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Multiplicity distribution and mechanisms of the high-energy hadron collisions
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We discuss the multiplicity distribution for the highest accessible energiep ahdpp interactions from
the point of view of multiparton collisions. The inelastic cross sections for simglend multiple(double and,
presumably, tripleo, parton collisions are calculated from the analysis of experimental data on the multiplic-
ity distribution up to Fermilab Tevatron energies. It is found thatbecomes energy independent white
increases withy/s for ys=200 GeV. The observed growth ¢p,) with multiplicity is attributed to the
increasing role of multiparton collisions for the high-enemy(pp)-inelastic interactionso, , 3 reproduces
quite well the cross section for minijet productig®0556-282(199)02403-Q

PACS numbsd(s): 13.85.Hd

I. INTRODUCTION: KOBA-NIELSEN-OLESEN SCALING (DPM) [5] which provides a comprehensive phenomenologi-
AND ITS VIOLATION cal framework for a quantitative description of the numerous
properties of the soft processes at high energies and serves as

The experimental observations of the violation of Koba-a link between QCD and soft hadron physics. DPM includes

Nielsen-Oleser(KNO) scaling[1] at high-energy(pp) and  as an important component the Regge picture which we used

(pp) collisions[2] and of the correlations between the aver-2above. _

age transverse momentuip, ) and the multiplicityN of the In Sec. Il we give a short survey of the treatment of the

secondariega higher(p, ) for high multiplicity event$ [3] multlparton melgstm collisions and their cross sections. We

indicate that there are at least two mechanisms of highdive the topological cross sectiongN,s), inelastic parton

energy multiparticle production which exhibit the quark- coll;smn c”rp_ss sect%mrg, wht()eretr;] deﬂotestthg tﬂ“?"bff of f
gluon structure of hadrons and their interactions. parton collisions, and describe the characteristic features o

That KNO scaling should be violated at very high ener_the multiplicity distribution and the correlation betwegn )

ies was realized long add], in the same year when KNO and multiplicity. Section Il is devoted to the analysis of the
gcaling Was introducgd Th'is deviation f?/om 2 KNO typedata on multiplicity distribution aimed at the estimation of
distribution of secondaries was attributed to the possibility of !t and oz Segtlon v conclu_des our analysis _and contains

I - ; ’ “'some speculations on the high-energy behavior of the soft

splitting each of the colliding hadrons into several constltu—single and multiple parton inelastic collisions.
ents(valence quarks, gluohpairwise interacting with their
counterparts from oppositely moving hadrons. The above
picture results in the production of several showers and, ill- MULTIPLE COLLISIONS OF PARTONS IN THE DUAL

the Regge picture, each shower corresponds to the cut Regge PARTON MODEL (DPM)

poles in the elastic amplitude. Before we describe our analysiSec. Ill) of the data on
Inclusion of such contributions changes the structure othe multiplicity distribution for s=200 GeV, we briefly
the distributionoy /o (o is the cross section of the pro- discuss here the treatment of the soft processes based on
duction of N secondary hadropsat large {=Ins'sy (So  DPM [5] which incorporates the largd.(N¢) which is the
=1 Ge\?) leading to the appearance of the additional peaks\umber of the colorgflavors in a unitarized topological
in the distribution with large(N,,) (heren denotes the num- expansion, the concept of the duality, unitarity, parton struc-
ber of pairs of the inelastically colliding partons involved in ture of hadrons, and Regge scheme. To our knowledge, DPM
the interaction from the different hadrgn#\t a given num- s the only known reliable model which links QCD with the
ber of cut Pomerons, the scheme takes into account the arliihysics of the soft processes and provides a complete phe-
trary number of elastic rescatterings corresponding to the efjomenological framework for a quantitative description of
changes of uncut Pomerons. the numerous characteristics of the soft procesges
In the present paper we will use the multiplicity distribu- hadron-hadron, photon-hadron, photon-photon, hadron-
tion data obtained fronpp colliders fory/s=200 GeV, in- nucleus, and nucleus-nucleus collisipnas we remarked,
cluding new data from experiment E735 @=1.8 TeV, the DPM includes the parton structure of hadrons, i.e., the
for an estimation of the inelastic cross sections of the sofhecessary knowledge of tixeandp, distribution of the par-
single (1) and double §,) parton collisions. We describe tons inside a hadron. As this information was implemented
this analysis in Sec. Ill. Since our analysis confirms severamany times in the older and more recent literatlsg we
salient features of the common theoretical picture, we firstonfine ourselves here to the final expressionsdgrand
describe in short the consequences of the dual parton modedlated quantities. We use the version of the DPM proposed
and developed by the ITEP groip—8], the so-called quark
gluon string model.
*Also at Yerevan Physics Institute, Yerevan, 375036 Armenia. In this version of the DPM the ultra-high-energy interac-
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tion between hadrons, phenomenologically described bgmearing out of the distribution between the peaks of the
Pomeron exchange, is treated as a result of a gluon painultiplicity distribution thereby reducing the effects of KNO
exchange between the constituents of hadrons as they pagselation. There are arguments that the “enhanced” dia-
close to one anothe9]. After a color exchange between grams have a small effect. The strong violation of KNO scal-
constituentgvalence quarks, gluons, se@) carried by the ing (in the whole rapidity intervalat highest achievable en-
colliding hadrons, partons from one hadron are joined byergies (/s=500 GeV) is one more argument supporting the
pairs of the gluon strings with partons of the other hadronsmaliness of the “enhanced” graphs. _ _
When hadrons separate after the collision, a pair of strings is Since the distributions of particles from different chains
stretched and breaks into the two chains of hadrons. Graph@f€ independent in first approximation, one can expect that
cally, this corresponds to the unitary cut of the single duaFr_‘e width of the multiplicity distribution for mu!t|ple colli-
Pomeron having in DPM the topology of a cylindgg].  Sions obey the ruldN,~ V_n<Nl>:\/ﬁANl leading to the
Similarly, a cut in the multi-Pomeron exchange diagrambroade”'”g of the distributioory /o7y, - If there are no long-

