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Diffraction in optics and in HEP  



Plan 
1. Historical introduction; 
2. Definition: Diffraction= a) Pomeron exchange; b) Rapgap; 
    How many Pomerons? One (but complicated!); The  Odderon; 
     amplitudes and measurables; 
3. Regge poles (t-channel) and geometrical (s-channal) models; 
4. Unitarity, impact parameter, eikonal, U-matrix, gap survival; 
5. Elastic scattering, the dip-bump phenomenon, black disc limit; 
6. Resonance-Regge duality, the background, two-component duality; 
7. SDD, DDD, CED, factorization relations; 
8. The pPX vertex and DIS (HERA), triple Regge limit; 
9. Duality and FMSR; 
10. Diffraction at the LHC: Pomeron (>95%) dominance! 
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P-O 
Proto-antiproton collisions  

Accelerators, energy ranges, years (scatch) 

Proton-proton collision 

Р-Pomeron; О-odderon 
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NB: The S-matrix theory (including Regge pole) is applicable to asymptotically  
free states only (not to quarks and gluons)!  
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Luminosity-independent measurement 
via optical-theorem à  simultaneous 

evaluation of forward elastic and 
inelastic rate (TOTEM) 
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 Inversely: 

(σtot + dN/dt|t=0)                      (ΔL/L > ~ 2 Δσtot/σtot)       
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σtot (LHC) ~ 110 mb (γ=2; best-fit) 

σtot (LHC)  ∼ 95 mb (γ=1) 

§  elastic rate down to |t|=10-3 
GeV2  to  keep extrapolation 
error small (1-2%) 

§  Sufficient η coverage to 
access Nel+Ninel  



 Л.Л. Енковский:  ЭЧАЯ   
т.34 (2003) стр. 1196-1255. 
  R. Fiore, L. Jenkovszky, R. Orava,  
  E. Predazzi, A. Prokudin, O. Selyugin,   
   Int. J.Mod.Phys.,  A24: 2551-2559(2009). 



 Elastic Scattering  
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momentum transfer -t ~ (pθ)2  

 θ = beam scattering angle      
 p = beam momentum 

= 14 TeV prediction of BSW model 
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 L, σtot , b, and ρ 
from FIT in CNI 

region  (UA4)  

CNI region: |fC| ~ |fN| à @ LHC: -t ~ 6.5 10-4 GeV2;  θmin~3.4 µrad    
                                  (θmin~120 µrad @ SPS)   
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Geometrical scaling (GS), saturation and unitarity  
1.  On-shell (hadronic) reactions (s,t, Q^2=m^2); 
    t  ßà b transformation:  
and dictionary: 
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P. Desgrolard, L.L. Jenkovszky and B.V. Struminsky, 
Z.Phys. C; Yad. Fizika, 1995. 

Black disc limit 
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Does GS imply saturation? Not necessarily! 
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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 
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Factorization (nearly perfect at the LHC!)   















 SD and DD cross sections 



“Reggeized (dual) Breit-Wigner” formula: 



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. ppànΔ (in collaboration with Oleg Kuprash and 
Rainer Schicker) 
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Open problems: 
 
1. Interpolation in energy: from the Fermilab and ISR to the LHC;  
    (Inclusion of non-leading contributions); 
3. Deviation from a simple Pomeron pole model and breakdown of  
Regge-factorization; 
4. Experimental studies of the exclusive channels (p+π,…) 
    produced from the decay of resonances (N*, Roper?,,,) in the 
nearly forward direction. 
5. Turn down of the cross section towards t=o?! 
6. Need for a bank of models. Open an international PROJECT  



 Elastic and total scattering, diffraction in 
hadron- and lepton-induced reactions:  

 
 А.Н. Валл, Л.Л. Енковский, Б.В. Струминский: 
Взаимодействие адронов при высоких  энергиях, Физика 
элементарных частиц и атомного ядра (ЭЧАЯ – Particles 
and Nuclei) т.19 (1988) стр. 181-223. 
Л.Л. Енковский: Дифракция в адрон-адронных и 
лептон-адронных процессах при  высоких энергиях, 
(ЭЧАЯ – Particles and Nuclei)  т.34 (2003) стр. 1196-1255. 
       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). 
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