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Independent pair parton interactions model of hadron interactions

I. M. Dremin* and V. A. Nechitailo†

Lebedev Physical Institute, Moscow, Russia
~Received 20 February 2004; published 17 August 2004!

A model of independent pair parton interactions is proposed, according to which hadron interactions are
represented by a set of independent binary parton collisions. The final multiplicity distribution is described by
a convolution of the negative binomial distributions in each of the partonic collisions. As a result, it is given by
a weighted sum of negative binomial distributions with parameters multiplied by the number of active pairs. Its

shape and moments are considered. Experimental data on multiplicity distributions in high energypp̄ pro-
cesses are well fitted by these distributions. Predictions for the CERN Large Hadron Collider and higher

energies are presented. The difference betweene1e2 andpp̄ processes is discussed.
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I. INTRODUCTION

Hadron interactions used to be considered as procee
via collisions of their constituent partons. In preparton tim
their role was played by pions, and the one-meson excha
model@1# dominated. Pions were treated as hadron cons
ents. Their high energy interaction produced a ladder of o
pion t-channel exchanges with blobs of low energy pion-p
interactions. This is the content of the multiperipheral mod
These blobs were first interpreted asr mesons@2# and later
called fireballs@3#, clusters@4#, or clans @5# when higher
mass objects were considered. Multiperipheral dynam
tells us that the number of these blobs is distributed acc
ing to the Poisson law. It was argued that its convolut
with the distribution of the number of pions produced in ea
center can lead to a negative binomial distribution~NBD! of
created particles first introduced in@6#. This supposition fits
experimental data on multiplicity distributions ofpp reac-
tions at tens of GeV quite well. However, at higher energ
this fit by a single NBD becomes unsatisfactory. A should
appears at high multiplicities. It is quite natural to ascribe
to multiple parton-parton collisions@7–10#, which could
lead, e.g., to two-, three-, and so on, ladder formation@11–
13#, and/or to different~soft, hard! types of interactions
@14,15#. They become increasingly important as the collisi
energy is increased. Better fits are achieved at the expen
a larger number of adjustable parameters.

This shortcoming can be minimized if one assumes t
each of the high energy binary parton collisions is indep
dent of others proceeding simultaneously. With this supp
tion, the whole process is described as a set of indepen
pair parton interactions~the IPPI model!. In fact, we assume
democracy in sharing the initial energy of colliding hadro
among their constituents. The effective multiplicity of pa
ticles produced by a pair of initial partons does not depe
on how many other pairs interact or on what these interac
partons are~quarks or gluons!. While parton energies vary
widely at a given hadron energy, the mean amount of ene
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involved in each parton-parton collision can be comparab
Therefore, we hope that this simplification is valid at ve
high energies for such global characteristics as multiplic
distributions which result from an average over the wh
phase space. If necessary, this supposition can be relaxe
introducing the parton distribution functions. The inclusi
distributions would call for a more detailed description. T
IPPI model does not imply that there are no correlatio
between particles. They are intrinsic in each binary collis
and in their convolution. Surely, further correlations betwe
these interacting pairs of partons, of both dynamical and
nematical origin, can be introduced. Nevertheless, the s
plest model with minimum parameters and its most gene
characteristics such as multiplicity distributions should
treated first.

II. IPPI MODEL AND MULTIPLICITY DISTRIBUTIONS

For multiplicity distributions, we suppose that a parto
parton collision gives rise to a negative binomial distributi
of its products with parameters independent of the collid
partons because the energy is equally shared between t
Therefore, the resulting distribution of independent pair p
ton interactions is given by a sum of convolutions of pr
cesses with different number of participating pairs of parto
weighted according to their probabilities. Thus one can w

P~n;m,k!5 (
j 51

j max

wj Pj~n;m,k!

5 (
j 51

j max

wj (
(np)

)
p51

j

PNBD~np ;m,k!. ~1!

Here, P(n;m,k) is the probability of creatingn particles,
which depends on the parameters of the NBD distributionm
andk, np is the number of particles produced by thepth pair,
wj is the probability for thej th pair to be active, andj max is
a number of active pairs. Therefore, the following equatio
are valid:

(
p51

j

np5n, (
j 51

j max

wj51. ~2!
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The symbolical notation( (np) means the convolution o
NBD expressions subject to the first equation in~2!, i.e., the
sum must be taken only over those parton collisions wh
multiplicities np sum up to the total number of produce
particlesn. The NBD shape

PNBD~np ;m,k!5
G~np1k!

