
Suplemento de la Revista Mexicana de Fı́sica3 0308050 (2022) 1–4

Exclusive production off1(1285) meson in proton-(anti)proton collisions
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We discuss the exclusive production of axial-vectorf1(1285) meson via the vector-vector fusion mechanism at energies relevant for the
HADES and PANDA experiments at FAIR. Total and differential cross sections are given. The possibility of a measurement by HADES at√

s = 3.46 GeV is presented and discussed. The decay channelf1 → π+π−η(→ π+π−π0) seems particularly promising for this purpose.
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1. Introduction

We present a new study of the exclusive production of axial-
vectorf1(1285) meson (JPC = 1++) at energies relevant
for the HADES (pp) and PANDA (pp̄) experiments; seee.g.
[1, 2]. The PANDA experiment (antiProton ANnihilations at
DArmstadt) will be one of the key experiments at the Fa-
cility for Antiproton and Ion Research (FAIR). This presen-
tation summarises some of the key results of [3] to which
we refer the reader for further details. We assumed that
at energies close to the threshold theωω → f1(1285) and
ρ0ρ0 → f1(1285) fusion processes (Fig. 1) are dominant.
Future experiments (HADES, PANDA) will provide new in-
formation on the couplings ofωω → f1 andρ0ρ0 → f1.
From such experiments we will learn more on the nature of
the f1(1285) meson, for instance, is it aqq̄ state orK̄K∗

molecule?.
At higher energies (RHIC, LHC) the pomeron-pomeron

fusion mechanism (PP → f1) is expected to be dominant.
In Ref. [4] thepp → ppf1(1285) andpp → ppf1(1420) re-
actions were considered in the tensor-pomeron approach [6].
A good description of the WA102 data at

√
s = 29.1 GeV

was obtained. It was emphasized in Appendix D of [4] that
at the lower WA102 energy

√
s = 12.7 GeV the reggeized-

vector-meson or reggeon exchange contributions should be
taken into account. This studies could be extended by the
COMPASS experiment where presumably one could study
the influence of reggeon exchanges. A study of central ex-
clusive production (CEP) of the axial-vector mesons could
shed more light on the coupling of two reggeons/pomerons

FIGURE 1. Diagrams for thepp → ppf1 reaction via theωω- and
ρρ-fusion processes.

to thef1. In particular, the theoretical calculation ofPPf1

coupling is a challenging problem of nonperturbative QCD.
The four-pion decay channel seems well suited to measure
the f1(1285) meson at the LHC. The measurement of4π
CEP has already been initiated by the ATLAS Collabora-
tion [5].

2. Formalism sketch

We discuss exclusive production off1(1285) resonance
in proton-(anti)proton collisions close to the threshold:
p(pa, λa) + p(pb, λb) → p(p1, λ1) + f1(k, λ) + p(p2, λ2).
Here pa,b, p1,2 and λa,b, λ1,2 = ±1/2 denote the four-
momenta and helicities of the protons, andk andλ = 0,±1
denote the four-momentum and helicity of thef1 meson.

The amplitude forpp → ppf1(1285) includes two terms

Mpp→ppf1 = M(ωω fusion)
pp→ppf1

+M(ρρ fusion)
pp→ppf1

. (1)

TheV V -fusion amplitude (V V = ρ0ρ0 or ωω) reads

M(V V fusion)
λaλb→λ1λ2λf1

= (−i) (εα(λf1))
∗

× ū(p1, λ1)iΓ(V pp)
µ1

(p1, pa)u(pa, λa)

× i∆̃(V ) µ1ν1(s1, t1) iΓ(V V f1)
ν1ν2α (q1, q2)

× i∆̃(V ) ν2µ2(s2, t2)

× ū(p2, λ2)iΓ(V pp)
µ2

(p2, pb)u(pb, λb) . (2)

The kinematic variables are

q1 = pa − p1, q2 = pb − p2, k = q1 + q2,

t1 = q2
1 , t2 = q2

2 , m2
f1

= k2,

s = (pa + pb)2 = (p1 + p2 + k)2,

s1 = (p1 + k)2, s2 = (p2 + k)2. (3)

In Eq. (2) εα(λ) is the polarisation vector of thef1 meson,
Γ(V pp)

µ andΓ(V V f1)
ν1ν2α are theV pp andV V f1 vertex functions,

respectively (see [3] for details of all these quantities):
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iΓ(V pp)
µ (p′, p) = −iΓ(V p̄p̄)

µ (p′, p) = −igV pp FV NN (t)
[
γµ − i

κV

2mp
σµν(p− p′)ν

]
, (4)

iΓ(V V f1)
µνα (q1, q2) |bare=

2gV V f1

M4
0

[
(q1−q2)ρ(q1−q2)σελσαβ kβ(q1κδλ

µ−qλ
1 gκµ)(qκ

2 gρν−q2ρδ
κ
ν ) + (q1 ↔ q2, µ ↔ ν)

