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I. THE OCD IMPROVED PARTON MODEL 
- -

The factorization theorem 

The factorization theorem discussed in ref (1) allows to modify the 
naive parton model to include OCD effects at all orders. This theorem 
applies to any process which admits a naive parton model interpretation. 
It states that mass singularities in parton cross sections factor in uni
versal functions which renormalize the naive parton model distributions. 

Such a factorization reflects the existence of two scales of time. 
The short time scale, of order 1/0, governs the parton interaction, the 
cross section of which can be calculated perturbatively but is process 
dependent ; the long time scale, on the other hand, of order 1 Fermi/C, 
governs the parton distributions which cannot be evaluated in the pertur-
bative vacuum but which are universal (independent of the process). 

Fundamental tests of OCD 

The factorization theorem is at the origin of several tests of OCD. 
Bjorken (2) has defined as fundamental tests of QCD, the ones, the failure 
of which would lead to the rejection of QCD as the theory of strong inte
ractions. The factorization theorem is essential for such fundamental tests, 
since it guarantees that the confinement effects which cannot be controlled 
perturbatively do not pollute the predictions of perturbâtive QCD. 
According to ref (2) such fundamental tests which have been successfully 
passed by OCD are the behaviour of the total hadronic annihilation cross section 
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in e e collisions, logarithmic scaling violations in lepton-hadron deep 
inelastic collisions, and the observation of gluon jets in ̂  decay, say. 
We would say that the clear observation of jet-like events in pp reactions 
at the CERN collider (3) constitutes a new successful fundamental test of 
QCD. 

Praetieal tests of QCD 

However these tests are not enough to claim, that, for sure, OCD 
is the theory of strong interaction. One would need to perform what we 
call practical tests of QCD. By such a test we mean any attempt to enlarge 
the domain of application of QCD in its most orthodox version. For instance 
one can try to generalize the QCD improved parton model to other processes 
such as purely hadronic collisions or collisions on nuclear targets, by 
means of reasonable assumptions about confinement. The philosophy of such 
tests is to accumulate evidences for the reliability of OCD at the simplest 
level (at the leading logarithm approximation -LLA- say) and not to try to 
sophisticate the model unless gross failures are met in the comparison with 
data. 

In the present report we shall discuss two topics which can be consi
dered as positive practical tests of OCD : an estimate of the rise of total 
hadronic cross sections (4) by means of OCD at the LLA, and an estimate (5) 
of the dependence in the atomic number of structure functions of nuclei 
(the so called EMC effect (6)) also by means of OCD. 

II. THE CONTROVERSY BETWEEN PRECONFINEMENT AND SOFT BLEACHING 

In contradiction with the case of fundamental tests of OCD in which 
one does not need to make specific assupptions about confinement (apart 
from the unavoidable assumption that hadronization has a probability equal 
to one), one must, in the case of practical tests, conjecture the mechanisms 
which govern hadronization. 

1) e e annihilation in the OCD improved parton model 

To discuss the various conjectures which are in competition about ha 
dronization we use the example of e e annihilation. This process is well 
understood in terms of the OCD improved parton model. Using an axial gauge 
one can describe the parton production in e e annihilation as a cascading 
process (7) (see fig. 1) : an off shell quark, of maximal virtualness 
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2 
(invariant mass squared equal to 0 ) looses its virtualness by subsequent 

2 2 

emissions of gluons, down to a value 0 , typically of 1 GeV , considered 

as an infrared cut off. In the leading logarithm approximation, the domi

nant configuration of partons corresponds to tree diagrams. As a conse

quence of the topology of this configuration, the produced partons, which 
2 

have an invariant mass squared, smaller or of the order of 0_, can be 

arranged in color singlet clusters. It has been shown that the mass spec

trum of these color singlet clusters (7) is 

da (H\X ,.. 
in \ ' 

2 
where \ is independent of 0 . This power law peaking of the mass of the 

2 . 
color singlet clusters around the infrared cut off O with a power X in-

2 . . 

dependent of 0 allows not to worry about their evolution beyond the infra

red cut off if one is interested in an inclusive observable such as the 

total cross section. It is enough to assume that the hadronization of 

"on shell partons" has a probability equal to one to have (see fig. 2). 