G~np11!G~k! S m

k D npS 11
m

k D 2np2k

~3!

is characterized by two parametersm andk, corresponding to
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the mean multiplicity and the dispersionD1 of the distribu-
tion for a single interaction,

k215~D1
22m!/m2. ~4!

It is our supposition that, weighted by the parton distributi
functions, such an interaction at a fixed parton-parton ene
leads to a NBD. This is based on the success of low ene
fits. In multiperipheral-type models with a Poisson distrib
tion of created blobs, this would imply a gamma distributi
of the decay products of these blobs.

For example, the formula~1! explicitly written for three
active parton pairs is as follows:
P~n;m,k!5
1

~11k/m!n~11m/k!kG~k!
S w1

G~n1k!

G~n11!
1w2

1

G~k!~11m/k!k (
n150

n
G~n11k!G~n2n11k!

G~n111!G~n2n111!

1w3

1

G2~k!~11m/k!2k (
n150

n
G~n11k!

G~n111! (
n250

n2n1 G~n21k!G~n2n12n21k!

G~n211!G~n2n12n211!
1••• D . ~5!
-
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ec-
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Each of the three terms in this sum represents a nega
binomial distribution because

(
n150

n
G~n11k!G~n2n11 lk !

G~n111!G~n2n111!
5

G~k!G~ lk !G„n1~ l 11!k…

G„~ l 11!k…G~n11!
.

~6!

This is a general remarkable property of negative binom
distributions: their convolutions result again in NBD fun
tions with parameters multiplied by the number of convo
tions. Thus Eq.~1! can be rewritten as follows:

P~n;m,k!5 (
j 51

j max

wj PNBD~n; jm, jk !. ~7!

This is the main equation of the IPPI model. One gets a s
of negative binomial distributions with shifted maxima a
larger widths for a larger number of collisions. No new a
justable parameters appear in the distribution forj pairs of
colliding partons. All parameters are expressed in terms
the products of parameters for a single collision and
number of collisions. Both the mean multiplicity and dispe
sionD j

2 for the process withj active parton pairs are propo
tional to j. In the total multiplicity distribution, the distribu
tions for collisions of j pairs of partons,PNBD , are just
weighted with their probabilitieswj , which are determined
by collision dynamics and, in principle, can be evaluated
some model is adopted~e.g., see@11–13#!.

An increase in the number of interacting pairs of parto
in the IPPI model with energy gives rise to more probab
ties wj different from zero. Certainly, all the paramete
wj ,m,k depend on energy. This dependence is implied
not shown explicitly in the above formulas. One can ho
ve
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that at asymptotically high energies the probability forj pairs
of independent interactionswj is the product ofj probabili-
ties w1 for one pair,

wj5w1
j . ~8!

From the normalization condition

(
j 51

j max

wj5 (
j 51

j max

w1
j 51, ~9!

one can findw1 if j max, which is determined by the maxi
mum number of parton interactions at a given energy,
known. In fact, the value ofw1 ranges between 1 at low
energies~for j max51) and 0.5 at asymptotics wherej max
tends to infinity. With energy increase, it approaches the s
ond value from above, passing through some thresholds,
is already quite close to it at the present highest energie

Thus we are left with only two parameters of the mod
m andk, which can be found from fits of experimental dat
The dependence on the number of collisionsj max and on the
probabilitieswj is determined by the behavior of the mo
ments of probabilities

Mr5 (
j 51

j max

wj j
r , ~10!

as explicitly shown in the Appendix for ranksr<5. In par-
ticular, the average multiplicity is given by

^n&5mM1 . ~11!

