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Deep Inelastic Scattering (DIS)

W 2 = (p + q)2 = M2
p + 2p · q + q2

If W = Mp , µ2 = −q2 ⇒ x = µ2

2p·q = 1 ⇒ elastic scattering
W 2 � M2

p ⇒ Inelastic
µ2 � M2

p ⇒ Deep

R. Devenish and A. Cooper-Sarkar, Deep Inelastic Scattering (Oxford, 2003).
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Parton Distribution Functions (PDFs)

dσ
dxdµ2 =

2πα2

xµ4 (Y+F2(x , µ2)± Y−xF3(x , µ2)− y2FL(x , µ2)) (1)

The factorization theorem states that the structure functions Fi can be
written as the convolution of the nonperturbative parts and the hard
coefficient functions which can be calculated in pQCD.

Fi(x , µ2) =
∑

a=q,g
Ci,a(αs , µ

2)⊗ fa(x , µ2) (2)

xfa(x , µ2) ≡ Parton Distribution Functions (PDFs)

J. J. Ethier and E. R. Nocera, Ann. Rev. Nucl. Part. Sci. 70, 43-76 (2020).
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Hard Exclusive Processes

t = (p′ − p)2 = −Q2 ξ ≡ skewness

K. Goeke et al., Prog. Part. Nucl. Phys. 47, 401-515 (2001).
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Elastic Scattering from a Finite Size Proton

dσ
dΩ =

(
dσ
dΩ

)
Mott

εG2
E (Q2) + τG2

M(Q2)

ε(1 + τ)
(3)

τ =
Q2

4m2 , ε =

[
1 + 2(1 + τ) tan2 θ

2

]−1

M. E. Christy et al., Phys. Rev. Lett. 128, 102002 (2022).
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Elastic Scattering from a Finite Size Proton
The Sachs FFs GE and GM are usually expressed in terms of the Dirac
and Pauli FFs of the nucleon, F1 and F2,

GM(Q2) = F1(Q2) + F2(Q2) ,

GE (Q2) = F1(Q2)− Q2

4m2 F2(Q2) . (4)

The Dirac and Pauli FFs are related to the unpolarized valence GPDs Hq
v

and Eq
v at zero skewness,

F p
1 (Q

2) =
∑

q
eqF q

1 (Q
2) =

∑
q

eq

∫ 1

0
dx Hq

v (x , µ2,Q2, ξ = 0) ,

F p
2 (Q

2) =
∑

q
eqF q

2 (Q
2) =

∑
q

eq

∫ 1

0
dx Eq

v (x , µ2,Q2, ξ = 0) . (5)

M. Diehl and P. Kroll, Eur. Phys. J. C 73, 2397 (2013).
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Physical Processes Involving GPDs
Elastic scatterings: GPDs at ξ = 0

Elastic lepton-nucleon scattering
Elastic (anti)neutrino-nucleon scattering
Wide-angle Compton scattering (WACS)

Hard exclusive processes: Whole GPDs
Deeply virtual compton scattering (DVCS)
Deeply virtual meson production (DVMP)
Time-like Compton scattering (TCS)
Heavy vector meson production (HVMP)
Single diffractive hard exclusive processes (SDHEPs)
Central exclusive production (CEP) processes at LHC

M. Diehl, “Generalized parton distributions,” Phys. Rept. 388, 41-277 (2003).
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Other Quantities Related to GPDs
The axial form factor:

GA(Q2) =

∫ 1

0
dx

[
H̃u

v − H̃d
v

]
+ 2

∫ 1

0
dx

[
H̃ ū − H̃ d̄

]
(6)

The charge and magnetic radii of the nucleon:〈
r2
E
〉
= −6dGE

dQ2

∣∣∣∣
Q2=0

,
〈
r2
M
〉
=

−6
µ

dGM
dQ2

∣∣∣∣
Q2=0

(7)

The gravitational form factors (GFFs):∫ 1

−1
dx x

∑
q

Hq = M2(Q2) + ξ2D(Q2) (8)

The total angular momentum:

