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Searching for OdderonSearching for Odderon
● Odderon (C = -1 partner of Pomeron)                                                                    

L. Łukaszuk and B. Nicolescu, Lett. Nuovo Cim. 8 (1973) 405

● A hint of the Odderon was seen in ISR results (PRL54 (1985)2180) as a small 
difference between the differential cross sections of elastic pp and pp scattering 
in the diffractive dip region at                      . 

● New data for pp elastic scattering at                         of TOTEM collaboration:        
Antchev et al. [TOTEM collaboration], arXiv:1812.04732, 1812.08610                    
→ suggestion of presence of Odderon                                                                     
→ some last year analyses of Nicolescu et al.

● It is of great importance to study possible Odderon effects in other reactions 
than pp elastic scattering:                                                                                       
→ central         and φ production in high-energy pp and pp collisions            

→ photoproduction of f2(1270) and a2(1320), exclusive neutral pseudoscalar mesons  

→ photoproduction and electroproduction of heavy C = +1 quarkonia                                   
→ the asymmetry in the fractional energy of charm versus anticharm jets,                             
   which is sensitive to Odderon-Pomeron interference                                                            
→ observation of charge asymmetry in the π+ π- production                                                     
→ ultraperipheral proton-ion collisions

Nice review on Odderon physics: C. Ewerz, arXiv: 0306137
● Central Exclusive Production (CEP) of φφ state offers a very nice way to look for 

Odderon effects

A.Schafer, L.Mankiewicz, O.Nachtmann, PLB272 (1991) 419;        A. Bzdak et al. PRD75 (2007) 094023

Berger, Donnachie, Dosch, Nachtmann, EPJC14 (2000) 673

Brodsky et al., 
PLB461 (1999) 114

Ginzburg, Ivanov, Nikolaev,                
                 EPJC5 (2003) 02Harland-Lang et al., arXiv:1811.12705            

Goncalves et al., arXiv: 1811.07622

based on P.L., Nachtmann, Szczurek, arXiv:1901.11490THIS TALK 
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Central Exclusive Production (CEP) in Central Exclusive Production (CEP) in pppp collisions collisions

From the theory point of view the topics (1) - (2) are,                              
mainly nonperturbative, QCD problems. 

At the moment calculations of CEP reactions from first principles of QCD 
are still too difficult for theorists. 

We have to resort to models. 

X
What can we hope to learn from CEP ?

(1) Properties and the coupling of the exchange objects                  
      IP, O, IR, γ to the external protons and the system X

(2) Properties of the system X. 
      Search for and characterisation of resonances, 
      e.g. glueballs  (gluonic bound states)
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C. Ewerz, M. Maniatis, O. Nachtmann, Ann. Phys. 342 (2014) 31

The main feature of the model is that the Pomeron exchange is described                 
as effective exchange of a symmetric rank 2 tensor:

                          

pp elastic scattering (helicity amplitudes)

Only 5 out of 16 helicity amplitudes are independent, e.g.

helicity-conserving amplitudes

single-helicity-flip amplitude

Tensor-Pomeron model for high-energy soft reactionsTensor-Pomeron model for high-energy soft reactions
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Only the tensor-Pomeron is compatible with the general 
rules of QFT and the STAR experimental result

Very far from data !

We choose our ansätze for three the effective  IP  propagators and  IPpp  couplings such        
that at high energies the φ1 and φ3 are the same for all three cases. This gives the same        .      
The Donnachie-Landshoff (DL) model treats the Pomeron as effective vector exchange and 
gives a phenomenologically successful fit to          and            .                                                    
Our ansätze are chosen such that φ1 and φ3  are as in the DL model.

● Vector exchange IPV has C = -1 than                          (not a viable option).                          

● We are left with  IPT  and IPS  (both correspond to C=+1 exchanges)                                     
To decide between them we turn to the STAR experiment ( PLB 719 (2013) )                          
which measured the single spin asymmetry AN in polarised  pp elastic scattering.

