
THE INFLUENCE OF PARTONS ON SOFT HADRONIC REACTIONS- A REVIEW 

W. Kittel 
Un ivers ity of Ni jmegen , Nijmegen , 1he Netherlands 

Abstract : 
Data on soft had ron-hadron collis ions are compared to each other and to deep 
i ne l astic l epton-hadron and e+e- col l i s ions in the l ight o f  qua r k-parton pic­
tur e s . Thr e e  b asic observat i ons are the suc cess o f  quar k  statistics to expl ain 
d ifferent quantum number hadron yi el d s ,  the r e flect ion of the v al ence qua r k  d is­
tribut ion in hadronic pion produc t ion , and the similarity o f  j ets in 
hadron-hadron , d eep inelastic lepton-hadron and e+e- coll ision s .  The models 
evolv ing from these observat ions help to illum inate d ifferent aspects o f  the 
d at a . They a l low to understand corr elat ions in the proton fragment ation reg ion . 
Quark and d i qua rk fragmentat ion fun ctions e x tr ac ted from hadron-hadron col l i­
sions agree with those from neutr ino-hadron coll ision s .  Kaan and pion structure 
functions agree with those obtained from muon-pa ir production . Hyperon polari­
zat ion at l arge energ ies , not und er standab l e  from reggeology ,  fo llows natur a l ly 
from quark-fragmentat ion-recombinat ion . 
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I .  BASIC OBSERVATIONS 

Thr ee observ ations have r ecent l y  b e en d rawing increased attention to so ft 

hadronic c o l l is ions : 

1 .  Cr oss sections for resonance and pa r t i c l e  produc t ion in central and fragmen­

tat ion reg ions c an be und e rstood from quark statist i c s .  

? .  Pion produc tion in  the nuc leon fragmentat ion r eg ion o f  soft had ron-hadron 

co l l t s ions sPems t o  reflect the v al ence qua rk d i str ibut ion in  t he n u c l eon a s  

o b s� r v ed in mod e r a t P l y  rl e e p  inel ast i c  l epton-nucleon c o l l i s i on s .  

3 .  Qu a r k  fr agmen t at ' on j et s from e+e- ann i h i l at ion a nd d ee p  i nelastic  coll isions 

seem to resemble  so ft h adron i c  product ion i n  l o n g i tu d i n ;i l , t r ;i n s v er s e  and 

mult i p l i c i t y  b e h a v iour of thP pr od uc ed had rons . 

These observations l ead to the ex pe c t ion t h a t  the pci r to n  s t r u c t u r e  o f  h a­
drons al so g overns soft had r on-h ad r on c o l l i s i on s . To t a s t  t h i s  u n i fyi ng con c ept 

and to use its far-reaclii ng conse que n c e s  to i l l  um in a t e  n o t  o n l y  t h e  com pl io a t ed 

had ron-hadron c o l l i s i ons , b ut the ( so ft )  qua r k  fr agm en t at i on in general , t s  the 

b a s i s  of pre sent e x pe r i m en t a l  and th<>oret i c al e f fo r t  in t h i s  f i e l d .  Be fo r e  d is­

cus sing the status of t�is e ffo r t  in the l a t er sect i o n , we sha l l  f i r s t r ev i ew 

the three b as i c  observ a t i o n s . 

I .  1 .  Qua r k  St a t i s t i c s  

E a r l y  rl rit<"! 1 ) g i v e  Av id en ce fo r n t wo compo n e n t  p i c t ur e  o f  i n c: l u s i v P  p8rti­

l!l� nnrl n � son ::inc�  p r o rl uc t i on . T h e  fr ;:igmen t ri t i o n  compo n e n t  d. epen d s  o n  t h e  pro­

duced part i c l e  o r  r e s o n a n c e  and on t h e  f r a gm en t in g  i n com ing p a r t i c l e . The shape 

of ":.hf' cen tr <i l  compo n e n t  is u n i v er s 8l , i. . e .  does n e J. th P r  rl epend. on the incoming 

pci r t i r l P s  n o r  on t � e  pr o d uc ed pa r t i c l e  o r  reson s n c e . 

A c c o r d ing to a s irn pl e erld it i v e  q1n r k rnodel2 ) ,  one q u a r k  of the b eem parti­

cle r e a c t s  w i t h  on e qua r k  o f  t h e  t a r1' et to pr o d u c e  i l  l ar f\ e  q u a r k - en t i qu a r k  ( qq ) 

sea in the c e n t e r . On e or rnor e qua r k s  ( or ant i qu a rk� )  from the center j o i n  r es­

pe cti v el y the b eam spe c t 8 t o r  Rnrl the f B rg et s p e c t ;:i t o r  q u a r �s �o pr o d u c e  hAdrons 

i n  the fr Dgmentcition r eg i on s . T h e  rem :=i i n ing qu8rks ci nd ant i qu 8 r ks j o i n  t o  pro­

d uc e  h ;i rl r o n s  i n  the 0 e n t r 1 l  r eg ion . SU ( 6 )  symmet r y  i s  a ssumed to be b r o ke n  o n l y  

b y  a r e l a t i v e  suppr e s s irrn (/\ � 1 /3 )  o f  s t r a"lge q u a r k  pr o d uc t i o n . T h e  probab i l i ­

t y  o f  q u a r k  p r o d uc t i o n  i n the sea d oe s  n o t  d epend on s p i n  pr o j e c t i o n and charg e .  

