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LHC 

Machine learning

LHCLHC

HL_LHC

Overview of the latest research results from CERN and the CMS 
experiment

Shirin Chenarani
School of Particles and Accelerators, Institute for Research in Fundamental Sciences (IPM)

Abstract

The Large Hadron Collider (LHC) is the world's largest and most powerful particle accelerator where 
two protons collide at the center-of-mass energy of ~13TeV. With the upgrades implemented during the 
planned shutdown, the energy of the LHC's proton beams increased from 6.5 TeV to 6.8 TeV,
increasing the probability of creating heavier and more unknown particles. Particle physicists can 
obtain more information and more precise measurements of the Higgs bosons and other discovered 
particles of the standard model by using large amounts of data from the LHC and new machine-
learning methods. Another important goal of the LHC is the search for new physics beyond the 
Standard Model, and study some anomalous results. The upgrade of the LHC and more data will help 
to explain the observed anomalies, but if these anomalies occur due to fluctuations and by chance, 
more data will remove their signs.
In this talk, I will give a brief overview of the recent results of the Large Hadron Collider and the CMS 
experiment, and I will also review the long-term plans for the development and acquisition of 
HL_LHC.
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Charm content of proton: An analytic calculation 

Olamaei, Alireza1; Azizi, Kazem2 ; Rostami, Saeedeh2

1 Department of Physics, Jahrom University, Jahrom,
2 Department of Physics, University of Tehran, Tehran

Abstract

According to general understanding, the proton as one of the main ingredients of the nucleus is composed 
of one down and two up quarks bound together by gluons, described by Quantum Chromodynamics 
(QCD). In this view, heavy quarks do not contribute to the primary wave function of the proton. Heavy 
quarks arise in the proton perturbatively by gluon splitting and the probability gradually increases as 
Q2 increases (extrinsic heavy quarks). In addition, the existence of non-perturbative intrinsic charm 
quarks in the proton has also been predicted by QCD. In this picture, the heavy quarks also exist in the 
proton's wave function. In fact, the wave function has a five-quark structure |uudcc¯ in addition to the 
three-quark bound state |uud . So far, many studies have been done to confirm or reject this additional 
component. One of the recent studies has been done by the NNPDF collaboration. They established the 
existence of an intrinsic charm component at the 3-standard-deviation level in the proton from the 
structure function measurements. Most of the studies performed to calculate the contribution of the 
intrinsic charm so far have been based on the global analyses of the experimental data. In this article, 
for the first time we directly calculate this contribution by using QCD sum rules. We estimate a 
xcc¯=(1.36±0.67)% contribution for the |uudcc¯ component of the proton.
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Poisson-Lie T-dual sigma models with Euclidean Thurston geometries

Eghbali, Ali
Department of Physics, Faculty of Basic Sciences, Azarbaijan Shahid Madani University, Tabriz, Iran 

Abstract
In this work we proceed to investigate the Thurston geometries from the point of view of their Poisson-Lie T 
dualizability. First of all, we find all sub-algebras of Killing vectors that generate group of isometries acting 
freely and transitively on the three-dimensional manifolds, where the Thurston metrics are defined. It is shown 
that three-dimensional isometry sub-algebras are isomorphic to some of the Bianchi algebras. The isometry 
subgroups of the metrics can be taken as one of the subgroups of the Drinfeld double. In order to satisfy the 
dualizability conditions the other subgroup must be chosen Abelian. Accordingly, we find the non-Abelian 
target space duals of these geometries via Poisson-Lie T-duality approach in the absence of B-field, in such a 
way that the dual geometries include B-field.
Keywords: Sigma model, String duality, Thurston geometry, Drinfeld double
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Approaches To Quantum Gravity

M.M. Sheikh-Jabbari
                           School of Physics, Institue for Research in Fundamental Sciences (IPM), Tehran, Iran

