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Multiplicity distribution and mechanisms of the high-energy hadron collisions
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Department of Physics, Duke University, Durham, North Carolina 27708-0305
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We discuss the multiplicity distribution for the highest accessible energies ofpp and p̄p interactions from
the point of view of multiparton collisions. The inelastic cross sections for singles1 and multiple~double and,
presumably, triple! s2 parton collisions are calculated from the analysis of experimental data on the multiplic-
ity distribution up to Fermilab Tevatron energies. It is found thats1 becomes energy independent whiles2

increases withAs for As>200 GeV. The observed growth of^p'& with multiplicity is attributed to the
increasing role of multiparton collisions for the high-energyp̄p(pp)-inelastic interactions.s213 reproduces
quite well the cross section for minijet production.@S0556-2821~99!02403-0#

PACS number~s!: 13.85.Hd
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I. INTRODUCTION: KOBA-NIELSEN-OLESEN SCALING
AND ITS VIOLATION

The experimental observations of the violation of Kob
Nielsen-Olesen~KNO! scaling @1# at high-energy~pp! and
( p̄p) collisions@2# and of the correlations between the ave
age transverse momentum^p'& and the multiplicityN of the
secondaries~a higher^p'& for high multiplicity events! @3#
indicate that there are at least two mechanisms of h
energy multiparticle production which exhibit the quar
gluon structure of hadrons and their interactions.

That KNO scaling should be violated at very high en
gies was realized long ago@4#, in the same year when KNO
scaling was introduced. This deviation from a KNO ty
distribution of secondaries was attributed to the possibility
splitting each of the colliding hadrons into several consti
ents~valence quarks, gluons! pairwise interacting with their
counterparts from oppositely moving hadrons. The ab
picture results in the production of several showers and
the Regge picture, each shower corresponds to the cut R
poles in the elastic amplitude.

Inclusion of such contributions changes the structure
the distributionsN /s tot ~sN is the cross section of the pro
duction of N secondary hadrons! at large j5 ln s/s0 (s0
51 GeV2) leading to the appearance of the additional pe
in the distribution with larger̂Nn& ~heren denotes the num
ber of pairs of the inelastically colliding partons involved
the interaction from the different hadrons!. At a given num-
ber of cut Pomerons, the scheme takes into account the
trary number of elastic rescatterings corresponding to the
changes of uncut Pomerons.

In the present paper we will use the multiplicity distrib
tion data obtained frompp̄ colliders forAs>200 GeV, in-
cluding new data from experiment E735 atAs51.8 TeV,
for an estimation of the inelastic cross sections of the s
single (s1) and double (s2) parton collisions. We describ
this analysis in Sec. III. Since our analysis confirms seve
salient features of the common theoretical picture, we fi
describe in short the consequences of the dual parton m
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~DPM! @5# which provides a comprehensive phenomenolo
cal framework for a quantitative description of the numero
properties of the soft processes at high energies and serv
a link between QCD and soft hadron physics. DPM includ
as an important component the Regge picture which we u
above.

In Sec. II we give a short survey of the treatment of t
multiparton inelastic collisions and their cross sections. W
give the topological cross sectionss(N,s), inelastic parton
collision cross sectionsn , wheren denotes the number o
parton collisions, and describe the characteristic feature
the multiplicity distribution and the correlation between^p'&
and multiplicity. Section III is devoted to the analysis of th
data on multiplicity distribution aimed at the estimation
s1 ands2 . Section IV concludes our analysis and conta
some speculations on the high-energy behavior of the
single and multiple parton inelastic collisions.