Fur t �ermor e ,  d ue t o  t�e l •r g e  qua r k  mul t i p l i c i t y  • t  h i gh e n e r g y ,  t h e  probab i l i t y  

o f  c e n t r R l  qu 8 r k  p r o d u c t i o n  d oes n o t  � ep�nct or1 t h e  n a t u r e  o f  the i n com i n g  

qu� r k s . In m e so n  pr o d u� t i o n i n  thP fr �gmen t n t ion r P�; ion , on thP other hand , o n e  

sp� c t n � o r  i s  j o in Pd by o n P  qu� r k  from th e S e 8 , s o  t h F 1 t  t h e r e  t h e  d i s t r i b u t i o n  



depends on the nature of the spectator . 

One of the main assumpt ions is that a "gas" of quarks and ant iquarks with 
non-correlated spin projections i s  formed . As a consequence , the number of  qq 
pa irs  with total spin s i s  proportional to the stati st ic al weight 2s + 1 .  Th is  
g ives an expected rat.io 3 :  1 for  ph1 or  K* (890 ) /K ,  more general ly  for  mesons con­
taining the same quarks and belonging to the same SU(6 ) mult iplet . The actual ly  

observed 
nances . 

ratio depends on the contaminat ion from decays o f  unobserved reso­
The ratio 3 : 1 has been ver i fied3 ) on K ,  K* and K ** mesons ( which appear 

in decay processes to a smal ler extent and in a better contro l led way than TI and 
p) from pp and K-p dat a .  

The probab ility S for a spectator quark  t o  pick up on  antiquark ( rnthPr 
than a quark) from the sea has bPen estimatect4 )  to S =3 0 3 ,  con sistentl y from 
A /K� and A /K� mult ipl icity  rel-. ios  in TI- anct K - fragmentat ion . 

The most d etailed applicat i on of quark statistics  is a systemat ic stud y o f  
baryon production in the proton fragmentat ion reg ion5 ) . The data58 ) suggest 
that ant ibaryon s c an be attr ibuted domin:rntly  to the non-fr .qgmentation type BB 

pair product ion with  local compensation of  quantum numbers .  In t'1at case , e2ch 
val ence quark  of the incident proton e ither recombines with an ant iquark to g ive 
an outgoing meson or recombines with other quorks , to give  an outgoing b2ryon . 
From a consistent d escr ipt ion of proton , A, L , = and � production in proton 
fragmentation5 b) , these two possib il ities turn out to occur in an uncorrel ated 
way for each v al ence quark of the incident proton , with thP respective probabil­

ities of  about 403 and 6035 c ) . 
Furthermor e ,  the probab il ities  a i ( i= 0 ,  . . .  3 ) for the produc�d baryon to 

contain val ence spectator quarks can be con sistently d educed from the same 
data to be 

ao o .  05 ± 0 . 03 a 1 0 . 20 ± 0 . 04 

a2 o .  30 ± o .  1 6  a 3 0 . 45 ± 0 . 1 7  

We can conclude  that pure quark  statistics  c an g ive a consistent d escr ip­
tion of relat iv e  particle  yi elds  in central and fragment ation rer,ions .  Th is  
description i s  globa l , but it c an be t aken as a first  hint thet  qu•rks may play 

a role also in soft hadronic reactions .  If we want to know how,  we have to go 
to more d ifferential  d istr ibut ion s .  

I . 2 . Reflection o f  the Valence Quark Distr ibution 

The ana lys i s  of  l epton induced reactions has shown t;hat only about hal f o f  
the momentum of t h e  proton i s  carried by quarks ( q) end ans iquarks ( q )  and a 
smal l fraction by ant iquarks alone . As q( x ) :q( x) at x :O ,  the antiq1 1ark d istri-
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bution is concentrated a t  small x (say x � 0 . 2 ,  the· " sea" region) and the same 

is expected for gluons wh ich could d is so c i at e  into a qq pair . The pr esence of a 

q component in the proton structure function impl ies that the proton , wh ich pr i­

mar ily consists of three quarks , has d issoc iated into a state with many qq pa i r s  

i f  hit by t h e  electron . 

The suggestion of Ochs6 )  is that the same proces.s of d issoc iat ion into par­

tons occur s  if the proton fragments into hadrons in the field of another hadron 

at high energ ies . The long itud inal momenta o f  partons wi l l  be appr o x imately 

conserv ed during the interaction and there is a correspondence b etween the ha­

dron state and the parton state in the following way :  A quar k  in the parton 

state out s i d e  the sea-region ( x  � 0 .  3 )  is a v al er1ce quar k  o f  a hadron o f  the 

final hadron stat e ,  and the momentum of the quark contributes to the momentum of 

the hadron . 

In the fragmentation reg ion of the proton , the ,,+ can be assumed to be com­

po sed of a u v alence and a d sea qua r k .  Since th!! l atter carr ies very l ittle 

mom entum , we expect to find a u quark with similar momentum to that o f  the .,,+ 

l ua> . The same holds for a d quar k  and the ,,- = : du> . As a consequence , the 

x-distribution of a pion in the fragmentat ion reg ion of an incident proton is 

e x pected to be simil ar to that o f  the v al ence quark wh ich it shares with the 

proton . Fig . 1 <1-b shows that the x-distrib ut ion o f .,,+ is indeed simil ar to the 

u-quark d istr ibution u ( x )  der ived from SLAG d at a  on electron-nucleon deep i ne­

lastic scattering7 ) . The ,,- d istr ibution agrees with d ( x ) up to x- O. 7 ,  and is 

only sl ightly above d ( x )  for l arger x-val ue s . 

We conclude that the quantum numbers and the d :lstr ibution of the target 

proton v al ence quarks c an be found back in the part:Lcles produced in the t arget 

fragmentation reg ion . 

What is the role of the b eam quantum numbers? Fig . 1 c gives a compa r i son of 

the r atio of the inclusive invar iant cross sections for .,,+ and ,,- production as 

a fun ction of x in the target fragmentation r eg ion for the reactions ,,± p � 

,,± X at 16 GeV/c to that for p � ,,± X ( scal ing between 1 9 and 2000 GeV/c) . The 

ratio R is considerably larger for 1 6  GeV/c .,,+p than for pp r eaction s .  On the 

other hand , R f al l s  b elow the proton cur v e  for ..,-P col l isions . 

