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SIMULATION OF SINGLE
DIFFRACTION DISSOCIATION
IN RESONANCE REGION AT LHC ENERGIES

The single diffraction dissociation duality-based model is studied at low missing masses in the
light of new experimental data. The distinguishing feature of the model is the nonlinear Regge
proton trajectory used to account for the resonances contributions to the cross-sections. It helps
to classify and understand the spectrum of excited states of a proton and their decays, providing
insights into the internal structure and dynamics of particles. The behavior of the differential
cross-section in the resonance region at small missing masses 𝑀𝑥 is investigated. All other
resonances that are not taken into account are modeled using the constant background con-
tribution. The possibility and correctness of such a choice is discussed. The model parameters
are refined in the light of new experimental data.
K e yw o r d s: single diffraction dissociation, structure function of a proton, resonance region,
low missing masses, cross-section, event generation.

1. Introduction

As is known from many experimental results [1], in
the processes of hadron scattering at high energies,
the majority of events are concentrated in the re-
gion of small momentum transfers. The combination
of high energies and small momentum transfers cre-
ates conditions for the realization of diffraction pro-
cesses [2, 3]. Diffraction in particle physics draws an
analogy from classical wave diffraction, where waves
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encounter an obstacle and spread out. Similarly, in
diffractive dissociation, a hadron such as a proton
encounters another particle or nucleus, leading to its
partial or complete dissociation. The process is char-
acterized by a small momentum transfer between the
incident particle and the target, resulting in a “rapid-
ity gap” – a region in the detector with very few or no
particles. One of the significant findings from diffrac-
tive dissociation studies is the confirmation of the
pomeron exchange model, which has been supported
by experimental data showing characteristic rapidity
gaps in diffractive events. The detailed measurements
of diffractive cross-sections and the kinematic distri-
butions of final-state particles have provided insights
into the non-perturbative aspects of QCD.

The main types of diffractive processes are the sin-
gle dissociation (SD), double dissociation (DD), and



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

a b c
Fig. 1. The main types of diffractive processes: single dis-
sociation (SD) (a), double dissociation (DD) (b), and central
diffraction (CD)(c), where 𝑝 – is the proton, 𝑋(𝑌 ) – is a system
of secondary hadrons

central diffraction (CD) (Fig. 1). Diffraction dissoci-
ation has been studied in various high-energy physics
experiments, such as TOTEM [4], CMS [5], CERN
[6–8], ALICE [9] and ATLAS [10]. In this work, we
will consider the low-mass single diffraction dissocia-
tion of protons. The small missing masses 𝑀𝑋 show a
multitude of peaks or features corresponding to differ-
ent nucleon resonances [11]. Nucleon resonances are
essential for understanding the strong force interac-
tions described by QCD.

The experimentally observed characteristics of the
diffraction dissociation largely depend on the proper-
ties of the hadron-region vertex. We will consider this
vertex as the amplitude of a real process. Using the
unitarity condition [12], duality [13], this amplitude
can be calculated as the sum of the resonance contri-
butions known from experiments [14]. In this work,
we examined the exchange of a single pomeron. This
pomeron is typically considered to be a simple pole of
the partial scattering amplitude. However, there are
other dynamic models, such as the model with ex-
change of a pomeron-like analog, but with an odd
signature [15, 16], and the dipole pomeron model,
which is the foundation, further enhanced by incor-
porating a dip-bump mechanism [17]. Therefore, it
is of interest to explore the combination of different
models of the hadron-reggeon vertex and collision dy-
namics to describe experimental data. In this work,
we present the results of fits with the exchange of a
single pomeron pole.

Our goal is to calculate the differential cross-section
𝑑𝜎/𝑑𝑡 of single diffraction dissociation within the res-
onance region at small missing masses 𝑀𝑋 and the
total single diffraction dissociation cross section.