II. MULTIPLE COLLISIONS OF PARTONS IN THE DUAL
PARTON MODEL „DPM…

Before we describe our analysis~Sec. III! of the data on
the multiplicity distribution forAs>200 GeV, we briefly
discuss here the treatment of the soft processes base
DPM @5# which incorporates the largeNc(Nf) which is the
number of the colors~flavors! in a unitarized topological
expansion, the concept of the duality, unitarity, parton str
ture of hadrons, and Regge scheme. To our knowledge, D
is the only known reliable model which links QCD with th
physics of the soft processes and provides a complete
nomenological framework for a quantitative description
the numerous characteristics of the soft processes~for
hadron-hadron, photon-hadron, photon-photon, hadr
nucleus, and nucleus-nucleus collisions!. As we remarked,
the DPM includes the parton structure of hadrons, i.e.,
necessary knowledge of thex andp' distribution of the par-
tons inside a hadron. As this information was implemen
many times in the older and more recent literature@5#, we
confine ourselves here to the final expressions forsn and
related quantities. We use the version of the DPM propo
and developed by the ITEP group@6–8#, the so-called quark
gluon string model.

In this version of the DPM the ultra-high-energy intera
©1999 The American Physical Society22-1
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S. G. MATINYAN AND W. D. WALKER PHYSICAL REVIEW D 59 034022
tion between hadrons, phenomenologically described
Pomeron exchange, is treated as a result of a gluon
exchange between the constituents of hadrons as they
close to one another@9#. After a color exchange betwee
constituents~valence quarks, gluons, seaqq̄! carried by the
colliding hadrons, partons from one hadron are joined
pairs of the gluon strings with partons of the other hadr
When hadrons separate after the collision, a pair of string
stretched and breaks into the two chains of hadrons. Gra
cally, this corresponds to the unitary cut of the single d
Pomeron having in DPM the topology of a cylinder@5#.
Similarly, a cut in the multi-Pomeron exchange diagra
through n Pomerons gives 2n chains which attach to the
components of the initial hadrons. There exists a one-to-
correspondence between the picture of the gluon string
the DPM and the soft Pomeron phenomenology, at leas
the quasieikonal approximation. As shown in Ref.@8#, the
gluon string model~or DPM! leads to the same expressio
for a variety of the quantities characterizing the high-ene
soft collision as does the Regge diagram technique, giv
also the possibility to determine some of the free parame
of the last one.

In the present paper we describe the ‘‘soft’’pp̄ collisions
which constitute the bulk of the events in the final sta
using the DPM which effectively comes to the soft Pomer
picture. In this picture a single cut Pomeron gives the do
nant contribution to the inelastic cross section and this c
responds to the single parton-parton collision resulting in
mean hadron multiplicitŷ N1&. We assume, in accordanc
with the Introduction@4#, that singlepp( p̄p) inelastic colli-
sions obey KNO scaling.

Double ~and multiple! collisions lead to the violation o
KNO scaling and to the double~multiple! mean multiplicity
^Nn&5n^N1& wheren is the number of soft inelastic parton
parton collisions. Since KNO scaling is well satisfied for t
CERN Intersecting Storage Rings~ISR! energy domain and
according to our assumption, to obtain^N1& we will use
mainly the corresponding multiplicity data in the rangeAs
from 11.5 to 62.6 GeV which are well described by the
fective single Pomeron exchange. The data atAs
5200 GeV which are dominated by single collisions we
added to fit to remove the effect of double collisions.

We describê N1& for the single inelastic soft collision a
a1b ln(s/s0) (s051 GeV2) and find the coefficienta andb
from these data@10#.1 As a result of the fit, we have for th
coefficientsa and b: a527.3, b52.56 with x257.085/7.
We have also determined^N1& from the position of the peak
in ds/dN. This gives slightly different coefficients.

It is important to remark that the picture we are describ
corresponds to the scenario where only ‘‘nonenhance
Regge diagrams are included in the scattering amplit
~‘‘quasieikonal’’ approximation!. ‘‘Enhanced’’ diagrams
where the branching of chains ladders is possible, lead to

1When the present paper was written we became aware of
recent similar treatment of the average multiplicity^N1& as a linear
logarithmic function for the soft component@11#.
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smearing out of the distribution between the peaks of
multiplicity distribution thereby reducing the effects of KNO
violation. There are arguments that the ‘‘enhanced’’ d
grams have a small effect. The strong violation of KNO sc
ing ~in the whole rapidity interval! at highest achievable en
ergies (As>500 GeV) is one more argument supporting t
smallness of the ‘‘enhanced’’ graphs.

