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Abstract:

Salient feature of elastic and inelastic diffraction in proton-proton 
collisions with emphases on the recent LHC experimental data and future 
expectations are highlighted. These are:
1. Rise with energy, unitarity, ”flux renormalization”;
2. Physics behind the non-exponential behavior of the elastic cone at low-

|t|, observed both at the ISR and the LHC; will it be seen in diffraction 

dissociation? (Follow elastic!)
3. The dip-bump structure in elastic scattering and its possible 

appearance in diffraction dissociation (following elastic?)

4. Pomeron dominance at the LHC, Regge factorization and its breakdown;   
5. Importance and open problems in the description of low missing mass, 

resonance structure in single- (SD) and double (DD) diffraction 
dissociation; misuse of the triple Regge limit; duality in the missing 
mass: finite mass sum rules (FMSR);

6. From differential to integrated cross sections: incompatibility caused by 
different integration limits used at the LHC;

7. Central exclusive production of glueballs and other meson resonances 
(R. Schicker).  







Factorization (nearly perfect at the LHC!)  



Pomerons (diffraction’s) fraction



Pomeron dominance at the LHC



Elastic Scattering
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momentum transfer -t ~ (pq)2 

q = beam scattering angle     
p = beam momentum

= 14 TeV prediction of BSW model
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CNI region: |fC| ~ |fN|  @ LHC: -t ~ 6.5 10-4 GeV2;  qmin~3.4 mrad
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Geometrical scaling (GS), saturation and unitarity
1. On-shell (hadronic) reactions (s,t, Q^2=m^2);

t  b transformation:

and dictionary:







CERN LHC, TOTEM Collab., June 26, 2011: 
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Elastic scattering: non-

exponentiality at low |t|

14

Nb = 1 excluded with 7σ significance!

Nuclear Physics B 899 (2015) 527–546

Nb = 2 : σtot = (101.5 ± 2.1) mb

Nb = 3 : σtot = (101.9 ± 2.1) mb



Fine structure of the Pomeron (at the LHC)



Fine structure of the Pomeron (TOTEM )









The optical (generalised optical (Müller) theorem

and triple-Regge limit (for high M only!)
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Low-mass diffraction dissociation at the LHC

L. Jenkovszky, O. Kuprash, J. Lamsa, V. Magas, and R,. Orava:

Dual-Regge approach to high-energy, low-mass DD at the LHC,

Phys. Rev. D83(2011)0566014; hep-ph/1-11.0664.

L. Jenkovszky, O. Kuprash, J. Lamsa and R. Orava: hep-ph/11063299,

Mod. Phys. Letters A. 26(2011) 1-9, August 2011;

L. Jenkovszky, O. Kuprash, Risto Orava, A. Salii, arXiv:1211.584,

Low missing mass, single- and double diffraction dissociation at the LHC













SD and DD cross sections



“Reggeized (dual) Breit-Wigner” formula:



Cortesy: Peter Landshoff



SDD cross sections vs. energy.

*Normalization to ~14 mb at 7 TeV.



Approximation of background to reference 

points (t=-0.05)



Approximation of background to reference 

points (t=-0.5)



Double differential SD cross sections

(left)   Double differential SD cross sections as a functions of M2 for different t values,

(right) Double differential SD cross sections as a function of t for different M2 values.



Single differential integrated SD cross 

sections



DDD cross sections vs. energy.



Integrated DD cross sections

(left)   Single differential SD cross sections as a functions of t integrated in different 

M1:M2 regions.

(right) Double differential SD cross sections as a function M2 integrated in region [0.0: 

1.0] of t. value.



t = - 0.1 t = - 0.2

t = - 0.3

Triple differential DD cross sections



The parameters and results



Prospects (future plans): 

1. Central diffractive meson production (double Pomeron exchange);

2. Charge exchange reactions at the LHC (single Reggeon

exchnge), e.g. ppnΔ (in collaboration with Oleg Kuprash and

Rainer Schicker)



Open problems:

-- Need for data (LHC) on differential (nonintegrated!) data;

-- Interpolation in energy: from the Fermilab and ISR to the LHC; 

(Inclusion of non-leading contributions);

-- Deviation from a simple Pomeron pole model and breakdown of   

Regge-factorization;

-- Need for a bank of models. Open a relevant international    

PROJECT?!



Elastic and total pp and p-\bar p scattering, 

diffraction and the Pomeron; 

nucleon’s “shape”, the “black disc limit” 

R. Fiore, L. Jenkovszky, R. Orava, E. Predazzi, 

A. Prokudin, O. Selyugin, Forward Physics at the LHC; 

Elastic Scattering, Int. J.Mod.Phys., A24: 2551-2559 

(2009).



Thank you !



Does GS imply saturation? Not necessarily!
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P. Aspell et. al. (TOTEM Collaboaration), Proton-proton elastic scattering at the 

LHC energy 7 TeV,  Europhys. Lett. 95 (2011) 41001; arXiv:1110.1385.

G. Antchev et al. (TOTEM Collab.), First measurement of the total proton-proton 

cross section at the LHC energy of 7 TeV,  EPL; arXiv:1110.1395.













L.Jenkovszky, A. Lengyel, D. Lontkovskyi: 

The  Pomeron and Odderon in elastic, inelastic and total cross-sections,

hep-ph/056014.