Abstract

Gravity is the only interaction which appears among all existing objects and in our current physics it is 
formulated through Einstein theory of General Relativity (GR). Although it has many theoretical 
appealing features and successes with the current experiments and observations, GR suffers from 
theoretical shortcomings. It is thought that these shortcomings can be addressed within a theory 
of quantum gravity (QGr). Despite of many efforts and trying various approaches, a consistently 
quantized gravity (or quantum GR) has remained elusive. In this talk after reviewing these shortcomings, 
discuss three different schools of thought on the issue of QGr and briefly mention different approaches 
within these schools of thought to GR theoretical shortcomings and/or formulation of QGr.
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Rezaie, Somayeh; Modarres, Majid 

Department of Physics, University of Tehran, Tehran 

Abstract

In this work, we investigate the Z boson production through p-p collisions in the and (z, )-factorization 
frameworks, respectively, using unintegrated parton distribution functions (UPDFs) and double unintegrated 
parton distribution functions (DUPDFs) Martin-Ryskin-Watt (MRW). We compute the calculations in the -
factorization by KaTie parton level event generator and in the (z, )-factorization we do it directly. Also we
compare the results with data from the 13TeV LHCb experiment incomparable. The Calculations show that the 
aforementioned frameworks have a relatively similar behavior in the medium rapidity regions. While in the large
rapidity regions, the (z, )-factorization framework predicts the results closer to the experimental data than the 

-factorization framework.

Keywords:        UPDFs, DUPDFs, KaTie, rapidity.

PACS No

  

 



 

.z[1]Z

z

 

 

 

 

[2]

leading order PDF

leading order splitting 

function

[2]

[2]

color coherence[3]

.

KaTie[4]

Z

z



z

 

 z

 

z

 z

.

[5]

 z

.[6]

. 

 z  

  .[7]

z

[8]

2.0

<120 GeV60GeV <.

[9]

.



  

  4  

.

z

 [1] S. Rezaie, M. Modarres, Eur. Phys. J. C 83, 678 (2023).
[2] A. D. Martin, M. G. Ryskin, and G. Watt, Eur. Phys. J. C, 66, 163 

(2010).
 [3] S. Chekanov et al. [ZEUS Collaboration], Phys. Lett. B 547, 164              
(2002).
 [4] A. van Hameren, Comput. Phys. Commun. 224, 371 (2018). 
 [5] G. Watt, A.D. Martin, and M.G. Ryskin, Eur. Phys. J. C 31, 73 (2003).
[6] M.A. Kimber, A.D. Martin, and M.G. Ryskin, Phys. Rev. D 63,     
114027 (2001). 
 [7] G. Watt, A.D. Martin, M.G. Ryskin, Phys. Rev. D 70, 014012 (2004).
 [8] R. Aaij et al., (LHCb), JHEP 07, 026 (2022). 
 [9] M. Modarres, M. Masouminia, R. Aminzadeh Nik, H. Hosseinkhani, N. 

Olanj, Phys. Lett. B 772, 534 (2017).

 MRW. DMRW

[9] kMRMRWDMRW

LHCb [8][8]ResBos

[9] KMRMRWDMRW

LHCb [8][8]ResBos



 

 

 

(LHeC)(FCC-eh)LO

NLOxGLR-

MQ-ZRS

HERANNPDF4.0

CT18

Study of nonlinear effects in the production of heavy quarks in new generation 
accelerators

Karampur, Elham; Boroun,G.R.

Physics department, Razi University, Kermanshah.

Abestract

In this paper, the main idea is the prediction of the linear and nonlinear behavior of the heavy quarks pair production 
cross section at the deep inelastic scattering leptoproduction at the future electron-proton colliders i.e. the Large 
Hadron-electron  Collider (LHeC) and the Future Circular Collider electron-hadron (FCC-eh) at the Leading Order
(LO) and the the Next-to-Leading Order (NLO) approximations in perturbative quantum chromodynamics (pQCD) 
at small x. By considering the nonlinear corrections to the gluon distribution function in the framework of the 

nonlinear GLR-MQ-ZRS evolution equation, based on the parametrization method of structure function 
and its derivatives, we determine the linear and nonlinear evolutions of production cross section, structure functions 

and and their ratios for heavy quarks of charm, bottom and top. The computed results are 
compared wit experimental data from HERA and the results of NNPDF4.0 and CT18 Colliborations.
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Calculation of SU(2) string tension in the continuum limit 
 

