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We discuss the exclusive production of η meson in proton–proton col-
lisions in order to learn about the relevant production mechanism at the
GSI-FAIR energies. The nucleon and baryonic-resonance amplitudes are
derived within an effective Lagrangian approach. Assuming that for the
pp → ppη reaction the dominant contribution is due to an excitation of
N(1535) via the ρ0 exchange, the present model reproduces data for both
total and differential cross sections, for instance, the distributions of the
polar angle of the η meson in the center-of-mass system. The role of vector-
meson-fusion processes ωω, ρ0ρ0 → η is specified. Comparisons with cur-
rently existing data from the DISTO and HADES experiments are made,
and predictions for higher energies (HADES, PANDA, SIS100) are given.
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1. Introduction

The reaction pp → ppη was addressed in several experimental works,
e.g., [1–4] and in theoretical works, but mainly at the energies close to the
reaction threshold; see e.g. [5–8]. In this presentation, we concentrate on the
production mechanism at higher energies where the existing data are rather
scarce. Nevertheless, there are efforts to improve or extend cross-section
database, in particular at the GSI facilities in Darmstadt (Germany). In
February 2022, proton–proton reactions at 4.5 GeV beam kinetic energy
(center-of-mass energy

√
s = 3.46 GeV) were measured by the HADES Col-

laboration [9]. It will therefore provide valuable experimental results to test
our predictions for the exclusive production of the η meson and other reso-
nances1. Additional experiments in the intermediate energy range (PANDA,

∗ Presented at the Workshop at 1 GeV scale: From mesons to axions, Kraków, Poland,
19–20 September, 2024.

1 In [10], the exclusive production of the f1(1285) meson in the context of future
measurements with the HADES and PANDA detectors at GSI-FAIR was discussed.
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SIS100) would be greatly appreciated. We shall learn from the η produc-
tion at GSI about the ηNN , ηNN∗, ρNN∗ coupling strengths, in particular
those involving the N(1535) resonance which has a large branching ratio
into Nη of 30–55% and Nρ of 2–17% [12]. At higher energies, the central
exclusive production of η and η′ mesons in pp collisions was discussed in [11]
within the tensor–Pomeron approach. Such measurements would facilitate
further insight into the nature of the η and η′ mesons, in particular the
characteristics of their production mechanism.

2. Sketch of the formalism

We study the exclusive reaction

p (pa) + p (pb) → p (p1) + p (p2) + η (k) , (1)

where pa,b, p1,2 denote the four-momenta of the protons and k denotes the
four-momentum of the η meson. The cross section is as follows:
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where Mpp→ppη = Mpp→ppη(p1, p2) −Mpp→ppη(p2, p1). The full amplitude
includes the basic η-production mechanisms shown in Fig. 1. There, N and
N∗ denote the intermediate proton and resonance N(1535), respectively,
and M incorporates an exchange of meson (e.g., π0, ρ0)2. To evaluate
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Fig. 1. Feynman diagrams contributing to pp → ppη. The diagrams on the left
show the processes via intermediate nucleon or nucleon resonances. There are also
the corresponding diagrams with the η emission from the lower proton lines. The
diagram on the right represents the V V -fusion mechanism where V V stands for
ωω or ρ0ρ0.

2 The ρ-exchange contribution is clearly favored when comparing the model with the
DISTO data; see Fig. 3. The angular distributions should be forward peaked if π0

exchange would be dominant.
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the amplitude, one needs to know the propagators for various baryons and
mesons as well as the vertices involving the phenomenological form-factor
functions. To illustrate, in the case of η production which proceeds via the
excitation of the N(1535) (JP = 1/2−) resonance through the ρ exchange,
the effective Lagrangian for the coupling ρNN(1535) can be written as [8]

LρNN∗ = − 1

2mN
N̄∗γ5

[
g

(
γµ∂

2

mN∗+mN
− i∂µ

)
− fσµν∂

ν

](
τΦµ

ρ

)
N + h.c. (3)

There is the vector (PV)- and tensor (PT)-type coupling with the corre-
sponding coupling constants g and f , respectively, and they are treated as
free parameters to be determined by fitting to the data. In principle, one
can select a linear combination of both and fit the g/f ratio to the data.
However, to minimize the number of parameters, we choose either PV- or
PT-type coupling at a time. In these calculations, the vertex Γ

(ρNN∗)
µ de-

rived from (3) is supplemented by the form factor

FρNN∗
(
q2, p2N , p2N∗

)
= Fρ

(
q2
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, B = N,N∗ , (4)

where q2 and p2 denote the four-momenta squared of off-shell meson and
baryon, respectively. We take the cut-off parameters Λρ = 1.4 GeV, ΛN =
1.0 GeV, ΛN∗ = 1.2 GeV.

