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Abstract 
After a short presentation of the multi-chain parton model 

description of proton-nucleus and nucleus-nucleus interactions at 
high energies and small pT ' we show the results of the mode l for 
p and p interactions on Argon and Xenon at 2 0 0  GeV/c as well as for 
a-a at ISR . We compare them with the experimental data presented 
by I .  Derado and M .  Faessler . 

Apres avoir presente brievement la description des interac­
tions hadron-noyau et noyau-noyau a hautes energies et peti t pT dans le cadre du mode le dual partonique a plusieurs chaines , nous 
donnons les r esultats du modele pour les interactions p et p sur 
cible d '  Argon et Xenon a 2 0 0  GeV et a-a aux ISR.  Nous les comparons 
avec les donnees experimentales presentees par I .  Derado et M .  
Faess ler . 
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PO L O N I US What do y o u  �ead , my lo�d 
H AM L ET 

We have heard , indeed many words on multihadron production 
in high energy hadron-nucleus and nucleus-nucleus collisions but , 
so far , the word "unitarity " has not been pronounced at all . This 
is amazing since unitarity is a key word in this fie ld . 

It follows essentially from unitarity that the ratio of p-A 
and A-B multiplicities to the p-p one is bounded , throughout the 
whole central region , by 

RAB NAB ABa!i'P 
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-
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( 1 )  

In these formulae the quantities in the r . h ; s . correspond to the 
average number of inelastic collisions . The equality is obtained 
in the standard multiple-scattering models when energy-conservation 
effects are neglected . Due to the latter effects , the value in 
the r . h . s .  is in fact an upper bound . In order to determine the 
exact values of these ratios and their dependence on the rapidity 
of the produced particle , one has to know the mechanism of 
particle production in h-A and A-B interactions . The model we are 
going to describe1 )  is of the multiple-scattering type2 )  with the 
hadron constituents explicitely taken into account . The general 
features of D . T . u . 3 l are used in order to reduce the complicated 
mechanism of multi-hadron production in these interactions to the 
"elementary " ones of q-q and q- (qq ) color separation , suggested 
by confinement in Q . C . D .  



In this model ,  in order to describe a low PT high energy 
interaction involving hadron·s , one has to consider an infinite 
sum of Fock s tates of the hadron wave function , namely 

( 2 )  

for a meson and baryon respectively . For a meson , the simplest of 
these states is just formed by i ts two valence quarks whereas , in 
the case of a baryon , i t  is formed , according to D . T . U . , by a 
quark and a diquark . The other s tates involve one or several 
extra q-q pairs from the sea . Note that these hadronic constituents 
are "dressed" i . e .  the sum of the momentum fractions xi carried by 
each constituent is equal to one . 

The production of particles results from the hadronization of 
each' bf the (colored) hadron constituents involved . This hadroni ­
zation takes place in the s tandard way : color flux tubes are 
stretched between two constituents (one from each colliding hadron) 
with complementary flavor quantum numbers . The color balance , 
(namely the color singlet nature of the pair of constituents 
stretching the color tube) which is necessary in order to obtain 
a chain or string of hadrons , is achieved via a complicated 
mechanism of gluon emission and absorption - which is also 
responsible for the interaction i tse l f .  This mechanism is  very 
complex since we are in a large distance regime where perturbative 
QCD is not valid.  It is this complexity which makes impossible , at 
present , to compute the corresponding cross-sections in QCD . One 
has to use instead the reggeon field theory in a S-matrix context . 
This is not at all in contradiction with QCD ; 6n the contrary a 
conceptual link exists4 )  between reggeon field theory and gauge 
theories via the l/N expansion in D . T . U .  This expansion also 
provides the basis 6f the present approach5 l  . 