through n Pomerons gives 12 chains which attach to the range correlation.s a_lmo.ng.the particles bellonging to one
components of the initial hadrons. There exists a one-to-on&hain ladder, their distribution can be described as Poisso-
correspondence between the picture of the gluon strings ot

the DPM and the soft Pomeron phenomenology, at least igr

the quasieikonal approximation. As shown in Ri], the s . ; _ )
. . pole with intercept(0) higher than unityf«(0)=1+A; for
gluon string modelor DPM) leads to the same expression “soft” interaction A~0.08 as experimental data shbWhe

for a variety of the quantities characterizing the high-energyrOIe of the multi-Pomeron contribution to thg,, andoq, is

soft collision as does the Regge diagram technique, giVim?ncreased with energly7]. The contribution of Pomerons to
also the possibility to determine some of the free parameter(:srtot is —e"¢ the effective number of cut Pomerofis the

of the last one. “quasieikonal” treatment n.~e™® (&,=Ingsn?) [7]

In the present paper we describe the “sofip collisions S B .
which constitute the bulk of the events in the final state,\Nh'Cfh is~2.5 for \/§s2 Te”\/_(n—2)_. Thus from our pom_t
using the DPM which effectively comes to the soft PomeronOf view, only double “soft” inelastic parton collisions, in

picture. In this picture a single cut Pomeron gives the domi-addltlon to the single ones, are expecied up to Tevatran en-

nant contribution to the inelastic cross section and this corgrg{ In thf LHC domain (s=14 _TeV) this parameter
responds to the single parton-parton collision resulting in thelerr~3-3 (n_?’)’ |n_d|cat|n_g the p053|b|_llty_0f t_he appearance
mean hadron multiplicityN,). We assume, in accordance °f_the third maximum inoy/ai, distribution at (Ns)
with the Introduction(4], that singlepp(pp) inelastic colli- ~3(Ny). This pattern is pres_ented peldﬁee Figs. 1 and)2
sions obey KNO scaling. where we calculatedr,, the inelastic cross sections corre-

¢ sponding to then-fold parton collisions which here, accord-
ing to the ideas of DPM, correspond to the contributiom of
cut Pomerons, accompanied by the exchange of the arbitrary
number of uncut Pomeroriquasielastic rescatteringso the
scattering amplitude.

It is important to stress that the multi-Pomeron diagrams
e especially important in the treatment of the Pomeron as a

Double (and multiplg collisions lead to the violation o
KNO scaling and to the doublgnultiple) mean multiplicity
(Nhy=n{N;) wheren is the number of soft inelastic parton-
parton collisions. Since KNO scaling is well satisfied for the

CERN Intersecting Storage Rin@gSR) energy domain and, briefl line th . leadi . d
according to our assumption, to obtafhl;) we will use We briefly outline the main steps leading us to Figs. 1 an

. . S . 2 which are discussed in the literaty®&-8]. We are inter-
mainly the corresponding multiplicity data in the range X . . . .
from )1/1.5 to 62.6pGeV v?hich aFr)e WZ.II described by t%_e ef_ested in the inelastic topological cross sectiang(N.S)
fective single Pomeron exchange. The data not including the single diffraction dissociatigNSD).
=200 GeV which are dominated by single collisions were We can write, foroine(N.,s),
added to fit to remove the effect of double collisions.