Deldar, Sedigheh1; Asmaee, Zahra2; Kiamari, Motahareh3

1,2 Department of Physics, University of Tehran, Tehran
3 School of particles and Accelerators, IPM, Tehran

Abstract

Inspired by lattice results which confirmed the area law fall-off for the the Wilson loop average and using an 
effective theory for the center vortex ensemble, we obtain the area law fall-off for the continuum limit. As a result, 
the linear potential and the string tension for SU(2) gauge group in three-dimensional Euclidean space are 
computed in terms of intrinsic properties of the vortices and a parameter which describes the interaction between 
the vortices.
Keywords: The Wilson loop average, Center vortices, Partition function, String tension. 
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The interactions in Lattice QCD by using PACS-CS Gauge
Configurations

Aalimi, Amanullah 1; Etminan, Faisal

1 Department of Physics, University of Birjand, Birjand,

Abstract

The interactions in channel are studied on the basis of the (2+1) flavor lattice QCD simulations by 

using PACS-CS Gauge Configurations at . Finally, the matrix potential of is 

extracted. The interaction at low energies shows a weak interaction, which does not provide a 
bound or resonant state. The interaction in the spin-singlet channel is attractive than , and is 
near to the bound or resonant state.
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Constraining from X ray emission on dipolar dark matter  
 

Haghighat, Mansour1; Mahmoudi, Somayyeh1; Rafiei, Ali1

1 Physics Department, College of Sciences, Shiraz University 71454, Shiraz,

Abstract

In this paper, we consider a Dirac fermion with a permanent magnetic dipole moment as a dark matter particle 
to explore its effects on the energy levels of the hydrogen-like atoms. Consequently, we find some constrains on 
the magnetic dipole moment by using the experimental data of the atomic X-ray emissions.

Keywords:     Dipolar dark matter, X-ray emission.
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Diagrammatic strong coupling expansion of a U(1) lattice model
in the Fourier basis  

 
Afsaneh, Kianfar1; AmirHossein, Fatollahi2

1 School of particles and accelerators, IPM, Tehran
2 Department of Physics, Alzahra University, Tehran

Abstract

The transfer-matrix of the U(1) lattice gauge theory is investigated in the field Fourier space, the basis of which consists of the 
quantized currents on lattice links. Based on a lattice version of the current conservation, the transfer-matrix elements are shown 
to be nonzero only between current states that differ in circulating currents inside plaquettes. In the strong coupling limit, a series 
expansion is developed for the elements of the transfer matrix, to which a diagrammatic representation based on the occurrence of 
virtual link and loop currents can be associated. With g as the coupling, the weight of each virtual current in the expansion is 1/g2,
by which at any given order the relevant diagrams are determined. Either by interpretation or through their role in fixing the 
relevant terms, the diagrams are reminiscent of the Feynman ones of the perturbative small coupling expansions. In the strong 
coupling limit, spectrum of gauge theory are calculated.

Keywords:     Lattice gauge theories; Transfer-matrix; Strong coupling expansion
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Thermodynamics of a relativistic Bose gas under rotation 
 

Siri Palang-Darreh, Ebrahim1; Sadooghi, Neda1

1 Department of Physics, Sharif University of Technology, Tehran

Abstract

The investigation of the impact of rotation on fermionic and bosonic systems has recently become a significant 
area of research. In this work, we focus on a system of relativistic Bose gas subjected to uniform rotation and 
analyze the behavior of its thermodynamic properties at finite temperature. First, we introduce the rotation
metric and then the generalized Fock-Schwinger proper-time method to find the propagator of the bosonic
system. Additionally, we derive the solutions of the Klein-Gordon equation in cylindrical coordinates and 
calculate the propagator of a rotating bosonic system using the above-mentioned method. Using the imaginary 
time formalism at finite temperature, we compute the thermodynamic potential of the system up to the first order 
of perturbative expansion. Utilizing this potential, we calculate thermodynamic quantities, such as pressure, 
entropy density, and angular momentum density. The obtained results show that the moment of inertia is
negative at the perturbative level. This is similar to the recent findings for the moment of inertia of a gluonic
plasma.
Keywords: Finite temperature field theory, Bose gas, thermodynamics potential, generalized Fock-Schwinger 
proper-time method, moment of inertia
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Temperature dependence of proton and neutron radii of 120,126,130Sn isotopes in the 
relativistic mean field model with the pairing gap parameters calculated by BCS and 