For definiteness let us consider a proton-nucleus interaction . 
Two typical diagrams for particle production involving the two 
components of the proton wave function explicitely written down 
in eqs . ( 2 )  are shown in Fig . 1 .  Note that two chains or strings 
of particles are produced in each inelastic collision . The chains 
are either q-q or q- (qq) ones . These two types of chains are also 
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produced in e+e- and £p deep inelastic scattering , respectively . 
In order to compute physical quantities such as multiplicity 

distributions , rapidity distributions , etc , one has to know 
a) the momentum distribution functions p (x1 , x2 ,x3 . • •  ) Of 

the various hadron constituents 
b ) the relative weights of the various diagrams ; 
c) the corresponding physical quantities for each type of 

chain . 
The momentum distribution functions (normalized to one ) can be 
obtained wi thin the model from the dominance of Regge singularities 
in ap;ropriate rapidity intervals 1 ) . One gets that the valence 
and sea quarks (and antiquarks )  are slow in ave�rage ( in l//x and 
l/x respectively , i .e ;  the same x � 0 behaviour of the structure 
functions ) , whereas the diquark is fast in average (since fxi = 1 )  

The complete form o f  p (x1 , x2 , . . .  ) can be found i n  ref .  1 )  . For 
the weights in b ) , we use the Glauber-Gribov formulae . However , 
many results are essentially independent of these weights (and 
in particular of the elastic rescattering approximation , involved 
in the s tandard Glauber formulae) . Finally for the physical 
quantities of the chains we � that they are the same obtained 
from hard scattering data (e+e- and £p interact.ions)  in the scaling 
region ( small pT) .  ( The large pT tai l ,  responsible for the scaling 
violations , is not to be considered) . This universality assumption 
is very plausible since the hadroni zation mechanism has to do with 
the confinement and is presumably independent of the nature (hard 
or soft) of the interaction . However , one should realize that the 
present model would hold even if this assumption had to be 
modified . 

We are now ready to understand all the qualitative feature 
of hadron production in p-A interaction . For instance , one can 
see from simple inspection of Figs . la and lb that , since sea 
quarks and antiquarks are slow in average , all the excess of 
particles resulting from more than one inelastic collision within 
the nucleus , is mostly concentrated in the backward region . As a 
consequenc e ,  the ratio RpA in eqs . ( 1 ) is smaller than the 
unitarity bound given by the r . h . s .  of eqs . ( 1 ) - the difference 
between the actual value of this ratio and the unit arity bound 
depends , of course , on the rapidity of the produced particle . For 
a quantitative purpose it is quite straightforward to write down 



the exact formulae of the model for the multiplicity distributions , 
rapidity di stributions , etc l ) . The generali zation to nucleus­
nucleus interactions is also very easy6 )  . Note , that there is no 
adjustable parameter in the game . This talk being just a theore­
tical comment to the experimental talks by I .  Derado and M .  
Faessler , I will restrict myself to a discussion o f  the results of 
the model concerning the data described in these two talks . 

The rapidity distributions in proton-Argon and proton-Xenon 
interactions are shown in Fig . 2 .  The over-all agreement is quite 
good . For a very detai led comparison with the data one can see , 
as stressed by Derado , that the model tends to g ive a too large 
A-dependence of the multiplicities at y* 

= 0 and a cross-over 
between the pA and pp rapidity curves slightly shifted to the 
left .  However , the discrepancies are not too large ( the cross-over 
is at Ylab � 5 instead of 5 . 5  S )  and the ratio NpXe; NpAr at 
y* 

= 0 is 1 . 27 instead of the experimental value 1 . 2 1 ± 0 . 0 3 ) . 
As far as the nucleus fragmentation region is concerned one can 
see that the theoretical curves are below the experimental ones 
for Ylab < 1 . 5 . In this region there is intra-nuclear cascade , 
which is not included in the model . ( Most theoretical estimates 
show , indeed, that the e ffect of intranuclear cascade is concen­
trated in the region ylab < 1 . 5 ) . A few comments are in order 
regarding the ful l  curves .i.n Fig . 2 .  They result from the A . Q .M .  
calculations i n  ref . 9 )  and contain four adjustable parameters . 
They also include the effect of intra-nuclear cascade with a 
scale o f  formation length given by the mass of the p meson . As 
a consequence of such a large scale the cascade extends up to 
y* � 0 (without the effect of the cascade the A-dependence of the 
multiplicity at y *� 0 would be much too small ) .  We would like to 
stress that , on theoretical grounds , the only j ustification for 
such a large scale can be found within the additive quark model . 
In all other models the scale is taken to be much smaller . On the 
other hand , since the multiple scattering model gives a large 
enough A-dependence at y* � 0 1  we conclude that there is no 
experimental evidence whatsoever for the effect of the cascade 
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extending up to y* � o < * ) . 
We turn next to the multiplicity distributions . Its first two 

moments are given in Table I and compared with the experimental 
data . As expected the theoretical values of the average multipli­
cities are slightly too small due again to the absence of intra­
nuclear cascade in the model .  However the D/<N> ratios are in 
excellent agreement with the data . In computing these ratios we 
have used as an input the corresponding ratio for e+e- and £p 
interactions and assumed that two different chains are uncorre­
lated . Note that the input D/< N> ratio for a chain is only 0 . 36 .  
Thus a considerable broadening of the multipl ic ity distribution 
results from the structure of the model . 

