N.O. Chudak, O.S. Potiienko, D.V. Zhuravel et al.

https://doi.org/10.15407 /ujpe69.11.828

N.O. CHUDAK,' O.S. POTIIENKO,' D.V. ZHURAVEL,*> A. PARISI®

1 Odesa Polytechnic National University
(1, Shevchenko Ave., Odesa 65044, Ukraine; e-mail: nata.podolyan@gmail.com)
2 Bogolyubov Institute for Theoretical Physics, Nat. Acad. of Sci. of Ukraine
(14b, Metrolohichna Str., Ky 03143, Ukraine)
3 Liceo Scientifico Statale “S. Cannizzaro”
(Via G. Arimondi 14, Palermo, 90143, Italy)

INVESTIGATION OF SINGLE PROTON DISSOCIATION'

We consider the single proton diffraction dissociation at low missing masses focusing on the
interplay between diffractive processes and resonance production. The model incorporates the
concept of duality, where the observed cross sections are explained by both smooth background
processes and discrete resonance contributions. At low missing masses Mx, this approach
leverages the Regge proton trajectory to account for the role of resonances in the cross sec-
tion. Recent experimental data are used to refine model parameters, enhancing the accuracy
of predictions for the differential cross section behavior in the resonance region.

Keywords: single diffraction dissociation, structure function of proton, resonance region,
low missing masses, differential cross section.

1. Introduction

Experimental data consistently show that, in high-
energy hadron scattering, most events are localized
within the small momentum transfer region [1]. Wi-
thin the framework of Regge theory the interaction
between hadrons is carried out through the exchange
of Reggeons between their structural components
(see Fig. 1, a), which ensures the small momentum
transfer.

This means that the size of the interaction re-
gion between a particle within the hadron and the
Reggeon will be large. As a result, the wavelength
of the particle interacting with the Reggeon becomes
comparable to the size of the interaction region (see
Fig. 1, b). This creates conditions for the diffraction
[2, 3] of the structural particle in the interaction re-
gion (see Fig. 1, ¢). The described process can lead
to the creation of new particles.

To explain this, we consider an optical analogy. Let
us consider the passage of white light through two
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prisms (see Fig. 2, a). One prism disperses the beam
into a spectrum, while the other recombines this spec-
trum into the same beam that it was at the begin-
ning. However, if a small particle is placed between
the prisms (see Fig. 2, b), some of the waves will
scatter off it. Then these scattered waves will not
recombine with the remaining waves into a white
beam. Therefore, after the light passes through the
system of two prisms, in addition to the white beam,
we will also have beams that formed due to diffrac-
tion on the particle. Just as the field of a light wave
can be decomposed into a Fourier integral, the state
of a hadron can also be decomposed into a basis of
states corresponding to different models of its struc-
ture [3,4]. The decomposition of this kind is schemat-
ically shown in Fig. 2, c¢. If hadrons do not interact,
then, at any given moment, we can both decompose
the hadronic state into a series and “recombine” the
series into a hadronic state, similar to how prisms
disperse and recombine a white beam. But if one
of the structural particles scatters off a Reggeon, it
will transition to a state that will not “recombine”
with the other components of the decomposition into
the original hadronic state (see Fig. 2, d). Thus, the
particle that is “knocked out” of the hadron in this

1 This work is based on the results presented at the 2024 “New
Trends in High-Energy and Low-x Physics” Conference.
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Fig. 1. Reggeon exchange between the structural components
of hadrons (a). Relationship between the wavelength of the
structural component and the size of the interaction region
(b). Diffraction of the structural component on the interaction
region (c)

way causes the creation of observed secondary par-
ticles, i.e., diffraction dissociation of the hadron. In
this work we will consider the single diffraction disso-
ciation. In the next section, we will discuss the model
used to calculate the differential cross section and to-
tal cross section.

2. The Construction of the Proton
Structure Function

The dominant theoretical framework for explaining
a single diffraction dissociation (see Fig. 3) is based
on Regge theory and the Pomeron exchange hypoth-
esis. In this model, the Pomeron is treated as a col-
orless object that allows the exchange of momentum
without breaking up the proton completely, leading to
a diffractive final state. Diffraction dissociation plays
a role in probing the structure function of the pro-
ton, especially in the context of deep inelastic scat-
tering (DIS) experiments where diffractive processes
contribute to understanding the internal quark and
gluon distribution within the proton. The diffractive
process p +p — p + X can be viewed as an elastic
process. Instead of the elastic scattering amplitude,
we consider the scattering amplitude with Pomeron-
hadron vertex. We obtain double differential cross
section: )
«

T Tirer() T W

dtdM?2 4 M2 2m

where ¢ is the momentum transfer between colliding
particles, s is the square of the center-of-mass energy
of the collision, 3 is the quark-Pomeron coupling, m
is proton mass, W, (t, M2) is a structure function of
proton, ap (t) = 1.08 + 0.25¢ is the Pomeron trajec-
tory, F? (t) = (1.0 —t/0.71) " is the proton elastic
form factor.

The main question is how to obtain the proton
structure function W5 (¢, M2). This structure function
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Fig. 2. Decomposition and recombination of white light: pass-
ing through two prisms (a). Diffraction effects of a particle be-
tween two prisms: formation of secondary beams alongside the
white beam (b). Decomposition of hadronic states into compo-
nent states: analogy with white light and prisms (¢). Effect of
Reggeon scattering on hadronic states: formation of secondary
particles (d)
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is proton, X is the disso- .
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Fig. 4. Connection, through unitarity and Veneziano-duality,
between the inelastic form factor and the sum of direct-channel
resonances

can be obtained through the deep inelastic process
[5]. Using unitarity condition and duality [5], the am-
plitude A (M%) can be calculated as a sum of reso-
nance contributions (see Fig. 4).

