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Diffraction production in a soft interaction model: Mass distributions
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In the framework of the Gotsman-Levin-Maor model for soft interaction with ap(0) = 0, we propose a
procedure based on Gribov’s partonic interpretation of the Pomeron, which enables one to calculate the
diffractive mass distributions in hadron-hadron scattering. Using the analogy with deep-inelastic scatter-
ing, we associate the Pomeron-quark interaction with the Good-Walker sector of the hadron-hadron
scattering, and the Pomeron-gluon sector with the #-channel Pomeron interactions. We present predicted

mass distributions for the LHC energies.
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L. INTRODUCTION

Recently we proposed a model for soft interactions at
high energies that provides a good description of the LHC
data on total, elastic and diffractive cross sections [1-3], as
well as inclusive hadron production [4]. This model incor-
porates the main features of theoretical approaches to high
energy interactions: viz. perturbative QCD [5-8] (pQCD)
and N = 4 SYM [9-14]. The resulting features are

(i) A large value of the Pomeron intercept (Ap =

0.2-0.3) and diminishing aj, =0 (pQCD and
N =4 SYM);

(i) A large contribution of Good-Walker (GW) [15]

mechanism to diffraction production N = 4 SYM);

(iii) Significant triple Pomeron (3IP) interaction

(matching with pQCD).

In Table I we show our predictions for the different
components of single diffraction production, O'Sjw corre-
sponding to the GW mechanism, while o'f corresponds to
the contribution of multi-Pomeron interactions to diffrac-
tion production. This table demonstrates that most of the
diffractive cross section in our model stems from the GW
mechanism, this in accordance with the N =4 SYM. A
shortcoming of our approach is that we are unable to
calculate distributions of the produced diffractive mass.
This deficiency should be corrected, in view of the recent
experimental activity at LHC, where missing mass distri-
butions are planned to be measured in the near future [16].
The main goal of this paper is to suggest an approach
which will allow us to calculate these mass distributions,

PACS numbers: 13.85.—t, 13.85.Hd, 11.55.—m, 11.55.Bq

alp = 0.25 GeV 2 leading to a scale of hardness of approxi-
mately 4 GeV?.

Our key idea is to view a soft interacting Pomeron as a
hard probe that measures the quark and gluon contents of
the hadron target, in our case a proton (see Fig. 1). We
develop this idea, so as to be able to predict the mass
distribution in diffraction production, with an additional
assumption that the diffractive GW sector is initiated by
Pomeron interactions with quarks within the hadron, while
non-GW diffraction stems from Pomeron interactions with
the hadronic target gluons.

Note that for Ap = 0.3 both mechanisms for diffraction
production, i.e., GW and non-GW, lead to the production of
diffractive mass whose values do not depend on the total
energy [19]. Our suggested approach to the diffractive
mass distribution recovers the widely used classification,
in which the GW mechanism is responsible for diffraction
in the region of relatively low mass, while non-GW mainly
describes the production of high diffractive masses.

In the next section we present simple formulas that
transcribe the above ideas to the diffractive mass distribu-
tions. We aim to predict these mass distributions in the
LHC kinematic region. In Sec. III, we determine the scale
of hardness for the Pomeron (Q), by comparing with
the Tevatron data. We find the best value to be equal
0% =2 GeV2. In the conclusions we summarize our
main results.

TABLE I. Predictions of our model for single diffractive pro-
duction cross sections at different energies W.

based on new physical ideas. W=5TeV oSV (mb) o (mb) oy = 0% + o (mb)
Gribov partonic interpretation of the Pomeron [17] implies
. . 0.9 8.44 0.06 8.5
that the typical transverse momentum in the parton cascade 276 0.68 165 1133
that describes the Pomeron can be specified in a simple 7' ! 0'7 4'1 3 | 4.88
parton model by g =~ 1/afp. Consequently, we believe g | 0'9 4'3 1 5 )
that ap = Oreflects the fact that the soft Pomeron s, actually, |5 114 56 17
rather hard. The Donnachie-Landshoff Pomeron [18] has
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The soft Pomeron as a hard probe Fig. 1(a) shows the interaction with quarks while the interaction with gluon is depicted in

Fig. 1(b). The zigzag line denotes the Pomeron. The solid and helix lines show the quarks and gluons.
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FIG. 2. Single diffractive production and related kinematic
variables.