We describeN,) for the single inelastic soft collision as -
a+bln(ss) (sp)=1 GeV?) and find the coefficiena andb Oinel(N,S) = > g P(N,(N,}), D
from these dat&10].! As a result of the fit, we have for the n=1
coefficientsa and b: a=—7.3, b=2.56 with y?=7.085/7.

We have also determing@,) from the position of the peak whereP(N,(N,)) is the distribution of theN produced par-
in do/dN. This gives slightly different coefficients. ticles (in full phase spadein the 2n shower eventgcorre-

It is important to remark that the picture we are describingsponding ton-fold parton collision. Here, according to our
corresporjds to the sn_:enario where only “”_Onenha”(?e‘j'bicture,(Nn)=n[a+bIn(s/sonz)]. oq(&,) is the cross section
Regge diagrams are included in the scattering amplitudgyy the simultaneous production ofm2chains which were
(“quasieikonal” approximation “Enhanced” diagrams created im-fold parton collisiong &,=In(/s0n?)]. (£, is
where the branching of chains ladders is possible, lead to thgyiained by the unitary cuts of Pomerons accompanied by

an arbitrary number of elastic rescatteriimgp cut Pomerons
[6,8].
When the present paper was written we became aware of the TO trace the trends of the multiplicity distribution and
recent similar treatment of the average multiplidity;) as a linear ~ reveal the role of multiparton collisions, we take for
logarithmic function for the soft componeftd]. P(N,(N,)) the Poisson distributions for the number of pairs
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FIG. 1. (a) Topological cross sectiongy in the quasieikonal approximation with exchanges of three effective “soft” Pomerons for

Js=546, 900, 1800, and 2410° GeV. (b) Topological cross sections resulting from double and triple parton collisiongsier546, 900,
1800, and 1% 10° GeV.

of charged particles. Then, summing owiin Eq. (1) and ¥p=3.64 (GeV)"2, R?=3.56 (GeV) 2, C=1.5,
taking into account thafN,) is always large, we can write

NSD, A=a,(0)—1=0.08,

Oin- (S)=01to,tozt . 2
[ -2 — 2
This relation, of course, does not depend on the concrete ap=0.25 (GeV) ™%, s=1 (GeV)”. ®)
form of P(N, {Nr). W Id like t tion that that sch due to th
For o, (£,) we have[6,8] /e would like to mention that that scheme, due to the
multi-Pomeron exchanges, is unitary and asymptotically sat-
op n-1 Zﬁ isfies the Froisart bouni7,8]
Un(gn):ﬁ(l_e_an W): (3
n k=0 B on(é)=~E&, at £,>1, n not large,
ith
wit oo ST EAST),
SHE R AR w
Op=0TYp| < | T R21 7z \an?2| -
Sof T Ritapfyson o= 201= D, 0n(£)=0pf(ZI2)
n=0
The parameters in these expressions are fixed by the fits 8ral A
of the experimental data om,,; anddo,/dt for pp andpp _o9Tmapa S
collisions[7,8]: C ¢ for gA>1. ©®
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FIG. 2. Same in Fig. 1 foK/§= 100, 200, and 300 GeV.

Here
< (=t 1z dx
23, g ) e

1
:Z[r(o,z)ﬂn(yEZ)]

with yg=1.78 - the Euler constant and(«,Z)-incomplete

gamma functionZ=2, .

As concerns the multiplicity, for the single collisions,
only (N,) has a simple logarithmic depender(d¢,)~2¢ at
high energies §A>1). This fact justifies our choice to de-

fine (N,) asn(N,) for smalln.

momentum fractiorx,,X, essentially simultaneously in the
nucleon. This is not included in the scheme.

In Fig. 1(@ we show theN distributions ofco,(N,s) at
Js=0.55, 0.9, 1.8, and 14 TeV. At lower energies the sec-
ond peak ofo;,(N,s) is not resolved. Figure(h) shows the
behavior of the parts of;,(N,s) which corresponds to the

(7)  double and triple collisions.

