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Introduction
● Central exclusive production (CEP) in proton-proton collisions at high energies,

p + p → p + M + p,       where M = η, η’(958)

should be due to Pomeron-Pomeron fusion. We require large rapidity gaps between M and 
the outgoing protons. 

● These processes are very interesting since they 
tell us something about the nature of the Pomeron. 

With a scalar Pomeron CEP of η, η’ mesons        
(and also f1  with JPC = 1++) is not possible.

IG (JPC) = 0+ (0 - +)
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● We think that the best effective description of the Pomeron is to assume that it couples 
to hadrons like a rank-2 symmetric tensor.
C. Ewerz, M. Maniatis, O. Nachtmann, “A model for soft high-energy scattering: 
Tensor Pomeron and vector Odderon”, Ann. Phys. 342 (2014) 31

● CEP of η, η’(958) was discussed within the tensor-Pomeron approach
● P.L., O. Nachtmann, A. Szczurek, “Exclusive central diffractive production of scalar and 

pseudoscalar mesons; tensorial vs. vectorial pomeron”, Ann. Phys. 344 (2014) 301
● PRD 112 (2025) 034016 -  this talk

C = +1

C = +1
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we found that STAR data
[L. Adamczyk et al. (STAR Collaboration) PLB 719 (2013) 62] measured at

are compatible with the tensor-Pomeron ansatz 
while they exclude a scalar character of the Pomeron:

Studying the ratio r5 of single-helicity-flip to non-flip amplitudes

● In the paper “Helicity in proton-proton elastic scattering and the spin 
structure of the pomeron” Ewerz, Lebiedowicz, Nachtmann, Szczurek,
PLB 763 (2016) 382
it was shown that a scalar Pomeron is not compatible 
with the  measurement by STAR concerning the helicity structure 
of pp elastic scattering.

● Problem with the vector Pomeron (C = -1):
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The tensor-Pomeron model and CEP

The kinematic variables are

The amplitude is

We consider the reaction

← c.m. energy squared

← four-momentum transfer squared from  
                        one of the proton vertices
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The tensor-Pomeron model and CEP
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The tensor-Pomeron model and CEP

Then we can construct two coupling Lagrangians IP-IP-M 
corresponding to (ℓ,S) = (1,1) and (3,3):

M

We consider the annihilation of two “tensor-Pomeron 
particles” giving a meson M, in the rest system of M,

For each value of (ℓ,S) we can construct a covariant Lagrangian coupling. 

Let IPμν(x) be the effective field of the tensor Pomeron 
and χ(x) the field of the pseudoscalar meson η and η’.

From these Lagrangians we get easily the corresponding ‘bare’ vertex functions.

P.L., Nachtmann, Szczurek, Ann. Phys. 344 (2014) 301
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The tensor-Pomeron model and CEP



  

Comparison with the WA102 data
● There exist measurements of η and η’ CEP in proton-proton collisions from the WA102 experiment 

at c.m. energy W = 29.1 GeV.

● For CEP of η’ meson, the ratio of the cross sections by the WA102 exp. to that measured by the WA76 
experiment at 12.7 GeV was determined:

● In Table we present the parameter sets used in the calculations. The ratios we obtained for CEP of η’ in 
sets 1-6 are 1.5-1.2, respectively. The discrepancy may indicate a certain role of other (nonincluded) 
processes, e.g. ρρ, ωω, ρIRρIR, ωIRωIR exchanges. To obtain a value of 0.7 for the ratio, we need g’RRM  as in 
sets 7 and 8. With set 7 and for W = 29.1 GeV, the IPIP term accounts for 39%, IPf2R + f2RIP  for 9%, and IRIR for 22% of 
the total cross section. For W = 12.7 GeV we obtain respectively 13%, 6%, and 61%. As W increases from 12.7 to 29.1 GeV, 
the cross section of the IRIR exchange decreases by a factor of 4 and increases by a factor of 2 for the IPIP exchange.
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D. Barberis et al. (WA102 Collaboration)
PLB 427 (1998) 398, PLB 467 (1999) 165;
A. Kirk, PLB 489 (2000) 29
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● In the WA102 experiment also many distributions were measured.
The distribution in ɸpp, the angle between the transverse momenta of the outgoing protons:

● In order to describe these distributions we need both (l,S)-type couplings g’ and g’’ for IPIP → η (or η’).
The dominant contribution to the cross section is from the coupling (l,S) = (1,1). 

