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o 1 Introduction




l OlIntroduction

I n high-energy,

at the Relativistic Heavy lon Collider (RHIC) and the Large Hadron Collider (LHC), dileptons (di-
electron and dimuon pairs) and photons arise in complex single- and double-diffractive processes.
Diffractive processes offer an exceptional perspective to examine the underlying dynamics of strong

interactions at extremely high energies.

The study measures cross-sections for dilepton production at LHC, analyzes the kinematic distributions
of produced dileptons, and quantifies photon production rates in diffractive events. The technical goals
include the invention of theoretical models and computational tools, advancement of detection and analysis
techniques, and improvement of techniques for distinguishing and classifying diffractive events in high-

energy collisions with complicated backgrounds.




l OlIntroduction

Study investigates the single and double diffractive production of dileptons and photons in ultra-peripheral
collisions at the Large Hadron Collider (LHC). Utilizing advanced theoretical models that integrate quantum
electrodynamics (QED) and Quantum Chromodynamics (QCD) frameworks, we analyze the differential
cross sections of these processes, with particular emphasis on the role of the Pomeron and resolved
Pomeron structures. Our research employs semi-coherent two-photon production mechanisms to predict
dilepton production rates under various LHC energy scenarios. Our results demonstrate distinct production
patterns for single and double diffractive processes, highlighting their potential as probes for studying the

electromagnetic structure of heavy ions and the dynamics of soft interactions in high-energy collisions.

This paper provides new insights into the photon-mediated and Pomeron-mediated production mechanisms

and sets the stage for future experimental investigations at collider facilities




l Main Contents:

— Diffractive processes involve the exchange of momentum and
energy with minimal disruption to the internal structure of
particles.

— Single diffractive production results from a single quantum
exchange, leading to the production of particles in the final
state with minimal disturbance to their intrinsic properties.

— Double diffractive production involves the exchange of two
quanta, yielding two distinct sets of particles, and providing a
multifaceted view of particle interactions. Within single and
double diffractive production, the focus on dileptons (electron
and muon pairs) and photons are particularly intriguing.

— Dileptons are valuable probes for understanding electroweak
interactions due to their charge and mass properties.

— Photons, as mediators of electromagnetic energy, offer
valuable insights into quantum electrodynamics.

The research also aims to improve theoretical diffractive
process models by including recent collision energies
and creating and verifying computer programs by using
a software (Mathematica) for finding the visual results
to model diffractive dilepton and photon generation.
Also, the study aims to investigate the proton structure
and Parton Distribution Functions (PDF), as well as the

implications for physics beyond the standard model.




o 2 Methodology and
Software




’ METHODOLOGY

Methods used in this research field
involves:

> The Application Of Perturbative Quantum

Chromodynamics (pQCD)
Factorization Theory

Parton Distribution Functions (Pdfs)
Perturbative Techniques

The Resolved Pomeron

Photon Models
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o Software

(Mathematica)

Large Hadron Collider
LHC

Perturbative quantum
chromodynamics (pQCD),
factorization theory

High-energy particle
collisions

Parton distribution
functions (PDFs)

Perturbative techniques

Resolved pomeron and
photon models
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Study of high-energy particle collisions

To calculate the cross-sections for the
production of dileptons in single and double
diffractive processes.

Understanding the fundamental properties of
matter and the universe.

Describe the probability of finding a parton
with a certain momentum fraction inside the
hadron or photon.

Calculate the short-distance contributions to
the scattering process.

Describe the partonic structure of the
pomeron and photon.




Factorization Theory:

In QCD, the factorization theorem allows the separation of the cross-section into parts that describe
different scales of the interaction. These parts are typically:

Parton Distribution Functions (PDEs): Describes the probability of finding a parton (quark or gluon) with a
certain fraction of the hadron's momentum.

Hard Scattering Cross-section: Describes the short-distance interaction of the partons.

Quantum Chromodynamics (QCD):
I

QCD is the theory of the strong interaction, which are the fundamental constituents of matter. It is a type
of quantum field theory based on the gauge group SU(3).

