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● Exclusive production of axial-vector f1(1285) meson (JPC = 1++) in proton-(anti)proton collisions for 
energy ranges available at the GSI-FAIR with HADES and PANDA
P. Lebiedowicz, O. Nachtmann, P. Salabura, A. Szczurek, PRD 104 (2021) 034031
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● We have estimated that HADES should allow the identification of f1(1285) in the π+π- η channel. 
● η’(958) → π+π- η and can also be visible, this requires a careful analysis of the production mechanism
● In this talk I will discuss exclusive production of η and η’ mesons
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We shall learn from f1 production 
about the ρρf1 and ωωf1 coupling 
strengths.
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We study exclusive production of pseudoscalar meson in the reaction
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← status of the N resonances (N*)
    and their decays from PDG

Basic production mechanisms for 

N* N*

N NMM

M M

with M = π, σ, η, ρ0, ω, ... 

 ?  ?
η η η

η η

η

In the calculations we can consider the amplitude 
given by the sum of the contributions with 
the intermediate protons, nucleon resonances and 
the vector-meson exchanges (VV-fusion processes).
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The amplitude (b) with the ρ0-meson exchange is obtained by making the replacement
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T. Vrancx, L. De Cruz, J. Ryckebusch, and P. Vancraeyveld, Consistent interactions for 
high-spin fermion fields, Phys. Rev. C 84 (2011) 045201, arXiv:1105.2688 [nucl-th]
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“Model 1” uses the PS-type couplings. 
“Model 2” assumes PV-type couplings
for the N(1710) resonance.

The N(1535) resonance gives a major 
contribution.

Complete result indicates a large interference 
effect between a different contributions, for 
instance, between N(1535) and N(1650).

For W > 1.65 GeV a large contribution is possible 
from N(1710). However, there the reaction 
mechanism is under debate.

p (pb) n (p2)

η (kη)π− (kπ)

n,N∗0

ps

p (pb) n (p2)

η (kη)π− (kπ)

p,N∗+

pu

π-p → ηn reaction
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“Model 1” uses the PS-type couplings. 
“Model 2” assumes PV-type couplings for the N(1710) resonance.

Data are from:
S. Prakhov et al., (Crystal Ball Collaboration), Measurement of π-p → ηn from threshold to pπ- = 747 MeV/c, Phys. Rev. C 72 (2005) 015203,
R. M. Brown et al., Differential cross sections for the reaction π-p → ηn between 724 and 2723  MeV/c, Nucl. Phys. B 153 (1979) 89,
and at backward scattering region from:
N. C. Debenham et al., Backward π-p reactions between 0.6 and 1.0 GeV/c, Phys. Rev. D 12 (1975) 2545
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see e.g.

Lebiedowicz, Nachtmann, Szczurek, Central 
exclusive diffractive production of K+K-K+K- via 
the intermediate ϕϕ state in proton-proton 
collisions, Phys.Rev.D 99 (2019) 9, 094034
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● Coupling constants obtained from radiative decay rates η’ → Vγ and V → ηγ

●

Reggeized V-meson exchange mechanism is dominant at higher energies 
and forward angles. 

Crystal Ball Collaboration, E.F. McNicoll et al., PRC 82 (2010) 035208
CBELSA/TAPS Collaboration, V. crede et al., PRC 80 (2009) 055202
CLAS Collaboration, M. Williams et al., PRC 80 (2009) 045213, T. Hu et al., PRC 102 (2020)065203; for η’: R. Dickson et al., PRC 93 (2016) 065202

Results γp → ηp and γp → η’(958)p reactions

qt

Missing N* resonances and 
N in the s-, u-channel exch.
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Results (p p → p p η)

To restore the energy dependence of the cross section for the N and N(1535) contributions via the ρ0-meson exchange, 
the relevant amplitudes were multiplied by the suppression function:

with reggeization
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WA102, Phys.Lett. B 467 (1999) 165
 A. Kirk, Phys. Lett. B 489 (2000) 29

Results (p p → p p η) Data:

G. Agakishiev et al., (HADES Collaboration), Study of exclusive one-pion and one-
eta production using hadron and dielectron channels in pp reactions at kinetic 
beam energies of 1.25 GeV and 2.2 GeV with HADES, Eur. Phys. J. A 48 (2012) 74

K. Teilab, (HADES Collaboration), ω and η meson production in p + p reactions at 
Ekin = 3.5 GeV, Int. J. Mod. Phys. A 26 (2011) 694

K. Teilab, Ph.D. thesis: The production of η and ω mesons in 3.5 GeV p+p 
interaction in HADES, Frankfurt U., 2011. Available at https://hades.gsi.de/node/4

F. Balestra et al., (DISTO Collaboration), Exclusive η production in proton-proton 
reactions, Phys. Rev. C 69 (2004) 064003

Model results:

https://hades.gsi.de/node/4
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black lines (PV):

blue lines (PT):

Results (p p → p p η)

DISTO
data

DISTO
data
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set 2 (dotted lines):

set 2 (dotted lines):

Results (p p → p p η)

DISTO
data
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● Data: Experiment SATURNE-213 F. Balestra et al. (DISTO Collaboration) PLB 491 (2000) 29

The ratio of total cross section for η’ and η is

● Model results: 
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← reggeization effect is small

Results (p p → p p η’(958))
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WA102, Phys.Lett. B 467 (1999) 165
 A. Kirk, Phys. Lett. B 489 (2000) 29

Results (p p → p p η’(958))
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Results (p p → p p η’(958))
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NN(1895)

← VV fusion

Results (p p → p p η’(958))
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Conclusions

Thank you for your attention

● We have given predictions for experiments at FAIR energies.

