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Universalities?
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ISR - a bit of history



Cross-sections
Impact parameter space (Barone, Predazzi):
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Geometric scaling

Opacity is a function of one varible, 
and R(s) grows with energy. Changing variable

constant



Immediate consequences



Immediate consequences

If we neglect χ (indeed ρ parameter is small),
then all cross-sections have the same energy
dependence.



Immediate consequences

If we neglect χ (indeed ρ parameter is small),
then all cross-sections have the same energy
dependence.

Does not work at the LHC!



Geometric scaling at the ISR
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GS at the LHC?



LHC 

V.M. Abazov [TOTEM and D0] PRL 102 (2020) 062003 (Royon odderon paper)



Bump/Dip 
behaviour bump

dip



Bump/Dip behaviour
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Hope for scaling
at the LHC



Bump/Dip 
behaviour bump

         dip



An observation
Phys.Lett.B 856 (2024) 138960



An observation



An observation
The fact that tbump/tdip = const. implies:

bump

dip
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Scaling at the LHC – first step

Bump and dip positions are superimposed. Now we have
to superimpose bump and dip values.



Scaling at the LHC – second step





Momentum space

Construct amplitude that exhibits GS,
gives correct energy dependence of
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gives correct energy dependence of



Momentum space

Construct amplitude that exhibits GS,
gives correct energy dependence of
and satisfies crossing



Identifying Real and 
Imaginary parts

Use rapidity:                        observe                               and expand

As a result, one gets:



Identifying Real and 
Imaginary parts

Use rapidity:                        observe                               and expand

As a result, one gets:

parameter free prediction!
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Dips and bumps

Function          has a zero, which corresponds to a dip

For a hard disc one can compute this integral analytically



Dips and Bumps



Dips and bumps
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Ratio bump to dip



• Bump to dip position ratio is constant from ISR to LHC
• Universal scaling variable
• Crossing and GS and expansion 

• Parameter free prediction for rho parameter 
• Dip and bump structure understood in terms of
 sig_tot and its derivative
• Main properties of total and differential cross-sections
 at all energies
 explained from a simple and intuitive picture based on GS
• But still approximate...

Summary


