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Inclusive production in a model for soft interactions
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The results presented in this paper differ from our previous unsuccessful attempt to predict the rapidity
distribution at W = 7 TeV. The original version of our model only summed a particular class of Pomeron
diagrams (enhanced diagrams). We believe that this was the reason for our failure to describe the 7 TeV
inclusive LHC data. We have developed a new approach that also includes the summation of the
semienhanced diagrams. This contribution is essential for a successful description of the inclusive

distributions, which is presented here.
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Traditionally, inclusive hadron production at high ener-
gies has been considered a typical example of a soft
process. Because of our lack of understanding of QCD at
long distances, such processes are studied in the framework
of high-energy phenomenology based on soft Pomerons
and their interactions. However, the first LHC data on
hadron production [1-3] showed that the alternative ap-
proach, based on high-density QCD [4-11], is able to
predict [12] and describe the main features of the inclusive
experimental data at the LHC [13—15]. On the other hand,
our first attempt [16] to predict the inclusive rapidity
spectra based on a model of soft interactions [17] failed
to describe the experimental data, possibly giving the im-
pression that soft models are unable to depict LHC data. In
this paper we show that this impression is incorrect, and
that models based on soft Pomeron interactions are capable
of reproducing the inclusive LHC data. In our two papers
(see Refs. [17,18]) we have built a model for soft inter-
actions. This model has the following features:

(i) Pomeron A;p = 0.2 and a}p = 0.

(i1) It contains a large Good-Walker component.

(iii) The Pomeron interaction turns out to be weak.

(iv) Only the triple Pomeron vertex was taken into

account.

Itis interesting to note that this model reproduces the main
qualitative property of high energy scattering in anti—
de Sitter conformal field theory (AdS/CFT) correspondence
for N = 4 supersymmetric Yang-Mills (SYM) in the region
of large coupling constant. Indeed, in N =4 SYM the
intercept of the Pomeron is large and equal to 2 — 2/ VA,
while o}, = 0 (see Ref. [19]). In this theory we only have a
solution for A > 1 with A;p = 1. However, attempts to
describe deep inelastic scattering data [20] in N = 4 SYM
lead to A =~ 0.2. This value and small «}, should be com-
pared with the typical values A;p = 0.08 and afp, =
0.25 GeV~2 (see Ref. [21] and references therein). The
large A;p and small aj, are typical features of a new
generation of soft interaction models [17,18,22,23]. A large
Good-Walker component is one of the most qualitative
features of the AdS/CFT approach, as in this approach the
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main contribution to the shadowing correction stems from
elastic scattering and diffraction production [19,24]. The
triple Pomeron vertex is small both in AdS/CFT correspon-
dence approach and peturbative QCD, being of the order of
2/VA < 1" and a2 /N2, respectively. We believe that the
small size is necessary to provide a natural matching with
peturbative QCD, where only this vertex contributes [25].
This is our justification for neglecting higher order vertices
for Pomeron-Pomeron interactions in the model utilized
here.

In our recent paper [18] we summed all essential
Pomeron diagrams. Therefore, it is important, for consis-
tency, to check whether our postulates are necessary for the
description of the inclusive hadron production at the LHC.

The inclusive cross section can be calculated in Pomeron
calculus [26] (see also Refs. [21,27-29]) using Mueller
diagrams [30] shown in Fig. 1. They lead to the following
expression for the single inclusive cross section:

1 do 1

O'NSDd_yZO'NSD(Y)
v B2G, (b, Y/2— y)) X [ Lb(a2Gy(b,Y/2+y)
+ B*Gy(b,Y/2+y)) — arpr(a® gk + B2gIR)
X[a2 f Lb(a?G, (b, Y2~ y)

+ B2G2(b) Y/2 _y))eAlR(Y/z-Fy)

{alPlP(/de(azGl (b,Y/2—y)

+ [dzb(azGl (b,Y/2+y)

+ B2G, (b, Y/2+y))eAm<Y/2—>'>]}. (1)

In Eq. (1) G;(b, Y) denotes the sum of fan diagrams

'"In AdS/CFT correspondence the Pomeron is the Reggeized
graviton and there is no triple graviton interaction in flat space.
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FIG. 1. The Mueller diagrams [30] for single inclusive cross

section. The wavy bold line denotes the exact Pomeron Green’s
function of Eq. (3), which is the sum of the enhanced diagrams.
The zigzag line stands for the exchange of a Reggeon.