Confinement: A key feature of QCD is confinement, which means that quarks and gluons are never found
in isolation but always within hadrons.

Asymptotic Freedom: At very short distances or high energies, the strong interaction becomes weaker,
allowing quarks and gluons to behave almost as free particles.

Non-perturbative Effects: QCD includes non-perturbative phenomena such as confinement and chiral
symmetry breaking, which cannot be described by perturbation theory alone.
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l Diffractive production of dileptons

Diffractive production of dileptons in high-energy physics
involves the generation of a pair of leptons in a diffractive process,
such as those between protons at high-energy colliders like the
Large Hadron Collider (LHC). These processes are characterized by
the exchange of a Pomeron or a photon, leading to a final state with
distinctive features, such as rapidity gaps and often the survival of
Initial state particles, such as protons, in a largely unaltered state.
There are three mechanisms of diffractive dilepton production:

e Pomeron-Induced Dilepton Production,
e Photon-Induced Dilepton Production, and
e Pomeron-Photon Interactions.

Pomeron-Induced Dilepton Production involves the exchange of a
colorless, gluonic entity, which can interact with quarks within a
proton to produce dileptons through quark-antiquark annihilation or
gluon fusion processes. Photon-Induced Dilepton Production occurs
through the interaction of quasi-real photons emitted by colliding
protons. Here is the flowchart of this chapter, first defined for
dilepton.

It Contains

|

Diffractive Production of
Dilepton

Single Pomeron Diffractive
Production of Dilepton

Double Pomeron Diffractive
Production of Dilepton

Single Photon Diffractive
Production of Dilepton

Double Photon Diffractive
Production of Dilepton

Pomeron-Photon Diffractive
Production of Dilepton




The proposal of a phenomenological Pomeron exchange model with

_ _ _ a vector-type Pomeron-nucleon vertex has been made;
As long diffractive processes are concerned, in hadron VPN = gyHE, (£)
= 1

collisions they are well described, with respect to the
overall cross sections, by Regge theory in terms of the
exchange of a Pomeron with vacuum quantum numbers.

\ : . Starting with the form factor equation and pomeron trajectory.
.’ Derivation

4mp — Ap(1)

L The Pomeron-nucleon coupling vertex is derived from Fi (1) = 2
the fundamental theory of strong interaction, QCD. (4m2 - (1 _t
- ' ' ' p B
Pomeron-Nucleon Coupling \ertex is a function P
representing the interaction between a Pomeron (IP) According to the Regge theory, the Pomeron trajectory, ap(f),
and a nucleon (N, typically a proton or neutron).
O In Regge theory, the Pomeron is a trajectory rather ap(t) = ap(0) + apt
than a particle, representing a family of exchanged
particles that dominate at high energies.
Values Used;
O The Pomeron flux factor, the parton distribution € = 0.085, ap= 0.25GeV~*
functions for both proton and nucleus, and the ap(0)=0.085, ap=0.25GeV 2, ap(f) = 1.08 + 0.25(%)

Pomeron trajectory will all contribute to determining

— —27
the probability and kinematics of the process. my, = 1.67 X 10™“'kg.

A, = 2.8,B, = 0.7, 8 = 3.24GeV?.
o WL REY Y .




_ _ < Also, parton distribution function for the nucleus fy(x)
Derivation combines the parton distributions of protons and

neutrons within the nucleus, weighted by their relative

numbers.
s The parton distribution function PDF for 7 N
proton is; fn(x) = R(x, A= fp(x) +— fr(x)]
9 2 Za[pv(f) 1 A A
f[p)(x 0?) = 4ﬁ2< ) [F, (D)]2 % The function R (x, A) contain:
R(x, A)
1
% The parton distribution function for nucleus =14+ 1.191ln6 A[x3 — 1.5(x, + xL)x3 + 3x,x; x]
1
3402\ [ §\1 _0er s [ 1.08(43 — 1) ‘ i
2\ — Zp—X"My/Q — |a x|e
f%(x,Q) ( o )<m§>xe e 4 mA+1) v
< The quark distribution function is given by: ¢ The parton distribution function of the nucleon:
fa(x) = Ajx?2(1 — x)43 xf(x) = Agx1(1 — x)*
P
* The gluon distribution function is given by: Values Used;
— B _ B Bo is the quark-nucleon coupling.
f%(x) = B1x72(1 —x)™s 50 = 60.0GeV, B, = 1.8GeV~L.