If one assumes some extrapolation of^n& to higher energies,
it can be used for prediction of the distributions. Let us e
5-2
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TABLE I. The values ofwj according to Eq.~8! ~left-hand side! and Eq.~13! ~right-hand side!.

j max 3 4 5 6 3 4 5 6

w1 0.544 0.519 0.509 0.504 0.562 0.501 0.450 0.410
w2 0.295 0.269 0.259 0.254 0.278 0.255 0.236 0.219
w3 0.161 0.140 0.131 0.128 0.160 0.153 0.152 0.147
w4 0 0.072 0.067 0.065 0 0.091 0.100 0.104
w5 0 0 0.034 0.033 0 0 0.062 0.073
w6 0 0 0 0.016 0 0 0 0.047
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phasize that the asymptotic behavior ofm is directly related
to that of the mean multiplicity,

^nas&5mas(
j 51

`

jw1
j 5mas

w1

~12w1!2
52mas . ~12!

The value ofm is usually quite close to the position of th
maximum of the distribution. Thus the relation~12! tells us
that in the IPPI model the asymptotic mean multiplicity
about twice larger than the location of its maximum det
mined mainly by a single parton-parton interaction. One c
expect that the asymptotic relation for the probabilities~8!
becomes valid only at energies where four or more pairs
already active. This series becomes a polynomial at fi
energies. In practice, the threshold effects should also
taken into account at finite energy. They would somew
suppresswj at the largestj and, correspondingly, enlarge th
role of one- and two-pair interactions.

In @13#, the energy dependence of the probabilitieswj was
estimated according to the multiladder exchange model@12#
but Poisson distributions were used for each of the ladd
The probabilities are given by the following normalized e
pressions:

wj~j j !5
pj

(
j 51

j max

pj

5
1

jZ j S (
j 51

j max

pj D S 12e2Zj (
i 50

j 21 Zj
i

i ! D
~13!

where

j j5 ln~s/s0 j 2!, Zj5
2Cg

R21aP8 j j
S s

s0 j 2D D

~14!

with numerical parameters obtained from fits of the expe
mental data on total and elastic scattering cross sectiong
53.64 GeV22, R253.56 GeV22, C51.5, D5aP21
50.08, aP8 50.25 GeV22, s051 GeV2.

Below, we will use both possibilities~8! and ~13! in our
attempts to describe the experimental data. The probabil
wj are different for each~see Table I!. In the IPPI model they
decrease exponentially with increasing number of active p
tons, while in the ladder model they are inversely prop
tional to this number with additional suppression at largj
due to the term in parentheses in Eq.~13!. This is the result
of the modified eikonal approximation.
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We show the valueswj for 3–6 pairs calculated accordin
to Eq. ~8! in the left-hand side of Table I and according
Eq. ~13! in its right-hand side. These valuesj max are chosen
because they will be used in the comparison with exp
ment. In particular, we shall choosej max53 at 300 and 546
GeV, 4 at 1000 and 1800 GeV, 5 at 14 TeV, and 6 at 100 T
~see below!.

One can clearly see the difference between the two
proaches. The value ofw1 is always larger than 0.5 in the
IPPI model while it can become less than 0.5 in the lad
model @11,12# at high energies. In the ladder model,wj de-
pend explicitly on energy~not only on thej max cutoff!. We
show their values at 546 and 1800 GeV in the right-hand s
columns ofj max53 and 4. Those at 300 and 1000 GeV a
larger forw1 by about 1% and smaller forw3 by about 3%.
When the energy increases, the processes with a larger n
ber of active pairs play a more important role in the ladd
approach compared to the IPPI model. Thus, thej max cutoff
is also more essential there.

In principle, one can immediately try a two-parameter
of experimental multiplicity distributions using Eq.~7! if wj
are known. However, the use of their moments is prefer
as shown below.

III. MOMENTS OF MULTIPLICITY DISTRIBUTIONS

The shapes of the multiplicity distributionsP(n) usually
look quite complicated. Often, they are better represented
their moments, which also contain complete informatio
The easiest way to define them is to introduce the genera
function

G~z!5 (
n50

`

P~n!~11z!n. ~15!

In what follows, we will use the so-called unnormalized fa
torial Fq and cumulantKq moments defined according to th
formulas

Fq5(
n

P~n!n~n21!•••~n2q11!5
dqG~z!

dzq U
z50

,

~16!

Kq5
dqln G~z!

dzq U
z50

. ~17!
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They correspondingly determine the total and genuine co
lations among the particles produced~for more details, see
@16#!. For q51, they define the mean multiplicity; the se
ond moment is related to the width of the distribution, e
The factorial moments are evaluated from experimental d
according to their definition~16!. Both Fq and Kq grow,
however, extremely fast with their ranks. Therefore, it
more convenient to use@17# their ratioHq5Kq /Fq , where
these dependencies partly cancel. This ratio is easy to
from iterative formulas:

Hq512 (
p51

q21
G~q!