The structure of the article is presented as fol-
lows. In Section 2, we will find the structure func-
tion of a proton 𝑊2

(︀
𝑀2

𝑋 , 𝑡
)︀
, which is related to the

imaginary part of the dual-Regge transition ampli-

tude 𝐴
(︀
𝑀2

𝑋 , 𝑡
)︀
. In Section 3, we will show that the

behavior of the cross-section is influenced by baryon
resonances. In Section 4, we calculate total and differ-
ential cross-sections and fit them to the experimental
data. In Section 5, we compare the considered model
with the MBR methods in the resonance region at
low missing masses.

2. From Elastic Scattering
to Single Diffractive Dissociation

Let us consider the diffractive dissociation 𝑝 + 𝑝 →
→ 𝑝+𝑋, where 𝑝 is a proton, 𝑋 is a system of sec-
ondary hadrons. This process is represented as a sim-
ilar elastic process, where 𝑋 is considered as a sin-
gle particle with a squared mass 𝑀2

𝑋 , which equals
the scalar square of the sum of the four-momenta
of 𝑋. Then, instead of the elastic scattering ampli-
tude, we obtain the amplitude of diffractive dissoci-
ation with the vertices of the reggeon-hadron inter-
action. Such modification [11] leads to the expression
(1) for the differential cross-section of single diffrac-
tion dissociation at large 𝑠 (the square of the center-
of-mass energy of the collision)

𝑑𝜎SD

𝑑𝑡𝑑𝑀2
𝑥

≈ 9𝛽4

4𝜋
[𝐹 𝑝 (𝑡)]

2

(︂
𝑠

𝑀2
𝑥

)︂2𝛼𝑝(𝑡)−2𝑊2

(︀
𝑡,𝑀2

𝑥

)︀
2𝑚

, (1)

where 𝑡 is the momentum transfer between collid-
ing particles, 𝛽 is the quark-Pomeron coupling, 𝑚
is the proton mass, 𝛼𝑃 (𝑡) is a vacuum Regge tra-
jactory, 𝐹 𝑝 (𝑡) is the elastic form factor of the proton,
𝑊2 (𝑡,𝑀𝑥) is the structure function of a proton, which
describes the Pomeron-proton vertex. According to
[11, 18], we take the Pomeron trajectory 𝛼𝑃 (𝑡) =
= 1.08 + 0.25𝑡. The expression for the proton elas-
tic form factor is given by 𝐹 𝑝 (𝑡) = (1.0− 𝑡/0.71)

−2.
The most challenging building block of the expres-

sion (1) is the structure function 𝑊2

(︀
𝑡,𝑀2

𝑥

)︀
.

Following [11], this structure function can be con-
structed from the similarity between the Pomeron-
proton diffractive proccess P𝑝 → 𝑋 (Pomeron de-
noted by P) and deep inelastic scattering process
𝛾*𝑝 → 𝑋 (Fig. 2). Let us briefly highlight the ma-
jor steps on the way to 𝑊2

(︀
𝑀2

𝑋 , 𝑡
)︀
:

2.1. Step 1: Similarity with 𝛾*𝑝 → 𝑋

We utilize the similarity between the inelastic vertices
P𝑝 → 𝑋 and 𝛾*𝑝 → 𝑋 and the corresponding struc-
ture functions. The structure functions 𝐹2

(︀
𝑥,𝑄2

)︀
for
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𝛾*𝑝 processes have been studied in [19] and are con-
nected [20] with 𝑊2 through the following relation:

𝜈𝑊2

(︀
𝑀2

𝑋 , 𝑡
)︀
= 𝐹2 (𝑥, 𝑡) , (2)

where 𝜈 =
(︀
𝑀2

𝑋 −𝑚2 − 𝑡
)︀
/2𝑚 is another kinematic

variable. Thus, establishing an analogy between the
virtual photon 𝛾* and the Pomeron (P) and setting
𝑄2 = −𝑡, yields

𝜈𝑊2

(︀
𝑀2

𝑋 , 𝑡
)︀
= 𝐹2 (𝑥, 𝑡) =

=
−4𝑡(1− 𝑥)

2

𝛼𝑓𝑠 (𝑀2
𝑋 −𝑚2) (1− 4𝑚2𝑥2/𝑡)

3/2
×

× Im𝐴
(︀
𝑀2

𝑋 , 𝑡
)︀
, (3)

where 𝛼𝑓𝑠 is the fine structure constant, 𝑥 = −𝑡/2𝑚𝜈
is the Bjorken variable, and 𝐴

(︀
𝑀2

𝑋 , 𝑡
)︀

is the dual-
Regge transition amplitude.