Since the distributions of particles from different chai
are independent in first approximation, one can expect
the width of the multiplicity distribution for multiple colli-
sions obey the ruleDNn;An^N1&5AnDN1 leading to the
broadening of the distributionsN /s inel . If there are no long-
range correlations among the particles belonging to
chain ladder, their distribution can be described as Pois
nian.

It is important to stress that the multi-Pomeron diagra
are especially important in the treatment of the Pomeron
pole with intercepta~0! higher than unity@a(0)511D; for
‘‘soft’’ interaction D'0.08 as experimental data show#. The
role of the multi-Pomeron contribution to thes tot ands inel is
increased with energy@7#. The contribution of Pomerons to
s tot is ;enDj, the effective number of cut Pomerons~in the
‘‘quasieikonal’’ treatment! neff;ejnD (jn5 ln s/s0n

2) @7#
which is;2.5 forAs<2 TeV (n52). Thus from our point
of view, only double ‘‘soft’’ inelastic parton collisions, in
addition to the single ones, are expected up to Tevatron
ergy. In the LHC domain (As514 TeV) this parameter
neff'3.3 (n53), indicating the possibility of the appearanc
of the third maximum insN /s inel distribution at ^N3&
'3^N1&. This pattern is presented below~see Figs. 1 and 2!
where we calculatedsn , the inelastic cross sections corr
sponding to then-fold parton collisions which here, accord
ing to the ideas of DPM, correspond to the contribution on
cut Pomerons, accompanied by the exchange of the arbit
number of uncut Pomerons~quasielastic rescatterings!, to the
scattering amplitude.

We briefly outline the main steps leading us to Figs. 1 a
2 which are discussed in the literature@6–8#. We are inter-
ested in the inelastic topological cross sectionss inel(N,S)
not including the single diffraction dissociation~NSD!.

We can write, fors inel(N,s),

s inel~N,s!5 (
n51

`

snP~N,^Nn&!, ~1!

whereP(N,^Nn&) is the distribution of theN produced par-
ticles ~in full phase space! in the 2n shower events~corre-
sponding ton-fold parton collision!. Here, according to our
picture,^Nn&5n@a1b ln(s/s0n

2)#. sn(jn) is the cross section
for the simultaneous production of 2n chains which were
created inn-fold parton collisions@jn5 ln(s/s0n2)#. sn(jn) is
obtained by the unitary cuts ofn Pomerons accompanied b
an arbitrary number of elastic rescattering~no cut Pomerons!
@6,8#.

To trace the trends of the multiplicity distribution an
reveal the role of multiparton collisions, we take fo
P(N,^Nn&) the Poisson distributions for the number of pa

he
2-2
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FIG. 1. ~a! Topological cross sectionssN in the quasieikonal approximation with exchanges of three effective ‘‘soft’’ Pomerons
As5546, 900, 1800, and 143103 GeV. ~b! Topological cross sections resulting from double and triple parton collisions forAs5546, 900,
1800, and 143103 GeV.
re

fi

he
at-
of charged particles. Then, summing overN in Eq. ~1! and
taking into account that̂N1& is always large, we can write

s in
NSD~s!5s11s21s31¯ . ~2!

This relation, of course, does not depend on the conc
form of P(N,^Nn&).

For sn(jn) we have@6,8#

sn~jn!5
sP

nZn
S 12e2Zn(

k50

n21 Zn
K

K! D , ~3!

with

sP58pgPS s

s0
D D

, Zn5
2CgP

R21ap8jn
S s

s0n2D D

. ~4!

The parameters in these expressions are fixed by the
of the experimental data ons tot anddsel /dt for pp and p̄p
collisions @7,8#:
03402
te

ts

gp53.64 ~GeV!22, R253.56 ~GeV!22, C51.5,

D5ap~0!2150.08,

ap850.25 ~GeV!22, s051 ~GeV!2. ~5!