The exponential term e~**MR/Q8 accounts for the spatial distribution of partons.
1
Values Used: %, = 0.1,%, = 0.7,a, = 01043 — 1).

4,=0.066, 4,=0.29, and A5=0.72. Py

B,=1.22, B,=3.13 and, B;= 0.31.




.‘ Single Pomeron diffractive production process for dilepton

I d Sin.Pom._lef
P Zaerrx _ gy dz, dxbdtfm< Xq, QZ)fa' (Za 12) fo (x, 0%)—2_(a'b - I*I"X) - (i)

dMm?

dMZd

Double Pomeron dlffractlve productlon processes for dilepton

Dou.Pom.Dif f

i o dg - ..
e = dxadzadx,dz,difir( Xa Q') 2 (2 HE)fir(%, @) f1 (25, KE) X (@b - I'UX) = (D)

Single-photon diffractive production for dilepton

Sin .Pho.Diff

do
dl;ll'fz_;;l dX - fdxa dxbfy( Xa Qz)fa’ (Zar ”F) fb ( Xp, QZ) X M2 — F (1 +

XaXp—XqX2

XaZaXp a 4ml2

( 'b - y*X) — (iii)

Single Photon Diffractive
Production of Photon

Single Pomeron Diffractive
Production of Photon

Double Pomeron Diffractive
Production of Photon
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A

’ Double-photon (photon-photon) diffractive production for dilepton:

Dou .Pho.Dif f

do 2 2\ g~
AB=ITIX _ 2 2 2 2 XaZaXpZp a _4ml 2my do Lt o .
Tt = ] g dudanfy( 5 @ (70 @) fy (x @)y @) X 20 1 =50 (1+ZD L @b > yx) - )

Pomeron-photon associated diffractive production for dilepton:

dg" ho-PomDiff X, Z,X1Z a 4m? 2m?\ do
AB-LYITX 2 2 2 2 a‘a*b%b l l ™y o
= dx,dx,d , ' , , 1(zy, X 1—-——|1+—|—(a'b X
dM2dpidy f Xq dxyp be%( Xq, Q )f;l_P(Za HF) f% (xp, Q )f%(zb Q°) XoXpZp — Xy 3TMC e < 2 ) T (@b’ - y*X) > (V)

Pomeron-Photon Diffractive
Production of Photon

Double Photon Diffractive
Production of Photon

£ o
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Dilepton

Double Diffractive
production of Dilepton

Single Diffractive
production of Dilepton,

Double Diffractive
production of Photon,

Single Diffractive
production of Photon ,

Photon




.I Diffractive production of Photon
. Single Pomeron Diffractive

In order to move forward to describe the Production of Photon
diffractive production for photon. Here, is a
layout as shown g Double Pomeron Diffractive

Production of Photon

. . , Single Photon Diffractive
It include the diffractive production of Diffractive Production of Photon fe——»- Production of Photon

photon mainly in five steps. These are single
pomeron and double pomeron diffractive
production of photon, single photon and double
photon production of photon, and on the last
pomeron-photon diffractive production of photon.

Double Photon Diffractive
Production of Photon

Pomeron-Photon Diffractive
Production of Photon




Single pomeron diffractive production processes for photon

.’ d(ffli;'_l,) e = XqZyXxp do
= j dxq dxpf1p( %0 Q))f o (Za M) fb (%, Q%) ————— —=(a'b>yX) - (vi)
A

2 L —
dprdy P B XaXp = XaX2

Double pomeron diffractive production processes for photon

d Dou .Pom.Dif f 7 X7 de
AB-ITI™X _ 2 ) 2 2 ) 2 alarbZb . ‘e
ol j dxq dxydzfip( Xa Q) o (Za ) fip (2o, )f by (o B X o 22 < (@B = yX) = (vl
Single-photon diffractive production for photon
do Sin—'f’ham” XqZgX o 0 ns
—aptay — = J 4%a dxpfr(Xa) Qz)fa?'(za, M) fo (2, Q) o e —(a'b > yX) — (viii)