2.2. Step 2: Dual-Regge amplitude

The amplitude 𝐴
(︀
𝑀2

𝑋 , 𝑡
)︀

in Eq. (3) is obtained from
the unitarity and Veneziano duality [11]. According
to the model of dual amplitude with Mandelstam
analiticity (DAMA), the amplitude is expressed as
the sum over Regge trajectories, ending up with the
direct channel resonance decomposition

𝐴
(︀
𝑀2

𝑋 , 𝑡
)︀
= 𝑎

∑︁
𝑛>0

[𝑓(𝑡)]
2(𝑛+1)

2𝑛+ 0.5− 𝛼 (𝑀2
𝑋)

, (4)

where 𝑎 is the normalization factor, 𝑓(𝑡) = (1 −
𝑡/𝑡0)

−2 is the form factor of P𝑝 → P𝑝 system, 𝑡0 is
the model parameter. Finally, 𝛼

(︀
𝑀2

𝑋

)︀
is the (non-

linear complex) baryonic resonance trajectory in 𝑀2
𝑋

channel, which allows one to account for a set of var-
ious resonances.

The imaginary part of the amplitude (4) needed for
the structure function (3) is given by

Im𝐴
(︀
𝑀2

𝑋 , 𝑡
)︀
= 𝑎

∑︁
𝑛≥0

[𝑓 (𝑡)]
2(𝑛+1)

×

×
Im𝛼

(︀
𝑀2

𝑋

)︀
[2𝑛+ 0,5− Re𝛼 (𝑀2

𝑋)]
2
+ [Im𝛼 (𝑀2

𝑋)]
2 . (5)

Step 3: Proton trajectory

The last step in this journey is the nonlinear complex
proton Regge trajectory 𝛼(𝑀2

𝑋). It helps us to clas-
sify and understand the spectrum of excited states of
proton and their decays, providing insights into the

Fig. 2. Deep inelastic scattering process 𝛾*𝑝 → 𝑋 transition

internal structure and dynamics of particles. These
resonances indicate specific energy and angular mo-
mentum states, where the proton can undergo transi-
tions to excited states before returning to the ground
state. The real part of the trajectory Re𝛼(𝑀2

𝑋) pro-
vides the relation between the mass of a resonance
and its angular momentum (quantum number 𝐽). At
the same time, the imaginary part of the trajectory
provides the Breit–Wigner widths of the resonances

Γ =
Im𝛼(𝑀2)

𝑀 Re𝛼′(𝑀2)
, (6)

where 𝑀 is the resonance mass, Re𝛼′(𝑀2) denotes
the first derivative (the slope) of the real part of the
trajectory. The problem is to find a trajectory 𝛼(𝑀2)
featuring both the almost linear real part (Fig. 3, a)
and essentialy nonlinear imaginary part (Fig. 3, b),
while holding the analiticity properties. Such trajec-
tory has been extensively studied in [21] with the help
of dispersion relations, which provides us with the ex-
pressions

Im𝛼(𝑠) = 𝑠𝛿
∑︁
𝑛

𝑐𝑛

(︂
𝑠− 𝑠𝑛
𝑠𝑛

)︂Re 𝑎(𝑠𝑛)

𝜃(𝑠− 𝑠𝑛), (7)

Re𝛼(𝑠) = 𝛼(0) +
𝑠

𝜋

∑︁
𝑛

𝑐𝑛𝒜𝑛(𝑠), (8)

where 𝑐𝑛 and 𝑠𝑛 are parameters to be fitted using the
experimental data on resonances widths and masses,
𝛼(0) is the intercept of the real part of the trajec-
tory. Note that the quantities 𝑠 and 𝑠𝑛 are nondimen-
tionalized by 𝑠0 = 1 GeV, so that resulting expres-
sions are dimensionless, e.g., (7) and (8). The Heavi-
side step function 𝜃(·) is conventionally defined such
that 𝜃(0) = 1

