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“Expected” decreasing and “unexpected” increasing

Unitarily in scattering 
at large S:

2
s Log sσ →∞ ∼

Froissart ’ 1962



“Expected” decreasing

Point-like particles exchange: depends on Spin of the particle!

2( 1)Spin
s sσ −
→∞ ∼



“Expected” decreasing

Point-like particles exchange: depends on Spin of the particle!

If   Spin = 0 :

0sσ →∞ →



“Expected” decreasing

Point-like particles exchange: depends on Spin of the particle!

If   Spin = 1 :

s constσ →∞ →



“Expected” decreasing

Point-like particles exchange: depends on Spin of the particle!

If   Spin > 1 :

const
s sσ →∞ →

This is catastrophe!

No Unitarily = 

No Renormalizability =

NO PHYSICS!



“Unexpected” increasing

BUT!
In nature the cross-section 
increases as quick as 
possible!

2
s Log sσ →∞ ∼



Facts about HE hadron scattering

2. Universality



Universality of the Froissart Bound



Heisenberg picture of the HE hadronic
scattering  (1952!!!)



Heisenberg picture of the HE hadronic
scattering  (1952!!!)



Fireball: analogy 
with atom-bomb 

explosion



Born-Infeld Theory for Mesons in 1+1 dim.
Two scenarios of the HE scattering: “quasi-elastic”

and “inelastic” (decreasing and increasing)

2 21 1 ( )t xL ϕ ϕ= − − −
2 2(1 ) 2 (1 ) 0t xx t x tx x ttϕ ϕ ϕ ϕ ϕ ϕ ϕ− + − + =

Two type of solitons:

( )x tϕ = Φ −( )x tϕ =Φ +



“Quasi-elastic” scenario:
2 21 ( ) 0t xϕ ϕ− − >



“Inelastic” scenario:
2 21 ( ) 0t xϕ ϕ− − <



Meson BI theory in 1+1 dim: integrability, “hidden”
conformal symmetry and String Theory

1) Meson BI theory in 1+1 dim = Theory of Bosonic String 

2 21 1 ( )t xL ϕ ϕ= − − − ( , )
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2 2 2( )L XX X X′ ′= − −

2) Weyl invariance (conformal symmetry) in the String language 
leads to infinite number of the integral of motion in the meson field 
Language

3) Infinite number of the integral of motion  leads to Integrability. 
One can find Full Solution.



Born-Infeld Theory and String Theory

Activity in
Born-Infeld
Field

Fields in Strong coupling regime

Critical phenomena at 0β →

Born-Infeld Theory as effective theory 

Conformal symmetry

String-like objects



Shock-wave solutions of Chiral Born-Infeld Theory

( )( )2 2 21 1 2ChBIL f Tr L Lμ
π μβ β= − − −

( )
2

4W
fL Tr L Lμπ

μ= −
2 21 1 ( )H t xL ϕ ϕ= − − −

0β →0fπ →

L U Uμ μ
+= ∂

exp( / )U i fπφτ=



Shock-wave solutions of Chiral Born-Infeld Theory:
Spherically symmetrical field configurations

2 2
0 02

1( sin ( )) 0r F r
β

− =
0 :r∃

0 0r =

( )F r nφ =

If Problem

If

0 0r ≠else (0 )F const′ =

0( ) 0F r r′ = =

It’s soliton!

It’s Shock-wave profile

2 2 3 2 2 2
2 2 2
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Solutions of Chiral Born-Infeld equation: solitons
and shock-waves



Chiral BI solitons with different topological charges

Solutions with large 
Topological Number
Are Very Unstable!



Chiral Boundary Conditions: shock-wave 
singularity and chiral fermions into the “Bag”

ch ch
q S S

J J π∂ ∂
=

In our model: color-field 
phase is a gas of quasi-
-independent chiral fermions 
produced by singularity of 
Chiral currant  on shock-wave. 

























It’s just effectively “two-dimensional” toy model.

Real 3+1 dimensional case is under consideration now!  



Conclusions:

New version of Heisenberg model of HE hadron scattering was 
proposed.

Solitonic and shock-wave solutions in Chiral Born-Infeld
Theory were studied.

Dynamics of Fireball explosion in this model was considered.

3+1 dimensional results are coming!
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