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Kinematics of the collisions of hadrons
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 Here - proton mass, we use the system of the physical
units with , - system mass energy of protons.

pm

1c  S



Kinematics of the collisions of hadrons
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In the laboratory systems, where second proton is in      

the rest    ( 4) 

and four dimensional momentum of the falling proton 

denote as 
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Kinematics of the collisions of hadrons
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Main hypothesis 

As you know, in the laboratory frame the incident particle (hadron) is

attened in the direction of the movement due to the Lorentz 

contraction. In this case, transverse degrees of freedom (x and y) are 

important since at high energies the kinetic energy of the hadron 

constituents (partons) is much larger than the energy of their 

interaction. Therefore hadron moving at a speed close to the speed of 

light can be seen as a set of almost free partons. Since components 

of hadron move in unison before collision therefore this state of a 

hadron can be considered as a coherent state of its transverse 

excitations i.e. partons.

The main hypothesis is that the incident particle is a coherent state of

partons i.e. transverse excitations on horosphere of the relativistic 

Lobachevsky momentum space.

Yu.A. Kurochkin, Yu.A. Kulchitsky, S.N. Harkusha, N.A. Russakovich 

Hadron as coherent state jn horosphere of the Lobachevsky 

momentum space. Письма в ЭЧАЯ 2016 Т.13, №3 (201)б 454-460. // 

Phys. Part. Nuclei Lett., 2016, V. 13, № 3, P. 285-288.



Quasi Cartesian coordinates on the horosphere of 

Lobachevsky momentum space
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Quasi Cartesian coordinates on the horosphere of 

Lobachevsky momentum space
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Metric element in these coordinates expressed as follows 

The element of the volume in the momentum space in the 

horospherical (quasi Cortesian)  coordinates
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Quantum mechanical variables (momenta, coordinates) on 

horosphere
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Creation and annihilation operators connected with our 

problem
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Heisenberg-Weyl algebra is the base for definition of the 

coherent states

Yu. A. Kurochkin, I. Rybak, Dz. V. Shoukovy Coherent states on the horosphere of the three 

dimensional Lobachevsky space. Doklady NAS Belarus 2014
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Heisenberg-Weyl algebra in terms of the creation and 

annihilation operators

 where corresponds to and

 Definition of the coherent states and some

 properties
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Definition of the coherent states and some 

properties

 -vacuum state,
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Average number of the excited quanta


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Coordinate representation of coherent states
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Momentum representation of coherent states
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Fitting of the experimental data



Denotations to previous pictures

 p0 = 1.26 0.15, p1 = 0.21 0.03, 

p2 =0.40 0.03. 
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
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Conclusion to part I

 Thus, in our approach, we distinguish

two stages of the process.

 1. At each stage, the spatial

distribution of hadronic matter is

different.

2.In the first stage it is two-

dimensional, on the second it is three-

dimensional.



Quark in external gluon field of magnetic type
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II Coherent states of particles moving in constant homogeneous non-Abelian
gauge fields and dynamical nature of characteristic size hadrons.
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Non –Abelian color field
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Quark in external gluon field of magnetic
, 

, 

,

,  

, 

,

,

(35)

(34) 1( )a ai p gT H x m    

1( I ) ,ki p g x m     

3 8 1 2 4 5

1 2 3 8 6 7

4 5 6 7 8

1

3

1 1

2 3

2

3

a a

H H H iH H iH

T H H iH H H H iH

H iH H iH H

 
   

 
 

    
 
 
    
 

0a aT H   

(36)

(37)



Quark in external gluon field of magnetic type
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Quark in external gluon field of magnetic type
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Quark in external gluon field of magnetic type
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Conclusion to part II 

 Thus, we showed the principal possibility of

introducing coherent states of particles moving in

constant homogeneous non-Abelian gauge fields

and interacting with these fields.

 An important feature of the considered model is

that here each "color" degree of freedom

corresponds to its characteristic size



Part III The model of scalar hadron on the base of classical 

field theory

 The task of this part of the talk the further

development of field-theoretical models for describing

hadrons as coherent states as transverse excitations,

considered as partons, determining the limitations

imposed by the field-theoretical model on the initial

phenomenological model.

 In this part, we consider the case of the Klein-Fock

equation describing a scalar relativistic particle, for

example, - meson.



Separation of transverse and longitudinal variables in 

the Klein-Fock equation and the Levy-Civita 

transformation
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Separation of transverse and longitudinal variables in 

the Klein-Fock equation and the Levy-Civita 

transformation

We will seek the solution of equation (45) by dividing the 

variables into "transverse" and "longitudinal" variables. 

Obviously, before the introduction of the interaction that 

separates the direction in space, the separation of 

variables into "transverse" and "longitudinal" parts is 

conventional. Then the solution of equation (45) can be 

represented in the form

(47)                                                                                 
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Separation of transverse and longitudinal variables in 

the Klein-Fock equation and the Levy-Civita 

transformation

(48)
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Levy-Civita transformation (complex functions).

we made next substitution in (48) : 

and introduce new variables

than this equation presents as follow 
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Levy-Civita transformation (functions of the double 

variable).

 In equation (49) we made transformation of variables

 and 

 Here analytical functions over the double variable 

are used

 Then instead (49) we have:
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Introduction of the coherent states
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Introduction of the coherent states
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Heisenberg-Weyl algebra
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Coherent states
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Reciprocaly invariant  equation

2 2 2 2
2 2 2 '2

1 2 2 2 2 2
( ) ( ' ' ' ) 0,

' ' ' '
L L    

   

       
           

   

1 1 2 2 1 1 2 2 1 2 3 42 2 0a a a a b b b b n n n n                

(69) 

(70) 



Solutions. Coordinate represantation
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Solutions. Momentum represantation
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Conclusions
 In this part it is shown that by performing Lévi-Civita

transformations in the Klein-Fock equation and

seperating the variables into "transverse" and

"longitudinal“ it is possible to define coherent states

in a standard way. Solutions of the Klein-Fock

equation in the form of coordinate and impulse

representations of the data of coherent states are

found. The "transverse" variables are interpreted as

the parton degrees of freedom of the hadron (-

meson) described by the scalar Klein-Fock equation.

It is established that in this approach the number of

partons depends on the energy and longitudinal

degrees of freedom.
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