2 . The term 𝒜𝑛(𝑠) in (8) emerges from a
dispersion relation and is given by

𝒜𝑛(𝑠) =
Γ (1− 𝛿) Γ (𝜆𝑛 + 1)

Γ (𝜆𝑛 − 𝛿 + 2)
𝑠𝛿−1
𝑛 ×

ISSN 2071-0194. Ukr. J. Phys. 2025. Vol. 70, No. 5 289



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

a

b
Fig. 3. The real part of the fitted proton trajectory (8) (black
solid line) and linear fit (red dashed line) (a). The fit of
resonance widths (6) (solid line) and the experimental data
from Tablle 1 (b). The fit [21] of the proton trajectory to N-
resonances data

× 2𝐹1

(︂
1, 1− 𝛿;𝜆𝑛 − 𝛿 + 2;

𝑠

𝑠𝑛

)︂
𝜃 (𝑠𝑛 − 𝑠)+

+

{︂
𝜋𝑠𝛿−1

(︂
𝑠− 𝑠𝑛

𝑠

)︂𝜆𝑛

cot [𝜋 (1− 𝛿)]−

− Γ (−𝛿) Γ (𝜆𝑛 + 1)

Γ (𝜆𝑛 − 𝛿 + 1)

(︂
𝑠𝛿𝑛
𝑠

)︂
×

× 2𝐹1

(︂
𝛿 − 𝜆𝑛, 1; 𝛿 + 1;

𝑠

𝑠𝑛

)︂}︂
𝜃 (𝑠𝑛 − 𝑠), (9)

where 𝛿 is the dimensionless paramter to be fitted,
Γ(𝑥) is the gamma function, 2𝐹1(𝑎, 𝑏; 𝑐, 𝑧) is the Gaus-
sian hypergeometric function, cot(𝑥) denotes cotan-
gent function, and 𝜆𝑛 = Re𝛼(𝑠𝑛).

Note that Re𝛼 appears on the both sides of Eq. (8)
through 𝜆𝑛. Thus, (7), (8) and (9) are, in fact, func-
tional equations, which significantly sophisticates the
fitting procedure necessary to determine the values of
the parameters 𝛼(0), 𝛿, 𝑐𝑛, and 𝑠𝑛, where 𝑛 = 1, 2, 𝑥.

The baryons included in the trajectory are N(939),
N(1680), N(2220), N(2700), and their properties de-
picted in Table 1. These resonances have been ob-
served in the experiments studying of single diffrac-
tion dissociation processes, providing a framework for
the study of SDD. The recursive fitting procedure of
proton trajectory (7), (8) to the data for these reso-
nances has been performed in [21].

The fitting algorithm can be summarized as fol-
lows. Due to the close-to-linear form of the real part
of the trajectory, it is reasonable to start with the fit
of the linear approximation of the real part 𝛼lin(𝑠) =
= 𝛼(0) + 𝛼′(0)𝑠, which gives the initial values of
𝜆
(0)
𝑛 = Re𝛼lin (𝑠𝑛). Then the expression (6) for the

widths of resonances is iteratively fitted to the ex-
perimental data Table 1. After each iteration, the
values of 𝜆𝑛 are updated 𝜆𝑛 = Re𝛼 (𝑠𝑛) using (8)
with the updated values of parameters. The process
is repeated until the sequence of trajectories con-
verges. The resulting values of parameters are sum-
marized in Table 2.

Using the values of parameters from Table 2, we
plot the trajectory 𝛼(𝑠) and ensure it match [21] (see
Fig. 3). This completes the construction of the ex-

Table 1. The baryons included in the fit
[21] of trajectory 𝛼(𝑠). The columns from left
to right are: the baryon name, total angular
momentum 𝐽, Breie–Wigner mass 𝑀 ,
Breit–Wigner width Γ

Name 𝐽 𝑀 (MeV) Γ (MeV)

N(939) 1/2 939 −
N(1680) 5/2 1684± 4 128± 8

N(2220) 9/2 2230± 80 400± 150

N(2700) 13/2 2612± 45 350± 50
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pression for differential cross-section for single diffrac-
tion dissociation (1).