● The shape of the ɸpp distribution depends also on absorption corrections due to pp interactions.

● In the various fits the relative contributions of IPIP, IPf2R + f2RIP, and f2Rf2R exchanges are varied. 
In fit A, we assume that the IPIP-exchange contribution is more important than in other fits.
In fit C, IPIP represents 40%, IPf2R + f2RIP accounts for 32%, and f2Rf2R  for 5%.
In fit D we have 25%, 48%, and 4%, respectively. 
In all cases the interference terms between the different terms in the amplitudes play important role.

● We found that the WA102 energy is too low for pinning down the IPIP contribution.

fit C, all terms only IPIP term (in fit C)

pp → pp η
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Comparison with the WA102 data

Distribution in t, the momentum transfer squared 
between incoming and outgoing proton.

← dominant IP-IP term

    large IP-f2R contribution
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Comparison with the WA102 data

dominant IP-IP 
contribution

large IP-f2R 
contribution

pp → pp η’
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● Now we come to our 
predictions for the LHC 
experiments where 
subleading f2R  contributions 
should be negligible.

● We choose W = 13 TeV.

● Distributions in:
pseudorapidity of meson,
angle between the 
transverse momenta of the 
outgoing protons,
transverse momentum of 
meson and proton.

● The absorption effects are 
more important at the LHC 
than at the WA102 energy, 
leading to a larger reduction 
of the cross sections.
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Our fits which were practically 
indistinguishable at the WA102 
energy give clearly separated 
predictions for LHC energies.
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● Cross sections to be expected in LHC 
experiments (W = 13 TeV)
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● One of the most prominent hadronic decay modes of the η meson is π+π-π0  with BR(η → π+π-π0) ~ 0.23.

● This is also the main decay mode for the ω meson with BR(ω → π+π-π0) ~ 0.89.
In the case pp → ppω at LHC energy, the photoproduction (ɣ-IP fusion) mechanism competes 
with the diffractive ω-strahlung mechanism.

● Experimental observation of a sharp increase of the cross section when going to large rapidity would be 
a clear signature of the η-strahlung production. The measurement of the relative contributions of the η 
and ω mesons in the same system π+π-π0  would provide very valuable information.

Such results could be obtained by the ALICE and LHCb Collaborations in experiments when the leading 
protons are not detected and instead only rapidity-gap condistions are checked experimentally.

results with the cut on η meson 
pseudorapidity |ηη| < 5

Cisek, Lebiedowicz, Schäfer, Szczurek, 
Phys.Rev.D 83 (2011) 114004
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● The channel where η’(958) and f1(1285) resonances are to be observed is π+π-η:

● CEP of f1(1285) was measured by the WA102 Collaboration [Barberis et al., PLB 440, 225 (1998)]
and the ratio of the cross sections is

● We predict larger cross sections for CEP of f1(1285) via the IPIP-fusion process than for the η’(958).
[Lebiedowicz, Leutgeb, Nachtmann, Rebhan, Szczurek, Phys.Rev.D 102 (2020) 114003] 

For W = 13 TeV and |yM| < 1.0 and 2.5 we predict σ[f1(1285)] ~14 and 34 μb, respectively.

Because of the possible influence of nonleading exchanges at low energies our predictions for cross 
sections for the pp → ppf1 reaction at LHC should be viewed as an upper limit, but we expect that they 
should overestimate the cross sections by not more than a factor of 4.

For CEP of η’(958) we estimated σ = 0.6 – 1.1 μb for |yM| < 1.0, and 1.5 – 2.8 μb for |yM| < 2.5.

● Interesting is also CEP of η(1295) seen in the π+π-η channel [PDG]. The f1(1285) and η(1295) are close in 
mass. The distributions in the azimuthal angle ɸpp  may be used to disentangle f1 and η-type resonances.

● In preliminary ATLAS-ALFA data for the pp → ppπ+π-π+π- reaction 
[R. Sikora, Phd Thesis, Report numbers: CERN-THESIS-2020-235] measured at W = 13 TeV 
a narrow peak consistent with the f1(1285) resonance was observed in the M4π distribution.

