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•   Elastic differential cross sections  
 
•   t - space amplitudes 
 
•   Regular  behaviour with the energy 
 
•   b - space analytical forms and eikonals 
 
•   Unitarity conditions 
 
•   High energy extrapolations 
 
•   Conclusions 
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Differential cross section and t space amplitudes 

Coulomb Phase 
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Nuclear amplitudes 

Shape functions 

where for  real  and  imaginary  amplitudes    



Nuclear amplitudes 

Shape functions 

where for  real  and  imaginary  amplitudes    

For  |t|=0  we have the forward quantities... 



Quantities in forward  scattering   

Total cross section 
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Quantities in forward  scattering   

Total cross section 

Real/Imaginary   

2 Real  and  Imaginary  slopes 



Differential cross sections 



Universality at large |t|? 

universality?? 



Energy dependence of the parameters 

Imaginary amplitudes 

Real amplitudes 

Influence of p structure  in the low 
energies 
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Imaginary amplitudes 

Real amplitudes 

Influence of p structure  in the low 
energies 



t - space amplitudes 

Forward  region 



t - space amplitudes 

Forward  region 

52 GeV 



t - space amplitudes 

Forward  region 

546 GeV 



t - space amplitudes 

Forward  region 

1800 GeV 



t - space amplitudes 

Forward  region 
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t - space amplitudes 

Forward  region 

Obviously 

7000 GeV 



Evolution of the slopes 

Influence of p structure  in the low 
energies 



Structure behind the data 



Structure behind the data 

7 TeV 

0.546 TeV 

0.0528 TeV 

7 TeV 0.546 TeV 

0.0528 TeV 



Zeros dips and bumps 

Zeros of amplitudes 

dip 

bump 

Zeros, dips  and bumps 



Real and imaginary amplitudes 



Real and imaginary amplitudes 

Region of the dip 



Dominance of the real part at large t 



Dominance of the real part at large t 

7 TeV 

0.546 TeV 

0.0528TeV 



Predictions to pp at 8 TeV 

Data extracted 
by eye from 
preliminar plot. 



Coulomb inteference at 8 TeV 

Region of Coulomb interference 

Testing the Coulomb phase effect 



LHC 14 TeV and cosmic ray 57 TeV extrapolations 

LHC at 14 TeV 

Forward quantities: 

Cosmic ray at 57 TeV  



b space amplitudes 

Fourier Transform 
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Yukawa like 

Large b 



Real amplitudes in b space 
 

Imaginary amplitudes in b space 
 



Eikonal representation 

Introducing eikonal formalism 
 

with the complex eikonal function 
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Eikonal representation 

Introducing eikonal formalism 

with the complex eikonal function 
 

The real and imaginary parts are 

A pole is avoided if 



Eikonal representation 



We write elastic, total and inelastic differential cross sections  in b 
space 

, , 

and identify adimensional differential cross sections 

Inelasticity 



Differential cross sections in b space 



Inelastic cross sections 



Unitarity condition 

is equivalente to                                  

In terms of imaginary amplitude 

for all s and b. 

Unitarity 

These  condition  are  satisfied  in  our  representation. 



57 and 100 TeV extrapolations 



We define the average radius of interaction 

Slopes and total cross section 

From the definition of the imaginary slope  

As  

It follows that 



Relations between cross sections and slope 



Thanks 



Average radius of interaction for the inelastic channels 

Interaction Range 



comparison of pp 7 TeV with  0.0528  TeV  
amplitudes 



Prediction for the large |t| region  

Nuclear amplitudes 

Shape functions 

  The   amplitudes  for  the  data  up  to   |t| = 2.5 GeV²  are  



Prediction for the large |t| region  

Nuclear amplitudes 

Shape functions 

For   large  |t|  

energy   independent !!!! 

For  large  |t| we  add   a  perturbative   tri-gluon  exchange  Rggg   

  The   amplitudes  for  the  data  up  to   |t| = 2.5 GeV²  are  



Large t region (compare with 52.8 GeV) 

universality?? 
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