At higher energ ies , howev er , the ..,± p ratios tend to conver g e .  The appro­

ach of R to a high energy l imit is g iven in fig . 2  for ..,± p co llis ions9 ) , as a 

function of s- 1 12 , for several x inter v al s .  The energy d ependence agrees with 

an s-1 12 t erm , the asymptotic l im it is consistent wt th the r atio R for pp r e ac­

tion s .  A s im il ar conclusion can b e  d r awn for K*p co l l ision s .  Th i s  means that 

at Plab ,� 200 GeV/ c ,  the influence of the proton v alence quarks alone is ob­

served to g ov er n  proton fragmentation in soft hadronic coll ision s .  

This second basic observation supports the qua r k  r ecombination picture 1 0 )  



of hadron production in the fragmentation region . In the framework o f  this pic­
ture a fast meson with small Pt is  formed by a two step process : 

i ) a quark-antiquark pair is picked out from a proto n ,  
i i ) this pair recombines t o  form the meso n .  

Neglecting many-body recombination the inclusive x d istr ibution o f  a meson M i s  
therefore g iven by 

x do Or" dx 

where fvs ( xv , x
s) is  the probabil ity density of finding simultaneously within 

the proton two partons v and s with r espective momentum fractions xv and x
s 

( the 
two-quark structure function ) and R ( xv , x s ) is the recombination probabi l ity for 
the v and s quarks to form the meson M. The 6-function assures momentum conser­

vation for the process . 
Justificat ion 1 1 l for the particular form of fvs and R ( xv , xs ) comes from the 

so-cal led "valons" O<ind of  dressed quarks ) . The d istr ibut ion of  quarks in a 

valon and of the valons in the proton can be completely d etermined in shape and 
normal ization by ensur ing that they reproduce the quark d istribut ion from low Q2 

lepton-nucl eon collisions . 

I . 3 Jet Un iver sal ity 

The decrease in average sphericity <S> ,  thrust < 1 -T> and spherocity <S ' >  
with increas ing energy, generally interpreted a s  evidence for j et produc tion , i s  
not only a feature o f  reactions i n  wh ich single quark effe�ts are expected to 
dominate 1 2 l ,  but also of low Pt hadron-hadron collis ions 1 3 l .  As is shown in 
fig . 3a-c the average shape of  the hadronic system is the same in all three types 
o f  coll ision at g iven hadronic energy, as is its change with energy .  

The energy d ependence of  the shape of  the sphericity d i stribution 

itsel f1 3a , c ) is  shown in fig . 3d ,e .  As for e+e- col l isions , one observes a 

change from a d ip at S:O at low energy to a sharp peak at S:O at higher ener­
gie s .  The shape of  the 1 6  GeV/c K-p S d istr ibution ( Ecm=5 . 6  GeV )  i s  peaked at 
r ather lower S values than the SPEAR d ata at 6 . 2  GeV .  Very good agreement is  
observed between the S d istribution in K-p at 1 1 0 GeV/c ( Ecm ' 14 . 8  GeV )  with 
the PLUTO r e sult at 17 GeV, and the h+p data at 1 47 GeV/c with the TASSO d istri­
bution ( the  TASSO S d istribution at 1 7  GeV i s  s imilar to the PLUTO d ata ) . 
Di ffrActive events contribute only at the most " jet-like" value s ,  i . e .  low S .  

The agreement b etween the shape of  the K-p a n d  the l eptonic distributions i s  im­
proved when the d iffr active events are removed . The only major d ifference in 
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thP. shapes o f  S an<l T d i str i.b ut ions i n  K-p and i n  publ i.shed lept o n i c  d 2 t o  reme­

ins the abov e ment ioned paaki n g  at lower S v el uPs i n  ��e K-p d et a  et 16 G e V / c , 

when compared w i t h  the SPEAR  d ot a .  T� i s  probab l y  r e s u l t s  from the pr oblem s  i n  

d ef i n i n g  t h e  spher i c i t y  8 X i s  i n  l ow Ecm A+8- event s .  

The normal i zed 7 0  Ge V/c K+p r a p i 1 ity d i str i b u t i o n , ev •luated with r e spe c t  

to the thr u s t  ax i s  n c l is compa r ed t o  e+e- r es u l Ll at 1 3  G e V / c  ( T ASSO ) 1 4 ) i n  

fig . 4a , b .  A t  s i m i l 8r Pn e r g y ,  �hP t w o  r ? p i rl i t y  d i s t r i b u t i o n s  � g r e e  rgm?rlc;::ib ] y 

we 1 J  anrl i� c an be Px p2c t2rl from the t n sP r t  ( �nrl ��om old r e s1J l t s on h � d r o n i c  

r a p ] '-ii t y  pl ot e21u s ) t h a t  h arl ron- h?!ri ron n n d  P.+,;- d c=i t ;:i  shoH ;:i s imi l ;::ir l n  VS i n c r e-· 

asP of tht? pl a t e .'3 U  111.�ht rinrl , 'lbOV P ::i l l_ , t�he s;1mP pl :;i t � A u  h i ght <l':. the s ;::im 2  en-

er gy ! 