 BR(η’(958)  → π+π-η) = 0.425 ± 0.005
 BR(f1(1285) → π+π-η) = 0.35 ± 0.15    [from PDG]

BR(f1(1285) → 2π+2π-) = 0.109 ± 0.006    [from PDG]

vs. 0.72 for η’ 



  

17

pp → pp f1(1285)
Model:
● IP-IP fusion only.

Agreement with
the WA102 data
with IPIPf1 coupling
(l,S) = (4,4)

● Using subleading 
exchanges only, we 
found that they allow 
a description of 
W = 12.7 GeV data 
but then one misses 
the data for W = 29.1 
GeV by a factor of 5. 
This is due to the 
energy dependence of 
the subleading 
contributions.
This means that the 
dominant contribution 
at W = 29.1 GeV is 
most probably related 
to the IP-IP fusion.

[Figs from Lebiedowicz et al., Phys.Rev.D 102 (2020) 114003] 
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● We have discussed CEP of η and η’ mesons in proton-proton collisions. 

Data exist from the WA102 experiment at c.m. energy 29.1 GeV and, hopefully,
will be collected in the future by the LHC experiments.

● Observation of CEP of any one of the mesons η, η’, f1(1285) at the LHC 
would not be compatible with a scalar character of the Pomeron.

● Comparison of CEP of η and η’ at WA102 and at LHC will allow us to determine the 
strengths of non-leading Reggeon exchanges (IPf2R + f2RIP and f2Rf2R).

● We wish the experimentalists good luck for the measurement of η, η’, and  f1(1285) 
mesons at low/intermediate (HADES, CBM, SIS100) and high (LHC) energies.

Thank you for your attention !



  

Applications of the tensor-pomeron approach
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odderon exchange

X:  η,  η’,  f0                        Annals Phys. 344 (2014) 301      PRD112 (2025) 034016
ρ0 and π+π-  continuum    PRD91 (2015) 074023           JHEP 06 (2026) 015
π+π-  continuum,  f2(1270) → π+ π-

   PRD93 (2016) 054015;  PRD101 (2020) 034008
π+ π- π+ π- ,  ρ0ρ0                 PRD94 (2016) 034017
ρ0  with proton diss.          PRD95 (2017) 034036
pp     PRD97 (2018) 094027
K+K-                                PRD98 (2018) 014001
φ →  K+K-,  μ+μ-                    PRD101 (2020) 094012
φφ → K+K- K+K-, f2(2340)   PRD99 (2019) 094034 
f1(1285), f1(1420)            PRD102 (2020) 114003 [with Leutgeb and Rebhan]        
K*0 K*0 -continuum vs f2(1950)    Lebiedowicz, PRD103 (2021) 054039

              

X

● Central Exclusive Production (CEP),  p p → p p X, Lebiedowicz, Nachtmann, Szczurek: 

● Bremsstrahlung and CEP of photon, Lebiedowicz, Nachtmann, Szczurek
● ππ → ππ γ     PRD 105 (2022) 014022
● pp → pp γ     PRD 106 (2022) 034023;  PRD107 (2023) 074014 
● πp → πp γ     PRD 109 (2024) 094042;  PRD 110 (2024) 094028
● pp → pp γγ   PLB 843 (2023) 138053

● Helicity in proton-proton elastic scattering and the spin structure of the soft pomeron
Ewerz, Lebiedowicz, Nachtmann, Szczurek, PLB 763 (2016) 382 

● Photoproduction and low x DIS Britzger, Ewerz, Glazov, Nachtmann, Schmitt, PRD100 (2019) 114007
and low x DVCS Lebiedowicz, Nachtmann, Szczurek, PLB835 (2022) 137497

● γ p → π+ π- p   Bolz, Ewerz, Maniatis, Nachtmann, Sauter, Schöning, JHEP 01 (2015) 151 
interference between γp → (ρ0→π+π-)p (pomeron exch.) and γp → (f2(1270)→π+π-)p (odderon exch.)

● A model for soft high-energy scattering: Tensor Pomeron and vector Odderon
    Ewerz, Maniatis, Nachtmann, Ann. Phys. 342 (2014) 31

Many CEP reactions were considered using the tensor-Pomeron approach involving 
subleading Reggeon exchanges.
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