● Comparison of the full model (including nucleonic contributions, N* resonances, VV-fusion processes and 
interferences between them) with ongoing experimental results from HADES, PANDA, SIS100 
(both total cross-section and differential distributions) should help to learn more about the production 
mechanism of η, η’, f1. We shall learn about the coupling strengths ηNN, η’NN, ηNN*(1535), η’NN*(1895), 
π0NN*, ρ0NN*, ρρM, ωωM etc. The production of η and η’ mesons in pp collisions is of particular 
importance because of their coupling to baryonic resonances.

● We are looking forward to first experimental results on the production of η, η’, and f1(1285) mesons in 
pp@4.5 GeV with HADES. 



  

VV-fusion mechanism (p p → p p f1)

28



  

Results

N(2300) (?)

29

CLAS data: 
R. Dickson et al. (CLAS Collaboration), PRC 93 (2016) 065202 

we use

missing
u-channel N, N* 
exchanges

● The ρρf1 coupling constant is extracted from the radiative decay rate 
f1 → ρ0γ using the VMD approach. 

We consider decay f1 → ρ0γ → π+π-γ taking ρ0 mass distribution. 
We estimate the cotoff parameter Λρ  in the f1ρρ form factor:

● Photoproduction process:

● We assume                       based on arguments from the quark model 
and VMD. We assume Λρ = Λω = ΛV  and ΛρNN = ΛωNN = ΛVNN.

● Reggeization effect included
● The t-channel V-exchange mechanism play a crucial role in 

reproducing the forward-peaked angular distributions, especially at 
higher energies. From the comparison of differential cross sections  
to the CLAS data we estimate:

(C11) is excluded due to small ΛVNN, we stay with (C7) – (C10)

● Missing N* resonances and s/u-channel proton exchange
Possible N(2300) contribution

→ postulated in Y.-Y. Wang et al., PRD 95 (2017) 096015
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No data for the pp → pp f1 and pp → pp f1 reactions 
at low energies

← Integrated cross section for VV→ f1 fusion with 
different parameters.

In our procedure of extracting the model 
parameters from the CLAS data the dominant 
sensitivity of cross section is on coupling constants 
not on the cut-off parameters in form factors.

Reggeization effect must be included, it reduces 
cross section by a factor of 1.8 already for HADES

(upper limit)

Diffractive contribution (IPIP fusion) is very small for the HADES and PANDA energy range → IPIP-fusion contribution           
should be regarded as an upper limit [PL, Leutgeb, Nachtmann, Rebhan, Szczurek, PRD 102 (2020) 114003].
If at the WA102 c.m. energy (29.1 GeV) there are important contributions from subleading Reggeon exchanges
(IP f2IR, f2IR IP, f2IR f2IR, a2IR a2IR , ωIRωIR , ρIR ρIR , etc.) the IPIP contribution could be smaller (by a factor of up to 4).

Barberis et al. (WA102 Collaboration), PLB 440 (1998) 225:            
       

Results (p p → p p f1)



  

Results

31

1 + 2 + 3

2+3

1

Simulations for HADES experiment for
using PLUTO MC generator.

f1 f1

η

1

3

2

Optimal observation channel of f1(1285)

Experimental data for P = 24 GeV (                        )         

and our predictions for f1(1285) signal at SIS100 (                        )

2 + 31 + 2 + 3
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● At near threshold energy (HADES) 
the values of small |t1| and |t2|      
are not accessible kinematically

● HADES and PANDA experiments 
have a good opportunity to study 
physics of large four-momentum 
transfer squared |t1,2| → probes 
corresponding form factors at 
relatively large values of |t1,2|
and far from their on mass-shell 
values 
at where they were normalised

● ρ0ρ0- and  ωω-fusion processes 
have different kinematic 
dependences. Both terms play 
similar role. With increasing c.m. 
energy the averages of |t1,2| 
decrease (damping by form factors), 
hence the ωω term becomes     
more important

● We predict a strong preference for 
the outgoing nucleons to be 
produced with their transverse 
momenta being back-to-back, 

     = 3.46 GeV (top) and  5.0 GeV (bottom)
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      = 3.46 GeV (top) and  5.0 GeV (bottom)

● Since f1(1285) and η(1295) are 
close in mass and both decaying 
to π+π-η channel, care must be 
taken for potential overlap of 
these resonances with each other
in the measurement

● η(1295) has about 2 times larger 
total width than f1(1285)

● In order to distinguish both 
resonances the distribution in 
azimuthal angle may be used

● With the couplings of V to protons 
we see that the helicity flipping 
tensor coupling of the ρ to the 
protons is large whereas the 
tensor coupling of the ω is small
(taken to be zero)

● At higher energies, available in 
the future at PANDA and SIS100, 
ωω fusion giving η(1295) should 
dominate over ρρ fusion

● The distribution for η(1295) 
should (nearly) vanish for
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