A l so the norm r:i1. i z-=: :i  2 
Pt 

f i g . 4 c show 2 g r P f'men�, nt 

1 erg er cross se ct j_ on i n  t h e  

rl i s t r ib ut. i ons 

1 3  Ge V / c , �v en 

h i G h  P: t '1 i  l for 

t�o ugh t 1 P r e  m � y  be i n rl i � R t i on of � 
thP e+� - re s u l ts . 

fur t h. P r  suppo r <-: pd from ? 

t i v e  to the thr ust ;i x i s  ( not sho1.m ) . Again , the hp • nd + -I? ("  h :� v e  e ssen-

t i n l l y  th� same v 21 ue s  �n� the sri.m e energy beh 8v i o u r . In p� r t i c il l 8r , �he r i s R  

i n  < p� > wi t� Ecm fa l t  t o  b P  R n h a r R c t e r is t l c  fa e tur e o f  s i ng l P  quR r k  j e ts i s  i n  

f 3 c t  A l so Fl f0 atur e o f  !1 8dron i.c low Pi:, pa r t i c l e  pr oduc t ion . 

At t h i s  s t ;:ig e  WA m ? y  q sk w:i e th e r  thA ;:igrPcment b et w e e n  the d ;::i-S :::i is 2c c hi en­

t a l , e . g .  d ue to long itud inal pha se' s p a c e ,  or h e s  a n y  more fun d ?m en t •l rlyn am i­

cRl o r i g in . In r e f . 1 3c th e spher i c j ty ,  thrust , sph P r o c i t y  �nd o t� e r d i s t r ibu­

t i o n s  are comp;ff eri to mPre long itll rl in ri l  phRse space <lnri the F i e l d  cmri Fe ynm an 

par •met r i z a t io n  of q u a r k-parton j et s 1 5 l . In al l c R S P S , b o th the F� p a r •m e t r i za­

tion a s  we l l  ns LPS more or l. ess d es c r ib? the d 2t a .  One m2y c o n d 11rl 2 that FF i s  

a som ewh at compl i c: ;:i ted w3y t o  p8r :=im et r i zA l o n g iturl i rn:i l  ph n s e  spri.c � .  Jet uni.vE'r­

sal i t y  mAy w2l l turn out to r ed uc A  to the equ�l P�, rl i s t r i b ut i. on s ;::rnd the equ1l 

aver ;:ige mul t i p l i c i� i e s , the r Pst -ma y  fo l l ow from i�d epPndent em ission + con ser -

vat ion l aws . Bu t the po i n t  i. s ,  i. f t h i s  wi l l  turn out-, +-,o be the c 1 se , i.t wi l l  

c a s e s  thA same m e c h an i sm i s  :::it wor k ,  gov ern i ng m u l t i pl i c i t i es .1n d  tr r1 n s v e r s e  mo­

men t R  in an i d en t i � al w1 y .  

I f  q u a r k  frRgment • t ion i s  i n d eed gover n Pd b y  long itu1 i n R l  p�a s e  spa c e , i t  

w i l l  b e  i n t er e s t i ng t o  look for t h e  t r i v i a l  d i f ferences e x pe c ted from the quan­

ttlm numbe r s  o r  ex c i t a t io n  morles of the fr�gmen t in g  qu A r �s , 8S wel l  as for 

( non-tr i v i a l ) f l nv our c o r r e l a t i o n s  wi t h i n  the fr Rgmen t R t ion j et .  

On e d i fference o f  the had r o n  system pr o d ucPd i n  e+e- ann ih i l a t i o n  and pp 

c o l l i s i o n s  is t h n t  the b ar yon n umber i s  ZAro in the f i r st c 2 se and two i n  the 

second . In other wor d s ,  t h e r e  a r e  more i n t e r ;:i c t i n g  v ;:i l en c P  qw:i r ks i.n pp r.o l  l i-



sions than in e+e- hadron production . A CERN-Bologna-Frascati Co l l aboration 1 6  

us ing the CERN  Spl it-Field Magnet at VS=62 GeV has att·empted to remove the ex­

pected effects of baryon-number conserv ation by selecting events with a l ead ing 
proton and red efining the fractional v ar i!'lbles of the particle afr,Pr removal of 

that proton . 
The pp d ata ( normal ized to the mean charge multiplic ity )  are c ompared to 

( normal ized ) e+e- data from the Tasso Col l aborat ion 1 7 )  at three d ifferent ener­

gies Ehad . The agreement between the two d istr ibutions at al 1 thr ee Ehad va­
lue s ,  both in shape and absolute v al ue (mean charged multipl k ity) , suggests 

that the mecha�ism for transforming energy into particles in these two processes 
must be  the sam e .  Thi s  would be surpr ising if  the fragment ation process would 
not be governed by longitudinal phase space , s ince exc lud ing the l pad ing proton 
means exclud ing the lead ing parton plus its companion . To be fa ir , one would 
have to exclud e  the l ead ing quark  and its companion 

well .  

in + -e e anni'1i l at ion , a s  

The 1 47 GeV/c h+p collaboration stud ied the effect  on  <S> and <T > when re­
mov ing the l ead ing particle . As expected , <S> and 1 - <T> increase , but the ava­

ilable hadron energy Eh ad decreases . Both value s  are comp8red to the e+e- and 
\JN d ata at the correspond ing values of Eharl . Remov ing the proton does not im­

prove the agreement . I would suggest to forget this approach and to look for 
expected differences r ather than to exclud e  them before they are shown to ex ist . 

The better approach seems to me to select certain events where the jer, is  
expected to  d er ive from qq  separ ation as in e+e- jet production . A possi_ble l a ­
boratory for this  study i s  meson or photon d iffr action d issociation 1 8 ) . T>ie 
d iffractive d issociat ion c an be assume� to be e two-st, pp process . Fi r st ,  the 

meson d issociates into a qq p'lir , then this qq system hadroni. zes  in the same 
manner as hadronization takes place of  neutr al quark-antiquark pgirs  during + -

e e 

annihilation to two jets o f  hadrons . Diffr action d issociation may have the 
enormous advantage over e+e- annihil ation that the qq p 1 i r  is known and not a 
mixture of uu , d d ,  ss ,  c c or bb .  T'1 is  may prov ide the un ique opportun ity to in­
vestigate jets  of known flavour ! 