modified Ginsberg-Landau model  
 

Yaghmaei, Bamdad1; Mehmandoost-Khajeh-Dad, Ali Akbar 1; Dehghani, Vahid 1

1 Physics Department, Faculty of Science, University of Sistan and Baluchestan, Zahedan, 

Abstract

The pairing gap parameter has been calculated using the modified Ginzburg-Landau model (MGL) and employed 
in the relativistic mean field model. The results obtained from this method have been compared with the results 
of the application of the BCS pairing gap parameter in the relativistic mean field model in examining the 
temperature changes of the proton and neutron radii of 120Sn, 126Sn, and 130Sn isotopes. Using the MGL gap 
parameter in the relativistic mean field model leads to better results.  
Keywords: Relativistic Mean Field Model, Pairing gap parameter, Temperature changes of radius 
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Point splitting method of regularization and quantum field theory in curved spacetime:
An example of Wick rotation technique

Nazari, Borzoo 
College of Engineering, University of Tehran, Tehran 

Abstract

One of the main differences between the regularization of a quantum field in curved spacetime and its 
counterpart in flat spacetime is the appearance of new divergences due to the corresponding background 
geometry.  For this type of divergences, it has been shown that the coupling between of the quantum field to the 
gravity is of essential importance. Here, we analyze an explicit structure of phenomena through the Casimir 
effect Effect. To this end, we massively take advantage of the Wick rotation for calculating the divergent 
integrals.  

Keywords: regularization, Point-splitting method, Casimir energy, gravity
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SU(3)

B

Coupling Constant  using the Baryonic Decay
 

Rafibakhsh, Shima; Mehraban, Hossein

Physics Department, Semnan University, P.O.Box 35195-363, Semnan, Iran

Abstract 

We study the three-body baryonic B decay within the framework of the pole model via the baryonic 
pole. In our calculation, we require the strong coupling constant and investigate if 

is adopted, the branching ratio agrees with the experimental result , reported by the 
LHCb collaboration. The value of must be of the same order with , considering the 
SU(3) flavor symmetry breaking effects, which is obvious in the obtained result.

Keywords:        Three-Body Baryonic B Decay, Pole Model, Coupling Constant 
PACS No.       (13)
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Study of fully heavy pentaquark production in pair annihilation at lowest-order 
perturbation theory

Reyhaneh Farashaeian, S. Mohammad Moosavi Nejad

Department of Physics, Yazd University, Yazd

Abstract 
Understanding the production mechanism of exotic hadrons with configurations beyond the naive 
quark model could be helpful to find out their inner structure and to test the theory of QCD. It is well-
known that the dominant mechanism to produce conventional heavy hadrons with large transverse 
momentum is fragmentation so as this mechanism could also be extended to heavy pentaquarks 
production. In the present work, we first study the fragmentation production of S-wave fully heavy 
pentaquarks ( ), and then we will estimate their production cross section through electron-

positron annihilation process at lowest order of perturbative QCD.
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Beyond Heavy neutral 2HDM Higgs Boson Pair Production at Different CLIC Energies  
 

Hashemi, Majid1; Molanaei, Marieh1

1Physics Department, College of Sciences, Shiraz University, Shiraz

Abstract

In this work, the neutral Higgs boson pair production in Compact Linear Collider (CLIC) is investigated at 
center of mass energies 1400 (stage 2) and 3000 (stage 3) GeV. The Higgs bosons scalar H and pseudoscalar A
are investigated within the framework of two Higgs doublet model (2HDM) with CP-conservation in the mass 
range 300 to 1050 GeV, and the signal observability is evaluated taking into account the main SM background 
processes like ZZ, t and hZ. Results are presented for a set of model parameters and Higgs boson masses in 
terms of signal distributions over the background. It is shown that the heavy mass region is well observable at 
CLIC in types 3 and 4 in the regions not excluded by LHC.
Keywords: 2HDM, Cross section, Decay rate, Heavy neutral Higgs.
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Constraining New Physics by Studying Single Top Quark Production

