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High energy inclusive hadron production in the central kinematical region is considered within

the models of unitarized pomeron. It is shown that starting from the pomeron contribution with

interceptαP(0) > 1 one can obtain in a quasieikonal approach inclusive cross section which is

similar to contribution of triple pole (att = 0) pomeron. Basing on this analogy we then consider

general form of tripole and dipole pomeron contribution to inclusive cross section. They lead to a

parabolic form of the distribution in rapidity giving< n>∝ ln3s(tripole) or< n>∝ ln2s(dipole).

With suggested parametrization ofpt dependence of cross sections the considered models well

describe the data for charged hadron distributions inpp and p̄p interactions at energy
√

s≥ 200

GeV. Predictions for LHC energy as well as comparison with a simulation of one particle inclusive

production are given.
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The model of pomeron with interceptαP(0) = 1+ ε, ε > 0 is very attractive from the phe-
nomenological point of view [1]. Firstly it gives a simple and compact parametrization for many
high-energy soft processes (elastic and deep inelastic scattering, diffraction and others). Secondly
it describes quite well a lot of data for high enough energy (for example, total cross sections and
small-t elastic scattering at

√
s≥ 5 GeV).

However the contribution of supercritical pomeron to the total cross-section rises with energy
as a powerσ ∝ s∆, violating the Froissart-Martin boundσtot < constln2(s/s0). The strict consistent
procedure of unitarization is absent now, but there are some simple phenomenological ways to elim-
inate the rough contradictions with the unitarity. The most simple method to do that is summing
multipomeron diagrams. IfαP(t) = 1+ε +α ′

Pt and hadron-pomeron couplingga,b(t) = exp(Ba,bt)
one can find that ats→ ∞ in this modelσtot(s) ≈ 8πεR2(s) ln(s/s0) ≈ 8πεα ′

P ln2(s/s0) , where
R2(s) = Ba +Bb +α ′

P ln(s/s0).
This result gives a ground for another method of constructing amplitude. It is possible to

consider just from the beginning more complicated singularities of partial amplitudes than usual
simple angular momentum poles. It is worth to emphasize that factorization of residues is valid not
only for simple j-poles but also for any isolatedj-singularity [2]. It means that one can consider,
for instance, double (dipole pomeron)[3] or triple (tripole pomeron) [4] pole instead of simple pole.

1. Multipomeron exchanges in the model withαP(0) > 1

At s→ ∞ the inclusive cross section in central region is dominated by contribution of the
diagram on Fig. (1) and can be written in a general form asE d3σ

d3p = ga(0)F (y0−y)vc(p2
t )F (y0 +

y)gb(0) [5, 6]. If the input pomeron is simplej-pole and has interceptαP(0) = 1+ ε thenF (y0±
y) = (y0± y)2. It is necessary to note that this result exactly coincide with those which can be
obtained if we assume from the beginning that pomeron att = 0 is the triple j-pole.

If pomeron contribution to partial amplitude (of elastic scattering) att = 0 is proportional to
1/( j−1)ν+1 thenF (y0±y) = (y0±y)ν , dn

dy(y= 0) ∝ (y0−y)ν(y0+y)ν ∝ lnν(s/s0) and < n>∝
ln1+ν(s/s0). We would like to remark that such a behaviour ofdn/dy (at ν > 0) is in a qualitative
agreement with high energy experimental data, which show a risedn/dyaty0 and a parabolic form.

2. Comparison of the unitarized pomeron models with the data

2.1 Experimental data

We consider the data onEd3σ/d3p at
√

s= 200, 540, 630, 900, 1800 GeV (240 points) [7, 8]
and ondn/dη [7, 9] normalized toσin (48 points).

Even for the chosen high energies we see a nontrivial dependence of cross sections onpt . One
can clearly see that slope is changing with energy. Taking into account thatpt-dependence in the
pomeron contribution is coming only from vertex functionvc(p2

n) one can expect that the slope
effect can be explained in the model only due to subasymptotic contributions. For example in the
dipole model, they can be simple pole withαP(0) = 1 as well asf -reggeon which is important at
not highest energies. Another important feature of the data is a changing an exponential increasing
Ed3σ/d3p at small transverse momentapt < 1 GeV for a power like one at higherpt (larger than
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1 Gev). These data are given fory = 0, however another set of data, namely,dn/dη is more
interesting for our aim. It can be obtained fromEd3σ/d3p by integration overpt and with a
transformation fromy to η .

2.2 The data fit

Parameters of the models as well asχ2 obtained in the fits, description of the data is demon-
strated on Figs.(2) and (3).

Figure 1: The domi-
nating ats→ ∞ con-
tribution to central
inclusive production
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Figure 2: pt -dependence of in-
clusive cross sections at high en-
ergies. Data are taken from [7,
8]. Curves correspond to consid-
ered models. Red solid line - dipole
pomeron model, blue long dashed
line - tripole pomeron model, green
doted line - simple pomeron pole
with α(0) > 1. Predictions for three
LHC energies are also shown.
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Figure 3: Density of the produced hadrons
as function of pseudorapidity and energy.
Red (solid), blue (dashed) and green (dot-
ted) lines are theoretical values corre-
spondingly in dipole, tripole and simple
pole pomeron model. Solid symbols cor-
respond the data normalized toσin, open
symbols correspond to data normalized to
σNSD (not used in the fit procedure). Pre-
dictions for three LHC energies are also
shown.

One can see that theoretical curves in three models are very close each to other, at least for
energies where data exist. However a difference between the models’ predictions is increasing with
energy.

3. Conclusion

Thus we have shown that the high energy experimental data on one-particle inclusive distribu-
tion can be described well in the models of unitarized pomeron, which do not violate unitarity re-
strictions. The dipole (tripole) pomeron model, correspondingly lead todn/dη(y= 0) ∝ ln4s(ln3s)
and< n >∝ ln3s(ln2s). These models predict a small difference indn/dη(y = 0) and< n > at
low LHC energies which however is increasing with energy.
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