]
,

M0 = 1 GeV. (5)

For theV -(anti)proton coupling constants in Eq. (4) we
use:

gρpp = 3.0 , κρ = 6.1 , gωpp = 9.0 , κω = 0 . (6)

For the form factorFV NN (t), describing thet-dependence
of theV NN coupling, we take

FV NN (t) =
Λ2

V NN −m2
V

Λ2
V NN − t

. (7)

TheV V f1 vertex coupling (5) is derived from an effec-
tive coupling Lagrangian [3, 4] by considering the on shell
process of two real vector particlesV fusing to give anf1

meson. The angular momentum analysis of such reactions
was made in Ref. [7]. A convenient coupling Lagrangian,
corresponding to(l, S) = (2, 2), with orbital angular mo-
mentuml and total spinS, is given by (2.6) of [3]; see also
Appendix D of [4]. In Eq. (5) the label “bare” means that
theV V f1 vertex is derived from the corresponding coupling
Lagrangian without a form-factor function. Thus, for realis-
tic applications, we should multiply theV V f1 vertex by the
form factor:

FV V f1(q
2
1 , q2

2 , k2) = F̃V (q2
1)F̃V (q2

2)Ff1(k
2). (8)

We haveFV V f1(m
2
V ,m2

V ,m2
f1

) = 1. We make the assump-
tion thatF̃V (t) is parametrized as

F̃V (q2) =
Λ4

V

Λ4
V + (q2 −m2

V )2
, (9)

where the cutoff parameterΛV , taken to be the same for both
ρ0 andω, is a free parameter.

The standard form of the vector-meson propagator is given in
(3.2) of [6]. For small values ofsi and|ti| (i = 1, 2) the sim-
plest form of the transverse function,∆(V )

T (t) = (t−m2
V )−1,

is adequate. For largersi we must take into account reggeiza-
tion ∆(V )

T (ti) → ∆̃(V )
T (si, ti) (see [3]),

∆̃(V )
T (si, ti) = ∆(V )

T (ti)
(

exp(iφ(si))
si

sthr

)αV (ti)−1

(10)

and φ(si) = (π/2) exp ([sthr − si]/sthr) − (π/2) with
sthr = (mp + mf1)

2. We use the linear form for the
vector-meson Regge trajectoriesαV (t) = αV (0) + α′V t,
αV (0) = 0.5, α′V = 0.9GeV−2.

The gρρf1 coupling constant in Eq. (5) has been ex-
tracted from the decay rate off1(1285) → ρ0γ using
the vector-meson-dominance (VMD) ansatz. We assumed
gωωf1 = gρρf1 based on arguments from the naive quark
model and VMD. Then, we have fixed the cutoff parameters
in the form factors and the corresponding coupling constants
|gV V f1 | by fits to the CLAS experimental data for the process
γp → f1(1285)p → (ηπ+π−)p [8]; see Appendices B and C
of [3]. There, the reggeizedρ- andω-exchange contributions
play a crucial role in describing the forward-peaked angular
distributions, especially at higher energies,Wγp > 2.55 GeV.
The form of reggeization used in the model, affects both, the
size of the cross section and thet-dependence of theV ex-
changes; see the right panels of Figs. (4) and (15) of [3].

3. Selected results

In Fig. 2 we show some examples of the results for the
pp → ppf1(1285) reaction taken from [3]. Figure 2a) shows
integrated cross sections for theV V -fusion mechanism as a
function of collision energy

√
s. The results for three sets of

parameters (C7), (C9) and (C10) are shown; see Appendix C
of [3]. The result of diffractive pomeron-pomeron fusion
mechanism is also shown for comparison (see the red dotted
line). TheV V -fusion cross section rises from the threshold√

s = 2mp + mf1 to
√

s ≈ 5 GeV (PANDA energy range),
then it begins to decrease due to the reggeization effect. We
note that in our procedure of extracting the model parameters
(from the CLAS data onγp → f1(1285)p) the dominant sen-
sitivity of the results is ongV V f1 coupling constant, not on
the form-factor cutoff parameters.

The distributions incos θM , whereθM is the angle be-
tweenk andpa in the c.m. frame, for

√
s = 3.46 GeV and
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√
s = 5.0 GeV have a different shape. This is illustrated in

Figs. 2b) and c). The contributions for theωω- andρρ-fusion
processes separately, their coherent sum (total), and the inter-
ference term are shown. Theωω andρρ terms have different
kinematic dependences. With increasing energy

√
s the aver-

ages of|t1| and|t2| decrease, damping by form factors, hence
theωω contribution becomes more important. However, for
large values of|t1| and|t2|, in spite ofgρpp < gωpp (6), the
spin-flip term of theρ0-proton coupling is important.