Roknabady, Maryam; Paktinat Mehdiabadi, Saeid

Department of Physics, Yazd University, P.O. Box 89195-741, Yazd, Iran

Abstract

Standard Model of elementary particles (SM) can not answer all questions of the field and there are strong 
evidences for new physics. One of its candidates is adding a charged scalar particle to SM. In this paper, 
constraints on coupling of this particle to other SM fermions are investigated under the experimental results on 
single top quark production in both s and t channel.
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Coupled Channel Interaction in Lattice QCD

Faisal, Etminan1

1 Physics Group, University of Birjand, Birjand
Abstract

We study wave interactions in the system by using the coupled-channel HAL QCD method. The 

potentials which are faithful to QCD S-matrix below the threshold are extracted from Nambu-Bethe-Salpeter
wave functions on the lattice in Flavor Limit. For the simulation, we employ -flavor full QCD gauge 

configurations on a volume at MeV. The obtained scattering observables shows that the coupling 

between and channels is weak. In addition the interaction is attractive at low energy and stronger 
than the interaction.

Keywords:Lattice QCD, HAL QCD method, interaction
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Determination of noncommutative parameter through pair annihilation process

Ekrami Nasab, Vahid ;Moosavi Nejad, S. Mohammad
Faculty of physics, Yazd University, Yazd

Abstract

Different processes have been yet studied in the noncommutative standard model (NCSM) and various limits on 
the scale of noncommutative parameter has been determined. In the present work we, for the first time,
investigate the hadron production process through pair annihilation in the NCSM to the second-order of 
noncommutative parameter ( ) and depend on the experimental data we determine a low limit for the NC
scale.
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Higgs Decay to Three Real Scalar Bosons
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Abstract

In this paper we study the standard model of particle physics with an extra siglet scalar particle. We assume
that the mass of this new particle is less than 40 GeV in order to examine the decay of the Higgs to three real 
scalar bosons. Consequently, we find some bounds on the mass of the scalar particle.

Keywords: Beyond standard model, Higgs Particle, Scalar Particle
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Abstract

Beauty hadron decay is a unique laboratory for the standard model (SM) and beyond. In these laboratories, 
they study the properties of charmonia mesons, charmonia final states and charmonium-like states. Many 
interesting measurements in heavy-flavour physics, both in the SM framework, involve the decay of heavy-
flavoured hadrons into final states with neutral particles that are difficult or impossible to reconstruct with 
collider detectors. For the theoretical description of many of these decays, an understanding of the strong final
state interactions in terms of amplitude analysis techniques, with tight control over the magnitudes and phase 
motions of the various partial waves involved is required. In this article, we have investigated three-body 
decays B0

s c1
+ - and B0

s
+ - using the method of factorization and intermediate resonance in 

three mb scales. We obtained the branching fractions of these two decays, respectively, 3.47±2.93 and 
7.75±3.73 at =mb, which is consistent with the experimental values.
Keywords: Charmonia mesons, Factorization, B mesons, Branching fraction, Three-body
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Abstract

In this study, we have investigated the expected sensitivity of the production of one photon plus two jets through
vector boson fusion in proton-proton collisions to the parameters of effective field theory. We have used deep 
neural networks to increase the sensitivity. this study is performed at the center of mass the energy at 

, which can be compared and analyzed with the data of CMS in CERN in Run- II.
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Determining the polarized structure function using Laplace transformation
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Abstract  
Using the Laplace transformation we consider the polarized structure function of proton and neutron at LO and 
NLO approximations. For this purpose it is needed at first, using this transformation, to obtain the parton 
evolution equations in Laplace space. This transformation is used to obtain an analytical and also numerical 
solutions of  parton evolution equations which are an efficient method to obtain  parton densities at high energy 
scales. Using the Laplace transform lead us to moment of nucleon structure functions. To obtain the structure
functions in terms of  x-Bjorken variable, we employ the technique of Jacobi polynomials. In continuation we 
compare the g1 as polarized nucleon structure function with the available experimental data and also some 
phenomenological models to confirm the validation of computations. Our results are in good agreement with 
the data and models.
Keywords: Polarized structure function, Laplace transform, LO and NLO approximation.
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Systematic study of the shell model for even-even isotopes by Oxbash code
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Abstract

