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*

around t ~ 103 (GeV/c)2 Ahadronic ACoulomb

INTERFERENCE

CNI = Coulomb – Nuclear Interference

scattering amplitudes modified to include also electromagnetic contribution

hadronic interaction described in terms of Pomeron (Reggion) exchange

electromagnetic single photon exchange

 =  |Ahadronic + ACoulomb|
2

unpolarized  clearly visible in the cross section d/dt

polarized  “left – right” asymmetry AN
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Scattering process described in terms of Helicity Amplitudes i
All dynamics contained in the Scattering Matrix M

(Spin) Cross Sections expressed in terms of

spin non–flip

double spin flip

spin non–flip

double spin flip

single spin flip

?  M 

identical spin ½ particles

observables:

3 -sections

5 spin asymmetries

- GPDs  electromagnetic FF 

- GPDs  gravimagnetic FF 



Generalized  Parton Distributions -GPDs

Electromagnetic 

form factors

(charge 

distribution)

Gravitomagnetic 

form  factors

(matter distribution)
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O.V. Selyugin,  Phys.Rev. D 91, 113003 (2015) 



1 1 ˆln( )

1 2
ˆ( , ) ( ) ( ) ;t sB

emF s t h G t s e 1 1 ˆ/4 ln( )2

3 3
ˆ( , ) ( ) ( ) ;

t sB

AF s t h G t s e




1 1 3 2
ˆ ˆ ˆ ˆ ˆ( , ) ( , ) (

( ,

1 / ) ] ( , ) (1 /

;

) ]

)

B B B

B

odd

F s t F s t R s F s t R

F s

s

t

   



/

0

2

0

2ˆ

s 4 .

/ ;i

p

s s s

m

e 





Extending of model (HEGS1) – O.V. S. Phys.Rev. D 91, (2015) 113003
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O.S. - New methods for calculating parameters of the diffraction

scattering amplitude,  "VI Intern. Conf. On Diffraction...", Blois, France,(1995).

O.S.   “Additional ways to determination of structure of high energy elastic scattering

amplitude”                   arxiv.org:[hep-ph/0104295]

P. Gauron, B. Nicolescu, O.S. “A New Method for the Determination of the Real Part of the 

Hadron Elastic Scattering Amplitude at Small Angles and High Energies”  

Phys.Lett. B629 (2005) 83-92
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Yu.M. Antipov et al., 

Preprint IHEP (Protvino) 

76-95 (1976)

Problem:
Compare non-exponential and

exponential forms

O.V. Selyugin

Int.workshop, Protvino 

(1982)
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V.A. Tzarev Model of complex Regge poles

Preprint NAL-Pub-74/17, 1974; DAN-USSR, v.95 (1977)
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Fit over (q)Ukr.J. Phys., v.41 (1996)
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Screening long range potential
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Proton-antiproton scattering



NEW       EFFECT
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O.V. Selyugin, Phys.Lett. B 797,  134870  (2019).
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HEGS  model analysis
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We examined two different forms. One is the 

simple exponential form
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( ) ( ) ;

d
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The result was obtained with a sufficiently large addition coefficient of

the normalization n = 1/k = 1.135. It can be for a large momentum transfer, but

unusual for the small region of t.

Let us put the additional normalization coefficient to unity and continue

to take into account in our fitting procedure only statistical errors.

The parameters of the additional term are well defined 

hd = 1.7 ± 0.01; ρd =−0.45 ± 0.06;   Bd = 0.616 ± 0.026; d = 1.119 ± 0.024.

Modern Physics Letters A, V. 36, No. 18 (2021) 2150148.







k(d) model

0.87 525/415 106.1 0.146

0.87 Fd=0 515/425 106.2 0.142

0.87 527/425 106.2 0.148

1 Fd(rd) 539/425 113.2 0.109

1 Fd (rd) 549/425 113.2 0.113

1 Fd(exp) 550/425 112.6 0.115
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Analysis of the all LHC data (878 experimental points)
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* Summary

 The experimental data show some periodical 

structure in the Coulomb-hadron interference region of t 

and in a wide energy region.

 The small period of the “oscillation” is related with the 

long hadron    screening potential at large distances. 

An additional term with large slope is require

for the quantitatively description of the experimental data 

in the case of the standard normalization of 13 TeV data



 More experimental data in the Coulomb-hadron 

interference region  are needed.  [NICA (low energy) 

and LHC(high energy)]   

It is crucial that the experiments measure –

and                    simultaneously.

Such term leads to the increasing

the size of 

and decreasing the size of 

( , 0)s t 

Preliminary analysis of whole sets of high energy 

experimental data support the existence such 

anomalous term.
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O.S. – J. Nucl.Phys. (Yad.Phys.) v.55 (1992)



pp  - 7 TeV      

(TOTEM)

- TOTEM parameters 

s_tot=96.4 mb  B=20.3 GeV-2; C=-0.05; n=1.08

TOTEM parameters; r=0.141

- - - - stot=96.4 mb;    B=19.9 GeV-2;  r=0.1 

;  

r=

0

. . . . . . . .     stot=96.4 mb;    B=19.9 GeV-2;  r= -0.05 ;  

O.S. Nucl.Phys. A 922 (2014)



Total cross sections
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