Now we discuss the reactionpp → ppπ+π−η(→
π+π−π0) for

√
s = 3.46 GeV (Ekin = 4.5 GeV). The sim-

ulations of this reaction were performed withPLUTO [9].
The four charged pions can be reconstructed in the HADES
detector and the neutral pion from theη decay can be recon-
structed via missing mass technique or via two photon decay;
see Sec. IV of [3]. In Table I we have collected the cross
sections used in the simulations. For theV V → f1(1285)
production cross section we have assumedσf1 = 150 nb [3].
We took into accountBR(f1(1285) → ηπ+π−) = 0.35,
BR(η → π+π−π0) = 0.23 (average values from PDG) to
make estimates for theppπ+π−π+π−π0 final state.

First, we discuss the 5-pion background with all compo-
nents (1), (2), (3) listed in Table I. Figure 3a) shows the re-
constructed invariant mass ofπ+π−π0 with a clear signal of
η meson (mη ≈ 548 MeV, Γη ≈ 1.31 keV) on top of a
large background. For the continuum background we take
σ5π

back = 88 µb [10] (this should be regarded rather as an up-
per limit). The narrow width of theη meson allows to im-
pose an extra mass cut onMπ+π−π0 and suppresses the back-
ground efficiently. This is shown in Fig. 3b). The expected
signal (∼ 4000 counts) and background distributions display
projections for about 30 days of measurement. In addition,
the contribution (1) can be eliminated by using the side-band
subtraction method.

In Fig. 3c) we show separately the contributions (2)
and (4), in theπ+π−η invariant mass, to proof feasibility
of the f1(1285) measurement by HADES Collaboration at√

s = 3.46 GeV. We can see that he nonreducible back-
ground contribution from double excitation ofN∗ resonances
has a broader distribution than thef1 signal and this allows
for observation off1(1285) resonance in this process.

FIGURE 2. a) Cross section for thepp → ppf1(1285) reaction as a function of collision energy
√

s for V V → f1(1285) fusion mechanism
for different parameters [3]; b) and c): Distributions incos θM for

√
s = 3.46 GeV and

√
s = 5.0 GeV, respectively. Results for the

parameter values of (C7) are presented here. Shown are the contributions for theωω- andρρ-fusion processes separately, their coherent sum
(total), and the interference term (the green bottom solid line).

FIGURE 3. Invariant mass distributions of a)π+π−π0, b) π+π−π+π−π0, c) π+π−η corresponding to the measurement ofpp →
ppπ+π−π+π−π0 reaction at

√
s = 3.46 GeV with the HADES apparatus [3]. Contributions listed in Table I were included in the simu-

lations (see the main text). The results in panels b) and c) include the cut on theη meson mass0.54 GeV < Mπ+π−π0 < 0.56 GeV.
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TABLE I. Contributions used in the simulations of thepp → ppπ+π−π+π−π0 reaction.

Contribution Cross section (µb) Discussion

(1) pp → ppπ+π−π+π−π0 88 σ = (88± 14) µb [10], P = 5.5 GeV/c

(2) pp → ppπ+π−η(→ π+π−π0) 0.18 Estimates via twoN∗ resonances, see Eqs. (4.4) and (4.5) of [3]

(3) pp → ppπ+π−ω(→ π+π−π0) 0.07 σ = (0.09± 0.03) µb [11] for pp → ppπ+π−ω atP = 6.92 GeV/c

(4) pp → ppf1[→ π+π−η(→ π+π−π0)] 0.012 σ = (3.2− 12.4) nb, see (3.1) and (3.3) of [3]

4. Conclusions

We have discussed the possibility to observe thef1(1285)
meson in thepp → ppf1(1285) andpp̄ → pp̄f1(1285) reac-
tions at energies close to the threshold. Theρρ andωω fusion
amplitudes have been used to estimate the total and differen-
tial cross sections for the HADES and PANDA experiments.
Both processes play roughly similar role. The distributions
in t (not shown here) and the distributions incos θM (Fig. 2)
seem particularly interesting. The shape of these distribu-
tions gives information on the role of the individual fusion
processes. We predict a large cross section for the exclusive
f1(1285) production for the PANDA energy range. For the
V V → f1(1285) processes for

√
s = 5.0 GeV (PANDA) we

have obtained about 10 times larger cross sections than for√
s = 3.46 GeV (HADES).

We have discussed the possibility of a measurement of
the pp → ppf1(1285) reaction by the HADES Collabora-
tion at GSI. With our estimate of the cross section for the
pp → ppf1(1285) reaction we expect that thef1(1285) could

be observed in theπ+π−η (→ π+π−π0) channel since the
η has a very small width and a cut on theη mass will re-
duce the background efficiently. We have performed feasi-
bility studies and estimated that a 30-days measurement with
HADES should allow to identify thef1(1285) resonance in
theppπ+π−η final state. From thepp → ppπ+π−π+π− re-
action it may be difficult to extract thef1(1285) signal due to
large background contributions, for instance, from the dou-
ble excitation of theN(1440) resonances via theσ-meson
exchange as previously noted in Ref. [3].
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