In this paper, by using the oxbash code and choosing the appropriate potential, the energy levels are calculated and the 
correctness of the shell model for the even-even isotopes of Oxygen element ( )   We examined this 
code determines the excitation energy of the ground state of each isotope. It also determines the probability of placing 
nucleons in levels. After running the energy code, we compare the obtained energy with the experimental results and the 
potential whose results match the experimental results is selected In this paper, in addition to comparing the energy levels, 
the value of the second to first excitation energy ratio, the deformation parameter and the transition half-life of the 
mentioned isotopes were calculated and compared. 
Keyword Shell Model sd Space OXBASH Code Oxygen Isotops.
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Study of neutron star crust with holography 
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Abstract 

The AdS/CFT correspondence is an important tool for studying the physics of neutron stars. In this paper, by 
using the "top-down" approach and the Witten-Sakai-Sugimoto model, we made a baryonic mixed phase with 
leptonic gas to model the star's crust. Then we consider the nuclear pasta in the crust in different dimensional 
shapes (one, two, and three) and study its effect on the thickness of the crust.
Keywords: Witten-Sakai-Sugimoto model, neutron star modeling, holography.
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Gravitational waves in a two-component dark matter model 
Hosseini, Mojtaba ; Ayazi, Seyed Yaser ; Mohamadnejad, Ahmad

Abstract

We study an extension of the Standard Model (SM) which could have two candidates for dark matter (DM) 
including a Dirac fermion and a Vector Dark Matter (VDM) under new U( ) gauge group in the hidden sector. 
The model is classically scale invariant and the electroweak symmetry breaks because of the loop effects. We 
investigate the parameter space allowed by current experimental constraints and phenomenological bounds. We 
probe the parameter space of the model in the mass range < MV < GeV and < M < GeV. It has 
been shown that there are many points in this mass range that are in agreement with all phenomenological 
constraints. The electroweak phase transition have been discussed and shown that there is region in the 
parameter space of the model consistent with DM relic density and direct detection constraints, while at the 
same time can lead to first order electroweak phase transition. The gravitational waves produced during the 
phase transition may be probed by future space-based interferometers such as LISA and BBO.
Keywords: two-component dark matter, electroweak phase transition, gravitational waves
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Gauge Degrees of Freedom for a System with Two Carroll Particles 
 

Dehghani, Mehdi

Department of Physics, Faculty of Science, Shahrekord University, 115, Shahrekord, Iran 

Abstract

A composite system of two Carroll particle in which are bound by an internal potential, is considered. For a 
non-trivial dynamics, three degrees of freedom fade away by three first class constraints and their fixing 
conditions. In this way, the system becomes a second class one. By the symplectic embedding and adding three 
Wess-Zumino variables, we survive three degrees of freedom as gauge degrees of freedom.  
Keywords: Carroll Particle, Gauging, Symplectic, Wess-Zumino.  
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Study of W Mass Anomaly through the Non-Abelian Dark Sector  
 

Shima, Osloub1; Sara, Khatibi1

1 Department of Physics, University of Tehran, Tehran,

Abstract

In order to explain the Dark Matter problem in particle physics, the dark sector is introduced by taking into account
dark interactions with standard model particles through kinetic mixing. This mixing can also modify
interactions among SM particles which can be casted into the oblique parameters. In this paper, we introduce a
model that assumes the interactions take place through a mediator particle with a spin-1 particle. This has been
shown by adding a non-abelian gauge group to the standard model and mixing it with photons. By proposing this
model, we attempt to explain the discrepancy observed between W mass measurement and the SM prediction.
Keywords: Dark matter, Kinetic mixing, W mass anomaly
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Effective potential in complexity equals anything for black holes with the axion field  
 

