
  

The Stationary Points and Structure
High-Energy Scattering Amplitude

A.P. Samokhin  and  V.A. Petrov

20.09.2017

IHEP,  PROTVINO



  

The classical elastic scattering



  

Hadron-hadron interaction



  

The total cross-section growth



  

Approximate Geometrical Scaling in 
the ISR energy region 

T(s,b) = T(b/R(s))

d/dt = R4 F(R2t) 


el
(s)

 
~ 

tot
(s) ~ B(s) ~ R2(s)



  

The differential cross-sections



  

Energy evolution of dσ/dt
at fixed values of transferred 

momenta

       t⁎ GeV2 ,  ⁎(s)  dst⁎)/dt  mbGeV2

Stationary point (t⁎,⁎) of d/dt



  



  

At t=t⁎ the growth of 
0
(s) and 

growth of the local slope in d/dt 
compensate each other, but due to 
the unitarity this stationarity has a 
transitory character and must be 
followed by decreasing of d/dt



  

Suggesting that the stationarity persists up to 13 TeV we can anticipate that

If we assume that at 13 TeV then according to

the mean value of the local slope at 13 TeV is  

The TOTEM Collaboration exhibits the preliminary unnormalized 13 TeV

data for  d/dt  in the  0.05 < |t| < 3.5 GeV2 region. The suggestion ()

()

enables us to normalize these data and have got the values for d/dt :  



  

Predictions for d/dt at 13 TeV



  



  

The differential cross-section for pp-elastic scattering at 13 TeV 
                                   in our normalization 



  

d/dt at the ISR and the LHC 
( 7 and 13 TeV ) energies

An evidence of the second stationary point at



  

d/dt in the vicinity of t = - 2.3 GeV2



  

Instead of the expected simple energy-independent behaviour d / dt  const |t| -8

(A. Donnachie, P.V. Landshoff  1979)  the differential cross-section reveals in this 

t-region the second shrinking diffraction cone. The simplest way to understand  

this empirical fact is to assume that the high energy pp elastic scattering amplitude

T(s,t) in the region  0  |t|  4 GeV2  is a sum of two similar terms

The dip-bump structure in  d/dt  is due to the interference of these terms

where  
1
(s,t)  and  

2
(s,t)  are the phases of  A

1
(s,t)  and  A

2
(s,t)  respectively.



  

The growth of  
tot

(s)  and  B(s) are universal properties of the hadron-hadron 

scattering.  Because the stationarity of d/dt  is a consequence of the correlated 

 growth of  
tot

(s)  and  B(s)  we can anticipate that the existence of the two  

stationary points and the two-component structure of the high energy elastic

scattering amplitude  are general properties for all elastic processes.



  

1. The ISR and the 7 TeV LHC data give an evidence of a stationary point of d/dt.

2. This scaling property is equivalent to the connection between the slope and 
tot

(s).

3. The stationarity has  the compensatory nature and the transitory character.

4. Supposing the validity of the stationarity of d/dt up to 13 TeV we normalize the

preliminary 13 TeV TOTEM data and have got the values for d/dt at 13 TeV. 

5. These data give an evidence of a second stationary point in the region beyond

the second maximum of d/dt. It means that the high energy elastic scattering  

amplitude is a sum of two similar terms.

6. We argue that the above properties are general for all elastic processes.



  

Thank you !
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