Finally , we consider a-a interactions at C .  M .  energy of 
Is = 3 1  GeV (per nucleon-nucleon collision) . The rapidity distri­
butions6 ) are given in fig . 3 .  The agreement with experiment is 
quite satisfactory . One can also compute the mutliplicity distri­
butions using , as before the e+e- and £p ones as an input . The 
(preliminary) calculations1 3 )  are shown in Table I I . The ratio 

D-/<N-> is again in good agreement with experiment . Here the 
broadening of the multiplicity distribution resulting from the 
model is even stronger than in pAr and pXe in agreement with data . 
Experimentally, the D-/<N-> points in pAr and pXe are , within 
experimental errors , almost on top of the Wrobleski line for pp 
D- = 0 . 28 8  ( 2  < N- >  + 1 ) ,  whereas the corresponding point in a-a 
is clearly above this line . 

As mentioned in Faessler ' s  talk , a calculation of the multi­
plicity distribution for a-a in another D . T . U  .. inspired model 1 1 )  

has been performed by Chao et  Perner1 2 )  
• They obtain a ratio 

D-/<N- > = 0 . 57 which is smaller than ours . The difference is  
probably due to  both the e ffect of the chain fluctuations and the 
contribution of the short q-q chains , which were neglected in 
ref .  1 2 ) . 

( * ) In a recent paper by B .  B .  Levchenki and N .  N .  Nikolaev9 l 
extensive comments are given on the multiple-scattering models 
and in particular on those in refs . ( 1 ) and ( 2 ) . Thi s  paper 
contains such gross misinterpretations and misleading remarks 
both on the theoretical foundations and the phenomenological 
aspects of those models that we feel obliged to refer the 
interested reader to the original publications . 



In conclusion , the model that we have presented , features all 
the niceties of an s-matrix theory (in  particular , unitarity is 
explicitely satisfied) . D . T . U .  ideas are used to reduce the 
complicated mechanism of particle production in high-energy 
hadron-nucleus and nucleus-nucleus collisions , to the "elementary "  
ones o f  q-q and q- (qq) color separation . A unified description o f  
a l l  low pT interactions is thus achieved . 
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Two (q-qq) chains . One 
nucleon of the target 
is interacting wi th the 
projecti l e . 
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Three (q-qq ) chains and one q-q 
chain . Two nuclE,ons of the target 
are interacting with the 
projecti le . 

The other nucleons are spectators . 
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Fig . 2 

The rapidity distributions for pAr and pXe at 2 0 0  GeV/c 
(divided by the pp ones )  obtained in ref .  7 ) . The curves 
are the theoretical calculations from refs .. 1 )  and 9 ) . 
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Density distributions and negative 
particles in alpha-alpha collisions 
at ISR ( Is = 1 24  GeV) . The dotted 
line is our calculation for nega­
tive particles 6 ) • 

-6 -L -2 0 2 L 6 
Yc M 

Ar ( theory) Ar (exp . )  Xe (theory) Xe (exp . )  

<N >  1 2 . 2 1 3 . 3 1 ± 0 . 38 1 6 . 2  1 7 . 33 ± 0 . 3 1 

D/<N> 0 . 5 8  0 . 58 ± 0 . 0 3 0 . 59 0 . 6 3  ± 0 . 0 3  

D-/<N-> 0 . 60 0 . 6 3 ± 0 . 04 0 . 6 1 0 . 64 ± 0 . 0 3  

a-a ( theory) a-a ( exp . )  

< N-> 6 . 3  6 . 80 ± 0 . 07 

D-/< N-> 0 . 7 0  0 . 7 3  ± 0 . 0 2  
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