Substituting 𝑊2 from (3) into (1) we obtain

𝑑2𝜎

𝑑𝑡𝑑𝑀2
𝑥

(𝑀2
𝑥 , 𝑡) = 𝐴0

(︂
𝑠

𝑀2
𝑥

)︂2𝛼𝑝(𝑡)−2

×

× 𝑥(1− 𝑥)
2
[𝐹 𝑝(𝑡)]

2

(𝑀2
𝑥 −𝑚2)(1− 4𝑚2𝑥2/𝑡)

3/2

3∑︁
𝑛=1

[𝑓(𝑡)]
2𝑛+2 ×

× Im𝛼(𝑀2
𝑥)

[2𝑛+ 0,5− Re𝛼(𝑀2
𝑥)]

2
+ [Im𝛼(𝑀2

𝑥)]
2 , (10)

where 𝐴0 = 9𝑎𝛽4/𝜋𝛼𝑓𝑠 is the normalization fac-
tor that combines the factors 𝑎 and 𝛽 from (1) and
(5). Other free parameter is 𝑡0 of the form factor
𝑓(𝑡) appearing in the expression for the transition
amplitude (4). The rest of parameters 𝛼(0), 𝛿, 𝑐𝑛, 𝑠𝑛
(𝑛 = 1, 2, 𝑥) are fixed from the trajectory fit Table
2. The values of 𝐴0 and 𝑡0 can be determined from
the fit of the differential cross-section 𝑑𝜎SDD/𝑑𝑡 and
total cross-section 𝜎SDD. In the next section, we will
analyze the behavior of the double differential cross-
section (10) andwill discuss the applicability range of
the model.

3. Model Behavior
in the Resonance Region

In the study of the single diffraction dissociation pro-
cesses, the regions of small and large missing masses
𝑀𝑋 offer distinct mechanisms of particle interac-
tions. Here, we will focus on the small missing masses
𝑀𝑋 , where the behavior of the cross-section is no-
tably influenced by resonances within the structure
functions. These resonances manifest themselves as
peaks in the cross-section data, shaping the scattering
processes observed at lower energies. In the present
model, the resonances are accounted via the proton
trajectory described in the previous section. This tra-
jectory defines the behavior of the differential cross-
section (10) in the 𝑀𝑋 region, where resonances ap-
pear (see Fig. 4).

As 𝑀𝑋 → 𝑚, the scattering process exhibits the
elastic-like nature (𝑚 is the proton mass), which sig-
nificantly differs from the resonance production pro-
cesses. The proper account for the contributions from
the elastic and close-to-elastic processes requires a
distinct model. Thus, we focus on the contributions
from the resonance region only and consider elastic
processes as background contributions. In the present

Fig. 4. The differential cross-section 𝑑2𝜎/𝑑𝑡𝑑𝑀2
𝑋 (10) in 𝑡,

𝑀2
𝑋 plane. There are two missing mass 𝑀𝑋 regions: elas-

tic peak region (𝑀2
𝑋 < 2 GeV2) and the resonance region

(2 GeV2 6 𝑀2
𝑋 6 8 GeV2)

model, the elastic contributions appear as the elas-
tic peak in the differential cross-section as low 𝑀𝑋 ,
as can be seen in Fig. 4. To avoid double count-
ing in the elastic region, we follow [11] and consider
𝑀2

𝑋 > 2 GeV2, which cuts elastic peak off. At the
same time, at large missing masses 𝑀𝑋 , the con-
tributions of resonance productions expectedly re-
duce, making cross-section (10) neglectedly small for
𝑀2

𝑋 > 8 GeV2. In this region, other Regge mecha-
nisms come into play, but they are outside of the
scope of the present work. This justifies what we call
the resonance region 2 GeV2 6 𝑀2