Inserting the proton structure function Wy (t, Mi)
into equation (1), we obtain

d20' s 20p (t)
aanz M) = Ao <2> X

(-2’ [P ¢ 0
(M2—m2)(1 Am2z? r3/ Z:: 2+2
Ima(Mz)

[2n +0.5 — Rea(M2)]> +

X
m

lma (M2)]*
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Fig. 5. The differential cross section do/dt of single diffraction
dissociation as a function of |¢| compared with the experimental
data [8]. The dashed line is the exponential fit. The solid line
is the model fit with the constant background contribution by
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Fig. 6. The total single diffraction dissociation cross section
as a function of y/s. The dashed line is the model fit to the ex-
perimental data [9-20] without background contribution. The
solid line is the fit with the constant background contribution b

where Ag = 9a8*/mays is the normalization factor,
ays is fine structure constant, x = —t/(M% —m? —t)
is Bjorken variable, f(t) = (1 —t/ty)~? is the form
factor, tg is the model parameter, « (M)Q() is the bary-
onic resonance trajectory.

In pp scattering experiments, the interaction be-
tween incoming protons can excite the baryons into
higher resonant states. The study of angular dis-
tributions and energy dependence of the scattering
cross sections reveals the contributions from various
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resonant states. The production of resonances pro-
vides evidence of baryon Regge trajectories. In this
model, we have four baryons resonances data N(939),
N(1680), N(2220), N(2700) [6] which included in the
Regge trajectory. The results of the fit of the trajec-
tory to these resonances data are shown in [7].

The study of the single diffraction dissociation with
small missing mass offers insights into soft QCD in-
teractions and the nature of the Pomeron. The be-
havior of the differential cross section (2) in the reso-
nance region at small missing masses Mx are shown
in [5]. When Mx refers to cases where the dissociated
system has a low invariant mass, close to the mass of
the proton, then these processes are often associated
with elastic-like scattering. In this work, we have in-
cluded the contributions from the resonance region
2 GeV? < M% < 8 GeV?. The elastic contributions
do not fall within the resonance region, therefore, we
consider these contributions as background.

3. Results

As a result, we calculate the differential cross sec-
tion of single diffraction dissociation and the total
single diffraction dissociation cross section. We inte-
grate the expression (2) over M% in resonance region,
and we fit it to the experimental data [8]. The fit pa-
rameters are Ag = 35.58 mb/GeVQ7 to = 1.486 GeV?2,
and by = 8.2 mb/GeV?, with x2/d.o.f. ~ 1.07. The
result of the fit is shown in Fig. 5.

We also calculate the total single diffraction disso-
ciation cross section (see Fig. 6). The values of pa-
rameters are Ay = 378.43 + 16.68 mb/GeV? and
b=1.8540.16 mb/GeV?, with x?/d.o.f. = 10.72.

4. Conclusions

In this work, we have examined the process of single
diffractive dissociation with Pomeron exchange at low
missing masses Myx. The Pomeron arises naturally
from Regge theory, which was developed to explain
the behavior of the scattering amplitudes at high en-
ergies and low momentum transfer. In [21] to predict
a dip-bump structure in single diffractive dissociation,
an Odderon exchange and dipole Pomeron are incor-
porated into the differential cross section. The model
presented in this paper shows a good fit to the ex-
perimental data, but on the plot Fig. 5, you can see
an increase in the differential cross section near zero,
which is a drawback of this model. In our opinion,
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this drawback is related to the fact that the contribu-
tions to the cross section are considered only in the
resonance region, while the contributions from elastic
processes are treated as background. Perhaps, a sep-
arate model is needed to accurately account for the
contributions from elastic processes.

In this paper, the differential cross section do/dt
of single diffraction dissociation and the total single
diffraction dissociation cross section are calculated us-
ing C++ program with ROOT framework which is
primarily used for the data analysis in high-energy
physics.
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JOCJII>KEHHA OJITMHAPHOT
JTUO®PAKIIIMHOI AVCOIIAIIIT IIPOTOHA

Posrusimaerbest omuuapaa audpaxiiiiina gucoriallist TpoToHa
Ipy MaJjiuxX BTpaTax Mach. YBara 30CepeiKeHa Ha B3aEMO-
Ail Mk pudpakIiiiHuMu IpolecaMu Ta yTBOPEHHI pe30HAHCIB.
Mogenb BKJIIOUa€E KOHIEMIHIO AyaJJbHOCTI, /e CIOCTEePEXKYBaHi
repepi3u NOsICHIOIOTHCS K (POHOM, TaK i JMCKPETHUMH BHECKA-
mu pesonanciB. Ilpu Brparax macu My 1el miaxis BUKOpH-
CTOBY€ TPAaEKTOPIiIO NMPOTOHIB Pemxke st BpaxyBaHHsSI BHECKY
pesoHaHciB y nepepi3. OcraHHi eKCllepUMeHTaIbHI JaHi BUKO-
PUCTOBYIOTHCS JIJIsI YTOYHEHHsI TTapaMeTpiB MOZJEJ, 0 IIiBu-
Y€ TOYHICTH HPOTHO3IB OO MOBEIiHKU IudepeHIiaJTbHOro
rnepepisy B 00J1aCTi pe30HAHCIB.

Katowoei caoea: omuHapHa gudpakiiiiHa mgucoliariis,
CTPYKTYpHa (DYHKIIisI IPOTOHA, 06JIACTh PE30HAHCIB, MaJli Ma-

cu, gudepeHIiagabHuil mepepis.
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