Single Photon Diffractive

Double Pomeron Diffractive
Production of Photon

Production of Photon

Single Pomeron Diffractive
Production of Photon
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——
.’ Double-photon (photon-photon) diffractive production for photon

Dou .Pho.Dif f ~
d XyZ,XpZp, do

AB-ITI™ X 2 2 2 2 It .
= dx,dx,dz X,, (z,, Xp, 1(zp, X —(a'b’ - yX - (ix
pei—= | ax, oy X @) @) (i Oy (20, Q) X LB (@' = X = ()

Pomeron-photon associated diffractive production for photon

d Pho.Pom,Dif f X7 X2 dé
(@'~ ¥X) - (%)

AB-ITITX = f dxa dxbdzbfg( Xa Qz)fa' (Za: ”%') fZ ( Xb Qz)fb, (Zb’ QZ) X
a P B v

dpzdy XoqXpZp — XqX2 d

Double Photon Diffractive
Production of Photon

Pomeron-Photon Diffractive
Production of Photon

£ o
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.’ Summary

These numerical calculations provides an in-depth exploration of diffractive processes. The diffractive production
processes in particle physics involve the creation of either dileptons (a lepton and its corresponding antiparticle) or
photons. There are three main types of diffractive production processes: Single pomeron, double pomeron, and single
photon.

For dileptons, a single pomeron leads to the production of a dilepton pair through the decay of an intermediary
particle like a virtual photon. For photons, a single photon is produced directly through diffractive scattering. For double
photons, two photons from interacting hadrons collide and produce a dilepton pair through a quantum electro-dynamical
process. For photons, this scenario involves two photons interacting to produce another photon, which is not a standard
process. Pomeron-photon diffractive production involves a pomeron and a photon from different hadrons interacting,
leading to the production of a dilepton pair.

For photons, a pomeron-photon interaction results in the production of a photon, likely due to the electromagnetic
Interaction from the incoming photon. These processes differ in their processes and their underlying mechanisms. In
short, the distinction between these processes lies in the types of particles exchanged (pomerons or photons) and the
final state particles produced (dilepton pairs or photons). The processes involving dilepton production are typically
mediated by virtual photons, while those producmg photons directly involve electromagnetic interactions. T.

conservation of quantum numbers, energy, and momergtinis crugiak in all these interaction.




Results and Discussion




Diffractive production process for dilepton

. This section will feature graphical representations to illustrate the dependence of the cross-section on variables such as the invariant mass of
*  the dilepton system and momentum fractions, alongside the kinematic distributions like rapidity and transverse momentum of the produced
dileptons.

Pb-Pb | A=208 7=82 JSwn=5.02TeV
LHC ‘ P-Pb A=208 7=82 Syn=8.16TeV
P-p A=1 7=1 JSvn=TTeV & 13TeV

The cross-sections diminish with an increase in transverse momentum (p7), which is a characteristic trend expected from
diffractive scattering phenomena. The y-axis shows the differential cross-section (do/dpZ%dy) which measures how often
particles are produced at a certain transverse momentum (pz, shown on the x-axis) and rapidity (y).

» Sin.Pem. The solid lines (blue) indicate this process and it's typically the baseline for comparison.

» Sin.Pho. This process is depicted with dotted lines (red) and scaled by a factor for visibility (e.g., x10), given that photon
exchange processes are less probable than pomeron exchanges.

» Dou.Pem. The dashed lines (brown) show this process, which is generally rarer than single diffractive processes and
therefore often scaled up by a significant factor (e.g., x10) to be visible on the same scale.

» Dou.Pho. The dot-dashed lines (sea-foam green) represent this.

» Dou.Mix. This might represent a mixed double exchange involving both pomeron and photon exchanges. The fine dotted

SO  HARBIN ENGINEERING UNIVERSITY

lines (olive green) depict this process.




do/dp3dy (nb/GeV?)

do/dp3dy (pb/GeV?)

