
M U L T I H A D R O N P R O D U C T I O N A N D Q C D P A R T O N S H O W E R S 

L. V A N H O V E f 

CERN 

CE-mi Genève 23, Switzerland 

and 

A. G I O V A N N I N I 

Dip. di Fisica Teorica, Univ. di Torino and INFN, Sez. di Torino, Via P. Giuria 1 
10125 Torino, Italy 

A B S T R A C T 

Mul t ihadron product ion in h igh energy coll is ions appears t o b e control led by t h e self-inter­

act ion of g luons , the dominant mult ip l icat ion m e c h a n i s m in Q C D parton showers . 
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Already in the 1940's the h igh mult ipl ic i t ies of 

cosmic ray coll is ions puzz led theoris ts (Heisenberg, 

Oppenhe imer , ...) w h o wanted t o expla in t h e m by 

strong interact ion field theories . N o w w e have g o o d 

reasons t o c la im that t h e y are main ly control led by 

the self- interaction of g luons , t h e dominant mul­

t ipl icat ion m e c h a n i s m in Q C D parton showers. 

T h e exper imenta l s t u d y of charged hadron mul­

tiplicity d is tr ibut ions ( M D s ) in full phase space and 

symmetr ic rapidity w i n d o w s h a s revealed a remark­

able set of empirical regularit ies , cal led t h e negat ive 

binomial (NB) regularit ies , c o m m o n t o t h e three 

classes of mul t ihadron produc ing react ions: e + e ~ 

annihi lat ion, deep- inelast ic l ep ton-hadron coll is ions 

and hadron-hadron coll is ions [1]. 

E x a m p l e s of NB regularit ies in e + e ~ annihi­

lat ion at c m . energy y/s = 22 G e V ( T A S S O Col­

laborat ion) , in deep inelast ic ftp scat ter ing at the 

c m . energy of the hadronic s y s t e m W = 1 8 - 2 0 G e V 

( E M C Col laborat ion) a n d in 7 r + p coll is ion at c m . 

energy y/s = 22 G e V ( N A 2 2 Col laborat ion) are 

shown in F igure 1. D a t a are f itted by NBMD 

(solid l ine in t h e F igure ) . According t o NBMD 

the probabil i ty of produc ing n charged part ic les , 

PbNB^ (n,k) d e p e n d s o n t w o parameters , the aver­

age charged mult ipl ic i ty n and fc, which is re lated t o 

the dispersion D = {n2-n2)\ by f ± = l + A . j ^ * ) 

is defined by the fol lowing re lat ion 

This t ends t o the P o i s s o n d is tr ibut ion in t h e l imit 

h —• oo . NBMD is o b t a i n e d by independent emis ­

sion of clusters cal led c lans . 

T h e number of c lans , iV, h a s Po i s son ( P ) distr ibu­

t ion 

T h e number of part ic les for average c lan, nc, h a s a 

logari thmic (L) d i s tr ibut ion 

AT 1 in th is framework corresponds t o the rat io of 

the probabil i ty of two part ic les be long ing t o the 

same clan t o t h e probabi l i ty of t w o particles be­

longing t o two separate c lans , i .e . , it is a measure 

of aggregat ion. 

As the energy increases , the average number of c lans , 

JV", stay approximate ly constant w i t h i n a g iven ra­

pidity interval whereas t h e average number of par­

ticles per clan in a fixed rapidity interval increases . 

