
 
 

(A. K. Kohara, E. Ferreira, T. Kodama) 
 
 

 
 
 

pp Elastic Scattering Amplitudes in t and 
b Spaces and Extrapolations to Cosmic 

Ray Energies 
 

09 September 2013 

EDS Blois Workshop  2013 

IF/UFRJ 



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

Coulomb Phase 



Nuclear amplitudes 



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 



Quantities in forward  scattering   

Total cross section 

Real/Imaginary   



Quantities in forward  scattering   

Total cross section 

Real/Imaginary   

2 Real  and  Imaginary  slopes 



Differential cross sections 



Differential cross-sections   
comparison  of  52.8  GeV  and  7 TeV   



Coulomb 
interference    

very low |t| region 



Amplitudes in t space 

Slopes   
 BI = 19.77,   BR = 30.2   

 Real zero by Martin      Imaginary  zero near  the dip  

Attention :  different  imaginary and real slopes   



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  



Long t region (compare with 52.8 GeV) 

universality?? 
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Amplitudes  



 Partial cross sections : dip formation   



 Prediction of dip for large |t| 



Energy dependence of the parameters 

Imaginary quantities 



Energy dependence of the parameters 

Imaginary quantities 

Real quantities 



b space amplitudes 

Fourier Transform 
 
 
 
we have analytical forms  
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Fourier Transform 
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With the shape functions  
 
 
                                                                                                                               
 
 
 



b space amplitudes 

At b=0 

Fourier Transform 
 
 
 
we have analytical forms  
 
                                                                                                                  
 
With the shape functions  
 
 
                                                                                                                               
 
 
 

Yukawa like 





Real amplitudes in b space 
 

Parts of the real amplitude for 7 TeV 
 



Imaginary amplitudes in b space 
 

Parts of the imaginary amplitudes for 7 
TeV 
 



Eikonal representation 

The amplitudes in the b space are 
 
 

with the complex eikonal 



Eikonal representation 

The amplitudes in the b space are 
 

with the complex eikonal 

and the real and imaginary parts are 



Eikonal representation 

The amplitudes in the b space are 
 

with the complex eikonal 

and the real and imaginary parts are 

To avoid this pole we expect 



Eikonal representation 



The unitarity condition of the scattering amplitude can be 
expressed as 

which is equivalent to say                                  . 

In terms of amplitudes this  corresponds  to 

for all s and b. 

Unitarity 

These are satisfied by our representations. 



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

, , 

and identify adimensional differential cross sections 



Inelastic cross sections 



Cosmic ray 



Conclusion 

At low energies the growth of the total cross section is dominated by the  
 
gaussian distribution, on the other hand for large energies the increase is due  
 
to the shape function of the form  ~                   . A physical interpretation is that  
 
when the energy increases the partonic density starts to saturate in the center  
 
of the proton  but  increases in the periphery due the shape function. 



Thanks 