G~p11!G~q2p!
Hq2p

FpFq2p

Fq
, ~18!

once the factorial moments have been evaluated. Thus,
Fq andHq are determined by experimental data according
Eqs.~16! and ~18!.

Recall that these ratios appear quite naturally in QCD
the solutions of the equations for the generating functions
multiplicity distributions @17#. Therefore, their use is espe
cially informative because one can compare experimenta
sults and model calculations with analytical QCD predictio
for jets in e1e2 annihilation as reviewed in@18#. QCD pre-
dicts a very specific behavior of theHq moments as func-
tions of ranksq and energy. It has been shown@17,19# that
Hq for jets at the present energies~SLC, LEP! should oscil-
late, and this prediction has been confirmed by experime
results@20–22#. The first minimum is located nearq55 at
Z0 energy. At higher energies, this minimum moves to lar
values of q; the oscillations become less pronounced a
disappear in the asymptotics whereHq51/q2. Moreover,
these oscillations have been found@18,20# even for experi-
mentally studiedpp and AA collisions. In these cases, the
can be ascribed to the multicomponent structure of the p
cesses. Such a structure is incorporated in the IPPI m
according to Eq.~1!. We will see if it is enough to describ
experimental data.

Let us emphasize thatHq moments are very sensitive t
minute details of the multiplicity distributions and can b
used to distinguish between different models and experim
tal data. However, one should be warned that the amplitu
of the oscillations strongly depend on the multiplicity dist
bution cutoff due to limited experimental statistics~or by
other reasoning! if the experiment is done at rather low mu
tiplicities. There are no cutoffs in analytical expressions
Hq . One can control the influence of cutoffs by shiftin
them appropriately. The qualitative features persist never
less. In what follows, we consider very high energy p
cesses where the cutoff due to experimental statistics is p
tically insignificant.

The IPPI model predicts new special features of the m
mentsFq andHq . The factorial moments of the distributio
~7! are

Fq5 (
j 51

j max

wj

G~ jk1q!

G~ jk ! S m

k D q

5 f q~k!S m

k D q

~19!

with
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f q~k!5 (
j 51

j max

wj

G~ jk1q!

G~ jk !

5k(
j 51

j max

wj j ~ jk11!•••~ jk1q21!. ~20!

The cumulant moments are written as

Kq5kq~k!S m

k D q

. ~21!

The explicit k dependence off q(k) and kq(k) for q<5 is
shown in the Appendix. ForHq moments one gets

Hq512 (
p51

q21
G~q!

G~p11!G~q2p!
Hq2p

f pf q2p

f q
. ~22!

Note that according to Eq.~22! Hq are functions of the pa-
rameterk only and do not depend onm in the IPPI model,
because them dependence of factorial and cumulant m
ments is the same. This remarkable property of theHq mo-
ments provides an opportunity to fit the same results wit
smaller number of parameters. If thewj ’s are given by Eq.
~9!, the only adjustable parameter left isk. These moments
decrease with increase ofk andq.

Once the parameterk is found from fits ofHq , it is pos-
sible to get another parameterm by rewriting Eq. ~19! as
follows:

m5kS Fq

f q~k! D
1/q

. ~23!

This formula is a sensitive test for the whole approach
cause it states that the definite ratio ofq-dependent functions
to the power 1/q becomesq independent if the model is
correct. Moreover, this statement should be valid only
those values ofk that are determined fromHq fits. Therefore,
it can be considered as a criterion for a proper choice ok
and for the model validity, in general.

One substitutes the experimentally determined values
factorial moments, divides them by the theoretical functio
f q given by Eq.~20!, and examines whether this ratio to th
power 1/q is independent ofq at k values found previously
from Hq fits. If the answer is positive, the parameterm is
known according to Eq.~23!. If not, the model should be
modified. With parametersk andm found, one can try to fit
the shapes of experimentally measured multiplicity distrib
tions directly. This is another test of the self-consistency
the IPPI model.