𝑋 6 8 GeV2.
It is important to mention that not only elastic pro-

cesses can contribute to background. All other res-
onances which are not taken into account directly
in this model are considered as a background as
well. They can be added in a form of the contribu-
tion 𝐵(𝑀2

𝑋 , 𝑡) to the differential cross-section. This
function should decay quickly enough and does not
diverge at infinity. For example, a common depen-

Table 2. Parameters of proton
trajectory 𝛼(𝑠) obtained in [21]
by fitting (6) to resonances data Table 1

𝛼(0) = −0.41 𝑐1 = 0.51 𝑠1 = 1.16 GeV2

𝛿 = −0.46 𝑐2 = 4.0 𝑠2 = 2.44 GeV2

𝑐𝑥 = 4.6× 103 𝑠𝑥 = 11.7 GeV2

ISSN 2071-0194. Ukr. J. Phys. 2025. Vol. 70, No. 5 291
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a

b
Fig. 5. The differential cross-section 𝑑2𝜎/𝑑𝑡𝑑𝑀2

𝑋 (10) in the
𝑡, 𝑀2

𝑋 plane (a), and its logarithm (b), plotted in the resonance
region for 0 6 −𝑡 6 0.5 GeV2

dence on 𝑀2
𝑋 is usually chosen in a form 𝐵(𝑀2

𝑋) ∼
1/(𝑀2

𝑋)𝜂, where 𝜂 ≥ 1. Yet, we don’t know the exact
function 𝐵(𝑀2

𝑋 , 𝑡), but we consider it to exist in a
form which gives a constant value after the integra-
tion over 𝑀2

𝑋 and 𝑡.
So the final differential cross-section with addi-

tional background and resonances calculation from
(10) reads as

𝑑2̃︀𝜎
𝑑𝑡𝑑𝑀2

𝑋

(𝑀2
𝑋 , 𝑡) =

𝑑2𝜎

𝑑𝑡𝑑𝑀2
𝑋

(𝑀2
𝑋 , 𝑡) +𝐵(𝑀2

𝑋 , 𝑡). (11)

The plots of resonance contribution to the double dif-
ferential cross-section (10) in the resonance region are

a

b
Fig. 6. The differential cross-section 𝑑2𝜎/𝑑𝑡𝑑𝑀2

𝑋 (10) in the
𝑡, 𝑀2

𝑋 plane in the resonance region for 0 6 −𝑡 6 0.5 GeV2

(top), and multiple regular plots in 𝑀2
𝑋 at fixed values of 𝑡

(bottom)

depicted on Figs. 5, 6, 7. The single peak in 𝑀2
𝑋 di-

mension is clearly visible in the resonance region. The
unfitted values of the parameters used in this section
are 𝐴0 = 103 mb/GeV2 and 𝑡0 = 0.71 GeV2.

4. Cross-Sections

In this section, we calculate differential and inte-
grated cross-sections and fit them to the experimental
data to find the values of parameters 𝐴0 and 𝑡0.

First, we integrate the double differential cross-
section (11) over 𝑀2

𝑋 in resonance region to calculate
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a

b
Fig. 7. The differential cross-section 𝑑2𝜎/𝑑𝑡𝑑𝑀2

𝑋 (10) in the
𝑡, 𝑀2

𝑋 plane in the resonance region for 0 6 −𝑡 6 0.5 GeV2

(top), and multiple regular plots in 𝑡 at fixed values of 𝑀2
𝑋

(bottom)

the differential cross-section

𝑑𝜎

𝑑𝑡
(𝑡) =

8∫︁
2

𝑑2𝜎̃

𝑑𝑡𝑑𝑀2
𝑥

(︀
𝑡,𝑀2

𝑥

)︀
𝑑𝑀2

𝑥 =

=

8∫︁
2

𝑑2𝜎

𝑑𝑡𝑑𝑀2
𝑥

(︀
𝑡,𝑀2

𝑥

)︀
𝑑𝑀2

𝑥 + 𝑏0, (12)

where 𝑏0 is the simple model of background contribu-
tion discussed in the previous section. Then we fit
(12) to the experimental data [10] using the ROOT

Fig. 8. The differential cross-section 𝑑𝜎/𝑑𝑡 of single diffrac-
tion dissociation as a function of |𝑡|. The dashed line is the
exponential fit to the experimental data [10]. The solid line is
the model fit with the constant background contribution 𝑏0

implementation of Minuit framework. The fitting
procedure converges with 𝜒2/d.o.f. ≈ 1.07, provid-
ing the following values of the parameters: 𝐴0 =
= 35.58 mb/GeV2, 𝑡0 = 1.486 GeV2, and 𝑏0 =

= 8.2 mb/GeV2. The result of the fitting procedure
is shown in Fig. 8.