T h e two effects are shown in F igure 2 for e + e ~ an­

nihi lat ion and in F igure 3 for pp col l is ions. T h e 

result is that c lans in e + e ~ annihi lat ion are more 

numerous and smaller t h a n in pp col l is ions. 
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Only for e + e~" annihi lat ion has a consen­

sus emerged on the best theoretical description of 

multiparticle product ion. It is given by the Q C D 

Parton Shower Model consist ing in a parton shower 

development based on perturbative Q C D (Altarelli-

Parisi spl itt ing equations wi th dominance of g luon 

—> 2 gluon spl i tt ing) and a non-perturbative hadron-

ization prescription, for which the most developed 

choice is the Lund string fragmentation J E T S E T 

[2]. A typical development of Q C D parton shower 

in e + e ~ from initial virtuality Q2 t o virtuality cut­

off Ql and then to final hadrons is shown in Fig­

ure 4. It leads to two-jet structure. A m o n g alterna­

tive prescriptions the HERWIG cluster hadron­

ization [3] recently emerged as the second best 

possibility (hadronization prescriptions, being non-

perturbative, are necessarily based on guesswork). 

It is remarkable that the N B regularities found 

empirically are well reproduced by the Q C D Par-

ton Shower Model wi th Lund hadronizat ion. Sim­

ilar regularities are found in the model for the M D s 

of the final partons of the shower [4] wi th , at y/s > 

200 GeV, very s imple relations between the N B pa­

rameters at hadronic and partonic level: 

kh and rih independent of Qo for Qo = 0.5-î- 2GeV 



Qo is the parton virtuality cut off at which the 

shower development is stopped and the hadroniza-

tion takes place [5]. 

Figure 3 

An illustration in terms of the clan structure anal­

ysis of the main consequences of NB regularities 

discovered in the QCD parton shower model on 

charged hadrons and partons is given in Figures 

5 and 6 respectively. They show the average num­

ber of clans, N, and the average number of charged 

particles and partons per clan, n c , for qq and g g 

Figure 4 

systems at different c m . energies (-y/s = 29, 200 

and 2000 GeV) in different symmetric rapidity win­

dows \y\ < ycnt. It can be seen that N is approx­

imately constant as the energy increases within a 

fixed rapidity window at both levels, N (partons) 

being proportional to N (charged hadrons). This 

result led us to propose a generalized relation of lo­

cal parton-hadron duality between the hadronic and 

partonic inclusive rapidity distribution [4,51: 

The fact that the NB regularities observed ex­

perimentally are the same for hadron-hadron and 

lepton-hadron reactions as for e + e ~ annihilation 

suggests that their dynamical origin should also be 

the same [6]. In view of the impressive successes 

of the QCD Parton Shower Model in the descrip­

tion of e + e ~ annihilation, also very recently at LEP, 

the obvious solution is to extend the QCD Parton 

Shower Model to hadron-hadron and lepton-hadron 

reactions. 

Such an extension should be straightforward 

for the lepton-hadron case as indicated in Figure 7. 

Here one photon with high space-like virtuality AE2 
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- A P 2 « - l G e V 2 is exchanged. Due to this 

high virtuality partem cascading starts and devel­

ops dominantly into two-jet structure. 

For hadron-hadron collisions, as proposed in 

[7], the simplest approach would be to start from 

the FRITIOF model [8] or a similar model based 

on gluon exchange, and to replace string formation 

by parton shower formation. The idea is illustrated 

in Figure 8. Here low 4-momentum transfers dom­

inate (0 > AE2 > - 1 GeV 2 ) , but they create high 

longitudinal virtualities, which are responsible for 

the onset of parton cascading. Two-jet structure is 

again dominant. NB regularities and two-jet struc­

ture dominance are therefore the common features 

of the above classes of reactions. They can be all 

explained in terms of QCD parton showers forma­

tion, which we claim to be the basic mechanism for 

multihadron production in high energy collisions. 

Finally, ultrasoft effects can also be understood in 

the same framework by allowing Q\ to fluctuate and 

assuming that parton showers are continuing in the 

infrared domain. A glob of ultrasoft partons with 

very small virtualities is produced. Hadrons from 

the glob are expected to be concentrated in a small 

region in rapidity, thus leading to intermittent be­

haviour (see Figure 9). As we have argued in [7], 

this also helps to put the relation between nucleon-

nucleon collision models and the problem of quark-

gluon plasma formation in nucleus-nucleus collisions 

on a sounder basis. 

Figure 9 
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