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m resui t s  of an investigation of the o r r e l a t i o n  te t reen  the 

nans In1 end the transverse-ntua lp ) uf multi-pion systrrns pro- T 

avced i n  pp m ~ i i s i o n ~  a t  102 GSVIC and 400 cevlc indicate U ~ L .  tor 

fixed U. pT distr ibutions are only r e d l y  dependent on the incirlear 

enem.  as w e l l  as on the =barge a a a n r l t i p l i c i t y  of tne prodvced 

system. Ihe dependence of <pT> on H is -h stronger and is similar 

to that measured for diserate hadmnir: s ta tes .  
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% i s  p e r  presents t h e  rasul ta  of a stvdy of the transverse- 

- n t k  (p,) dis t r ibut ions  characterislng aulti-pion sys- 

tems p r d d  i n  pp col l i s ions  a t  high energies."' me data. are f m  

previous exposures of the F e d l a b  30-inch l iqvid  hydrogen hvbble 

c a r  t o  protons of 102 a v / c  and I M )  eev/c. 12) 

In the analysis t o  fa l lor , re  assign a p i an l ao6  hypothesis to a l l  

t racks which have a e n t a  i n  excess of 1.2 GeV/c i n  the  laboratory € r e .  

eelar tha t  orentm, bobbla density prmides an es t i aa t e  of ionization 

w h i c h  m y  be used to dist inguish a proton f m  a pion. % a rb i t r s ry  

assi-nt of a pion-se to charged tracks of higher amentam eauees 

an a s t h t e d  proton contamination of the r* w c t r a  a t  a b w t  t h e  

101 level. 12) ~t has bean previovs~y e a i v r w  t ha t  an addit ional  11 

e and 109 K+ contamination ex i s t s  i n  the r* traoko, and a l a  e', 7s  i 

and 2s cone-nation i n  the  r- tracks. 12) n, further minilize fas t -  

proton wntaaination of the a+ -1e. we have rejected f m  considera- 

t i on  el1 posit ively charwd tracks with r m n t a  i n  excess of 60 Gev/e 

Md 240 &V/C for 102 av/= a1.3 4ca Gev/c incident -ta. re-tively. 

In amit ion ,  t o  redm the e f f ec t  of t r a c k l r a w e r e n t  and nvva tu re  

errors, re have iepoeed the rs&remnt t ha t  a l l  individual traoks have 

P, ' 1.5 GDV/c. 

rn th isanalys is  we stvaied the  propert ies of a1 possible chrg. IQ) 

m i m t i o n s  of two. th-, four. f i n  aM six-pion systems. s p e c i f ~ s a l l y .  

a h.ve the folioring u l t i - p i o n  Produstien reactions: 

pp r .+r- t Anything (!a - 0) 
I11 

pp + *re Anything (Q - ? I )  
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h -*e apectla chs r r t e r i z ing  the m l t i - p i a  state f o r  Reacrior,~ 

(1) thrnvih (5) st 400 GeV/c are displayed in Pigs. 1 throulh 5 ,  ra- 

spect ive~y.  mr each ~ t i p l i c ~ t y ,  the d* i~ t r imc ians  have h e n  nornaliaad 

cn cbe wap arw. mica n a t i a i c a l  e- ~ s s  are rhnm nn -1 data 

mints M help evaluate - in the data. me data,$" general,peak a t  

.mall v a l e s  of K, mt do mt exhibit s igoi t ieant  -a struceurs. m e  

Is a cl- aemr&ms 4, clnzw of tM pradoced . o l t i ~ i o n  
. . 

syi l te ,  i n  t ha t  d i e t r i h t f m  for lnw 191 are shifted to 1-r valur. of M rela. 

tte U, data  for 41 (91. "' 1- spectra a t  102 h v / c  ire .rlli~ar t o  

tbac diepleyhd i n  Figs. 1-5, c-pt t ha t  UP IBM v . 1 ~ ~  OF W are a b u t  

25t  d l s r  and the d ie t r imt i -  arc m t  as vide as at 40n rev/=.) me -th 

N N B S  In  Uls ~ I O Y T O Y T O Y T . ~ ~ ~ ~ ~ ~  llxlfs Carlo, dl1 be df scus sd  s h r t l y .  

m ahaps of pT ~ c t r a  fa lu l t i -p ion  states @used h Res t ions  

(I)-($) a t  400 *V/C aze di.played i n  pigs. 6-9.(3' dintrihvtions 

w &w a t  -11 pT valoas amd fall off e-ntially fat p 2 1 T 

UV/c. r ipe .  6 amd 'I diw1.y the *odsnce of pT -tm on the 

chars* of prohrced multi-pian aYs to r r  Ule data are f(u the ~epraeenrativa 

f i d  -s in terva ls  1.0 GeV to 1.3 GBV M c  %etlone 12), and 2.9 GLV 

t o  3.3  GeV for Reactions ( 5 ) .  Ih. di l t r ibwions  m mt erhIMt any 

si7niEicant daensence on the  c h  of tke mlti-pion system. 