In Table | we present values of the inelastic “partial”
cross sectiongry, o,, andoj corresponding to the single,

TABLE I. Values of the inelastic cross sections for the single
(o), double @), and triple (3) parton collisions in the Regge
quasieikonal model.

These formulag2)—(5) give reasonable estimates of the Vs, TeV  oumb o mb o5 mb outoptos mb
size of the cross sections for double and, possible, triple col- 0.55 21.94 9.57 5.25 36.76
lisions. As we will see below, they fail to give a good de- 0.9 22.72 10.16 5.71 38.59
scription of the energy dependence of the double collision 1.8 23.84 10.72 6.34 40.90
cross sectiono,. There must be a correlation function 14 27.19 14.70 8.43 50.32

F(x1,X,) which gives the probability of finding partons with
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double, and triple parton collisions in the Regge quasieikonal
approximation. We see that in this approach ajl (i i
=1,2,3) increase With/§ whereas our analysis in Sec. Il S

indicates that the ‘“single” collision contributiorr; ex- o Vs = 200 Gev
tracted from the experimental data on the multiplicity distri- VB = 546 GeV
bution practically is independent afs for /s=200 GeV. fg = %OOOOC&V\/
Furthermoreg+ o,+ 03 are systematically lower than the - :
experimental cross sectian,(s) for the nonsingle diffrac-
tion events, while the corresponding theoretical values of this
cross section resulting from the summation of all quasie-
ikonal Pomeron graphs,8]

\O'lo\
[ ]

S HD
gome

ection
[ ]
o]

[ ]
—

am<s>=n§1 on=0pf(Z) ®)

Normalized Cross S

are in excellent agreement with experimental datadfgr.

Figures 2a) and 2b) show for completeness the(N,s) i Ve
for lower /s (but higher than 62 GeM(y/s=100, 200, 300 \
GeV). On these figures afs=200 GeV the shoulder, cor- ) | °
responding to the double collision, is clearly seen. 10 | |

The DPM, where the double inelastic parton collisions are I Lo
described by the contribution of the two cut Pomerons to the 1
scattering amplitude, predicts also the increase of the averag —— Ty L P
transverse momentulp, ) in the soft processes in the re- N/{(N)
gimep, /\/s<1. Indeed, the, dependence of two Pomeron
amplitudes is given bye 22P12 with \,=R%+ a’(0)&,,
which leads to the ratio

FIG. 3. A comparison of multiplicity distributions at different
valuesy/s. The distributions are normalized at the maximum value
of do/dx wherex=N/(N;). The solid curve is the KNO distribu-
tion from ISR data.

(pL) -
(Pi)1

V2 for the KNO violation shows that they have a small influ-

ence, and the DPM mechanism of KNO violation is main-
_ _ _ tained. The same conclusion holds for the problenimf)
in agreement with data. The further increase of{hg) can  correlation with multiplicity. The division of the multipar-

be expected at the effective opening of the triple parton colticle collisions into “soft” and “hard” ones reflects our in-
lision which, as we can see from Fig. 1, should be clearlyapjlity to solve QCD at smalp, .

displayed in the CERN Large Hadron Collid&HC) energy

range.
Thus the inclusion (_)f the “soft” double pa.rtoln.colllsmns . ANALYSIS OF THE MULTIPLICITY
leads not only to the highefil,)~2(N,)) multiplicity (and DISTRIBUTION DATA

to the violation of KNO scalingbut also to the correlation

betweenp, ) and the multiplicity. These two issues are con- We now turn to our main goal—to extraet ando-, from
tributed sometime to the increasing role of the “semihard” the multiplicity distributions. We analyze the data obtained
collisions at higher energig§minijets” ). from the energy range/s from 30 to 1800 GeV including

From our point of view, the double collisions are “soft” ISR, UA5, and TevatroE735 experimentdata. As a basis
in essence. Moreover, since they are less probably thaof our analysis, we use the fact that KNO scaling is well
single ones, we need to arrange the collision at the smallegatisfied for the experimental data through ISR energies. The
impact parameters which, together with the increasing role ofleviation from the sample KNO scaling at higher energies is
the double collisions with energy, leads to the larger) due to another process which is incoherently superimposed
(~0.6 Ge\) at higherN and \/s. on the KNO producing process.