Jq(Q2) =
1
2

∫ 1

−1
dx x [Hq + Eq], (9)
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The Mechanical Properties of the Nucleon
If we define the Fourier transform of the GFF D(t = −∆2) as

D̃(r) =
∫ d3∆

(2π)3 e−i∆r D(−∆2) , (10)

we can compute the pressure p(r) and shear forces s(r) as follows

p(r) = p(r) = 1
6m

1
r2

d
dr

(
r2 d

dr D̃(r)
)

, (11)

s(r) = s(r) = − 1
4m r d

dr

(
1
r

d
dr D̃(r)

)
. (12)

The nucleon’s mechanical and mass radii are related to the GFF D(t):

〈r2〉mech =
6D(0)∫ 0

−∞ D(t) dt
, 〈r2〉mass = 6A′(0)− 3D(0)

2m2 . (13)

M. V. Polyakov et al., Int. J. Mod. Phys. A 33, no.26, 1830025 (2018).
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Various Approaches to Access GPDs

GPDs or their moments can be calculated utilizing various
theoretical models and techniques such as lattice QCD, chiral
quark-soliton model, light-front Hamiltonian approach,
nonrelativistic and light-cone constituent quark model, nonlocal
chiral quark model, and so on.
However, GPDs are nonperturbative objects like PDFs and can not
be determined from the first principles of perturbative QCD.
GPDs are usually determined through the QCD analysis of the
experimental data.

M. Diehl and P. Kroll, Eur. Phys. J. C 73, 2397 (2013).
K. Kumericki, S. Liuti and H. Moutarde, Eur. Phys. J. A 52, 157 (2016).
H. Hashamipour, M. Goharipour et al., Phys. Rev. D 107, 096005 (2023).
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Previous Studies

H. Khanpour, M. Goharipour and V. Guzey, Eur. Phys. J. C 78,
no.1, 7 (2018).
H. Hashamipour, M. Goharipour and S. S. Gousheh, Phys. Rev. D
100, no.1, 016001 (2019).
H. Hashamipour, M. Goharipour and S. S. Gousheh, Phys. Rev. D
102, no.9, 096014 (2020).
H. Hashamipour, M. Goharipour, K. Azizi and S. V. Goloskokov,
Phys. Rev. D 105, no.5, 054002 (2022).
H. Hashamipour, M. Goharipour, K. Azizi and S. V. Goloskokov,
Phys. Rev. D 107, no.9, 096005 (2023).
F. Irani, M. Goharipour, H. Hashamipour and K. Azizi, Phys. Rev.
D 108, no.7, 074018 (2023).
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Summary and Conclusions

GPDs have the potential to study hadron structure in three
dimensions (3D).
GPDs are an essential ingredient of different types of elastic
scattering and hard exclusive processes.
GPDs can be determined through the global analysis of the
experimental data just as for PDFs.
The accurate determination of GPDs is required to make precise
predictions for various processes in both low- and high-energy
particle physics, and hence for testing the standard model and
setting the stage for new physics discoveries.

The main mission of MMGPDs Collaboration is to make significant
improvements in the determination of GPDs and their uncertainties. The
extracted GPDs enable us to investigate various aspects of the hadron
structure.

Muhammad Goharipour Study the Nucleon Structure through Generalized Parton Distributions (GPDs)



32

Introduction
Determination of GPDs

The MMGPDs Recent Results
Summary and Conclusions

Muhammad Goharipour Study the Nucleon Structure through Generalized Parton Distributions (GPDs)


	Introduction
	Proton Structure
	Deep Inelastic Scattering (DIS) and PDFs
	Generalized parton distributions (GPDs)
	Physical Processes Involving GPDs

	Determination of GPDs
	Various Approaches to Access GPDs
	Previous Studies
	MMGPDs Collaboration

	The MMGPDs Recent Results
	Impact of GMp12 JLab Data
	Charge and Magnetic Radii of the Nucleons 
	Mechanical Properties of the Nucleon
	The Nucleon Size

	Summary and Conclusions