The fact  that j ets produced in + -e 2 annihilation and deep inelastic 
lepto-production are very similar to these producerl along the b eam d ir ection in 
ordinary h ad ron-hadron collisions has led to the assumption of  parton fragmenta­
tion as a common underlying dynamical mechan ism . Tn the quark  fragmentation 

v iew 1 9 ) , inelastic ( non d iffr ative)  scattering is dominated by events where one 

valence quar k  of the b aryon with low momentum interacts with the other hadron 
and is fixed in the central  reg ion . The remaining d i. quark system wil l  carry al­
most all the orig inal baryon momentum and sub sequently fragment into hadrons in  
the b aryon fragmentation region . The rapid ity density o f  the fr;igmentation 
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cha in i s  un i v e r s8l , i . e .  i t  d epen d s  o n l y  on the nature o f  the system at the 

chain end and not on the nature ( hare! or so ft ) of the process wh ich produces 

them • The inclusive one-part i c l e  d istr ib ut ion of hadron H in the fr agment at ion 

. r eg ion of hadron h is  g iv en by the convo l ut ion integral 

I dO' a crx 
I 

L f dyd z  fh ( y )  DH ( z )  6 ( yz-x 
q x q q 

between the probab i l ity d istr ibution f
h

( x )  of the constituents o f  h to carry q H 
momentum fr action x and the fr agmentation Dq (z )  of constituent q i nto the hadron 

H, as obtained from l eptonic r eaction s .  

The impo rtant assumpt ion i s  that the mechan i sm r e spon sible  for hadronic in­

ter action s favour s con figur otions of v a l ence qua r ks d iffer <>nt from those meas­

u r ed in l epta-pr oduction . On l y  con figur ation s in wh ich the d i quark c ar r ies al­

most al  1. the momentum are assumed to be r espon s ib le for pion produc t ion in the 

proton fr agmentat ion reg ion . Th i s  amoun t s  to 

with k b eing a stc1t i st i c a l  factor correspond ing to the add i t i v e  qua r k  model and 

So , h ad ron i c  spectra  are g iven by the fr agmentat ion functions DH ( x  ) in a q 
parameter fr e e  form . 

I I .  SELECTED A PPLICATIONS 

The r ecombinat ion and fragment at ion pictur e s  have b een des igned to descr ibe 

single par t i c l e  d is t r ibutions from a d ifferent po int o f  v iew.  Attempts to show 

the d ua l ity or complementar i t y  of the two v iews have b een started20 ) and should 

be  continued . Rather than t r ying to prov e one of the p i c tur e s  and d isprove the 

other , we sha l l  here use their complementar ity to i l l um inate d ifferent aspects 

of the d ata . 

II .  1 T a rget Fr agmentat ion 

Accord ing to the fragmentat ion model
l 9 ) , pion produc t i on in  the proton 

fragment at ion 

tions D" 8S qq 
r eg ion c an b e  wr i tt en in  t erms of the d iqua r k  fr agmentation func-

P+rr± 
I dO' ( ) ::: a crx x 

1T 1T+ 
From isospin inv a:iance fo l l�ws D ud = D ud , so t'.'.at 

r em ain : H1 = D rr , H2 = D rrd =  D "-d and H3 = D rr . uu u u uu 
large  x since in H 1  both u-quarks can contribute to 

thr ee ind epend ent fun ctions 

One can expect H 1 >H2>H 3 for 

the creat ion of a n+ , wh i l e  



in H2 o n l y  o n e  qua r k  c o n t r i b ut e s , a n d  in H3 non e o f  the two u-qua r l<s c o n t r i b u t e s  

to ,,- pr o d uc t i on .  

Fur thermor e ,  i f  b ar yon produc t l o n  i s  d om i n an t i n  the d i qm r k  fr agment;it i o n , 

the appr ox imate r e l <'ti.on 2H 2 - H 1  + H3 i s  v al ict 1 9 ) . For the pion c ro ss s e c t i o n  

\i n pr oton fr ti gmen t, ;:i:, ion t h 2 n  f o l  lows 

nnrl 

K-p d a t a at 7 0 GeV/c2 0 )  are compa r ed to v p  and v p  d at a 2 1 l in f i g . 5 .  Th e 

fo l lowing obse r v a t i o n s  c an be m ad e :  

- H 1  ( x )  f r om vp d .• t a  inrl e'!d a g r e • · c; with H 1  ( x )  fr om K-p d at a . 

2H2 ( x )  from vp d at a  ag r e e s  wHh H 1  ( x ) , g iv in g  su ppo r t to the ab ov e a ppr ox im a-

t i o n . 

H 3 C x )  f r om vp d at a is much smal l. c r  th an H 1 ( x ) . It, is c om pat ib l e with zero for 
the K-p d '1t a  ( not shown ) . 