The main features of the V V -fusion mechanism are known from (2.4)
of [10] but with the replacement: Γ

(V V f1)
ν1ν2α (q1, q2)(ϵ

α)∗ → Γ
(V V η)
ν1ν2 (q1, q2).

In order to determine some of the model parameters, the π−p → ηn and
γp → ηp reactions were considered and results were compared with the
available data for cross sections for these reactions.

3. Preliminary results for the pp → ppη reaction

Our theoretical results are shown in Figs. 2 and 3 together with the
experimental data. Figure 2 shows that our calculation with the N(1535)-
resonance domination reproduces energy dependence of the measured cross
sections. For the N and N(1535) contributions via the ρ0-meson exchange,
the relevant amplitudes were multiplied by a suppression function: f(s) =
exp

(
− s−sthr

Λ2

)
with sthr = (2mp + mη)

2 and Λ = 4 GeV. We see that the
N(1535) contribution is the dominant production mechanism, although the
nucleonic (N) and mesonic (V V fusion) contributions become important,
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especially when energy increases. It should be noted that an interference of
various contributions is not negligible there. For

√
s = 3.46 GeV (HADES),

we predict σ ≃ 116 µb, for
√
s = 8 GeV (SIS100), we predict σ ≃ 5 µb3.
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Fig. 2. Total cross section for the pp → ppη reaction as a function of collision
energy

√
s. Shown are the model results together with the experimental data from

[1–4] and from low-statistics bubble-chamber experiments. The model results for
complete (total) and individual contributions for the N(1535), N , and V V -fusion
mechanisms are shown.

From Fig. 3, we can see that by adjusting the ρNN(1535) coupling
constant in (3), the model gives a reasonable description of the DISTO
data [1]. Here, two options are exercised: (PV) pure vector coupling with
gρNN∗ = −8.0, (PT) pure tensor coupling with fρNN∗ = 4.0. The total
cross sections calculated for these options differ only slightly. For a better
understanding of the dynamics of the pp → ppη reaction, more experimental
data at higher energies and differential distributions are desirable. Hopefully,
the HADES measurement at

√
s = 3.46 GeV, discussed e.g. in [9], will

provide valuable information.

4. Summary

In this contribution, we highlighted the recent progress made towards
achieving description of experimental data measured by the DISTO and
HADES collaborations for the pp → ppη reaction, significantly further from
the reaction threshold, within a simplified model based on an effective La-
grangian approach. The calculated cross sections are based on a model that
takes into account the interference effects between the processes considered.
It would appear that the dominant mechanism in this reaction, further from
the threshold (at DISTO and HADES energies) proceeds via the excitation

3 For further results, we refer to https://indico.meson.if.uj.edu.pl/event/5/

https://indico.meson.if.uj.edu.pl/event/5/
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Fig. 3. Differential cross sections versus the c.m. momentum of the η meson (left)
and cos θη (right). The model results are compared with the DISTO data from [1].
The solid and long-dashed thick lines correspond to the complete model which
includes N(1535), N , and V V -fusion contributions, whereas the thin lines reflect
the results for the PV- and PT-type coupling for the ρNN(1535) vertex. Individual
contributions from the N and V V -fusion processes are also shown. The long-
dash-dotted lines correspond to the results for pure phase space (presented for
comparison purposes only) normalised to the DISTO data, but in the case of

√
s =

3.46 GeV to 100 µb.
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of the N(1535) intermediate resonance via the ρ exchange, while the nucle-
onic and reggeized-vector-meson-fusion processes are expected to be more
relevant at higher energies (PANDA, SIS100). In the ρNN(1535) vertex,
derived from (3), we have assumed that only the vectorial (PV) or tensorial
(PT) term is involved. We obtain a good description of the DISTO data [1]
for the polar angle and momentum distributions of the η at proton–proton
collision energies

√
s = 2.748–2.978 GeV. We have made first predictions for

the HADES experiment for
√
s = 3.46 GeV. The results for the pp → ppη′

reaction have been calculated as well, but are not presented in this article.
There, the role of V V -fusion processes is even more important.

Studies of exclusive η production present interesting challenges from
a theoretical perspective and are phenomenologically relevant for completed
(DISTO, HADES) and upcoming (PANDA, SIS100 [13]) experiments at
GSI-FAIR. To learn more information about the pp → ppη reaction mecha-
nism, in particular to constrain the coupling strengths involving the N(1535)
resonance, the experimental study of cross section over a broad energy range
as well as of the angular distributions seems to be crucial.

I would like to thank the organisers of this workshop for making this pre-
sentation of first results possible. Useful discussions with I. Ciepał, P. Sal-
abura, A. Szczurek, S. Treliński, and M. Zieliński are gratefully acknowl-
edged.
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