( m - )  holds ratber mll  I n  the target fraplentrt la 
Y 

reglon (Interpreted broadly as y : I). Slnce m1(p2p) 1s known to possess 

an w -b'55 dependence. we conclude that A (I-) dlrplays a r lm l la r  s-depcndcr 
Y 

We note that th ls  r l m l l a r l t y  I s  to be expectod frw Wucllrr-hgge r r g u n b .  

Following Cl~an gtl-.(ll) we wr l ta 

For exchal~ge degenerate couplfngs. Bpf * ow. ePA2 . oPh and for 

Fw. - = F,p. - (from tla m l a  t lve  I-independence o f  the process v4, + .' 4 x, 
see Ref. 0) one flndr 

I n  Fig. Z(b) we shon the ra t lo  R(Y) - A~(.')/$ (pp + .-). Ye 

note that R(y) appears to be decreasing s l lgh t ly  w l lh  lncrearlng y. suggest1 

that tlte " a ~ ~ a ~ l ~ l l a t l o n "  rapld l ty  speclrw I s  broader than that frw mnrnnll 

latlons. I h l s  may be antlclpated slnca the abscnce o f  leadlng b.r).ms COUI, 

resul t  i n  plonr of l a w r  rapldlty. Stnca our e r r l l e r  r n ~ l t r ( ~ * ~ )  rvgmt 

U ~ a t  annlhl lat lom prcdollnmtly occur I n  thr Mgher (: 10) c h r m  w l i l p l j  



f i na l  states and t o  enhance the posstb i l l ty  of obse~vlng annihilation effects. 

we have studled R(y) for di f ferent charged u ~ u l t l p l l c l t l e ~  (not sl~flun). We 

f lnd that the tendency f o r  the rap ld l ty  spect rm t o  be broader than that 

for the nonannihllatlons i s  indeed attributable t o  the hlgher mu l t i p l l c i t l e s .  

I t  i s  c lear that future experimental detenninatlons o f  e x p l l c l t  annlh l la t lon 

spectra from a fw GeVlc up t o  100 GeV/c are essentlal i f  the above differences 

of 6p and pp data are t o  have a deeper neanlng. 

The energy dependences of the cross-sect~ons f o r  central  r eg i o~ l  

Inclusive .' production are shown I n  Fig. 3(a). where the 100 GeVlc fIp + r * 
value a t  Y -o(where the sf cross sectlons are equal) 1s dlsplayed together 

cm 
wi th  lower-energy fIp data as a functlon of s-'I4. Again, these cross sectlons 

haw= been n r m l i z e d ( 6 )  to 0 (s). Also shoun are pp + rf data. The trend of 
P 

the data suggests that a t  asymptotic energies the bp and pp cross sections 

w l l l  be qua1  a t  y;O. 

ch I n  Flg. 3(b) we present ;F (ym=O) versus Plab f o r  (ip-pp) + wC t 1, 

where qC - .' t a'. One m y  show that th l s  quant l ty exh lb l ts  slarple 

Ilueller-Regge bebavlor i n  the c m t r a l  reglon (due predominantly t o  u-w 

exchange) wlth.an zs-0'55 dependence ( fo r  au(0) = 0.45). Our 100 GeVlc data 

pera l t  a tes t  of such behavlori a straight l l n e  o f  the required s l o w  I s  

seen to connect qu i te  wel l  w i th  the la te r  energy (ip-pp) data (1 ,Z.7,lZ), as 

we l l  as d l rec t l y  measured k + aC annlhl lat lon values. 12.7) 

. In conclusion, the data presented here show tha t  inc lus ive .* cross 

sections i n  fIp interactlons are d l f ierent  from those I n  pp interactlons. 

bu t  appear t o  share an asynptotlc (1.e.. s + -) I l m I L  i n  the target fragmen- 

ta t ton  and central  rq ions .  A study o f  (b-pp) dt f f cnnces  in  .' rap ld l t y  

d ls t r lbut lons reveals: (a) Ulat tha m- s p e c t r a  f o r  hlgher u l t l p l i c l t i e s  

I s  broadcr than tha t  from nonannlhllations. I n  accord w i t h  what one a l g h t  

I n t u l  t l v e l y  expect for  annihl lat lons: and (b) evidence o f  hel ler-Regge 

behavior n l t h  the r a p l d l t y  d i s t r i bu t i on  sca l lng as AO,(~*~) I n  the ? r a m -  

t a t l on  reglon, and the cent ra l  region r ap l d l t y  cross sect ion f o r  (.' + .') 
pbssessing the expec Led zs  -Oe5' dependence. 
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FIGURE W\m 

Flg. I. (a) Invarlant cross sectlon as a functlon o f  the laboratory 

1ongltuJinal nnnent~ln for  r- productlon. 

(b) The Invarlant cross sectlons for  I- productlon Integrated over 

a l l  P: and -0.4 2 PL 1 0.2 GeVlc versus s-lt2. Tho curvrr 

are drawn to gulde the eye. 

Flg. 2. (a) Rapldlty spectra for  1- production and the (Fp-pp) .t I - 
differences a t  100 CeVlc. hlso shonn (sol td curve) a n  the 

differences a t  12 GeVlc scaled by b T ( l W  ~ e ~ l c ) / b ~ ( l 2  CcV/c) 
6 , .  (b) The r a t i o  R(y) = hy(m-)lG (pp .t m-) as a function of thr 

laboratory rapldlty. 

Fig. 3 (a) Noml i zed  invariant cross sectlons a t  y;O for i p  + .' and 

pp + rf as a functlon o f  s- "~ .  The curves ere dram to gut* 

the eye. 

(b) Values of the Invariant cross section a t  yw-0 for the d l r f e m  

(bp-pp) -r, mC as a function o f  Plab. The dashed l l lw I s  l tIt 

by We t o  thr M O W  dependence 0xp.ckc) by hller-l.(l). 

U t a r y  (sou text). 
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