At the same time, the value ofm determines the position
of the peak of the multiplicity distribution. For a given^n&,
it can be used to check the choice of probabilitieswj accord-
ing to Eq.~11!.

Recall that both parametersm andk depend on the energ
of the colliding hadronss. This dependence can be dete
mined from fits of experimentally found values ofHq andFq
as explained above. To extrapolate it to higher energies,
should use some guesses. Sincem has the meaning of the
5-4



ld
o-
nc
be

ty

r
ey
l

er
n
0
i-
ul
v
th

1
lli
u

s-
G
le

i-

ct

e

en

e

ha
on

n
,
-
c

. T
-
ne

the

-
t is

s of

at
l

er

as

e

-

-
-

INDEPENDENT PAIR PARTON INTERACTIONS MODEL . . . PHYSICAL REVIEW D 70, 034005 ~2004!
average multiplicity of a binary parton collision, it shou
behave similarly to the mean multiplicity of the whole pr
cess. The latter is usually fitted by a logarithmic depende
with some log-squared terms added. No experience has
gained yet for the parameterk.

The Poisson distribution possesses the same proper
convolutions which made it possible to get Eq.~7! for NBD
distributions. Therefore, all the above relations are valid fo
model with convoluted Poisson distributions. Actually, th
can be obtained in the limitk→`. For example, the factoria
moments areF q

(Poisson)5mqMq .

IV. COMPARISON WITH EXPERIMENT

We have compared IPPI model conclusions with exp
mental multiplicity distributions of the E735 Collaboratio
@23# for pp̄ collisions at energies 300, 546, 1000, and 18
GeV extrapolated@10,24# to the full phase space. The mult
plicity of charged particles was divided by 2 to get the m
tiplicity of particles with the same charge. Then the abo
formulas for the moments were used. Correspondingly,
parametersm andk refer to these distributions.

An analysis of experimental data done in@10# has shown
that two parton pairs are already active at energies above
GeV. The thresholds for triple or more parton-parton co
sions are less definite. They depend on the form of the m
tiplicity distribution adopted for a single collision. We a
sume that three parton pairs are active at 300 and 546
and four at 1000 and 1800 GeV with NBDs for a sing
collision. We use these values in our calculations.

Factorial andHq moments were obtained from exper
mental data onP(n) according to Eqs.~16! and~18!. Experi-
mentalHq moments were fitted by Eq.~22! to get the param-
etersk(E) of the IPPI model. We show in Fig. 1 how perfe
are these fits at 1.8 TeV fork equal to 3.7~solid line! and 4.4
~dash-dotted line!. At this energy, we consider four activ
parton pairs withwj given by Eq.~9! ~the second column in
Table I!. It is surprising that the oscillations ofHq moments
are so well reproduced with one adjustable parameterk. The
general tendency of this quite complicated oscillatory dep
dence is clearly seen.

With these values of the parameterk, we have checked
whetherm is constant as a function ofq. Experimental fac-
torial moments and IPPI values forf q were inserted in Eq.
~23!. Them(q) dependence is shown in Fig. 2 for the sam
values ofk54.4 ~squares! and 3.7~circles! and for a much
larger value 7.5~triangles!. The constancy ofm is satisfied
with an accuracy better than 1.5% fork54.4 up toq516.
The upper and lower lines in Fig. 2 demonstrate clearly t
this condition substantially bounds the admissible variati
of k.

It is well known that experimental cutoffs of multiplicity
distributions due to the limited statistics of an experime
can influence the behavior ofHq moments. Consequently
they impose some limits on theq values that can be consid
ered when a comparison is done. Higher rank moments
be evaluated if larger multiplicities have been measured
estimate the admissible range ofq, we use the results ob
tained in QCD. Characteristic multiplicities that determi
03400
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the moment of the rankq can be found. By inverting this
relation, one can write the asymptotic expression for
characteristic range ofq @25#. This provides the bound
qmax'Cnmax/^n& whereC'2.5527. However, it underesti
mates the factorial moments. Moreover, the first momen
not properly normalized~it becomes equal to 2/C instead of
1!. The strongly overestimated values~however, with a cor-
rect normalization of the first moment! are obtained ifC is
replaced by 2. Hence, one can say that the limiting value
q are given by the inequalities

2nmax/^n&,qmax<Cnmax/^n&. ~24!