We would like to mention that that scheme, due to t
multi-Pomeron exchanges, is unitary and asymptotically s
isfies the Froisart bound@7,8#

sn~jn!'jn at jn@1, n not large,

s tot;s0.08~jD<1!,

s tot52s in5 (
n50

`

sn~j!5sPf ~Z/2!

'
8pap8D

C
j2 for jD@1. ~6!
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FIG. 2. Same in Fig. 1 forAs5100, 200, and 300 GeV.
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f ~Z!5 (
n51

`
~2Z!n21

nn!
5

1

Z E
0

Z

~12e2x!
dx

x

5
1

Z
@G~0,Z!1 ln~gEZ!# ~7!

with gE51.78̄ the Euler constant andG(a,Z)-incomplete
gamma function,Z5Z1 .

As concerns the multiplicity, for the single collision
only ^N1& has a simple logarithmic dependence^N1&'2j at
high energies (jD@1). This fact justifies our choice to de
fine ^Nn& asn^N1& for small n.

These formulas~2!–~5! give reasonable estimates of th
size of the cross sections for double and, possible, triple
lisions. As we will see below, they fail to give a good d
scription of the energy dependence of the double collis
cross sections2 . There must be a correlation functio
F(x1 ,x2) which gives the probability of finding partons wit
03402
l-

n

momentum fractionx1 ,x2 essentially simultaneously in th
nucleon. This is not included in the scheme.

In Fig. 1~a! we show theN distributions ofs in(N,s) at
As50.55, 0.9, 1.8, and 14 TeV. At lower energies the s
ond peak ofs in(N,s) is not resolved. Figure 1~b! shows the
behavior of the parts ofs in(N,s) which corresponds to the
double and triple collisions.

In Table I we present values of the inelastic ‘‘partia
cross sectionss1 , s2 , ands3 corresponding to the single

TABLE I. Values of the inelastic cross sections for the sing
(s1), double (s2), and triple (s3) parton collisions in the Regge
quasieikonal model.

As, TeV s1 , mb s2 , mb s3 , mb s11s21s3 , mb

0.55 21.94 9.57 5.25 36.76
0.9 22.72 10.16 5.71 38.59
1.8 23.84 10.72 6.34 40.90

14 27.19 14.70 8.43 50.32
2-4
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MULTIPLICITY DISTRIBUTION AND MECHANISMS OF . . . PHYSICAL REVIEW D 59 034022
double, and triple parton collisions in the Regge quasieiko
approximation. We see that in this approach alls i ( i
51,2,3) increase withAs whereas our analysis in Sec. I
indicates that the ‘‘single’’ collision contributions1 ex-
tracted from the experimental data on the multiplicity dist
bution practically is independent ofAs for As>200 GeV.
Furthermore,s11s21s3 are systematically lower than th
experimental cross sections in(s) for the nonsingle diffrac-
tion events, while the corresponding theoretical values of
cross section resulting from the summation of all quas
ikonal Pomeron graphs@7,8#

s in~s!5 (
n51

`

sn5sPf ~Z! ~8!

are in excellent agreement with experimental data fors in .
Figures 2~a! and 2~b! show for completeness thes(N,s)

for lower As ~but higher than 62 GeV! ~As5100, 200, 300
GeV!. On these figures atAs5200 GeV the shoulder, cor
responding to the double collision, is clearly seen.

The DPM, where the double inelastic parton collisions
described by the contribution of the two cut Pomerons to
scattering amplitude, predicts also the increase of the ave
transverse momentum̂p'& in the soft processes in the re
gimep' /As!1. Indeed, thep' dependence of two Pomero

amplitudes is given bye2l2p'
2 /2 with l25R21a8(0)j2 ,

which leads to the ratio

^p'&

^p'&1
'&

in agreement with data. The further increase of the^p'& can
be expected at the effective opening of the triple parton c
lision which, as we can see from Fig. 1, should be clea
displayed in the CERN Large Hadron Collider~LHC! energy
range.

