
XXXIII International (ONLINE) Workshop on High Energy Physics  
"Hard Problems of Hadron Physics: Non-Perturbative QCD & Related Quests" 

Non-perturbative Methods  
for Soft Hadron Scattering 

https://indico.ihep.su/event/607/
https://indico.ihep.su/event/607/
https://indico.ihep.su/event/607/
https://indico.ihep.su/event/607/
https://indico.ihep.su/event/607/
https://indico.ihep.su/event/607/


 

• “Old Physics”: 
 - Completion of the SM with Higgs  
 

 

 

- “Routine “measurements of cross-sections, life-times, masses, correlations…                    
 

• “New Physics”: 
 - Supersymmetry:                                             
- “Stringy effects”                                     
 - Dark matter (“dark photons”)                        
 - Lepto-quarks                                                        
 - Compositeness                                              
 - Extra dimensions                                     
 - Micro Black holes 
 

 

Quickie history of the LHC:  

2009 - 2021 

DONE ! 





Reminder :  
Strong Forces at Low and High Energies 

Low energy 
                       

 

 

 

High energy 
𝜶 𝑴𝑱

𝟐 = 𝑱 

𝑴 = 𝝅, 𝝆,𝝎, 𝒇, … .  𝑨𝑱 𝒔, 𝒕 = 𝒈𝑱
𝟐  
𝒔𝑱
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𝟐 − 𝒕
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 Prehistory (1953-70) 

? 



Middle Age (1971-73) 



 



New Era (1973-…) 



2009-2021 



Without Higgs 

𝑊𝑖𝑡ℎ 𝐻𝑖𝑔𝑔𝑠 



CERN COURRIER 

STRONG INTERACTIONS NEWS 
 

Oddball antics in pp collisions 
23 March 2018 

𝜌(𝑠) = cotΦ(𝑠, 0) 

𝑇 𝑠, 𝑡 = 𝑇 𝑠, 𝑡 𝑒𝑖Φ(𝑠,𝑡) 





What is the Odderon? 

 

•Odderon is a rightmost singularity 𝑗𝕆 𝑡  of the C-
odd part of the scattering amplitude 𝑇− 𝑗, 𝑡  in 
complex j-plane with 𝑗𝕆(0) ≤ 1. 

•Odderon is a Regge-pole trajectory 𝛼𝕆 𝑡  of 
negative signature with the intercept much higher 
than that of the 𝜔 − Reggeon. Intercepts 𝛼𝕆(0) > 
1 are admitted. Unitarity implies that  𝛼𝕆 ≤ 𝛼ℙ. 



Repetitio est matur studiorum 

𝑠 = 0.053 𝑇𝑒𝑉        𝐈𝐒𝐑 

𝐴. 𝐵𝑟𝑒𝑎𝑘𝑠𝑡𝑜𝑛𝑒 𝑒𝑡 𝑎𝑙. (1985) 𝑉.𝑀. 𝐴𝑏𝑎𝑧𝑜𝑣 𝑒𝑡 𝑎𝑙. (2021) 



 Central Diffraction 

 

 

 

 

 

• Exclusive central diffraction: 
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 Central Diffraction to 
to detect the Odderon?  

𝝓,𝝎,𝕆 

ℙ 𝕆 

𝜸 C-even state 

(A,Z) 

𝒑 

, 𝑱 𝝍,…  



QUO VADIS ? 