Tot Tot 

e +e~ -> HADRONS e e -• PARTONS U ) 

The fact that the r.h.s. of eq. 2 is calculable by means of QCD at the 

L.L.A. provides a successful fundamental test of OCD, by direct comparison 

with experimental data. 

2) Hadronization of on shell partons 

If one is nevertheless interested in the evolution of on shell par-

tons beyond the infrared cut off, one can find in the literature mainly 

two competing conjectures, namely the so called "preconfinement" (7) pic

ture and the so called "soft bleaching" mechanism (8). According to the 

preconfinement assumption, the color singlet clusters, of average mass 

2 

squared of 1 CeV , are quasi, or "young" hadrons, which evolve indepen

dently from one another, essentially by decaying, like mesonic resonances, 

in the ooserved pions or kaons. According to this philosophy, the proba

bility of one for the haûronization is obtained through the independence 

of the evolution of the clusters. 

The point of view of the "soft bleaching" assumption is just the 

opposite : the color singlet cluster do not evolve independently, partons 
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belonging to different clusters can compensate their color through s>ome 

long range interaction that is without 4-momentum exchange (which jus

tifies the terminology of soft bleaching). In this approach the proba

bility of on" for hadronization is obtained through the inclusive summa

tion over all color compensating interactions. As a consequence the in

termediate configuration of color singlet clusters depicted in fig. 1 has 

nothing to do with the observed configuration of hadrons. 

In this respect the criticism (2) of the preconfinement assumption, 

based on its failure to explain the large observed multiplicity, seems 

to favor the soft bleaching assumption. 

3) Soft bleaching and Pomeron calculus 

The Saclay approach (9) of correspondence between QCD and dual topo

logical unitarization (DTU) allows to interpret the soft bleaching pic

ture as a "Pomeron calculus". AJ shown in fig. 3, a multiperipheral chain 

involving multi exchanges of on shell partons, can lead to a long range 

color compensation mechanism, corresponding to a pomeron exchange with a 

2 

coupling g . According to this scheme, the summation overall color com

pensating interactions is a summation overall cut and non cut pomerons, 

which is nothing but a Pomeron calculus (9) (see fig. 4). 

It is worthwhile to note that in this approach, the infrared cut off 
2 . . . 

Q_ appears rather as a transition parameter. At this transition virtualness 

the strength of color compensation interactions inside the same cluster or 

between two distinct clusters are of the same order. This yields the follo

wing relation (9) : 

» as«4> • W • °(£) ( 3 ) 

where N, stands for the number of flavours, 
f 

2 2 
In ref (9) it was argued that if 0_ is given, of order of,lGeV say, 

eq (3) implies the smallness of A n r n- As a consequence, perturbative OCD 
IJLU 2 

can safely be applied down to rather small values of 0 . 

4) Extension to deep inelastic scattering 

In fig. 5 we show the QCD improved parton model description of deep 

inelastic scattering. The structure function of the probed nucléon is defined 
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as a convolution-: 

G ^ = i|» . * P q (4) 
p-*q p-q q 

where ty • is the probability of finding an on shell parton q in the pro
ton and Ve* the probability of finding an off shell quark q in the on shell 

q 
parton q. The function ty contains all the non perturbative unknown, whereas 
V. can be evaluated by QCD at the LLA, leading to the solution of the 
Altarelli Parisi equations (10). In ref (3) it was shown that one can des
cribe the nucléon structure functions with a good agreement with experimen
tal data by taking for the on shell parton q, a "constituent quark" of a 
mass close to one third of the nucléon mass. The use of perturbative QCD in 
"D? at such a small virtualness is justified by tin smallness of A n-

III. PURELY HADRONIC COLLISIONS 

The identification of the soft bleaching mechanism with a Poraeron cal
culus has no calculational consequences in e e annihilation because the 
Pomeron calculus description of this process is not very useful (although 
it is conceivable). It is more meaningful in the case of deep inelastic 
scattering since it is more natural to describe this process by means of 
Pomeron calculus, especially in the small x region where Regge pole exchanges 
are important in the y*P reaction. 

