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Introduction
Impact parameter space (Barone, Predazzi):



Cross-sections
Impact parameter space (Barone, Predazzi):
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A bit of history



Geometric scaling

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

constant



Immediate consequences

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



Geometric scaling at the ISR

G. Antchev [TOTEM] PRL 111 (2013) 012001



Geometric scaling at the ISR
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Geometric scaling at the ISR



Geometric scaling at the ISR



Ratio method





J. Dias de Deus, P. Kroll, APP B9 (78) 157

The fact that geometrical scaling 
is violated in the dip region has been 
attributed to the vanishing of the 
imaginary part of the scattering 
amplitude at the dip.

As a consequence, the dip must
disappear at higher energies ~ 300 GeV



Scaling at the LHC?

G. Antchev [TOTEM] PRL 111 (2013) 012001



Elastic cross-sections

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



Bump/Dip behaviour

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

Hope for scaling
at the LHC



An observation



An observation



Elastic cross-sections

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



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

bump

dip



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



Scaling at the LHC – second step
ratio method





A few observations

• poor quality of lower energy data
• hard to find the best value of α “by an eye”
• try χ2 



Fixing α



A few observations

• poor quality of lower energy data
• hard to find the best value of α “by eye”
• try χ2 
• best value of α is determined by the lowest energy data
• 7 TeV data have large errors, χ2 is flat
• small |t| and large |t| points do not scale as well 
   as at the ISR
• no universal power for τ and normalization
• no problem with scaling in the dip region



Other scaling laws



Baldenegro, Royon, Staśto

Using  quality factor method they find

A = 1 - b



Other scaling laws

In terms of variable τ positions of dips (and bumps)
should be the same at all energies. We know from
tbump/ tdip= const. that
Hence,

is energy independent. Therefore



Other scaling laws

Experimental fact at the LHC energies

Baldenegro, Royon, Staśto fit:

Substituting their      to the constraint (*)

6% off

(*)



Amplitude parametrizations

One commonly uses two exponent parametrizations
of elastic amplitude

with

Solving tbump/ tdip= const. condition gives



Summary and Conclusions

• Ratio                = 1.355 is constant from Ithe ISR to the LHC
• This implies scaling variable                     : all dips and bumps have the same position
• At the ISR x-sections: total, elastic and inelastic have the same energy dependence
• This leads to the concept of geometrical scaling
• Not true at the LHC, but ....
• Cross-section ratios bump/dip: approximately constant at the LHC (not at the ISR)
• Cross-section values scaled by           supperimpose data for all energies
• Qualitative measure of alignement: ratios of scaled x-sections or quality factor
• Family  of different scalings:                    where                            with
• Constant ratio               constrains phenomenological parametrizations of   
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Backup slides



Fitting dips and bumps

13 TeV



Fitting dips and bumps

2.76 TeV



Fitting dips and bumps

40.64 GeV



Quality factor

One shifts and rescales
variables ui and vi so that
they are betwween 0 and 1


