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“One doesn’t know explicit form of 

the nucleon matrix element of the EM 

current”

A.Z. Dubnickova and S. Dubnicka
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General Parton Distributions (GPDs)



Sanielevici-Valin (1984) –Valon model – Phys.Rev.D29 (1984).

General Parton Distributions (GPDs)

“matter form factor” (MFF) measures the interaction of a gluonic probe with 

the excited matter of the overlapping hadrons and should incorporate the 

static matter distributions of the participating hadrons…”
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•Form factors in the wide region of  t     (xn-1)

(Compton             - zero momentum     - x-1

electromagnetic, - first momentum       - x0

gravitomagnetic     - second momentum –

x1

* Tomography of the nucleons 

(impact parameter representation)

require the integration on the whole region of  t

Why it is need know the t-dependence of GPDs in the 

wide region of the momentum transfer?



Our ansatz
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1. Simplest;

2. Not fare from Gaussian representation

4. Valid for large t

3. Satisfy the (1-x)n  (n>= 2)
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Pumplin et al. 2002 (CTEQ6M)
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•Form factors in the wide region of  t    

• (xn-1)

(Compton            - zero momentum     - x-1

electromagnetic, - first momentum       - x0

gravitomagnetic     - second momentum – x1



Magnetic transition form factor
*

MG *( )N 

We can also be used to estimate N → Δ transition form factors, 

provided one can relate the N → Δ transition GPDs. 

For the magnetic N → Δ transition form factor G∗M(t),  in the large Nc  limit, 

the relevant N → Δ GPD can be expressed in terms of the isovector GPD

Eu − Ed,  yielding the sum rule
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The Jones-Scadron convention is related to Ash conventional
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The differential cross section for the unpolarized cross section 

that reaction can be written as
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where R ((t), R (t), R (t) are the form factors given

by the 1/x moments of corresponding GPDs

H (x,t), E (x,t), H (x,t).

The last is related with the axial form factors.
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*10     S=8.7  GeV2

S=10.9  GeV2

S=20.  GeV2



B. Kopeliovich,



r. Thomson, A. Pang, Ch-R. Ji,        Phys.ReV., D73 (2006)



Diehl, P. Kroll  (2013)



General Parton Distributions -GPDs

Electromagnetic 

form factors

(charge 

distribution)

Gravitation 

form  factors

(matter distribution)
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Elastic scattering amplitude
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TOTEM 7TeV





13 TeV (line and points) and 7 TeV – dashed line

( The normalization of the 13 TeV data on the model calculations)

O.V. S. Nucl.Phys. A,959 (2017); arxiv: 1609.08847 



13 TeV (TOTEM)  - (Mario Deile  “EDS(Blois)-17, Prague, June 26-30, 2017 )

+ HEGS model predictions    O.V. S. Nucl.Phys. A,959 (2017); arxiv: 1609.08847 

t [0.0008 – 0.019]          n=0.9 √s = 13 TeV, β* = 2500 m



The contribution in the density of the neutron 

u-quark (hard line) and (- d) – quark (dashed line)

M. Burkardt, Phys.Rev. D74 (2006)
O.V.S.,  O. Terayev,    Phys.Rev.D79:033003,2009
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Angular-dependent contribution to quark transverse density of the proton
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Summary

*   The GPDs reflect the basic properties of the hadron structure and gave 

some bridge between the many different reactions.

• The new form of the t-dependence of GPDs allow to obtain

the different form factors, including

Compton form factors, electromagnetic form factors, 

transition form  factor, gravitomagnetic form factor.

• The our model GPDs leads to the well description of the proton and neutron

electromagnetic form factors simultaneously.   

*     The compare the calculations and full row of the data 

shows the preference the “Polarization” case.



• In result, the description of the different reaction based on 

the same   representation of the hadron structure.

• Especially it is concern the  high energy elastic hadron scattering

*    The new High Energy Generalized Structure model (HEGS) gives the      

quantitatively  description of the elastic nucleon scattering at high energy 

with only 6 fitting high energy parameters.

The predictions of the model based on the obtained 

electromagnetic and  gravitomagnetic form factors,  

good coincide with the preliminary  data at 13  TeV.

• The investigation of the nucleon structure  show that the density of the matter

more concentrated  into nucleon than the charge density.

* The model open the new way to determine the true form of the GPDs and 

standard parton distributions

Summary
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