Of course, one can include the semihard component into In Fig. 3 the collider data from different energies are su-
the DPM by hand. However, as stressed by the Orsay grouperimposed on one plot. The experimental distributions
[5], (i) in the wide energy range the minijets, in many re-(1l/oysp)(do/dx) have been normalized to the same value
spects, behave just like a part of the soft multichains, an@f the variablex=N/(N;) at the X,,,, at which the corre-
therefore, are implicitly included in DPMii) a considerable sponding KNO distribution has a maximum. It turns out that
fraction of the rise ofo; and o, is due to the soft compo- this quantity at the maximum and for values x0&1.3 is
nent, (iii) introduction of a semihard component to accountessentially independent of energy.
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FIG. 5. Cross sections for the singlery) and multiparton
(double and tripl (o) parton collisions as a function afs.

Normalized Cross Section

inelastic collisions occurring in the same encounter. Integrat-
ing the distributions displayed in Fig. 4 ovewe obtain the
inelastic cross sectionr, for the double parton collisions as
a function of /s and the inelastic cross sectien for the
single parton collision ¢,=o\sp—0>) (Fig. 5. The last
cross sectiowr, which is characterized by the KNO scaling,
as seen from Fig. 5, is nearly independent\&f for /s
=200 GeV and has a value of (32) mb. o, is increased
with +/s.

The data shown in Fig. 5 seems to reveal an apparent
threshold for double collisions/s close to 100 GeV. It
may be related to the fact that in these collisiofs,)
=2(N;), (N;)~16 at\s=100 GeV. To produce 32 par-

From the measurement of the KNO curve at the ISR enticles would require essentially all of the center of mass en-
ergies we know thalN,,,=0.8N;). Thus, we can estimate €rgy.
the value of(N;), the average multiplicity for the process  Before we proceed further, it is worthwhile to spend some
with pure KNO scaling, at higher energies from the knowntime and space to describe the above procedure of estimation
value OmeaXat which the (MNSD)(dO-/dX) is a maximum. of o1 and (o) in the formal way. We can write for the ex-

As we remarked above, the deviation from the KNO perimentally observethormalized to unity distribution
shape is due to another process which is incoherently super-
imposed on top of the KNO producing process. By subtract- (<N>O’N) 1 (d(r) (

exp

N ANy

FIG. 4. Multiplicity distributions obtained by taking the differ-
ence between thpp collider data and the KNO distribution.

ing the KNO distribution from the experimental data we de- —
termine the shape of the competing process as shown in Fig. dz
4. The shapes of the multiplicity distribution thus found are

rather different from the KNO shape and is not a simple . . . .
convolution of the KNO distribution. With our assumption of the incoherent sum of the single

The main characteristics of the derived distributions is!KNO scaled and the double(KNO violating) collision

that the most probable value of the distributions occurs at 0SS SECtions, we can write
=2 [or at twice the multiplicity corresponding to the initial

v
=== ©
ONsD exp ONsp (N)

low-energy(single collisiong KNO distribution]. The width 1 /do 1 (doy do,

of the distribution is close tg2 times the width of that KNO ——( dz) ———( iz " E) , (10
shape ats=1800 GeV. This is in quite good agreement INsD exp INSD

with the picture based on the DPM we presented above,

which is based on the adding of the double inelastic collisionyhich leads to

of partons of the colliding hadrons described by the contri-

bution of two cut Pomeron®r two pairs of gluonic strings

to the single inelastic parton collision described by one cut o) oy

Pomeron(one pair of gluonic strings P 1- ;Efa(s). (1D

Independently of the concrete realization of the interac-
tion between ultrarelativistic parton pairs, we interpret the
population of the secondaries with a maximum di2) as a
result of two independeniand simultaneoysparton-parton

Experimentally,a(s) is increasing withy's (Fig. 3. There-
fore,
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Ulza'ir\TSE{l_a(S)] (12 anq are implicitly i_ncluded .in_ DPMsee Sec. )l This simi-
larity also reflects in our opinion, the existence of the smooth

can be(and it is, as Fig. 5 showsndependent of/s, while  transition from hardjet) to soft physics of the hadron colli-
sions. It is worthwhile, maybe, to remark also that the con-

02= GwSDa(S) (13 stancy obtained here of the is the basic assumption of the
, . ) so-called two component modEL7] incorporating the soft
is definitely increased. and semihard collisions.
From Fig. 5 we see that, equals 17 mb at 1.8 TeV,  1hg |ast remark is concerned with the size of the proton

which we can compare with the Colllider Detector at Fermi'(nonperturbative in essencavhich is introduced in the
Ia_lb (CDF) recen_t value for the effective double-parton colli- 45,ple parton collisions. If we use the simplifying assump-
sion cross section (14:51.7+%7 ) mb [12]. We note that  tions about the factorization of the proton’s two-body parton
AFS gives foro,(\/s=63 GeV)~5 mb[13] while UA2 pre- distribution of the longitudinal fractional momenta and their
sents a lower limit 8.3 mi14]. We remark that in the elative transverse distande, we can expresg18] the

sample of events the CDF has removed events with possibig, pje-parton cross section in terms of the single parton col-
triple collisions. Our procedure admits the addition to#e  |ision cross section
the triple collisions which have small cross sectigsse
Table | for o3) at the Tevatron energy domain.

