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The analysis on the high energy proton-proton scattering is presented, focusing on the Regge
regime and considering the Pomeron exchange to describe the involved nonperturbative dynamics
in the framework of holographic QCD. We combine the Reggeized spin-2 particle propagator and
the proton gravitational form factor, which is obtained from the bottom-up AdS/QCD model,
and calculate the differential and total cross sections. We explicitly demonstrate the comparison
between our calculations and the currently available experimental data including the recent ones
√
measured at s = 13 TeV by the TOTEM collaboration at the LHC. It is shown that our results
are consistent with the data, which implies that the present framework works in the considered
TeV scale.
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1. Introduction
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Understanding the quark-gluon structure of the proton is one of the most important problems in
hadron physics, and the high energy scattering experiments with proton beams have played a pivotal
role in deepening our understandings for decades. The proton structure is usually described by the
parton distribution functions (PDFs) which include two kinematic variables, the Bjorken variable
x and the probe scale Q2 . Following the factorization theorem and combining the partonic hard
cross sections, which are basically calculable with the perturbative technique in QCD, and PDFs,
one can obtain the hadron scattering cross sections which can be compared with experimental data.
Since PDFs are nonperturbative physical quantities, the hadronic cross sections are in principle not
calculable by the direct use of QCD. Hence, effective approaches are required to theoretically make
predictions for those cross sections.
In this brief report, we present based on Ref. [1] our analysis on the high energy proton-proton
scattering in the framework of holographic QCD, which is an effective approach constructed based
on the AdS/CFT correspondence. We consider the forward scattering and focus on the Regge
regime in which the condition s  |t|, where s and t are the Mandelstam variables, is satisfied. To
investigate the proton structure, the deep inelastic scattering (DIS) has been intensively studied,
in which the scale Q2 is the four-momentum squared of the probe photon and the Bjorken x is
expressed as x = Q2 /s. Since the typical scale in the proton-proton scattering is the proton mass
√
m p ∼ 1 GeV which is much smaller than the considered s, the gluon dynamics in the small x
region gives a dominant contribution to the cross sections in this study.
It is known that such the small x dynamics can be well described by considering the Pomeron
exchange [2], and this picture can be realized within the framework of holographic QCD by taking
into account the Reggeized spin-2 particle which can be interpreted as the Reggeized graviton. A
lot of related studies have been done [3], and various phenomenological applications have also
been attempted so far [4, 5, 6, 7]. In this study, we develop the preceding work done by the
authors of Ref. [8] in which they investigated the elastic proton-proton scattering at high energies
by applying the Reggeized spin-2 particle propagator and the dipole form factor. To realize a more
consistent description of the proton-proton scattering, we improve the treatment of the Pomeronproton coupling, employing the proton gravitational form factor which can be obtained from the
bottom-up AdS/QCD model of the nucleon [9]. Since gravitational form factors are extracted from
the corresponding energy momentum tensor matrix elements, this is a proper way to describe the
Pomeron/graviton couplings.
While there are four adjustable parameters in the preceding study, our model includes only
three parameters in total, which is an advantage of our approach. This is because the previously
used dipole form factor includes the dipole mass as a free parameter, but the proton gravitational
form factor we use does not bring any parameter. Those parameters are determined by a numerical fit, taking into account the experimental data of both the differential and total cross sections
simultaneously. It is explicitly shown that the currently available data at high energies, including
√
the recent ones measured at s = 13 TeV by the TOTEM collaboration at the LHC [10, 11, 12],
can be well reproduced within our model, which implies that the present framework works in the
considered TeV scale. An interesting observation which should be emphasized is that our resulting
total cross section is consistent not only with the data but also with the empirical fit performed by
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the COMPETE collaboration [13], although the saturation effect, which is expected to be seen in
the high s region, is not taken into account in the present model.

2. Model setup
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The proton-glueball-proton coupling is extracted from the energy-momentum tensor matrix element hp0 , s0 |Tµν (0)|p, si which is expressed with three form factors as
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Using the above two expressions, one can calculate the amplitude. Focusing on the Regge regime,
many terms multiplied by |t|/s can be neglected, and the differential cross section is obtained as
λ 4 s2 A4 (t)
dσ
=
.
dt
16π(t − m2g )2

(2.3)