The next step, is to integrate (12) over 𝑡 ∈ [0, 0.5]
to calculate the cross-section

𝜎SDD =

0∫︁
−𝑠

8∫︁
2

𝑑2𝜎

𝑑𝑡𝑑𝑀2
𝑋

(︀
𝑡,𝑀2

𝑋

)︀
𝑑𝑀2

𝑋𝑑𝑡+ 𝑏, (13)

where 𝑏 is the background contribution. Note that we
do not have any reliable model for the background; so,
we relax the connection between 𝑏0 and 𝑏 and fit them
separately. The fit of differential cross-section 𝑑𝜎/𝑑𝑡
gives us the reasonable estimate for 𝑡0 = 1.486 GeV2,
that we can use in the cross-section fit. The fitting
procedure converges giving 𝜒2/d.o.f. = 14.03 with-
out background contribution, and providing the value
of 𝐴0 = 565±3.11 mb/GeV2. Accounting for the con-
stant background contribution 𝑏, gives us the better
fit result 𝜒2/d.o.f. = 10.72. The values of the param-
eters in this case are 𝐴0 = 378.43 ± 16.68 mb/GeV2

and 𝑏 = 1.85± 0.16 mb/GeV2.

5. Low Missing Mass Event Generation

The differential cross-sections fitted in the previous
section provide facilities to generate events for low-
missing-mass single diffractive processes.
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Fig. 9. The single diffraction dissociation cross-section as a
function of

√
𝑠. The dashed line is the model fit to the experi-

mental data [5–9,22–28] without any background contribution.
The solid line is the fit with the constant background contri-
bution 𝑏

Fig. 10. The comparison of the considered model against the
MBR simulation in Pythia 8 at

√
𝑠 = 7 TeV

In this context, the four-momentum transfer
squared 𝑡 and the squared mass 𝑀2

𝑋 of the dissociated
system become random variables. The joint probabil-
ity density of 𝑡 and 𝑀2

𝑋 is given by the double differ-
ential cross-section (10) at fixed

√
𝑠

𝜌
(︀
𝑀2

𝑋 , 𝑡
)︀
=

1

𝑁

𝑑2𝜎

𝑑𝑡𝑑𝑀2
𝑋

(︀
𝑀2

𝑋 , 𝑡
)︀
, (14)

where 𝑁 = 𝜎SDD (
√
𝑠) is the normalizing factor en-

suring unit total probability, and 𝜎SDD (
√
𝑠) is the

integrated single diffraction dissociation cross-section
(13). As discussed in the previous section, we consider
the domain of 𝑀2

𝑋 ∈ [2, 8] GeV2.
To generate an event, we sample a pair (𝑡,𝑀2

𝑋)
from the probability density (14). While this can be
done in multiple ways (e.g., the acceptance-rejection
method [29]), we follow the algorithm used in the
Minimum Bias Rockefeller (MBR) simulation [30] im-
plemented in Pythia 8 event generator. The idea is to
begin by sampling a value of 𝑀2

𝑋 from the marginal
probability density function

𝜌𝑀𝑋
(𝑀2

𝑋) =

0∫︁
𝑡min

𝜌(𝑀2
𝑋 , 𝑡) 𝑑𝑡 =

=
1

𝑁

0∫︁
𝑡min

𝑑2𝜎

𝑑𝑡𝑑𝑀2
𝑋

(𝑀2
𝑋 , 𝑡) 𝑑𝑡, (15)

where 𝑡min = −1 GeV2 defines the integration lower
bound, cutting off the region of the small values of
cross-section. The integral in (15) is calculated nu-
merically.