Farzizadeh Agel Khadijeh; Babaei-Aghbolagh Hossein; Esmaeili , Habib; Mohammadzadeh, Hosein;

Department of Physics, University of Mohaghegh Ardabili

Abstract

In this paper, the effective potential of the anything complexity of black holes coupled to the axion field is 
investigated. We show that the potential strongly depends on the strength of axion field. By increasing the strength 
of the axion field, the value of the effective potential at the maximum point decreases so that this maximum point 
is always located at a distance between the event horizon and the singularity of the black hole. The existence of 
this maximum point in this interval guarantees that the behavior of the anything complexity growth rate is linear. 
We also show that if the intensity of the axion field is greater than a specific value, the minimum of the effective 
potential becomes negative.
Keywords: complexity- black hole- axion field
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The unintegrated parton distribution functions and the reduced cross section 
 

Badieian baghsiyahi, Zahra; Modarres, Majid

Department of Physics, University of Tehran, Tehran,

Abstract

In this work,(1) we obtain the unintegrated parton distribution functions(UPDFs) by Kimber-Martin-
Ryskin(KMR), Martin-Ryskin-Watt(MRW) and parton branching(PB) methods versus square of the 
transverse momentum and then compare them with each other. It is shown that in small transverse 
momentum they have similar behavier and with the increase of the transverse momentum, the UPDFs of 
the PB tend to zero faster. (2) The reduced cross section is calculate by KMR and MRW methods and they 
are compare with results that are reported by PB group. 
Keywords: unintegrated parton distribution functions, transverse momentum, reduced cross section  
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The Relic Density of Sterile Neutrino Dark Matter 
Heidari Sichani, Fatemeh; Shakeri, Soroush1

1 Department of Physics, Isfahan University of Technology, Isfahan 

Abstract 

In this paper, we consider the cosmological relic density of the sterile neutrino dark matter in the light of an 
effective model based on the fundamental symmetries of the standard model(SM). We assume to have three types 
of sterile neutrinos and the effective interactions allow the decay of the sterile neutrinos to photons and SM 
neutrinos. In our scenario, the over density of the electron type sterile neutrinos will be diluted by the entropy 
production generated in decay of muon type sterile neutrinos. We find a parameter space of the model in order 
to produce the correct dark matter density to be consistent with the latest measured values obtained from CMB 
observations.     
Keywords: Dark Matter, Sterile Neutrino, Early universe, Entropy production, relic density  
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A Novel Approach to the Chern-Simons Number of the Sphaleron 
 Based on the Strong CP Problem 

Eslambolchi Moghadam, Poupak; Sadat Gousheh, Siamak1

1 Department of Physics, Shahid Beheshti University, Evin, Tehran 

Abstract 

After introducing the massless QCD model containing the first-generation light quarks and reviewing the 
fermion path integral in the instanton field background, the role of the sphaleron in the nontrivial vacuum 
structure is investigated. It is also shown how the strong CP problem leads to the half-integer Chern-Simons 
number for the sphaleron. 
Keywords: strong CP problem, sphaleron, instanton, Chern-Simons number, vacuum structure 
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 Nuclear effect and the non-singlet nucleon structure functions in neutrino -
nucleon scattering  

 
Akbari Ahmad Mahmodi, Marzieh; Merjalili, Abolfazl 

Department of Physics, Yazd University, Yazd 

Abstract

Here we perform an QCD analysis for nucleon structure function in  non-singlet  at NLO accuracy. On this 
base the moment of xF3 structure function, using the renormalization group equation will be obtained. 
Employing the inverse Mellin transformation, we convert the moment space to Bjorken space and extract the 
results for structure function in terms of x-Bjorken variable. In continuation, using the nuclear analytical 
relation, which exists for moment of nucleon structure function, we calculate xF3 structure function in Iron 
nucleus. The result is in good agreement with the available experimental data. For more confirmation to 
validate the utilized theoretical method, we calculate the ratio of GLS sum rule for bounded nucleon structure 
function in Deuteron and Iron to free nucleon. The results are indicating the acceptable behaviors. The 
advantage of the used analytical method is that we do not need  to use any fitting over the e experimental data.     
Keywords : Neutrino nucleon scattering, xF3 structure function , Nuclear effect.
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Study of the moments of the valence quark distribution functions of the pion