Diffractive production process for dilepton
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e Top Left: Pb-Pb collisions at\/syy = 5.02 TeV
e Top Right: p-Pb collisions at \/syy= 8.16 TeV
e Bottom Left: p-p collisions at \/syy=7 TeV

e Bottom Right: p-p collisions at /syy= 13 TeV

10° g

(1) Pb-Pb 5.02 TeV
The hierarchy of processes by the size of their cross-

sections is as follows:

e Single Photon (Sin Pho) production has the lowest cross-
section,

e Double Photon (Dou Pho) production is higher than single
photon production.

e Mixed Double (Dou Mix) exchange is greater than double
photon production.

e Single Pomeron (Sin Pem) and Double Pomeron (Dou
Pem) are approximately equal and have the highest cross-
sections among the processes considered.

(2) p-Pb 8.16 TeV
The ordering is similar to Pb-Pb collisions, with the

distinction that Double Pomeron (Dou Pem) production has a
larger cross-section than Single Pomeron (Sin  Pem)
production.




2dy (nb/GeV?)

-
I

do/dp:

do/dp3dy (pb/GeV?)

Diffractive production process for dilepton

Top Left: Pb-Pb collisions at\/syy = 5.02 TeV
Top Right: p-Pb collisions at 1/syy= 8.16 TeV
Bottom Left: p-p collisions at \/syy=7 TeV

Bottom Right: p-p collisions at \/syy= 13 TeV
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(3) p-p 7 TeV
The hierarchy is much the same as in Pb-Pb
collisions, with Single Pomeron and Double Pomeron
processes being nearly equal and the largest.

(4) p-p 13 TeV
Again, Single Photon and Double Photon
production have the lowest cross-sections, but here the
Double Pomeron process becomes more dominant
compared to the Single Pomeron process.
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(1) Pb-Pb Collisions at 5.02 TeV
The single photon production process (Sin. Pho.) has the lowest
cross-section. Double photon production (Dou. Pho.) has a higher
cross-section than single photon production. The mixed double
exchange process (Dou. Mix.) has a higher cross-section than
double photon production. The single pomeron exchange (Sin.
Pem.) and double pomeron exchange (Dou. Pem.) have similar
cross-sections, which are the highest among the processes

(2) p-Pb Collisions at 8.16 TeV
Single photon production (Sin. Pho.) remains the lowest. Double

photon production (Dou. Pho.) has a higher cross-section. The
mixed double exchange (Dou. Mix.) has a higher cross-section
than both photon processes. Single pomeron exchange (Sin. Pem.)
has a slightly smaller cross-section than double pomeron exchange
(Dou. Pem.), which is the highest.




Diffractive production process for Photon
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. Comparative Observations
l Overall, the two results for dilepton and photon contain differential cross-section plots for particle production

at the Large Hadron Collider (LHC) for different collision systems and energies. The first result deals with dilepton
production, and the second with photon production. Here's a combined summary of the observations from both:

Dilepton Production:

e Cross-sections for all processes decrease with increasing py.

e For Pb-Pb at 5.02 TeV, the ordering from smallest to largest cross-section is: single photon, double photon, mixed
double, single pomeron, and double pomeron.

e For p-Pb at 8.16 TeV and p-p at 13 TeV, the Double Pomeron has a larger cross-section compared to the Single
Pomeron.

e Forp-pat7 TeV, Single Pomeron and Double Pomeron have similar cross-sections.

e Between Pb-Pb 5.02 TeV and p-Pb 8.16 TeV, the Double Pomeron becomes more pronounced.

o Between p-p 7 TeV and p-p 13 TeV, the Double Pomeron gains in significance as the energy increases.

Photon Production:

e As in dilepton production, photon production cross-sections also decrease with increasing pr.

e Across all energies and collision systems, the general hierarchy is consistent: Single Photon < Double Photon < Mixed
Double < Single Pomeron < Double Pomeron.

e Double Pomeron exchange tends to increase in significance with increasing collision energy. .