The rationmax/^n& measured by the E735 Collaboration
1.8 TeV is about 5. Thus,qmax should be in the interva
between 10 and 13. The approximate constancy ofm and
proper fits ofHq demonstrated above persist to even high
ranks.

The same-charge multiplicity distribution at 1.8 TeV h
been fitted with the parametersm512.94 andk54.4 as
shown in Fig. 3~solid line!. To estimate the accuracy of th
fit, we calculated(n51

125 @Pt(n)2Pe(n)#2/D2 over all 125 ex-
perimental points. Here,Pt ,Pe are the theoretical and ex

FIG. 1. A comparison ofHq moments derived from experimen
tal data at 1.8 TeV~squares! with their values calculated with pa
rameterk54.4 ~dash-dotted line! and 3.7~solid line!.
5-5
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I. M. DREMIN AND V. A. NECHITAILO PHYSICAL REVIEW D 70, 034005 ~2004!
perimental distributions andD is the total experimental error
It includes both statistical and systematical errors. Note
the latter are large at low multiplicities in the E735 data. T
sum is equal to 50 for 125 degrees of freedom. No minim
zation of it was attempted. This is twice better than the thr
parameter fit by a generalized NBD considered in@26#. A
Poisson distribution of particles in binary collisions is com
pletely excluded. This is shown in Fig. 3 by the dash-dot
line.

We show in Fig. 4 the decomposition of the fit in Fig. 3
processes with different numbersj of parton pairs involved
in collision. It is seen that the locations of their maxima a
approximately proportional toj.

The same procedure has been applied to data at ene
300, 546, and 1000 GeV. As stated above, we have assu
that three binary parton collisions are active at 300 and
GeV and four at 1000 GeV. We plot in Figs. 5 and 6 t
energy dependence of the parametersm andk. The parameter
m increases logarithmically with energy. This is expect
@see Eq.~11!# because increase ofM1 due to increasing num
bers of active pairs at these energies leads to a some
faster than logarithmic increase of the average multiplicity
accordance with experimental observations. The energy
pendence ofk ~crosses! is more complicated and rather i
regular.

FIG. 2. The q dependence ofm for k54.4 ~squares!, 3.7
~circles!, and 7.5~triangles!.
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We tried to ascribe the latter to the fact that the effect
values ofk, which we actually find from these fits, depend o
the effective number of parton interactions, i.e., on thewj

variation at a threshold. The threshold effects can be imp
tant in this energy region. Then the simple relation~8! is
invalid. This influences the functionsf q(k) @Eq. ~20!# and,
consequently,Hq calculated from Eq.~22!. One can reduce
the effective number of active pairs to about 2.5 at 300 G
and 3.5 at 1000 GeV if one chooses the following values
wj : 0.59, 0.34, and 0.07 at 300 GeV and 0.54, 0.29, 0.
and 0.03 at 1000 TeV instead of those calculated accord
to Eq. ~8! and shown in Table I. This gives rise to values
k which are not drastically different from the previous one
However, the quality of the fits becomes worse. Fits with t
active pairs at 300 GeV and three pairs at 1000 GeV
completely.

Hence, we have to conclude that this effect results fr
some dynamics of the hadron interactions that is not und
stood yet and should be incorporated in the model. The p
liminary explanation of this effect could be that at the thres
old of new pair formation the previous active pairs produ
more squeezed multiplicity distributions due to the sma
phase-space room available for them because of the n

FIG. 3. The multiplicity distribution at 1.8 TeV and its fit atm
512.94, k54.4 ~solid line!. The dash-dotted line demonstrate
what would happen if the NBD were replaced by Poisson distri
tion.
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FIG. 4. The decomposition of the fit in Fig. 3 to one, two, thre
and four parton-parton collisions.
03400
comer. Therefore, the single pair dispersion decreases
the k values increase. This would imply that thresholds a
marked not only by the change ofwj shown in Table I but
also by the variation of the parameterk.