Of pA rt l c: nl ar i n t e n � s�- i n  non n ec t ion w i. t h  th e i n fl ue n c e  of th e v ci l P n c e  

spe c tator s a r c  v e r i o u s  t ypes o f  q u a n tum number c o r r e l a t i o n s  b etween the t wo d i f­

f ere nt fr agmen t a t ion r e � i o n s  and w i t h i n  one fragmen t a t i o n  reg ion i t s e l f .  Long 

r ;rn g e  cor n::l a t i o n  of pio n s ,  .� ;:ich r!oming from R d i ff p r e n t.  one o f  t,h e  t wo i n c i d Pn t  

p r o to n s , h a s  b een m c asur ect 2 2 ) in· the form o f  thP two pion co rr P l at ion fun c t i on 
R C x 1 , x 2 ) =  oN C n1 ,.2 l /N ( n1 ) . N ( n2 ) for pp --} TITIX at VS =  6 2 . i G,ev ( 0 . 2 <x 1 , x 2 <0 . 9 5 ,  

0 . 2 < pt 1 , Pt2 < 1 . 2 GeV/c ) . Over mos� of the x r a ng e ,  t h e  TI+,.+ , TI+,.- and TI-,.- d at a  

a r e  e ssent i o l  l y  un c o r r e1 at e1 ( R =l ) ,  i. n agr eem en t w i t h  h c t o r i z a t i on o f  the two 

fr egmen t at l on proce s s e s , as is e x p2 c t.ed fo r  g l uon ex c ha ng e . 

For compa r ison to s i n g l e  pa r t i c l e  pr o d u c t ion in the pr o ton fragmen t a t ion 

r eg ion , t h e  r a t io R of ,,+ to ,,- p r o d uc t i o n  can be stud iei i n  a sso c i at i on with 
v a r i.ou s tr i g g er s .  Wi th a ,,+ t, r i g g er , the spe c ta to r  system ( uvd vd 8 ) sho u l d  pro­

duce e qual amoun t s of ,,+ • s and ,,- • s at fixed �11 = x 11 / ( 1 -X trl . Th i s  is c on ­

f i r m ed by the d at ci2 3 ) i n f i g . 6 :  Wh e r e a s  the un t r i gg ered TI+;,,- r a t io r i s e s  with 

i n c r e a s i ng x ,  t he r a t i o  for a ,,+ tr igger i s  compat i.b l e  with un i t y  for xl.0 . 4 . In 

c om pa r i ng t h i s  a s so c i c=i t: ed r;::i t io to the TI+/Tt- r R t i o  m e a s u r Pd in c h a r g ed 

cur r e n t  vp c o l l i s i o n s  when=• th e spAc tc=rtor system is t h e  s;:ime , t:.h� ng r eem en t i s  

i n rl Ped str i ki ng . 

For a TI t r ig g er ,  the spe 8 t, A 1-�or syst�m is ( uv uv u8 ) :::inrl ;:i strong i n cn�aSP. o f  

th" n i t i o 

fig . 6 .  
i s  e x pe c ted wi. th i n c r e a s i n g  x .  A l so th i s  i s in d e ed obser v ed i n 

He c on c l 1vl. 0 t J.-i ;:i t  pro to n fr .:igmPn t nt i on i s  we l l  beh.:-iv '."'<i .gnd un d Pr stood , so 

meson fr � g m Pn � � '� i on . 
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[ 1 . 2 Meson Fr agmentation 

The 70 GeV/c K-p d at a  
d istr ibut ion in  the K-

,,+ were used to extract Du 
fragmentation region20 l 

TT 
ana Du from 
( see fig . 7 ) . The cont am ina-

tion from charged kaons has been estimated from Kn production and has been re-
mov ed . The stud y o f  TI- production is restr icted to the reg ion x �0 . 7  to av oid 
contamination from lead ing K- . The autho r s  c l a i m  rather good agr eement with the 

v ( v) p d ata with W>4 GeV and with the Field and Feynman D
TT± 

fun ctions l 5 ) .  Th i s  u 
of Dh Note that the d i f fe r ence  i s  c erta inly  true  for the u compa r i son 

h-Du i s sm al ler than b etween ( th e  i so s p i n  symmet r i d  
D�+ s eems consi .::;tent:ly s t e e pe r  for hp col l i sion s ,  

b ut o n e  has to t a ke i nto account thet 

- in the V ( V ) p  d at a  i t  i s  only .at high v a l ue s  o f  z ( wh e r P  the c on t ' ib ut i on o f  
the s ea  i s  n egl i � ih l 2 )  that the fun c t ion s Dh r e pr e sPnt the fr a �m e o t a t i o n  o f  a 
pur e u ( d )  qua r k  ( in ad d i t ion U1ey r e p r e s e n ':  pr oducti o n of h ad r o n s  h

± r a th e r 

than just TI± ) ; 
- it i s  not  c l ear that d i f fr ac t ion d is so c i a t ion ( Q ,  L . . ) h a s  b e e n  suffi c ientl y 

removed . Th e r e  may be a c on t r i b ut ion K- � TI- • • •  b e l aw x = O .  7 .  
With these l imitRtions  i n  m ind , one r a n  conclud e  th�t o n e  c an Pxtr?� t the sin�le 

quark fragmentation fun c t ion to R very goorl Rppr o x im�t ion from hadronic  col l i­
sion s . 

Alternatively,  t h e  r<ecombinAt.ion p i c tur e 1 0 • 1 1 ) c;rn b<e us?.:i to d et e rm b e 24 ) 
the valence quark d istribution in meso n s , for wh i c h  t h e r e  i s  no d j_: 1:c t-., in forma­
tion from deep i nelostic l epton interaction s . The r f'su l. t s  cRn b e  is i '1en i.n terms 
of the power n o f  the ( 1 -x )  d istr ibut ion of the v � l  ence qua r V.s . Fo r a pi on it 
follows from charg e con j ugation <inrl isosp i n i. n v ar i. an c e  t,hat the qua r '< d i st r ib u­
tion fun ction i s  the SRme for bo�h v nl ence  quar ks . Fo r 8 k�on the situ�t ion i s  

expected t o  be non-symmet r i c .  A v a l ue o f  n = 1 . 0±0 . 1 h a s  b e e n  obta i n <erl for the 
pion str uctur e fun c t i on . The power n is i n rj epd 1 C' r � e r  t,h ;:m  1 m i t y  for the 

non- st. rnnge v al en c e  qua r k  i n  the !<aon wh i l e i t  i s  sm al 1 2 r th an un i <;y for t>1 e  
strnng e v alence qu:1 r k .  Th ese r e su l ts :� n �  corn p::i+-, ib l e  wi th tho se extr :i c t ed. v i n  

the Dr e l l -Yan model from p-p.1 i r  pr oduc t ion2 5 ) . On e can conclud e r,h e t  mAson v a-
lence qua r ks 8 r A  h a r d e r  t h n n  �ho s� in thP ntJcleon �nd th a t  str � n g e  v al 2n c e 

quarks are  harder th �n n o n - st r a n g e  onPS . 