II. POMERON AS A HARD PROBE
OF THE HADRON CONTENT

We assume that the soft Pomeron can be viewed as a
hard probe with a scale of hardness Q. This means that the
Pomeron interacts with quarks and gluons as a composite
[see Figs. 1(a) and 1(b)], in a way similar to that in which a
virtual photon interacts in deep-inelastic scattering pro-
cesses. Using this analogy we can write

i~ (g €)1
0£§8<MZQ:Q2, QZ) / I(Myyay)-

(2.1)

In Eq. (2.1) g(x) and g(x) are the quark and the gluon
distribution at the scale of hardness Q2. I, and I, are
defined as

M%\ax sz Q2 —2
I = jMZ_ M2 q<M2 + Qz:Q) and

; Mz dM? 0? o
g . 28\t o +00 %)

M, ..« and M ;. are the maximal (minimal) mass that have
been reached experimentally.

The energy variable (Bjorken x) for Pomeron-hadron
scattering is equal to

2.2)

0=(pp+p,)*=-0"+x2pp-pp P = —0%
2 5 0
+ = -0+ 2pp - pn = =
(pw + Pi) 0 P1p * Ph M2+ Q2
(2.3)

P Pi and p,, are the momenta of the Pomeron, the hadron
and the parton (quark or gluon) with which the Pomeron
interacts (see Fig. 1).

The value of M;, can be as small as M,;, = m;, + m,,.
The value of M,,,, is bounded by the condition that we
have a Pomeron exchange. As such, the value of A7 that
corresponds to the Pomeron exchange (see Fig. 2) should
be large enough so that one can neglect the possible
exchanges of the secondary Reggeons. In our initial analy-
sis we took An = 2. Our model [1], with Any, = 2,
suggests that the contribution of the secondary Reggeons
is approximately 50%. Note that the variable & which is
usually introduced to describe diffraction production is
equal to £ =1 —x;, = M?/s = exp(—Am). The choice
of An > 2 implies that £ < 0.05. At the LHC energies we
took M, = 1.1 GeV and M,,,, = 200 GeV, which cor-
responds to A7, = 7. For this rapidity the contribution
of the secondary Reggeons amounts to less than 10%.

In Figs. 3-5 we plot the predictions' for M,,, =
200 GeV and M,;, = 1.1 GeV. For 0% we choose the
value of 2 GeV? from the description of the CDF data
[20] at the Tevatron (see the next section).

We wish to emphasize that the relative contribution of
the quarks and gluons depends entirely on our model for
soft interactions. However, the prediction turns out to be
sensitive to both the value of the Pomeron’s scale of hard-
ness, and to the uncertainties in the gluon densities.

The resulting mass distribution depends on the Pomeron
scale of hardness (see Fig. 6), where we plotted the prediction
for 0% = 4 GeV? and Q> = 2 GeV?2. Note that, the quark
contribution is less sensitive to the value of the Pomeron scale
of hardness than to the gluon contribution, which depends
crucially on Q. There are large uncertainties in the gluon
structure functions, since these have been extracted from the
experimental data which are only indirectly connected to the
gluon densities (see Fig. 7). It is possible that by measuring

'That numerical tables of our predicted mass distributions at
LHC energies are obtainable from E. Levin.
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FIG. 3 (color online). dN/dM and dN/dl with [ = In(M?/M?2,.) versus M for energies W = 0.9 and 2.76 TeV. For the quark and
gluon structure functions from the H1-Zeus combined fit (HERAPDFO1) [22] is used. The scale of hardness for the Pomeron is taken

0 = 1.42 GeV.

dN/d1n(M?/Mj3), one will obtain useful information on the III. COMPARISON WITH THE
leading order gluon densities. On the other hand, the low EXPERIMENTAL DATA
mass distributions that depend on the quark densities do not
suffer from such uncertainties, and can be predicted rather
accurately (see Fig. 8).