Gi(b,Y)=(g/(D)/V)Gern(¥)/(1 + (G31p/ ¥)&i(D)Genn (y)),
(2

where the Green’s function of the Pomeron, obtained by
the summation of the enhanced diagrams [17], is equal to

boexp (T(IY)) T(IY) F(°’ T(lY))' ©)

In Egs. (2) and (3) we denote (see Refs. [17,18] for
details)

gi(b) = g;S;(b) =

Genn (Y) =

2LmibK (mb);  T(Y) = yetr?,

72 = [dsz31P' 4)

g, denotes the Pomeron vertex of interaction with the i state
at b = 0; m; is the parameter which determines the impact

1
9 n, 0o/ Q) —
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parameter dependence of this vertex; A;p and A, are the
Pomeron and Reggeon trajectory intercepts, respectively.
The triple Pomeron vertex G;;p and the parameters « and
[, which determine the decomposition of the proton wave
function into its Good Walker components, W on =
aWV, + BW¥,, have been discussed in Refs. [17,18]. In
our calculations we took the numerical values of these
parameters from Ref. [18].

In Eq. (1) we introduce two new vertices: a;p;p and
a;pir, which describe the emission of hadrons from
Pomeron and from the secondary Reggeon (see Fig. 1).
In practice, we have to deal with two more dimensional
parameters Q and Q. Q is the average transverse momen-
tum of the produced minijets, and Q/2 is the mass of the
slowest hadron produced in the decay of the minijet. As we
shall see below, the parameter that determines the shape of
the inclusive spectra versus 7 is the ratio Q,/Q.

We need this parameter to calculate the pseudorapidity
7, which we use instead of the rapidity y. The relation
between y and 7 is well known (see Ref. [31])

‘/% + 1 + sinh?xn + sinhy

1
y(T” QO/Q) = E ln s (5)
1/% + 1 + sinh?>n — sinhy
with the Jacobian
coshn
h(n, Qo/Q) = (6)

1/% + 1 + sinh’n

Using Egs. (5) and (6) we can rewrite Eq. (1) in the form

NSD<Y) {“”’”’U b{a’G (b, Y/2 = y(1. 0o/ Q) + B*Ga(b. Y/2 = y(n, Qo/ Q))}

X [ Pb{eG(b, Y/2 + y(n, 00/ Q) + B2Gy(b, Y/2 + y(n, Qo/Q))}) — apip(agR + )

<[ @ [ @{aGi(b, Y/2 = (1. Qu/ Q) + BGab, Y/2 = 50, Qo/ Qe

" f Pbie’G\ (b, Y/2 + y(n, 00/ Q) + B2Ga(b, Y/2 + y(n, QO/Q))}eW/Z-”]}. ™

We extract the three new parameters: a;p;p, a;pip, and
0Qy/Q from the experimental inclusive data. We made
two separate fits: (a) fitting only the CMS data at different
LHC energies (see Fig. 2(a)); and (b) fitting all inclusive
data for W = 546 GeV (see Fig. 2(b)). We choose only
data in the central region of rapidity, as we have not
included energy conservation, and therefore our model is
inadequate to describe the data behavior in the fragmenta-
tion region. The values of fitted parameters are presented in
Table I. As stated, all other parameters were taken from
Ref. [18].

[

Figure 2 shows that the soft model based on the Pomeron
approach is able to describe the behavior and the value of
the inclusive production observed experimentally. Our pre-
dictions are shown in the same figure. We note that the final

TABLE I. Values of parameters for the fit of inclusive spectra.
Data arprp arpir 00/0 x?/d.o.f.
All 0.396 0.186 0.427 0.9
CMS 0.413 0.194 0.356 0.2
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FIG. 2. The single inclusive density versus energy. The data were taken from Refs. [1-3] and from Ref. [32]. The fit to the CMS data
is plotted in Fig. 2(a), while Fig. 2(b) presents the description of all inclusive spectra with W = 546 GeV.

version of our approach which includes the contributions
of enhanced, semienhanced, and net diagrams (see
Ref. [18]) provides a much better description of the data
than we obtained in our previous attempt [16], where only
enhanced diagrams were summed.

We believe that our description of the inclusive produc-
tion presented here will be efficacious in calculations of
other observables at high energies, such as correlations and
multiplicity dependences.

Unfortunately, up to now, we are the only group that has
attempted to describe inclusive production in the frame-
work of a soft model. We hope that this effort will provide a
background for other microscopic approaches based on
high-density QCD.

We thank all participants of the conference Diffraction
2010 for fruitful discussion on the subject. The research of
one of us (E.L.) was supported in part by the Fondecyt
(Chile) Grant No. 1100648.
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