Thus the inclusion of the ‘‘soft’’ double parton collision
leads not only to the higher (^N2&'2^N1&) multiplicity ~and
to the violation of KNO scaling! but also to the correlation
between̂ p'& and the multiplicity. These two issues are co
tributed sometime to the increasing role of the ‘‘semihar
collisions at higher energies~‘‘minijets’’ !.

From our point of view, the double collisions are ‘‘soft
in essence. Moreover, since they are less probably
single ones, we need to arrange the collision at the sma
impact parameters which, together with the increasing rol
the double collisions with energy, leads to the larger^p'&
~'0.6 GeV! at higherN andAs.

Of course, one can include the semihard component
the DPM by hand. However, as stressed by the Orsay gr
@5#, ~i! in the wide energy range the minijets, in many r
spects, behave just like a part of the soft multichains,
therefore, are implicitly included in DPM,~ii ! a considerable
fraction of the rise ofs tot ands in is due to the soft compo
nent, ~iii ! introduction of a semihard component to accou
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for the KNO violation shows that they have a small infl
ence, and the DPM mechanism of KNO violation is ma
tained. The same conclusion holds for the problem of^p'&
correlation with multiplicity. The division of the multipar
ticle collisions into ‘‘soft’’ and ‘‘hard’’ ones reflects our in-
ability to solve QCD at smallp' .

III. ANALYSIS OF THE MULTIPLICITY
DISTRIBUTION DATA

We now turn to our main goal—to extracts1 ands2 from
the multiplicity distributions. We analyze the data obtain
from the energy rangeAs from 30 to 1800 GeV including
ISR, UA5, and Tevatron~E735 experiment! data. As a basis
of our analysis, we use the fact that KNO scaling is w
satisfied for the experimental data through ISR energies.
deviation from the sample KNO scaling at higher energie
due to another process which is incoherently superimpo
on the KNO producing process.

In Fig. 3 the collider data from different energies are s
perimposed on one plot. The experimental distributio
(1/sNSD)(ds/dx) have been normalized to the same val
of the variablex5N/^N1& at thexmax, at which the corre-
sponding KNO distribution has a maximum. It turns out th
this quantity at the maximum and for values ofx<1.3 is
essentially independent of energy.

FIG. 3. A comparison of multiplicity distributions at differen
valuesAs. The distributions are normalized at the maximum val
of ds/dx wherex5N/^N1&. The solid curve is the KNO distribu-
tion from ISR data.
2-5
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S. G. MATINYAN AND W. D. WALKER PHYSICAL REVIEW D 59 034022
From the measurement of the KNO curve at the ISR
ergies we know thatNmax50.8̂ N1&. Thus, we can estimat
the value of^N1&, the average multiplicity for the proces
with pure KNO scaling, at higher energies from the know
value ofNmax at which the (1/sNSD)(ds/dx) is a maximum.

As we remarked above, the deviation from the KN
shape is due to another process which is incoherently su
imposed on top of the KNO producing process. By subtra
ing the KNO distribution from the experimental data we d
termine the shape of the competing process as shown in
4. The shapes of the multiplicity distribution thus found a
rather different from the KNO shape and is not a sim
convolution of the KNO distribution.

The main characteristics of the derived distributions
that the most probable value of the distributions occurs ax
52 @or at twice the multiplicity corresponding to the initia
low-energy~single collisions! KNO distribution#. The width
of the distribution is close to& times the width of that KNO
shape atAs51800 GeV. This is in quite good agreeme
with the picture based on the DPM we presented abo
which is based on the adding of the double inelastic collis
of partons of the colliding hadrons described by the con
bution of two cut Pomerons~or two pairs of gluonic strings!
to the single inelastic parton collision described by one
Pomeron~one pair of gluonic strings!.