I I . 3 MAson Re so nances 

Of p8r t i c 1J l �r i n t � r e s �  i n  con n ec t ion with partons i s  in�l 11s ive pr o rl uc t i o n  

o f  r e s o n � n ce s . On e c 8 n  a s s 1 i m e  th a t r e so n q n c e s  are mar ,� abun d ont l y  8nd more � i -

r P c t l y  produced thRn p i o n s rin d  J<qon s ,  repr e sent l nri� er v �r i ety o f  qtJ�ntum 



numbers and al low for conclusions about their production from their d ecay d ensi­

ty ma tr ix . 
ln the quark picture the ¢ i s  o f  central interest because of its  hidden 

strangeness quantum numbers .  In partic ul ar , i t  has a val ence quark i n  common 
with an incoming kaon , but not with an incoming pion , proton or ant iproton . The 
x-distribution  is therefore flatter for koon induced producti.0.1 than in the 
other case s26 ) .  

Fur thermor e ,  K-p -::> K:*'!. , K+p -::> K*'I- and Kp -::> ¢ a l l  hov e the same x depen­
dence27 ) and are d e f i n i t e l y  more fo r wa r d  p e a ked than Kp -::> p0 . This  is a d i r e c t  
c o n se qu e n ce o f  the fa c t  that the s t r a n g e  qua r k  i n  the i n c i d en t  k a o n  i s  h a r d e r  

0 than the non s t r a n g e  qua r k .  The r at io o f  ¢ a nd p is pl o t t ed in f i g . S a for K-p 
at 32 G e V / c2 6 b) an d compares we l l  to the r a t i o  of s and u d i s t r ib u t i o n  func­
t i on s .  

Fi g . S b g i v e s  the fo r wo r d  r0 d is tr ib ut ion from .,,± p co l l is ion s at 1 47 

GeV/c23 l .  Th e cur v es shown c o r r e s pond to a power l aw f it29 ) ( D C R ) , a recombina­

tion f i t  ( QRM ) and fragmen t a t i o n  pr e d i c t i o n s  ( QFM ) with F i e l d  and Fe ynman 1 5 )  
( d ashed ) and Lund 1 9 )  ( dot-dashed ) pa r ametr i zRt io n s  o f  th� fragmentation func­
t i o n s . The Lund pr ed i c t i o n  works v e r y  wel l ,  so do DCR and QRM . Jn th e  l atter 
two c ase s ,  •, h e  d i s t r ib ut i on fun c t i o n  comes out c on s i s t e n t l y  s l ight l y  fl atter 
than for pion s .  Th i s  o b se r v a t i o n  does n ot c ha n g e  a fter e x c l u s ion o f  d i f f r a c t i v e  

ev ent s  and sho u l d  b e  c h e c ked wi th good s t a t i st i c s .  
Fig . 9  sho ws the results for the d en s i t y  m a t r i x  for K+p -::> K*+x at 3 2  and 7 0  

G e V / c3 0 )  a s  a fun c t i o n  o f  t and M2 / s .  Di s t r i b ut ions l i lce these sho uld b e  a 

c ha l l en g e  to the qua r k  p i c t ur e s . 

U . 4  Hyperon Po l B r i za t ion 

Non-ze r o /\ po l 2 r i za t i.o n  i s  kn own since 1 976 from pBe c o l l i s i o n s  e t  400 
GP. V / c 3 1 a ) and has b een obse r v ed i n  .,,- P  c o l l i s i o n s  a t  N A L 3 1 b) c.nd pp c o l l i s i o n s  
R t  IS R 3 1 c ) . Th i s  o b ser v a t i o n  c annot b e  e x pl a i n ed from the R e g g e  model. s i n c e  at 
these energ i e s  R PR t e rms d om i n a t e  and thesl' terms do n o t  g iv e  r i se to po la r i z a ­

t ion . Non-z e r o  po l ar i z a t i o n  h a s  a l so b ee n  obse r v ed i n  ep s c a t t e r i n o,3 2 ) . Tn 
f ig . 1 0 a the pp a nd ep po i n t s  show .a n i n c r e a s i ng po l a r i za t i o n  for p1; > n . 
Fur t hermor e ,  from sc �tter i ng off d eut e r i lJm and other nt1c l e i , �o d i ffe r P n � 2  i s  

found in po l a r i z a t i o n  between pr oton a n rl  neut r on t a r g et s 3 3 l .  
The b e s t  r ec e n t  ri at M  c ome from t�e Mi c h i. g an-M i n n e s o t n-Rutger s-1:H s c on s i n  

Co l l 2b o r a t i o n 3 4 ) ( se e  f i g . 1 0 b , c ) . On e c a n  c o n c lud e t h a t : 
- A0 • s producPd in hh , hA !'l n d  l'p s c :i t t 0 r ing are po 1 8r i. zArl tr R n s v er se to thP pro­

d uc t ion p l 1r n e , along the < r
,\

x pp ) ax i s ) . 
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- Th i s  polar ization i s  probably i nd ependent o f  t h e  beam energy, the projectile 

type and largely a l so o f  the x value o f  the /\0 • 

- The pol a r i zat ion increases l inearly with the transverse momentum of the /\0 • 

- 7\ and protons are not po l a r i zed . 