Since this includes only the contribution of the lightest state exchange, the propagator part
needs to be Reggeized to include the higher spin state contributions. Following the procedure
explained in Ref. [8], the expressions of the Reggeized version for the differential and total cross
sections are obtained as
h
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respectively, where αc (x) = αc (0) + αc0 x and χ = αc (s) + αc (t) + αc (u) = 4αc0 m2 + 3αc (0). There
are three adjustable parameters, λ , αc (0), and αc0 , which are to be determined with the experimental
data.
In our model, the proton-Pomeron-proton coupling is specified by the proton gravitational
form factor, A(t) in Eq. (2.4) in this study. This form factor can be calculated using the bottom-up
2
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In this study, we combine the Reggeized spin-2 particle propagator and the proton gravitational form factor, and calculate the differential and total cross sections. Here we start with the
spin-2 glueball exchange, and then introduce the expressions of the Reggeized version, in which
contributions from the higher spin states are included.
The spin-2 glueball propagator with its mass mg is expressed by dαβ γδ (k)/(k2 − m2g ), and
dαβ γδ is given by
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AdS/QCD model [9], and its applications to the analysis on DIS [4, 5] and on the proton-proton
total cross section [7] have been done so far. In the bottom-up AdS/QCD model, one needs to set a
cutoff in the infrared region of the AdS space to introduce the QCD scale, and there are two ways
to realize it. In the hard-wall model, a sharp cutoff is imposed, and the AdS geometry is smoothly
cut off by utilizing the dilaton field in the soft-wall model. In this study, we consider the both cases
for the form factor to obtain the numerical results.

3. Numerical results
Taking into account the currently available experimental data for the differential and total
cross sections, the three parameters in the model are determined by a numerical fit. Since we
consider only the Pomeron exchange contribution in this study and the diffractive minimum around
|t| = 0.47 GeV2 has been observed recently in the differential cross section measurement by the
√
TOTEM collaboration [12], we select the data in the kinematic regime, where s ≥ 546 GeV and
|t| < 0.45 GeV2 . As the results of the fit, the χ 2 /d.o. f . values, 1.317 and 1.355 for the soft-wall and
hard-wall model, respectively, were obtained. We show only the soft-wall model results hereafter
in this report.
We display in Fig. 1 our calculations for the differential cross section. It is seen that our
results are consistent with the data measured by the various collaborations. Then, we show in
Fig. 2 the resulting total cross section, compared with the data and the empirical fit obtained by
the COMPETE collaboration [13]. We plot several pp data collected by the Particle Data Group
(PDG) in 2010, which were extracted from cosmic-ray experiments, together with the other collider
3
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Figure 1: The differential cross section as a function of |t| for the various values of s. The solid lines
represent our calculations, and the experimental data measured by the several collaborations are depicted
with their errors.
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experiment data, but they were not used for the parameter fit because of their huge uncertainties.
One can see from the figure that our calculation is in agreement with both the data and the empirical
fit in the whole considered kinematic region.

4. Summary
We have studied the high energy proton-proton scattering, focusing on the Regge regime
and considering the Pomeron exchange, in the framework of holographic QCD. Combining the
Reggeized spin-2 particle propagator and the proton gravitational form factor obtained from the
bottom-up AdS/QCD model, we calculate the differential and total cross sections. In our model
setup, there are only three adjustable parameters because this form factor does not bring any free
parameter, which shows an advantage over the preceding work.
Our calculations for both the differential and total cross sections are consistent with the currently available experimental data measured by various collaborations, including the recent TOTEM
√
ones at s = 13 TeV. It should be noted that our resulting total cross section is also in good agreement with the empirical fit obtained by the COMPETE collaboration. In the high energy region,
which may be in the TeV scale, the saturation effect is expected to be seen in experimental data.
For instance, it is expected that one can observe a suppression due to the effect in the proton-proton
total cross section data. Since this effect is not taken into account in the present model, more data
at higher energies would help to make constraints on phenomenological models and also to deepen
our understandings about the gluon recombination in high energy QCD.
4
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Figure 2: The total cross section as a function of s. The solid and dashed curves denote our calculation
and the empirical fit obtained by the COMPETE collaboration [13], respectively. The experimental data
are depicted with their errors. The pp data taken from PDG2010, which were extracted from cosmic-ray
experiments, were not used for the parameter fit.
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The results we obtained in this study imply that the present model works well in the considered TeV scale. However, there are still missing contributions, for instance, those from the Reggeon
exchange, the multi-Pomeron exchange, the Odderon exchange, and so on, besides the saturation
effect. Further improvements of the model itself are certainly needed. Moreover, further applications to other high energy scattering processes would also be necessary to investigate the reliability
of the model and its applicable limits.
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