Independently of the concrete realization of the inter
tion between ultrarelativistic parton pairs, we interpret t
population of the secondaries with a maximum at 2^N1& as a
result of two independent~and simultaneous! parton-parton

FIG. 4. Multiplicity distributions obtained by taking the differ
ence between thepp̄ collider data and the KNO distribution.
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inelastic collisions occurring in the same encounter. Integ
ing the distributions displayed in Fig. 4 overx we obtain the
inelastic cross sections2 for the double parton collisions a
a function ofAs and the inelastic cross sections1 for the
single parton collision (s15sNSD

in 2s2) ~Fig. 5!. The last
cross sections1 which is characterized by the KNO scaling
as seen from Fig. 5, is nearly independent ofAs for As
>200 GeV and has a value of (3462) mb. s2 is increased
with As.

The data shown in Fig. 5 seems to reveal an appa
threshold for double collisionsAs close to 100 GeV. It
may be related to the fact that in these collisions,^N2&
52^N1&, ^N1&'16 at As5100 GeV. To produce 32 par
ticles would require essentially all of the center of mass
ergy.

Before we proceed further, it is worthwhile to spend som
time and space to describe the above procedure of estima
of s1 and s2 in the formal way. We can write for the ex
perimentally observed~normalized to unity! distribution

S ^N&sN

sNSD
in D

exp

5
1

sNSD
in S ds

dzD
exp

S z5
N

^N& D . ~9!

With our assumption of the incoherent sum of the sin
~KNO scaled! and the double~KNO violating! collision
cross sections, we can write

1

sNSD
in S ds

dzD
exp

5
1

sNSD
in S ds1

dz
1

ds2

dz D , ~10!

which leads to

s2

sNSD
in 512

s1

sNSD
in [a~s!. ~11!

Experimentally,a(s) is increasing withAs ~Fig. 3!. There-
fore,

FIG. 5. Cross sections for the single (s1) and multiparton
~double and triple! (s2) parton collisions as a function ofAs.
2-6
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MULTIPLICITY DISTRIBUTION AND MECHANISMS OF . . . PHYSICAL REVIEW D 59 034022
s15sNSD
in @12a~s!# ~12!

can be~and it is, as Fig. 5 shows! independent ofAs, while

s25sNSD
in a~s! ~13!

is definitely increased.
From Fig. 5 we see thats2 equals 17 mb at 1.8 TeV

which we can compare with the Collider Detector at Ferm
lab ~CDF! recent value for the effective double-parton col
sion cross section (14.561.7122.3

1.7 ) mb @12#. We note that
AFS gives fors2(As563 GeV);5 mb @13# while UA2 pre-
sents a lower limit 8.3 mb@14#. We remark that in the
sample of events the CDF has removed events with poss
triple collisions. Our procedure admits the addition to thes2
the triple collisions which have small cross sections~see
Table I for s3! at the Tevatron energy domain.

Some remarks on the experimental data of E735 and U
are necessary. In Figs. 3–5 we do not show error bars o
the points in the derived distributions. The statistical err
in E735 are relatively small. However, the systematic er
in both experiments might be sizable. In E735 as well
UA5 the multiplicities in a restricted range of rapidity a
extended to the full range by computer simulation. There
corrections for secondary interactions in individual even
The derived distributions in Fig. 3 suffer in accuracy fro
the fact that one subtracts two different distributions wh
each have uncertainties. When the experimental data an
KNO distribution are close in value then the error is grea
Fortunately, the KNO distribution is only the order of 10
15 % of the experimental data atN52^N1& (x52) and con-
sequently, the position of the peak in the derived distribut
is not strongly affected by errors produced by taking
differences. The whole distribution might move up and do
as a result of errors in either of the KNO or experimen
distributions. The errors in the value ofs2 are sensitive to
the determination of̂ N1&@ds2 /s2'3(d^N1&/^N1&)#. We
can conclude from our analysis that the double~and possibly
triple! inelastic parton collisions account for a large fracti
of the major part of the totalpp̄ cross section and, definitel
are responsible for the increase of thepp̄ inelastic cross sec
tion at collider energies (As>200 GeV). As the collision
energies will increase to LHC values, it seem likely th
double and possibly triple collisions will constitute a larg
fraction of the inelastic cross section as is seen in our an
ses from the previous sections~see Fig. 1!.