- =0 , =-= h av e  the same po l ar i zat ion as the /\0 • 

L+ has the same po l ar i zat ion as /\0 in magn itude but with opposite sign . 

A sem i- cl as s i c al model for basically s o ft /\0 -production able to explain the 

observed po l arizat ion effect is suggested in the quark fr agment at ion picture35 ) . 

In this pictur e ,  a d iqua rk cont inue s  forward as a un it a fter the colli s ion and a 

stri ng-shaped colour d ipo l e  field is str etched beb'1een the d iqua rk and the cen-

tr al co l l i s ion reg ion . Th i s  field can break up by the production of 

quark-ant i quark pa i r s  ( as in e+e- hadron produc}tion ) .  A /\o --part i c l e  c an be 

formed if an ss-pa i r  i s  produced in the field of a : ud ) - d i quark : o r  i so spin and 

spin I = S =O ) ,  so that the spin of the /\0 i s  d p t  r:- :--rr. �ned by the spin of the 

s-quar k .  

The transver se momentum Pt o f  the /\0 with respect to the b eam direction i s  

m a d e  up o f  two contr ibut ions , the tran sverse momentum qt o f  t h e  d i qua r k  ( the d i­

rection of the field str ing)  and the ( locally con se1·ved ) transv erse momentum kt 
o f  the s quark wi th r espect to the str i ng d :lrection . A pair of massless 

qua r k-ant i quarks c an be produced po int-l ike , but massive quarks have to be pro­

duced at a certain d istance from each other . Therefore , the pair wi l l  obtain an 

orbital angular momentum perpend icular to the str ing ; t h i s  is a ssumed to be 

compensated by the spi n  o f  the ss-pa i r . In a /\ sample of d efinite Pt , we obt a i n  
+ + 

an enhanced number of e v ents where kt and Pt point i.n the same d irect ion . So 

the observed effect i s  expla ined by a sor t  o f  tr igger bias . The curves i n  

fig . 1 0 a  show t h e  model pr ed iction a n d  its upper a n d  lower l im its ( wi thout inclu­

sion of the effect o f /\ production v i a  �o and � * ) . 

A somewh at s im il a r  picture has r ec entl y been d ev eloped 36 ) in the framework 

o f  the recombination model . Her e ,  the po l ar i zat ion ar ises v ia Thomas pr ecess ion 

o f  the qua rks ' spin in the recomb inat ion process . The d escr iption accounts for 

a l l  pr esen t l y  known qual itat ive features of the b ar yon and ant ibaryon po l a r i za-

tion as stated abov e .  Also th i s  picture can b e  exte·nded to + -e e annihil ation 

;rnd deep i n elastic scatter ing . Of special inter es,t i n  this contex t i s  further 

the pr ed ict ion for po l a r i za t ion of b ar yons ( and vector mesons)  in e+e- ann i h i l a­

tion by Bartl et al . 37 ) 

We conclude that hyperon po lar i zat ion wh ich c annot be ex pl ained by the t r i­

ple Regge model , may find an explanat ion from the quark com po s i t ion of i n c id ent 

and pr oduced part ic les . 



III.  CONCLUSION AND OUTLOOK 

With the help of qua r k  statist ic s  one c an get to a consistent und er stand ing 

of v ar ious particle yiel d s . Th i s  first b asic observation is taken as a hint 

that partons may play a role al so in soft hadronic r e actio n s .  

The sim il ar i t y  o f  pion production i n  the nucleon fragmentat ion reg ion to 

the v al ence qua rk d istr ibution in the nucleon as measured from deep inel astic 

coll isions suggests that v al ence quarks a r e  governing pion production in proton 

fragmentation . Th i s  observation has l ed to a recombination and valon picture . 

Particle production in soft had ronic coll is ion s shows features very s im il ar 

to those in e+e- and lepton-hadron col l i s ion s . This third observation has l ed 

to the quar k  fragmentation pictur e .  

Particle production and corr e l at ion i n  proton fragmen t at ion i s  well under­

stood in terms of these two pictur e s . Extracted d i-quark fragment ation func­

tions are ident i c al to those from deep i n el astic neut r ino scatt e r ing . 

Appl icat ion of the two pic tur es to meson fragment ation al lows to extract 

meson structure functions simil ar to tho se obtained from µ-pair production on 

one hand , and quark fr agment ation fun c t ions simil ar to those obtained from deep 

inelastic neutrino scatter ing on the other . 

Di fferential d ist ribut ion for r e sonances start to become availab l e  at high 

energ ies . They al low to check the results on more d irectly produced part icle s ,  

t o  compa r e  a l arger v ar i ety o f  quantum numbers and to chal l enge models o n  their 

d ec a y  d ensity matr i x . 

Hyperon pol a r i zation at high energ ies , not understood from tr iple Hegge ex­

chang es , seems to b e  explained from both the recombination and fragmentation 

pictur e s  of h adron produc tion . 

We con c l ud e  that a new field has evolved in the l ast 3 years and that par­

tons do pl ay a role in soft hadronic reaction s .  Work to b e  d on e  on the theoret­

ical side i s  on a so l id found ation o f  the two pictur es as we l l  as on an expl ana­

tion of the apparent complementarity of the two v iews . On the experimental 

sid e ,  h ig h  statistics is n eeded on hydrogen and on higher nuc l e i  at Plab > 200 
GeV/c in combination with good momentum resolution and particle ident ificat ion . 

Thi s  will al low to study flavor cor r e l at ions and resonance production more con­

clus ively than was po ssible unt i l  now and , in par t icular , to isolate the influ­

ence of long itud inal phase space in quark fragmen t at ion . 
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