The threshold effects become less important at higher
ergies. We assume that there are five active pairs at 14
and six at 100 TeV. Then we extrapolate to these energ
The parameterm becomes equal to 19.2 at 14 TeV and 25
at 100 TeV if logarithmic dependence is adopted as show
Fig. 5 by the straight line. The predicted multiplicity distr
butions are plotted in Fig. 7. We choose two values ok
equal to 4.4~solid line! and 8~dash-dotted line! for 14 TeV.
Low multiplicities are suppressed at largerk, and the maxi-
mum is slightly shifted to higher multiplicities. The shape
the tail is practically unchanged. For 100 TeV, we show o
the prediction fork54.4 ~dashed line! because increase ofk
leads to the same qualitative effect as for 14 TeV. The os
lations ofHq still persist at these energies~see Fig. 8!. The
minima are, however, shifted toq56 at 14 TeV and 7 at 100
TeV as expected.

The fit at 1.8 TeV with an approximation ofwj according
to the ladder model~13! with a NBD for a binary parton
collision is almost as successful as the fit with values ofwj

given by the IPPI model. However, some difference at
TeV between these models is predicted~compare the solid
and dotted lines in Fig. 7, both obtained fork54.4). This
difference becomes more pronounced at 100 TeV. To k
the same mean multiplicity in both models at the same
ergy, we have chosen different values ofm as dictated by Eq.
~11! and thewj values shown in Table I; namely, their ratio
aremIPPI /mlad50.988, 1.039, 1.123, 1.228 forj max53, 4,
5, 6, respectively. This shows that the maximum of the d

,

-
FIG. 5. The energy depen
dence ofm ~squares! and its linear
extrapolation ~circles at 14 and
100 TeV!.
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FIG. 6. The values ofk as cal-
culated withwj satisfying the re-
lation ~8! ~squares!.
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tribution moves to smaller multiplicities and its width b
comes larger in the ladder model compared to the IPPI mo
with energy increase.

Certainly, one should not overestimate the success of
IPPI model in its present initial state. It has been applied
to multiplicity distributions. For more detailed propertie
say, rapidity distributions, one would need a model for
corresponding features of the one-pair process. Moreo
the screening effect~often described by the triple Pomero
vertex! will probably become more important at higher e
ergies. All these features are implemented in some way in
well known Monte Carlo programsPYTHIA @27#, HERWIG

@28#, andDPM-QGSM @11,12#. However, for the last one, th
multiplicity distribution for a single ladder is given by th
Poisson distribution of emission centers~resonances! convo-
luted with their decay properties, and the probabilitieswj
contain several adjustable parameters. It differs from
IPPI model. The present approach proposes a more econ
way with a smaller number of such parameters. Concern
the further development of event generator codes, it is tem
ing to incorporate there the above approach with a nega
binomial distribution of particles created by a single part
pair, and confront the results with a wider set of experimen
data. This has not been done yet for the IPPI model, and
intend to work on it later to learn how it influences oth
characteristics.

It would also be interesting to see whether this mode
valid for AA collisions as well or whether the collective e
fects~saturation?! prevent its application there. This work
in progress now.

V. ARE e¿eÀ AND pp̄ SIMILAR?

This question was raised by a recent statement of
PHOBOS Collaboration@29# that the energy behavior o
03400
el

he
st

e
r,

e

e
ic

g
t-
e

l
e

s

e

mean multiplicities in all processes is similar. It was co
cluded that the dynamics of all hadronic processes is
same. In addition to our general belief in QCD, we cann
claim that other characteristics of multiple production pr
cesses initiated by different partners coincide.

At first sight, QCD fits of multiplicity distributions in
e1e2 collisions and IPPI model fits ofpp̄ collisions are
completely unrelated and cannot be compared. There
however, one definite QCD prediction that allows us to a
the question whether QCD and the IPPI model are com
ible. This is the asymptotic behavior ofHq moments in
QCD. They should behave@17# asHq

as51/q2. One can also
determine the asymptotics ofHq moments in the IPPI mode
and compare both approaches. The asymptotical value
the probabilitieswj ~8! and their momentsMr ~10! for r
<5 are as follows:

wj50.5j , M152, M256, M3526,

M45150, M551082. ~25!

Inserting them in the expressions forkq and f q given in the
Appendix, one can evaluate the asymptotic behavior of
Hq moments in the IPPI model at any parameterk. All
asymptoticHq are decreasing functions ofk. Their minimum
values are reached atk→`, i.e., for a convolution of Poisson
distributions. They are given by the ratio of the coefficien
in front of the leadingkq terms inkq and f q ~see the Appen-
dix! and are equal to

H2
(P)5

1

3
, H3

(P)5
3

13
, H4

(P)5
13

75
, H5

(P)5
75

541
. ~26!