Pi- a presants the depIllde- of the pT distr ibutions O. the 

l v l e ip l i c i t y  (n) of the producsd lultl-pior. ~ y s z . . ~ .  ~1.e e:: eve ax1 

tor the mans interval  betmen 1 .2  PDV ad 1.6 Gev, for Zn. 4 1  and bn 

doubly charged states (j~l-2) Ihr P w t r a  appear to have a very s- 
rrak but eyat-ti0 variat iun r i t h  mulripllcity. zlzis w i l l  ba ? i s -  

played lorn clear ly  later i n  t h i s  p a w .  

FhUs faf re h e  noted U l b a t  f ixed mes, p? apectra are only -kly 

dcpondsnt on the m.d w l t i p l i c i t y  of promred mlt i -p ion  staees. I n  

Pfp. 9'- display the varlet ion Of pZ m r s  4 t h  rrar in Reactiws 11)-15). 

The data ham D e e n a u d  over clmnp staces end displayed for 0.2 Cev-rida 

-9s intemald centeced at the ms*. o€ Ur Hdi3tribUriara gi-n i n  Pigs. 

1-5. r see frol Pig. 9 tha t ,  sl-h the peek of Ur pT spctrm 

.*if- w i t h  increasing rase, the f a l l a f f  a t  laqe pTaur k chsmcter- 

ired by ry a n i e r a a l  dapladence QC t b  Eon e r p ( - 3 ~ ~ ) .  (Rmr emrf- 

a n t s i l l y  i l t i va t ed  at off a t  pT-1.5 OeV/c m individual track6 is 

expected to a f f ec t  the f a l l  off only in tb l - s t -wl t ip l id tY data. 

par t icu lar ly  for pT z 2 ~ev/c.) ra am ad&. it is i o t e n s t i n q  t o  note 

t ha t  the mak-.aloes of the  I 4  d i s t r i h t l n t s  Increase IinasrlY with M 

char- I l l t i p 1 i s t t y  n. 

f t  i a  ell k m m  that tr~nnersa  a r m -  distr ibutions of par t ic les  

p z M  f a  high-nn, mSl i r ions  c h g s  very s l a l y  r i t h  i n seas ing  

e m .  r t  is ewrer- wt -rising tket the pT -la for 



Peactiors (1)-(51 do not change markedly betreen 102 (iev/c anl 400 

The kind of differences observed are typif iad by khe r e su l t s  presenked 

in Pig. 10. e r e  va provide a ~ n p a r i s o n  bervaan 102 ccv/c and 490 rav/c 

data. Zhe dis t r ibut ions  are for 1.2 GtV'4Kl.G GeV. -0 Zn data, am4 

for 2.9 GCV H < 3.3 GBV, e o 6~ data. in  (a1 and (h) ,  respectively. 

The S-E of d is t r ibu t ions  a t  tk t s  energies agree f o r  ~ 2 1 . 2  Gev/c. 

&w 1.2 GeV/c the  p spectra a t  4 w  GeV/c, par t icu lar ly  f a r  t h e  Gn 
T 

events, do ~t f a l l  off  as rapidly as the 102 rev/= data. This d i f -  

ference my  be attributed t o  the k m m  increase, v i t h  incident nnergv. 

of  the inclvsive pion cross section a t  l q e  p . ( 5 1  
T 

r i m e  I 1  0-rise8 the variation s f  the average value oi the 

transverse mnentrn ('F;). for *&ti-pion systems produced a t  400 

~ e v / c .  with mult ipl ici ty and .ass of the systems. (The data have been 

aYlled over charge.) Ths substantial tmraase of 'P . v i th  increasing ness 
T 

re f lec ts  the reSara  given previovsly i n  Fiq. 9. 16' Thele is MIY l i t t l e  

difference obsemd i n cpT>  fo r  d j f f l ~ r c ~ t  i n ~ l t i p l i c i t i e ~  a t  n s 2 Gev: it 

appsars, horever, chat a t  these -11 mass values <pT> decreases Somewhat  with 

increa=ing n. FO. W2 Gev the rrariation of <pT> with mass is weak, but the 

aepsndence on nsnlciplicity f a r  mre pmm-ed. Several of t he  data points. 