C. Ewerz, P. L., O. Nachtmann, A. Szczurek, Helicity in proton-proton elastic 
scattering and the spin structure of the pomeron, PLB 763 (2016) 382

Tensor, vector, or scalar Pomeron ?
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p p → p p X                                       P.L., Nachtmann, Szczurek: 

               X:   η,  η’,  f0              Ann. Phys. 344 (2014) 301                                
                      ρ0                    PRD91 (2015) 074023                                       
                      π+ π-,  f0,  f2                       PRD93 (2016) 054015, and arXiv:1901.07788  
                      π+ π- π+ π- ,  ρ0ρ0 PRD94 (2016) 034017                                        
                      ρ0  with proton diss.    PRD95 (2017) 034036                                        
                      K+ K- , f0,  f2’,  φ 

        PRD98 (2018) 014001                                        
                      pp PRD97 (2018) 094027                                        
                      K+ K-K+ K-,  φφ         arXiv:1901.11490

Central Exclusive Production 

For reactions investigated so far the tensor-Pomeron model works well

Other applications of the tensor-Pomeron model

γ p → π+ π- p   Bolz, Ewerz, Maniatis, Nachtmann, Sauter, Schöning, JHEP 01 (2015) 151

There will be interference between γ p → (ρ0 → π+ π-) p (IP exchange)                   
and γ p → (f2(1270) → π+ π-) p (Odderon exchange) processes                               
and as a consequence π+ π- charge asymmetries.

Photoproduction and low x DIS  Britzger, Ewerz, Glazov, Nachtmann, Schmitt,         
                                                                 arXiv:1901.08524

A “vector Pomeron” cannot couple                     
in the total photoabsorption cross section        .
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pp → pppp → ppφφφφ  
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pp → pp pp → pp ((φφφφ → K → K++KK--KK++KK--))
● The φ(1020) is a narrow resonance and it can be easily identified in K+K- spectra

● Some modifications are needed to simulate 2 → 6 reaction with 4K in final state        
(e.g. smearing of φ masses due to their resonance distribution)

● Any differential distribution can be calculated. 

To include experimental cuts on produced kaons we perform the decays of               
φ mesons isotropically in the φ  rest frames and then use relativistic 
transformations to the overall c.m. frame
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We consider the 2 → 4 exclusive reaction:

Absorptive corrections should be included

                             here      is the transverse momentum carried around the loop

pp → pppp → ppφφφφ  ((φ-φ- exchange continnum) exchange continnum)
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● Our ansatz for the effective propagator and proton vertex function

● For the         vertex we have

● We take 

Ewerz, Maniatis, Nachtmann, Ann. Phys. 342 (2014) 31

pp → pppp → ppφφφφ  ((φ-φ- exchange continnum) exchange continnum)
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  Photoproduction oPhotoproduction of f φφ  (1020)(1020) m mesoneson

for transversely polarised φ (m = ±1)

we get

With assumption (based on the additive quark model)

In this framework application of vector meson-dominance (VMD) model is straightforward 
and do not lead to gauge-invariance problem.
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pp → pppp → ppφφφφ  ((φ-φ- exchange continnum) exchange continnum)
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Eq. (3.21)

pp → pppp → ppφφφφ  ((φ-φ-exchange continnum)exchange continnum)
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● Regge formalism applies when                  .

At the threshold (                   ) both                      are not very small.

● Another idea of reggeization:                                                                          
At                                                                reproduce meson physics,  
suggested by Harland-Lang, Khoze, Ryskin.

Eq. (3.25)

pp → pppp → ppφφφφ  ((φ-φ-exchange continnum)exchange continnum)
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pp → pppp → ppφφφφ  ((φ-φ-exchange continnum)exchange continnum)

● The distributions in φφ  invariant mass and in Ydiff, the rapidity distance between 
the two φφ  mesons, for the φ-exchange continuum contribution

● The green solid line corresponds to the non-reggeized contribution.                    
The results for the two prescription of reggeization are shown by the black and 
blue lines

● The absorption effects calculated at the amplitude level (pp nonperturbative 
interactions) are included

WA102 data  
PLB432 (1998) 436
PLB489 (2000) 29
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The nature of these resonances is not understood at present and a tensor glueball has still 
not been clearly identified. According to lattice-QCD simulations, the lightest tensor glueball 
has a mass between 2.2 and 2.4 GeV.
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pp → pppp → ppφφφφ  via   via IP IP → IP IP → ff22 →  → φφφφ

Lebiedowicz, Nachtmann, and 
Szczurek PRD93 (2016) 054015

● Now we consider the amplitude through s-channel f2 meson exchange

● f2(2010), f2(2300) and f2(2340) mesons could be considered as potential candidates

● The            vertex, including a form factor, can be written as 

● For the           vertex we take (in analogy to          vertex) 
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pp → pppp → ppφφφφ  

● We show results for two sets of parameters:
set A (left panel)                            and set B (right panel)

● The interference of the continuum and resonance contributions depends on 
subtle details (choice of the couplings for resonant term, reggeization)
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pp → pppp → ppφφφφ  

● We have checked that the shapes of Ydiff distributions do not depend significantly on 
the choice of the IP IP f2 vertex coupling

● The distribution in Ydiff can be used to determine the f2(2340) → φφ coupling
→ using results expected from LHC measurements, in particular, if they cover            
a wider range of rapidities
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pp → pppp → ppφφφφ  

● Quite a different pattern can be seen for the Born case and for the case with absorption.