The mass distribution for single diffractive production
has only been measured at low energies; however, we
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FIG. 4 (color online). dN/dM and dN/dl with [ = In (M?/ Mﬁﬁn) versus M for energies W = 7 and 8 TeV. For the quark and gluon
structure functions from the H1-Zeus combined fit (HERAPDFO1) [22] is used. The scale of hardness for the Pomeron is taken

Q0 = 1.42 GeV.
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FIG. 5 (color online).
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dN/dM and dN/dl with | = In (M?/M?, ) versus M at W = 13 TeV. For quark and gluon structure functions

the H1-Zeus combined fit (HERAPDFO1) [22] is used. The scale of hardness for the Pomeron is taken O = 1.42 GeV.
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FIG. 6 (color online). dN/dl with [ = In(M?/M?

min

compare with the data obtained at the Tevatron [20,21], and
found even this data base is not adequate to determine the
Pomeron contribution. Even though one can produce at the
Tevatron large diffractive masses, up to M = 360 GeV, we
find that the contribution of the secondary Reggeons is
significant, about 50% given An,,;, = 2. We conclude that
taking An,;, = 2 is not sufficient to induce a strong

6
[ [ HEPDATA
F-|| Dotabases
L Q2= 4 GeV*2
F — gluon CT10—(central)
5 - .. gluon MSTW2008nlo(+68cl,amz)
[ gluon HERAPDF 15nlo
L . gluon NNPDF10(100,average)
4 .
—~ i
S
g .
x 3 )
~— g
S~ L
>
- )t\
2 F
1
OV | | ol R
-4 -3 -2 —1
10 10 10 10

FIG. 7 (color online). Gluon densities for different parametri-
zations. The figure is taken from Durham HEP data [23].

) versus M at W = 13 TeV for different scales of hardness for Pomeron (Q).

enough suppression of the secondary Reggeons contribu-
tion to single diffraction. We note that, diffractive M =
400 GeV produced at the LHC corresponds to An = 6.
Therefore, we will have to wait for the diffractive mass
distribution at the LHC to discuss the Pomeron induced
diffractive production. In Fig. 9 we plot the CDF data
and our estimates. One can see from this comparison that
the data support a scale of hardness for the Pomeron
Q% =2 GeV?. Bearing in mind all uncertainties that
stem from the gluon structure function and the contribution
of the secondary Reggeons, which could change the
behavior at large &, we consider that our attempt to
describe the data is rather successful.

It is important to mention that for this comparison we
require more input from our model. To this end, we use the
value of the single diffraction slope BSY = 6.36 GeV 2
(see Ref. [1]. This slope has been calculated for the single
diffractive GW sector. For the non-GW diffractive
Pomeron sector, the slope is the same as Bgiw. For the
description of the CDF data we use the following formula:

dO'Sd
dédt

Q2
M2+ Q%
Q_2
M?*+ Q%

S

=P {Bgiw exp(B&V1) O'Sjwq(

0?) /1,0M)
0?) /1m0l

(3.1)

N

T (BRexp (B o g(
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FIG. 9 (color online). The comparison with the CDF data
[20,21] at the Tevatron. ¢ = M?/s. The scale of hardness for
the Pomeron is taken to be equal to 0* = 2 GeV2.

IV. CONCLUSIONS

This paper was triggered by the absence of a theo-
retical procedure to calculate the single diffractive mass

PHYSICAL REVIEW D 87, 071501(R) (2013)
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Quark densities for different parametrizations. The figure is taken from Durham HEP data [23].

distribution. Such a procedure is an essential ingredient
in the forthcoming experimental analysis of the mass
distribution in the diffractive channels, foremost the
leading single diffraction channel. To rectify this defi-
ciency, we have suggested that the Pomeron that has
been adopted in Refs. [1-3], stems from processes with
sufficiently large transverse momenta, and can be
viewed as a hard probe of the constituents of the had-
ron. The simple formula of Eq. (2.1) indicates how we
can use the mass distribution of single diffraction pro-
duction, to measure the quarks and gluons in a hadron.
We trust that these will be helpful in understanding the
soon to be available experimental diffractive mass data
from the LHC.

We believe that the description of dNyy/d In (M?/M3) in
terms of quarks and gluons will determine the Pomeron
scale of hardness, as well as additional information on the
gluon densities.
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