Next, the value of 𝑡 is sampled from the conditional
probability density function

𝜌𝑡(𝑡 |𝑀2
𝑋) =

𝜌(𝑀2
𝑋 , 𝑡)

𝜌𝑀𝑋
(𝑀2

𝑋)
. (16)

Finally, the generated pair (𝑡,𝑀2
𝑋) together with the

Mandelstam variable 𝑠 gives us the four-momenta of
the proton and dissociated system in the final state,
which can be calculated from the relativistic kinemat-
ics of two-body scattering.

In the resonance region at low missing masses a
significant difference between two approaches can be
seen. The MBR simulation demonstrates the mono-
tonically decreasing behavior of the cross-section in
the region of low missing masses. Whereas consid-
ered model predicts highly non-monotonic depen-
dency with multiple peaks corresponding to the res-
onances.

6. Summary

The in-depth examination of the differential cross-
sections behavior within the resonance region with a
constant background contribution is performed, par-
ticularly at low missing masses 𝑀𝑋 . The refinement
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of model parameters through the incorporation of
new experimental data is discussed, improving the
accuracy and predictive capabilities. The fits of dif-
ferential and total cross-sections were performed us-
ing C++ programs within the ROOT framework,
specifically employing Minuit for parameter optimiza-
tion. Results are presented as numerical values of pa-
rameters, goodness-of-fit metrics, and graphical rep-
resentations. The most recent data from ATLAS, AL-
ICE, CMS were used for calculations.

It was shown that a better fit of the new data for
the total cross-section can be obtained by consider-
ing the constant background contribution 𝑏. On the
other hand, such model struggles to describe the data
for the differential cross-section out of the resonance
region. This is due to the fact that a constant contri-
bution to the differential cross-section doesn’t give an
accurate description at higher values of momentum
transfer 𝑡. In this region, the cross-section should go
to 0, instead of the constant background 𝑏0 gives non-
physical behavior of the system. Simple exponential
model shows better results in this case. The proper
modeling of the background contributions could po-
tentially yield significant improvements in the accu-
racy of the results and should be a focus of a future
research. For example, the more sophisticated back-
ground model from [31] can be used for this purpose.

A constant-background model was used for the
event generation simulations in Pythia 8. The model
was compared to the MBR methods in the resonance
region at low missing masses. It was shown that,
unlike the MBR method, our method exhibits non-
monotonic behavior, characterized by peaks that de-
scribe resonances.
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МОДЕЛЮВАННЯ ОДИНАРНОЇ
ДИФРАКЦIЙНОЇ ДИСОЦIАЦIЇ В РЕЗОНАНСНIЙ
ОБЛАСТI ПРИ ВИСОКИХ ЕНЕРГIЯХ

Представлено модель одинарної дифракцiйної дисоцiацiї,
яка заснована на принципi дуальностi, в областi низьких
значень маси з урахуванням нових експериментальних да-
них. Ключовою особливiстю моделi є використання нелi-
нiйної траєкторiї протона у формалiзмi Редже, що дозво-
ляє врахувати внесок резонансних станiв у повнi та дифе-
ренцiальнi перерiзи. Такий пiдхiд сприяє класифiкацiї та
глибшому розумiнню спектра збуджених станiв протона й
особливостей їх розпадiв, що, своєю чергою, дає змогу до-
слiдити внутрiшню структуру та динамiку частинок. Аналi-
зується поведiнка диференцiального перерiзу в резонанснiй
областi при малих значеннях маси 𝑀𝑥. Всi iншi резонан-
си, якi явно не враховуються, описуються шляхом введе-
ння сталого внеску вiд фону. Обговорюється обґрунтова-
нiсть та допустимiсть такого припущення. Параметри мо-
делi уточнюються з урахуванням нових експериментальних
даних.

Ключ о в i с л о в а: одинарна дифракцiйна дисоцiацiя,
структурна функцiя протона, область резонансiв, малi ма-
си, перерiз, генерацiя подiй.
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