Some remarks on the experimental data of E735 and UA5 _
are necessary. In Figs. 3-5 we do not show error bars on all op= a%f d?bF?(b), (14)
the points in the derived distributions. The statistical errors
in E735 are relatively small. However, the systematic error
in both experiments might be sizable. In E735 as well as S . .
UAS the multiplicities in a restricted range of rapidity are WhereF(b) gives the two parton distribution on their rela-
extended to the full range by computer simulation. There ardVe ransverse distance inside proton and is normalized to
corrections for secondary interactions in individual eventsUnity. Taking forosp our oy, (0,=32 mb, o,=17 mb
The derived distributions in Fig. 3 suffer in accuracy fromand for F(b)=(e " /R?)/wR?, one obtains for a “had-
the fact that one subtracts two different distributions whichronic” proton radius,R=0.96 fm which looks as reasonable
each have uncertainties. When the experimental data and tfie the light of the simplifying assumptions.
KNO distribution are close in value then the error is greater.
Fortunately, the KNO distribution is only the order of 10—
15 % of the experimental data Bt=2(N,) (x=2) and con- IV. IN LIEU OF CONCLUSIONS
sequently, the position of the peak in the derived distribution

is not strongly affected by errors produced by taking the N this paper we have attempted to isolate and study the
differences. The whole distribution might move up and downinelastic double-parton collision mechanism using the analy-

as a result of errors in either of the KNO or experimentalSiS Of high-energy multiplicity data. The main result of our
distributions. The errors in the value of, are sensitive to a}naly3|s of thgse data_ls that the nonsingle dlffractlve inelas-
the determination of Ny)[ 8o/~ 3(8(N;)/(N;))]. We tic cross section consists of two parts. The first part _of thg
can conclude from our analysis that the doulaled possibly cross sectl(_)n corresponding to the single parton collisions is
triple) inelastic parton collisions account for a large fraction Practically mdependenitn 0f/5 for s> 200 GeV, whereas
of the major part of the tota¥p cross section and, definitely the second part of theysp, increases significantly with en-
are responsible for the increase of fhg inelastic cross sec- ergy and achieves the value 17 mb_\&:_ 1.8 TeV. That
tion at collider energies\(s=200 GeV). As the collision Part was attributed here to the mclusmn in the cplllsmn pro-
energies will increase to LHC values, it seem likely thatCess of the doubleand, perhaps some triplenelastic parton
double and possibly triple collisions will constitute a larger collisions. Thus, the increase of the{sy at high Vs is al-
fraction of the inelastic cross section as is seen in our analynost entirely due to the multiparton collisions.
ses from the previous sectiofsee Fig. L On the other hand, we know from experiments at lower

It is interesting to note that the cross sections of the mini€nergies where the single parton collisions indeed dominate,
jet production extracted from the several experimghf16  thatoyspis increasing withy/s. This indicates that at higher
are very similar, by theirn/s dependence and by absolute energies/s>200 GeV the inelastic cross section due to the
values, to theo, which we obtained; it has a threshold of single collision goes to saturation, whereas the double colli-
Js~200 GeV. Moreover, if we subtract a minijet produc- sions give the increase afysp. One can go further and
tion cross section fronf o, (Which is close to therllsy),  conjecture that the same saturation will occur for the part of
one obtains &/g-independem cross sectigi6] which is  Tin connected with the double parton collisions at much
equal approximately to ous; and reproduces Fig. 5. One higher energies whereas tlg, due to the triple collisions
can conclude that the double parton collisions mostly lead tavill still increase with\/s, etc., until asymptotically the total
the minijet production. inelastic cross sectiofwithout diffractive part will achieve

For us, this coincidence is an additional argument for thea constant valueri, = o{°®+ o¢s®+- - . Of course, we can-
Orsay group’s claim that the minijets behave in many re-not say anything about the behavior @f, and o4; at this
spects just like a part of the soft componéntultichaing hypothetical limit.
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