We want to show now that the above mentioned identification has impor
tant calculational consequences in purely hadronic reactions. Indeed for 
these reactions, at least for all non-jet like configurations, the only 
theoretical tool available is the Pomeron calculus. We thus ask the question 
of what is the QCD cascading process which, through color compensation gives 
rise to the Pomeron calculus which allows to describe high energy hadronic 
collisions. When this cascading process is identified, and resur.med by means 
of LLA, one can say that the pomeron calculus is also resuramed. 

In fig. 6 we sketch the theoretical model, derived from the identifica
tion of color compensation with Pomeron calculus, which we propose (4) for 
the total inelastic hadron-hadron cross section. 

The total inelastic cross section is expressed in terms of the total 
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parton cross section : 

INEL 
°AB = dZ dZ i> (Z )i> (Z )o- . G = Z.Z s) (5) 

q A q B q A q B 

If A and B are nucléons (or antinucleons) and if q and q are consti-
A o 

tuent quarks, the properties of the ty functions are such that eq. 5 can 
be approximated by INEL _ ~/s^ 

PP V 9/ o" = 9 o i (6) 

which is nothing but the prediction of the additive quark model with 
quark kinematics. 

According to our conjecture,o is calculable by OCD at the LLA. One 
obtains : 

s 
(s) = 

da 
q A q B 

dt I - ~ f V* (x_,t)P* (xv,t)dx_dxu (7) 
a'.b dî i 1 A ' 8 " ' B ' b . a b 

2 a , u " A-

where a b are the off shell partons which are extracted from the consti-
5 a a b tuent quarks with relative momenta x and x, , ••.•*" is their differential 

a b dt 
elastic cross section, at the one gluon exchange approximation, t is the 

2 modulus of the invariant mass squared of the exchanged gluon ; m. is the 
q 

modulus of the invariant mass squared of the constituent quarks, A» is the 
integration domain. 

As shown in fig. 7 this integration domain is the intersection of two 
domains defined respectively by the kinematics of the QCD improved parton 
model, namely 2 

raA x . > -4 (8) a,b - t 

and by the kinematics of hard two body collisions, i.e. 

t < s = Tx x, (9) 
a b 

In fig. 7 the domain is shown in terms of rapidity like variables 

ya,bsl°zirZ ; ^S

 = 1°g-T ; n = i o g - ^ (10) 
a . b m. m 

q q 
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The integration over x and x. is approximately leads to 

o =* dt I n (t,m?)n,(t,m2) i a (t) 2 (11) 
a,b 3 q b q t s 

where the multiplicities n and n, are known to behave at large n as 
An a b 

e where A is calculable by QCD. 
This yields 

S o , _ U dn exp(2/An-n) ( l 2 ) 

m. ' 1+n 
q 

The integrand in eq. (12) is approximately the logarithmic derivative of 
the parton cross section. In the quantitative estimate made in ref (4) it was 
shown that this integrand has a maximum at a very large energy (about 
10 GeV) at which the decrease of the hard cross section compensates 
the increase of the multiplicities. 

The result obtained in ref (4) is the following. The transition scale 2 Q T allows to separate the non perturbative "bare pomeron" contribution from 
a clear perturbative QCD contribution leading to the rise of total cross 
section : ~ r»2 

s VT s 
dt = 

2 2 2 
q q l 

dt (13) 

2 2 
With A n r n = 100 MeV, m =350 MeV, 0 = 1.5 GeV one obtains a bare pomeron 

^ . q 
contribution of 31 mb, and a rise of the total hadronic cross section of 
2.5 mb increase per unit of rapidity between the ISR and collider energies. 

In ref (11), the same model allows to evaluate the total amount of 
transverse momentum (which is an infrared free observable) in high energy 
pp collisions in the same region. The parameter free prediction is in 
striking agreement with experimental data. These two results constitute 
a successful practical test of QCD. 