Akram Ghaffarian Eidgahi Moghaddam1; Fatemeh Taghavi-Shahri1; Marzieh Mottaghizadeh1

Samira ShoeibiMohsenabadi2

1Department of Physics, Ferdowsi University of Mashhad, P.O.Box 1436, Mashhad, Iran
2School of Particles and Accelerators, Institute for Research in Fundamental Sciences (IPM), P.O.Box 19395-5531, Tehran, 
Iran

Abstract 

In this article, we obtained the parton distribution functions of the valence quarks in the pion using the Valon model 
and then compared it with the experimental data from E615. We also calculated the first to fourth moments of the 
pion and compared it with other results. There is a good agreement between our results and the experimental data 
and other models.
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MicrOmegas

Dark matter indirect search constraint on inert doublet model 

, Alireza ZafariShehu AbdusSalam

Department of Physics, Shahid Beheshti University, Tehran

Abstract

This article addresses an analysis based on the possible relation between the excess photon signals in the center of 
the Milky Way galaxy and dark matter annihilation processes within the context of an inert doublet model (IDM). 
The annihilation cross-sections within the IDM parameter space were computed using MicrOmegas package for 
computing particle dark matter candidate characteristics of beyond the standard models of particle physics. The 
result shows that most of the IDM parameter space regions are compatible with the hypothesis of dark matter particle 
annihilation as the source of the excess photon signals from the center of the Milky Way galaxy. 
Keywords: Inert Doublet model, dark matter annihilation, dark matter, galactic center, milky way, dwarf spheroidal 
galaxy, annihilation cross section
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Abstract

In this paper we have studied about the branching ratio of the decays that has been reported by the LHCb 
collaboration for the first time. According to this branching ratio we have investigated two different decays, 
individually.   First decay is related to the 0 * *( )s sBR B D D . It has a vector meson and a pseudoscalar meson. 
We calculated the branching fraction of the 0 * *( )s sBR B D D by QCD approach and (NLO). Experimental 
value and our results for this decay are (3.9 0.8) 10-4 and (3.228 0.5) 10-4, respectively. The second 
decay is 0 *( )sBR B D D . It has a vector meson and a psuedoscalar meson, too. Where that has been 
measured for the first time by BeLLe collaboration. The experimental value and our calculation are (8.0 1.1)

10-3 and (7.268 0.6) 10-3 ,respectively. In the last part of the article we estimated the value of the 

branching ratio of the 
0 * *

0 * *

( )
0.04 0.008

( )
s s

s

BR B D D

BR B D D
and the experimental value of it that reported  by LHCb 

in the 2021 is 0.049 0.006 0.003 0.002 .
Keywords: Branching ratio, vector meson, psuedoscalar meson.
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Studying the Relativistic Density Functional Theory with Emphasis on the Point-
Coupling Model 
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Abstract

The theory of relativistic density functional is a method which is employed for studying the electron density of 
heavy atoms that exhibit relativistic effects. In this article, we consider the relativistic point-coupling model, 
providing insights into the significance of the theory and its applications in various branches of physics, 
including nuclear physics. We present an explanation of the relativistic point-coupling model and describe the 
method for calculating the energy density functional.

Keywords: Relativistic Density Functional Theory, Point-Coupling Model, Nucleon Field
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Calculation of coupling constant using the event shape variable
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Abstract

In this article, we calculate the value of the coupling constant using Monte Carlo simulation data in electron-
proton and proton-proton interactions. For this purpose, at first, using the multiplicity of C parameter in
different center of mass energies, the average value of this parameter is calculated. Then, we obtained the value 
of the coupling constant, by fitting the relationships in the Dispersion model on the average distribution 
diagram of the event shape variable C in terms of the energy of the center of mass. By comparing our results, it 
can be observed that there is consistency between these values in two interactions and also with the predicted 
values in the QCD. More details about this research are fully explained in the text of the article.
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