e s w i a l l y  for  1-e n and 1- H, depart from a -th trend in  tIa cle- 

pendence of cpT> on w. This may O due t o  the f a c t  tha t  the erlur bars for 

large n are not r e a l i s t i c  because vs have iqnored canbination.1 m r r r 1 a t i a s  - tracks i n  assigning s t a t l s t i e a l  ermra t o  the  individual points. 

we have also studied. for fixed n. the variat ion of <pT> with the 

reynran x of the ~ l t i - p i o n  systn .  mere  is a weak dependen- of 

<p > o n  x, rot unlike the kind observed fo r  inclusive single-pion Pro- T 

duction data.'2) ~ i g u r e  12 displays the typical  variat ion of <pT> 

v i th  x £01. -actions 12) and ( 3 ) .   or mmparioon re present the dam 

a, a- productim at em G~VIC. 12) 

Teble I s-rinen t h e  reaol te  of a c a l ~ l a t i o n  OF CP ' values a; a 
T 

function of mul t ip l ic i ty  using a l a n t e  Carlo nodel. mis mde l ,  vllich has 

been discussed previously in the  l i terature" ' ,  -fains the  sinqle-part icle 

inclusive ~d seal-inclusfve d is t r ibu t ions  and charge m l t i p l i o i r i e s  observed 

in the 400 Gev/c PP data, but no exp l i c i t  cor re la t ions  -g kin-tic vari-  

ables or a o n g  produced par t ic les .  Ms. dis t r ibut ions  for  muctiana (11-(5) 

"sin9 the Mnte Carlo ca lau la t ia ,  are indicated by the  s-th curves nharn 

i n  9 I - .  l%e -1 provides a ma* dependence of 'p,' on M ( e a ~ e n t i a l l y  

m dependence ~n Ql: t h i s  is displayed in  the s-th curves ehovn in  Ply. 11. 

Al-, as can te seen f r a  t h e  e n t r i e s  in  Table I ,  the  <p > wlues ,  integrated 
T 

wer  aass. scale vi th  m~r l t i p l i c i t y  aPPmrl ramly  in  the  aa-r of a rando. 

walk. n-ly aa 6. A s  ncntiured before, the  data i n  Fig. 11 for  I452 GeV dis-  

play e rhent ia l lg  n, dependence on ~ r u l t i p l i ~ i t y .  and t h i s  Mpl iee  that d-ic 

correlat ions a-g pa r t i c l e s  are s-g as to corp le te ly  cvsk t h i s  kind of 

rand- b e h i o r .  A t  larqa valves ot H, b-*i.wr, there 1s s u e  evidence of a 

9 r W h  of 'p > with increasing n s i m i l u  to t k a t  expectad for  a randm aai -  
T 

t ion  of n independent p values. I n  fact. it appears chat the  MOD reqlm i n  
T 

m i c h  ran- behavior dominates is a strwg f m t i o n  of multipl ici ty.  mr tsa- 

pion data t* r q i n n  of dminant ly  randm correlat ion appears to be* > 1.5 GeV, 

while for  Em-pion da ta  this ~t off  is a t  w 2 . 5  Cev. 

Finally, i n  Fig. 11 ue have i n e l d e d  nxnasured <p .  values for elementary 
T 

~ t i c l a s  produced in  pp ml l i s i ons .  la) le m t e  tha t  rl!e (pT) velueo of 

elementary pa r t i c l e s  m ins ide  with tha  data for c1 ~ 8 v  ( th in  is the region 

where dynamic cor re la t ions  appear t o  be inportantl .  =he recent ly  measured <pT, 

valve fo r  J/+ proamtion is %25% higher than expected, f o r  example, f r m  

-action (21 a t  w = 3 G ~ v . ( ~ '  

Ye thank 0. mhen. A. Said1 and J. C. Vander velde fo r  t he i r  con- 

t r ibu t ions  to the ear ly  phases of t h i s  rork. 
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Table I 

Hontdarlo calcnlotion of < p .  aa s function of inclusive 
T 

mltrplicity Eor mltt-plon ~ysr -  p r o d ~ e d  a t  4 0 0  G ~ Y ~ C .  
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