IV. EXTENSION TO NUCLEI 

The so called EMC effect (6) is a departure from the expectation of 
the assumption of independent nucléons in deep inelastic lepton-nucleus 
collisions. 
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Since there are two scales of time in the scattering on a nucléon, 
there are also two scales of time in the scattering on a nuclear target. 
One cannot escape to answer the question of the structure of the nucleus 
at a scale of time of order of I Fermi/c even if it is true that the 
nucléons are independent at the short scale of time (1/Q). 

The analysis of soft hadronic production on nuclear targets provides 
a possible answer to this question. The theoretical description of these 
processes, based on Pomeron calculus developed by A. Capella and 
A. Krzywicki (12) relies on the existence also of two scales of time. 
The short time scale is here related to the typical distance between 
two nucléons inside the nucleus and this is comparable with the long time 
scale of deep inelastic scattering, whereas the long time scale is of 

2 
order /s/m due to Lorentz dilatation. The theoretical model quoted above 
leads to parameter free predictions on multiplicity distributions which 
are in excellent agreement with data. One basic ingredient of this theo
retical model is the probability P(i,A) that i nucléons in the nucleus 
A actually interact during a typical time of 1 Fermi/c the others being 
spectators. The use of the celebrated Abramowski Gribov and Kanchelli 
cutting rules (13) allows to derive the form of this probability in terms 
of the Bernouilli's binomial distribution. 

The preceeding discussion justifies the models one can find in 
literature (14,15) to describe deep inelastic scattering on nuclear targets. 
All these models lead to the expression of the structure function of the 
nucleus in terms of the structure functions of multi-nucleon clusters : 

Fj = Ç P(i,A) F* (14) 

where P(i,A) defined above, is constrained by 

I i P(i,A) = A (15) 
i 

and F 2 is the structure function oJ the i-nucleon cluster. 

For a non singlet quark F„ is constrained by 

dx FJ N S(x) « 3i • (16) 
o 
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In the framework of the naive parton model, the nucléons of the 

cluster are treated as independent and one expects 

F£(X) = i F2(x) (17) 

where F~(x) is the single nucléon structure function, which, from 

eq. (15) leads to the standard expectation 

F A(x) = A F 2(x) (18) 

Actually, there are trivial corrections to Eos. (17) and (18), due 

to Fermi motion inside the cluster or inside the nucleus. In ref (14) 

these corrections have been studied by means of a simple parametrization 

of the one nucléon density in the nucleus and by taking into account the 

constraints of energy momentum conservation. 

We want to explain the EMC effect by means of a OCD interpretation 

of a non trivial dependence of F~ in terms of i, the number of nucléons 

in the cluster i. 

In the case of a multi nucléon cluster, fig. 5 must be changed in 

order to account for multiple cascades, see fig. 8 in the case where 

i = 2. Since the diagrams of multiple cascades are tree diagrams they 

contribute at the leading logarithm approximation. 

We propose now a quantitative estimate of this effect. It is known (16) 

that the solution of Altarelli Parisi equations can be written in an appro

ximate form as 

d Log F2(x,0 ) 

d Log 0 
a(x) (19) 

where a(x) is independent of 0 at least in a large range of values, as 

shown in fig. 9. To account for the effects of multiple cascades, we hint 

a differential equation for the i dependence of F2(x,0 ). If a(x) were 

equal to zero (naive parton model approximation implying exact scaling) 

one woulu have 
.2, 

d Log F*(x,Q ) 

d Log i 
- 1 (20) 
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leading to Eq. (17). Since a(x) is different from zero and can be evaluated 
by means of perturbative QCD, we expect a correction to Eq. (20) due to 
multiple cascades. Eq. (19) approximately represents the effect of the con
volution.of F„ by one extra Altarelli Parisi splitting function. As shown 
in fig. 8 going from a (i-1) nucléon cluster to a i nucléon cluster im
plies the branching of one extra chain which couples to the chain of the 
observed quark through one splitting function. Taking into account the 
rescaling of the Bjorken variable due to the rescaling of the mass of the 
cluster we expect the leading order corrections to Eq. (19) to be 

d Log F*(x,Q2) 
d Log i ' * a \ i ) = l+a(f) (21) 

leading to 

FJ(x,02) = ijexp | ±X a^)} F 2(x,0 2) (22) 
1 

To compare with data we need an explicit parametrization for P(i,A). 
Following the theoretical model of ref (15) we use 