These values are noticeably larger than QCD predictions
1/q2. Since they are even larger for any finite parametek,
we have to state that QCD and the IPPI model have differ
asymptotics. In other words, this implies that Eq.~22!, con-
5-8
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sidered as an equation forf q with Hq51/q2 inserted in it,
does not have a solution with asymptotical values ofMr @Eq.
~25!# in the IPPI model.

It is an open question whether other asymptotic relati
for wj different from Eq.~8! can be found which would lead
to the same behavior ofHq moments inpp̄ ande1e2 colli-
sions, i.e., if a solution of Eq.~22! can be found for some
values ofMr different from those given by Eq.~25!. Only
then one can hope to declare an analogy between these
cesses.

Moreover, it has been found from experimental da
@18,30# that the amplitudes of oscillations ofHq moments
increase for more composite colliding particles. The anom
lous fractal dimensions also differ@16#, becoming smaller for
AA compared withpp̄ and even more withe1e2. Thus,
there is no direct similarity ofe1e2 andpp̄-collisions.

VI. CONCLUSIONS

To conclude, a model of independent pair parton inter
tions has been proposed. It is assumed that hadronic inte

FIG. 7. The same-charge multiplicity distributions at 14 Te
and 100 TeV obtained by extrapolation of parametersm andk with
five active pairs at 14 TeV and six at 100 TeV~for the IPPI model:
solid line, 14 TeV,k54.4; dash-dotted line 14 TeV,k58; dashed
line 100 TeV,k54.4. For the ladder model: dotted line 14 TeV,k
54.4).
03400
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ro-
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tions proceed through independent parton-parton collisi
and each of the binary collisions gives rise to a negat
binomial distribution of secondary particles with the sam
parametersm and k. The resulting distribution is describe
by a weighted sum of NBDs whose parameters are equa
the single collision valuesm andk multiplied by the number
of pairs. Thus no new adjustable parameters appear. Mul
binary parton collisions are assumed to become more im
tant as energy increases. A comparison with experime
data at 300, 546, 1000, and 1800 GeV has shown g
agreement. Predictions for the CERN Large Hadron Colli
and higher energies are presented. It is demonstrated
asymptotic QCD predictions fore1e2 multiplicity distribu-
tions differ from the asymptotic results of the IPPI model f
pp̄ processes. Further work on Monte Carlo implementat
of this model is in progress.
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APPENDIX

The functionsf q(k) andkq(k) areqth order polynomials
of k with coefficients determined by the momentsMr with
r<q. Their expressions forq<5 are as follows:

f 15k15M1k, f 25M2k21M1k,

k25~M22M1
2!k21M1k,

f 35M3k313M2k212M1k,

k35~M323M1M212M1
3!k313~M22M1

2!k212M1k,

f 45M4k416M3k3111M2k216M1k,

k45~M424M1M3112M1
2M223M2

226M1
4!k416~M3

23M1M212M1
3!k3111~M22M1

2!k216M1k,

f 55M5k5110M4k4135M3k3150M2k2124M1k,

k55~M525M1M4120M1
2M3260M1

3M2130M1M2
2

210M2M3124M1
5!k5110~M423M2

224M1M3

112M1
2M226M1

4!k4135~M323M1M212M1
3!k3
o

n,

an

03400
150~M22M1
2!k2124M1k. ~A1!

The ratio of the coefficients in front of the leadingkq

terms in kq and f q gives Hq for the Poisson distribution
Thus, in general,Hq differs from 0 for a multicomponen
Poisson distribution.

The case of one active pair corresponds toMr[1, and the
ordinary formula of NBD is restored:f q5G(k1q)/G(k).

To demonstrate the accuracy of thewj values shown in
Table I for the IPPI model, we present here their more ac
rate values and moments for four active parton pairs:

w150.51879, w250.26914, w350.13963,

w450.07244, M151.76571, M254.01103,

M3511.0779, M4534.6791, M55117.238. ~A2!

These values ofwj are larger and those ofMr are smaller
than the asymptotic ones shown in Eq.~25!.
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