The ratio of full and Born cross sections is Sg ~0.4 (WA102 kinematics).

● Glueball candidates should be prominent for dPt → 0.
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pp → pp pp → pp ((φφφφ → K → K++KK--KK++KK--))

The ratio of full and Born cross sections is Sg ~0.2 (LHC kinematics).

Absorption effect leads to significant modification of these distributions.              
This effect could be verified in future experiments when both protons are measured, 
e.g. by the ATLAS-ALFA and CMS-TOTEM experimental groups.
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pp → pp pp → pp ((φφφφ → K → K++KK--KK++KK--))
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Continuum with Odderon exchangeContinuum with Odderon exchange

we shall assume representative values for Odderon parameters

● The amplitude as for exchange, but we have to make:

● Our ansatz for the effective propagator of C = -1 Odderon

● For the          vertex we use an ansatz analogous to         vertex:
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pp → pppp → ppφφ  

(educated guess, TOTEM)
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pp → pppp → ppφφ  

WA102 data

● WA102 data from PLB489 (2000) 29

● Other mechanisms were also considered.                                                           
The WA102 data support the existence of Odderon exchange !

● The φpp distribution allow us to determine the respective coupling constants     
            and           (here we show our preliminary results, set I and set II)

● Strong interference of γ IP and O IP          

(set I) (set II)
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pp → pppp → ppφφ  

● We find that two couplings            and            are needed

● It would be very useful to measure the outgoing protons at the LHC

← WA102 result, PLB489 (2000) 29

←- our preliminary results

(set I) (set II)
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Return to Return to pp → pppp → ppφφφφ

(set I) (set II)

This process (γ exchange continuum) turned out to be small

An upper limit for the Odderon exchange has 
been established based on the WA102 data
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pp → pp pp → pp ((φφφφ → K → K++KK--KK++KK--))
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ConclusionsConclusions
● The tensor-Pomeron and vector-Odderon model was applied to many reactions.

All amplitudes are formulated in terms of effective vertices and propagators 
respecting the standard crossing and charge conjugation relations of QFT

● The pp → pp K+K-K+K- reaction have been studied in the context of identifying 
Odderon exchange. 
We find from our model that the Odderon exchange contribution should be 
distinguishable from other contributions for large rapidity distance between                
the φ mesons and in the region of large four-kaon invariant masses                             
(outside of the region of resonances)

● The φφ invariant mass distribution has a rich structure (continuum, resonances, 
interference effects) which strongly depends on kinematical cuts.
φφ seems to be a favorable channel for the search for tensor glueball

● Comparison with ‘exclusive’ data expected from LHCb, ALICE, CMS+TOTEM, 
ATLAS+ALFA, and STAR experiments should provide further information on CEP
and should be very valuable for clarifying the status of the Odderon

Thank you for your attention!
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pp → pppp → ppφφφφ  

with absorption

with absorption
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IP IP M couplingsIP IP M couplings

There, l  is related to the number of derivatives in  L'  
thus giving an indication of the angular momentum 
barrier in the production of M.

In table we list the values of J and P  of mesons which can 
be produced in annihilation of two “real tensor pomerons”.

For each value of l, S, J, and P  we can construct a covariant 
Lagrangian density coupling L'  the field operator for the 
meson M  to the pomeron fields and then we can obtain   
the “bare” vertices corresponding to the l  and S.

The lowest (l,S) term for a scalar meson JPC = 0++ is (0,0) 
while for a tensor meson JPC = 2++ is (0,2).

P. L., O. Nachtmann, A. Szczurek,         
Annals Phys. 344 (2014) 301;               
Phys. Rev. D93 (2016) 054015
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IP-IP-fIP-IP-f
22
 couplings couplings

see P. L., O. Nachtmann, A. Szczurek, Phys. Rev. D93 (2016) 054015

We can associate the couplings j = 1, …, 7 with (l,S) values:                          
(0,2), (2,0) – (2,2), (2,0) + (2,2), (2,4), (4,2), (4,4), (6,4), respectively.
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