Comparative Observations

o

consistent pattern across different types of collisions (Pb-Pb, p-Pb, and p-p) and varying energies (5.02 TeV, 7 TeV, 8.16
TeV, and 13 TeV):

In order to explain the combined conclusion for both dilepton and photon production at the LHC, there is a

All processes show decreasing cross-sections with increasing pr, reflecting the fundamental behavior of such high-
energy collisions where high p events are less probable. Pomeron exchange processes (both Single and Double)
generally have higher cross-sections compared to photon exchange processes. This suggests that strong interactions
(possibly mediated by gluons in the case of pomerons) are dominant in these collision scenarios. The relative
importance of Double Pomeron exchange grows with increasing energy, particularly in proton-proton collisions. This
may indicate that as the energy available for the collisions increases, the probability of more complex interactions,

like Double Pomeron exchanges, also increases.




Conclusion

o

The conclusion of this research highlights the profound insights gained into the phenomena of ultraperipheral collisions

(UPC) at high-energy heavy ion accelerators such as the RHIC and the LHC. By meticulously analyzing the photoproduction of
dileptons and photons within these highly specialized Collision energies, this study has shed light on the intricate
electromagnetic interactions and quantum dynamics that govern such processes. The aim of this research was to delve deep into
the fundamental physics underlying UPCs, exploring the critical role of electromagnetic radiation in generating final states like
dileptons and photons, and to elucidate the complex interplay between Quantum Electrodynamics (QED) and Quantum
Chromodynamics (QCD) in these events. Focusing on the motion, angular distribution, and correlations in invariant mass of
dilepton pairs, particularly through the lens of Pomeron exchange and the application of Regge theory and QCD-based
factorization techniques, this study has not only unraveled the complex interactions at play but also provided predictive insights
under various kinematic conditions. The use of the equivalent photon approximation method facilitated a streamlined approach
to understanding the electromagnetic field's influence on the virtual photon flux, enabling a more manageable exploration of

photon emission and absorption processes.




.l Conclusion
' The summary highlights the influence of energy levels and collision types on interaction cross-sections in high-energy

particle physics. Higher energy collisions, like 13 TeV compared to 7 TeV in proton-proton (p-p) collisions, tend to increase
the probability of parton interactions. For dileptons, the dominant process in dilepton production appears to be the double
pomeron exchange (Dou. Pem.). This means that the interactions involving two pomeron exchanges are more prevalent than
those with single pomeron exchange (Sin. Pem.), single photon exchange (Sin. Pho.), and other mixed or double processes.
While for photons, in proton-proton (p-p) collisions, the double pomeron exchange (Dou. Pem.) is slightly less prevalent than
single pomeron exchange (Sin. Pem.), particularly at higher transverse momentum (p;). In proton-lead (p-Pb) and lead-lead
(Pb-PDb) collisions, the single pomeron exchange has a similar magnitude to that of the double pomeron exchange. However,
as the transverse momentum increases, the single pomeron exchange is slightly less than the double pomeron exchange.

In proton-lead (p-Pb) and lead-lead (Pb-PDb) collisions, the single pomeron exchange has a similar magnitude to that of
the double pomeron exchange. However, as the transverse momentum increases, the single pomeron exchange is slightly less
than the double pomeron exchange. The results indicate that the study of dileptons and photons in ultra-peripheral heavy ion

collisions are feasible at LHC energies. Insights gained will contribute to a deeper understanding of QCD in diffractive

Processes across varying energy regimes. .
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Parameters used
IN derivations




/.4

For the nucleus,
the PDF is denoted by fir(x, Q%) and
N

For the proton,
the PDF is given by fir(x, Q%) and
P

In short, PDFs are calculated using pQCD

Is parameterized by the pomeron flux
factor B, and the pomeron-nucleon
coupling constant Q. The function

of the energy +/syy and the nuclear
mass number A. My is the nucleon

) ) and factorization theory, and are
IS parameterized by the form

- (t) e T e parameterized by the pomeron flux factor, the
1 .

pomeron trajectory, the form factor of the

F1(®) mass nucleon, and the pomeron-nucleon coupling
4m% — Ap(t
- mp — Ap(t) — constant.
(4m} - ) (1 ~ _> fir(x, Q%)
N

