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The Glauber formula for the elastic scattering:
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the nucleon-nucleon  elastic scattering amplitude.

Diagram expansion for AB-amplitude:

1)( bS - The condition of unitarity
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Diagrams for Glauber AB-amplitude:
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Optical approximation:

• Optical approximation is determined by the sum of 

diagrams with all the connected parts to be the simplest 

(only single collisions, like (b) );

• It is obviously unitary in the limit of heavy nuclei:
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The tree approximation in the limit A,B>>1

1. The result by Pak, Tarasov, Uzhinsky and Tseren [1]:
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The tree approximation in the limit A,B>>1

[2]. K.G. Boreskov and A. B. Kaidalov. Yad. Fiz. 48, 575 (1988)

2. The formula by Boreskov and Kaidalov [2]:
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with the nucleon distribution:

The result is just the optical approximation.
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Integral representation for the tree Glauber 

amplitude [3].

The model of cylindrical nuclei:
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[3]. M. A. Braun, Yad. Fiz. 45, 1625 (1987).
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An exact expression for S-matrix for b=0:
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We study the special case of two identical nuclei: A=B
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Violation of unitarity.
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For A>>1  |S(0)|>>1, unitarity is violated
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Estimations of A for tree approximation 

to be non-unitary.
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For the estimations total pp cross section was used.

Gevs 303mbnpp 40If (energies about ) the boundary

value of A for tree S-matrix to be unitary is             .53A So, for heavy nuclei, the

tree approximation can’t describe even the region of small energies without

getting in contradiction with causality principle.

For LHC energies mbnpp 10090 and 3A .
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Asymptotic in the limit A,B>>1
1,  vuvu Stationary points for b=0:
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The previous unexact results and our 

integral representation for the S-matrix.
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The formula of Pak et al
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More accurate calculation of the asymptotic:
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   AeS  210 - The result of Boreskov and Kaidalov.

 1vu Singularities on the t-t’-plane,

which destroy unitarity.
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Integration contour for the asymptotic:
Central collisions: 0
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Saddle-point approximation to the Glauber        

S-matrix.
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Saddle-point approximation => fields are determined by 

the saddle-point equations:
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An alternative representation via functional integral:
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The results for the model of cilindrical nuclei and A=B:
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• The tree approximation for Glauber AA-

amplitude is non-unitary for large atomic 

numbers.      

• Unitarity is fulfilled only for not very large A and 

for the rather low energies, when the NN-cross 

section σ has its minimal value.

• It is necessary to take into consideration 

Glauber loop diagrams for the correct 

description of scattering process.

• The saddle-point approximation gives an unitary 

S-matrix for any values of atomic number.

Summary:
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Thank you.