P(i,A) = (A) P(A) i' 1[l-p(A)] A" i (23) 

which satisfies automatically Eq. (15) if 0 < P(A) < 1. 

We constrain P(A) by the requirement that 

.2 
v = Z ̂ - P(i,A) = 1 + [P(A)](A-D (24) 

i 
coincides with the average number of nucléons per cluster as given from the 
phenomenology of soft hadronic production on nuclear targets, 

v = X A 1 / 3 (25) 

where À depends on the projectile and on the energy. Typically (14), for 
a nucléon projectile, at accelerator energies, X » .7. 

We show our estimate (15) of the EMC effect in fig. 10, with X =* .9 
which yields a better agreement. This suggests that the size of the clusters 
of interaction nucléons is rather large, may be as a consequence of the 
smallness of A n r n« Note that the agreement is also good with data on 
aluminium (fip. 11). We show our predictions for uranium. Data on this 
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nucleus would provide a clear cut test of our model. 

V. CONCLUSIONS 

Our conjecture which identifies the summation over all color compen
sation interactions with a pomeron calculus allows to describe all high 
energy reactions involving hadrons in the OCD perturbative vacuum. In 
this respect this conjecture allows to considerably enlarge the domain 
of application of the OCD improved parton model, and thus yields bunches 
of possible practical tests of OCD. 

The first successes which have been described above suggest that 
the "poorman's LLA" is sufficient for such tests. Higher order corrections 
are useless when computing infrared free observables. 

We think one must go beyond LLA only when it is physically necessary. 
For instance, it is known that the use of nuclear targets allows to explore, 

2 at fixed Q or at fixed energy, the very small x region. In this region the 
expected densities of gluons and see quarks are very high, leading to all 
kinds of non linear effects which cannot be described at the leading loga
rithm approximation. 
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FIGURES CAPTIONS 

+ -Figure 1 

Figure 2 : Pictorial representation of eq. (2). Dots on the parton lines 

Glu ai cascading in e e annihilation. Formation of color 

singlet clusters (C.S.C). 

Figure 3 

Figure 4 

Figure 5 

Figure 6 

Figure 7 

Figure 8 

Figure 9 

Figure 10 

mean that the partons are "on shell", i.e. the modulus of their 
2 

invariant mass squared is £ 0 . The removal of the shaded area 

reflects that the total hadronization probability is equal to one. 

Pomeron exchange interaction between two "on shell" quarks. Dotted 

lines represent hadrcn. 

Summation over color compensating interactions and Pomeron 

calculus. 

The OCD improved parton model description of deep inelastic 

scattering. The dashed area represents our domain of ignorance 

about confinement. 

The parton-parton interaction which triggers the Pomeron calculus 

in hadron-hadron collisions. The summation over long range color 

compensation or pomeron interaction is hidden in the shaded area. 

The A- integration domain, in the three possible cases : 
L n n n s , . s s 
n<-y ; b)-j<n< — c) T<-« 

Double cascade in the case of a two nucléon cluster. The probed 

quark has a relative momentum x/2. It is a valence quark of nucléon 

N.. The second nucléon induces th? existence of a second chain of 

partons which couples to the chain of the observed quark through 

the splitting function P 
V 6 qq 

.2. The logarithmic derivative of F2(x,0 ) as a function x. 

Our estimate for the EMC effect on iron (full lign) and our pre

diction for uranium (dotted lign). Data from ref (6). 

Figure 11 : Estimate of the EMC effect on aluminium. Data from ref (17). 
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