It is interesting to note that the cross sections of the m
jet production extracted from the several experiments@15,16#
are very similar, by theirAs dependence and by absolu
values, to thes2 which we obtained; it has a threshold
As'200 GeV. Moreover, if we subtract a minijet produ
tion cross section from2

3 s tot ~which is close to thesNSD
in !,

one obtains aAs-independent cross section@16# which is
equal approximately to ours1 and reproduces Fig. 5. On
can conclude that the double parton collisions mostly lea
the minijet production.

For us, this coincidence is an additional argument for
Orsay group’s claim that the minijets behave in many
spects just like a part of the soft component~multichains!
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and are implicitly included in DPM~see Sec. II!. This simi-
larity also reflects in our opinion, the existence of the smo
transition from hard~jet! to soft physics of the hadron colli
sions. It is worthwhile, maybe, to remark also that the co
stancy obtained here of thes1 is the basic assumption of th
so-called two component model@17# incorporating the soft
and semihard collisions.

The last remark is concerned with the size of the pro
~nonperturbative in essence! which is introduced in the
double parton collisions. If we use the simplifying assum
tions about the factorization of the proton’s two-body part
distribution of the longitudinal fractional momenta and the
relative transverse distancebW , we can express@18# the
double-parton cross section in terms of the single parton
lision cross section

sD5sS
2E d2bF2~bW !, ~14!

whereF(bW ) gives the two parton distribution on their rela
tive transverse distance inside proton and is normalized
unity. Taking for sS,D our s1,2 ~s1532 mb, s2517 mb!
and for F(b)5(e2b2

/R2)/pR2, one obtains for a ‘‘had-
ronic’’ proton radius,R50.96 fm which looks as reasonab
in the light of the simplifying assumptions.

IV. IN LIEU OF CONCLUSIONS

In this paper we have attempted to isolate and study
inelastic double-parton collision mechanism using the ana
sis of high-energy multiplicity data. The main result of o
analysis of these data is that the nonsingle diffractive ine
tic cross section consists of two parts. The first part of
cross section corresponding to the single parton collision
practically independent ofAs for As.200 GeV, whereas
the second part of thesNSD

in increases significantly with en
ergy and achieves the value 17 mb atAs51.8 TeV. That
part was attributed here to the inclusion in the collision p
cess of the double~and, perhaps some triple! inelastic parton
collisions. Thus, the increase of thesNSD

in at highAs is al-
most entirely due to the multiparton collisions.

On the other hand, we know from experiments at low
energies where the single parton collisions indeed domin
thatsNSD

in is increasing withAs. This indicates that at highe
energiesAs.200 GeV the inelastic cross section due to t
single collision goes to saturation, whereas the double co
sions give the increase ofsNSD

in . One can go further and
conjecture that the same saturation will occur for the par
s in connected with the double parton collisions at mu
higher energies whereas thes in due to the triple collisions
will still increase withAs, etc., until asymptotically the tota
inelastic cross section~without diffractive part! will achieve
a constant values in5s1

(sat)1s2
(sat)1¯ . Of course, we can-

not say anything about the behavior ofsel and sdif at this
hypothetical limit.
2-7



s
th
he
ar
f
o
m
o

the
in.
cis
enn
la-
ent

S. G. MATINYAN AND W. D. WALKER PHYSICAL REVIEW D 59 034022
We need to emphasize once more that we effectively u
in the present paper the DPM and its main ingredient
‘‘soft’’ Pomeron as a carrier of the interaction between t
partons. For us, the double inelastic parton collisions
resulting also from ‘‘soft’’ interaction. From this point o
view, the above similarity in energy dependence of the s
double parton interactions and the minijet production see
interesting and important, shedding light on the problem
transition from the hard to the soft hadron physics.
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