$= Xip Xp QO ﬁo =1 .8GeV_ = 0.085

= 60.0GeV,

where mp = mass of the
proton,
Ap =2.8 and Bp =0.7

= 34B0Qs \ (8 le—xZM?v/Q%
21 m127 X




Partonic structure of pomeron and parton distribution function of the nucleus:
fa(x)=A.x%2(1 - x)4
P

Fi) = B9 (1 - x5 Where e8] e RGeS e e
IpP

A,=0.066, 4,=0.29, A3=0.72 , B;= 1.22 , B,= 3.13, B;=0.31 f%(x) — represent the probability of finding a gluon

The parton distribution function of the nucleus,

Itis given by the following equation: fn(x) = probability of finding a Parton, fraction of the nucleus momentum
Z and N are the numbers of protons and neutrons in the nucleus
VA N
> fn(x) =R(x,A) [pr(x) + an(x)] fp(x) - PDF of the proton

fan(x) — PDF of the neutron

« Correction factor R(x,A):

1 1_
The function R(x, A) is a correction factor, R(x,A) = 1 + 1.19Ins A[x3 — 1.5(x, + x,)x3 + 3x,x,x] — [aA %Afl;)\/}] e~ X" /%

1
X, =0.1,x,=0.7, a4 = O.1(A§— 1)

. . . . : Ap,=1.4473 A; = 0.6160 A, = 4.9670
» Parton distribution function of the nucleon: _ A = 17199 ML
xf(x) = ApxA1(1 — x)A2 A, = 0.0616 Ay =—-02990 A, =7.7170

The equation shows the parton distribution function

A,= 33657.8 Ay = 4.2767 A, = 14.8586
for different types of partons (d, u, s, and g) in the nucleon.

A, = 0.0123 Ay =—-02990 A, =7.7170
A, = 30.4571 A, = 0.5100 A, = 2.3823




Mandelstam variables:

s = (pa+pp)? =Pi+ 2Pa-Pp + P§ = 2Pa-Ps
t=Pc—Pa)’=—2DcPa

u= (p.—pp)* = —2p..Pp

S — 2 _ 2 2 _ _ S\ —
ds _ gmaael (z a 2M2§) §$ = (PatPp)” =Pa + 2Pa-Pb + Pp = 2Pa-Pb = 224 Xp (E) =
—= - s === =T= ~
dt M9-v4g 9 §2 u t tu XqZg XpS, )
7 — 2 _ 2 12 _ — —
2 2 t= (pc - p:l) =DPc — Zpil-pc +Pa = _Zxapc-pA = XqZgt =
= Aq2YY =5 Gtz +— - ' 2 2 2 2
dt 3 wt o w U= (p.—Pp)* = Pi — 2Pp-Pc + Pp = —XpPc-Pp =M+ xpu =
do 1maae; @ § 2M%*t —XpX1S, ) ,
— —_— — — — )
Z19°71"3 2 O3 i@ ® x=—C =51,
. 1 —y
. . . . W Xp =—-=—-Xr€é 7,
% First equation shows the process where a guark and an antiquark produce a 2
virtual photon and a gluon. & xp =2
2 2\/5 2
< Second equation, the process where a guark and an antiguark produce a < y:E® =p7+pIL
virtual photon and a real photon.
% Third equation, the process where a guark and a gluon produce a virtual
photon and a quark.
0
Factorization scale Q? Pomeron trajectory a;p ().
Pomeron flux factor A;p Momentum transfer

a : fine structure a, : coupling constant a, : strong coupling
constant constant

ey : electric charge M : mass of the virtual §,t and 1 :Mandelstam
photon variable
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o 5 Future plan




)

Recommendation for further work

In terms of suggestions for future research, it is crucial to push the boundaries of current methodologies and
theoretical models further, to capture the essence of UPCs with even greater precision. Future research should aim
at exploring the depths of single and double diffractive production processes at RHIC with defined particles and

energies in more granular detail, expanding the horizon of kinematic scenarios examined.
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