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1. Introduction & Physics Motivation
Studies of the axial-vector f1(1285) me-
son production at near-threshold energies
with the HADES spectrometer is particu-
larly interesting to investigate its produc-
tion mechanism. The production is ex-
pected to be dominated by vector mesons
fusion V V → f1 (specifically ρρ → f1 and
ωω → f1), which provides direct access to
the ρρf1 and ωωf1 coupling constants [1].
These couplings are crucial for calculations of hadronic light-by-light
(HLbL) scattering contributions to the muon anomalous magnetic moment
(g − 2)µ and probe the internal structure of the f1 meson [2].
This analysis focuses on the exclusive reconstruction of the p + p → p +
p+f1(1285)/η′(958) reactions at

√
s = 3.46 GeV (Ebeam = 4.5 GeV) using

decay channels f1(1285)/η′(958) → ηπ+π− followed by η → π+π−π0

yielding a 6-track event topology (2p, 2π+, 2π− + missing π0). The pro-
duction cross section of f1 via vector meson fusion in this decay channel
was estimated as 12 nb [1]. Because of its much higher production yield,
the η′ signal serves as a standard candle to calibrate detector performance
and to estimate the f1(1285) production cross section.

2. The HADES Spectrometer & Event Selection
The High Acceptance Di-Electron Spectrometer (HADES) operating at
GSI/FAIR (Darmstadt) is a high-resolution, large-acceptance spectrome-
ter [3]. To study the signal reactions, two event topologies are considered
in the analysis:

• Case H (HADES only): Both protons are reconstructed within the
main HADES spectrometer.

• Case FT (HADES + Forward Detector): One proton is detected
in HADES, and the second one is reconstructed in the Forward Detector
(FT), expanding the coverage to very forward polar angles (0.5◦ − 7◦).
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β vs. momentum (data).

Particle identification: proton and pion candidates are identified via a
±2.5σ selection window in velocity (β) vs. momentum.
Kinematic fit: implements a missing π0 mass constraint and energy-
momentum conservation [4] allowing efficient background suppression.

3. Reconstruction of η, ω, and η′ Mesons
The intermediate η and ω meson decays are reconstructed using the
π+π−π0 invariant mass spectrum fitted with a Gaussian signal and a poly-
nomial background. The corresponding cross sections have been estimated
to be: σ(pp → ppηπ+π−) = 24±0.1 (stat.)±3 (syst.) µb (SMASH predic-
tions [5]: 42.2 µb), σ(pp → ppωπ+π−) = 6.2 ± 0.1 (stat.) ± 0.8 (syst.) µb
(SMASH: 0.05 µb).
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Invariant mass M(π+π−π0) spectrum in HADES (Case H, left) , (Case FT, right).

3. Reconstruction of η, ω, and η′ Mesons
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Invariant mass M(π+π−π0) spectrum in HADES (left), and FT case (right).

To obtain the η′ and f1(1285) signals, η candidates are selected in the
|mπ+π−π0 − mη| ≤ 20 MeV mass window. To suppress the multi-pion
background a sideband subtraction method is applied. Finally, a Voigtian
function with a fixed width of Γ = 23 MeV [6] is fitted to the f1(1285)
signal candidates.
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Invariant mass M(ηπ+π−) spectrum (top) in HADES (left), FT (right), and comparison to
SMASH transport code and Pluto simulations [11] (bottom).

4. Search for f1(1285)
The f1(1285) fit remains inconclusive due to background fluctuations
(yields consistent with zero within 2σ).
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Invariant mass M(ηπ+π−) spectrum residual (data - background model) in HADES (left),
FT (right).

Likelihood ratio test (TRolke method [7]) was used for the upper limit
estimation of the f1(1285) cross section. The obtained 95% CL upper
limits are: σ95% = 78 nb (H), σ95% = 83 nb (FT).

5. Conclusions & Outlook
• The obtained exclusive cross section for the η′ production is

σ ≈ 2 ± 0.2 (stat.) ± 0.5 (syst.) µb and is in an agreement with the
estimated in Ref. [8] value of 3±0.6 µb and the one obtained in Ref. [9]
of 2.28-2.69 µb.

• The obtained upper limit for the f1(1285) production cross section
of ∼ 80 nb is consistent with the predicted one (12 nb), although a
higher sensitivity would be needed to more accurately test the model.
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