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Exclusive production of f;(1285) meson in proton-(anti)proton collisions
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We discuss the exclusive production of axial-vecfpf1285) 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 chganel 7" 7~ n(— =7~ 7°) seems particularly promising for this purpose.
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1. Introduction to the f,. In particular, the theoretical calculation BPf;
coupling is a challenging problem of nonperturbative QCD.

We present a new study of the exclusive production of axial-The four-pion decay channel seems well suited to measure

vectorf; (1285) meson "¢ = 1**) at energies relevant the f,(1285) meson at the LHC. The measurementdaf

for the HADES fp) and PANDA {)p) experiments; see.g.  CEP has already been initiated by the ATLAS Collabora-
[1,2]. The PANDA experiment (antiProton ANnihilations at tjon [5].

DArmstadt) will be one of the key experiments at the Fa-
cility for Antiproton and lon Research (FAIR). This presen-
tation summarises some of the key results of [3] to which
we refer the reader for further details. We assumed th
at energies close to the threshold the — f,(1285) and
p'p° — £1(1285) fusion processes (Fig. 1) are dominant.
Future experiments (HADES, PANDA) will provide new in-
formation on the couplings afw — f; andp®p® — fi.
From such experiments we will learn more on the nature o
the f1(1285) meson, for instance, is it @7 state orK K*
molecule?.

At higher energies (RHIC, LHC) the pomeron-pomeron Mop—ppfs = M;“;‘i;‘;f}i’“) + M;;ff;;?“), (1)
fusion mechanismHP — f) is expected to be dominant. ) )
In Ref. [4] thepp — ppf1(1285) andpp — ppf1(1420) re- The V'V -fusion amplitude YV = p°p° or ww) reads

2. Formalism sketch

Ave discuss exclusive production gf;(1285) resonance
in proton-(anti)proton collisions close to the threshold:
P(Pas Aa) + (Do, Ab) — p(p1, A1) + fi(k, A) + p(p2, A2).
Here pgp, p12 @and Agp, A2 = £1/2 denote the four-
{nomenta and helicities of the protons, andnd\ = 0, +£1
denote the four-momentum and helicity of themeson.

The amplitude fopp — pp f1(1285) includes two terms

actions were considered in the tensor-pomeron approach [6]. VY fusion) (=4) (€*(Ap,))"

A good description of the WA102 data gfs = 29.1 GeV Aads=A1Azd sy I

was obtained. It was emphasized in Appendix D of _[4] that x u(py, Al)if,(xpp) (p1, Pa)t(Pay Aa)
at the lower WA102 energy/s = 12.7 GeV the reggeized- _

vector-meson or reggeon exchange contributions should be x iAWV (g 1) iF(XlZ({l)(ql, q2)

taken into account. This studies could be extended by the
COMPASS experiment where presumably one could study
the i_nfluence of reggeon exchange_s. A study of central ex- x ii(pa, )\Q)Z'I‘EZPP) (p2, po)u(pp, Ap) - 2)
clusive production (CEP) of the axial-vector mesons could . _ .

shed more light on the coupling of two reggeons/pomerond he kinematic variables are

X ZA(V) vah2 (82, tg)

) (p1) (1) Q1 =Pa—P1, @=Po—P2, k=q+q,
P (pa) i P (Pa) e 2 2 2 2
' tr=qi,t2 = g3, my =k,

N \ZL N \1/1
) JOSRAC p:: == fik) s = (pa+pe)* = (p1 +p2+ k)2,
g o s1=(p1 + k)2, so=(pa+k)> ©)

p(p) S~ p () In Eq. 2) e, ()) is the polarisation vector of thg meson,

a) p(p2)  b) P (p2)
FELV”’) andr'lY, £V are theV pp andV'V f; vertex functions,

FIGURE 1. Diagrams for th reaction via thevw- and . . .
9 ¥p — PPh respectively (see [3] for details of all these quantities):

pp-fusion processes.
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. . 55 . . Ry v
TP (pf p) = —iD VPP (p! p) = —igvpp Fynn () |7, — lﬁdw(p -, (4)
P

. 29vv
LYY (g1, q2) [bare= M4f1 [(1—02)"(01—a2) Ercas K (q1e0) —a} Gepn) (65 9ov—2,p00) + (01 < 2, 1 < V)],
0

Mo =1 GeV. %)

For theV-(anti)proton coupling constants in E@) (we
use: IThe standard form of the vector-meson propagator is given in
(3.2) of [6]. For small values of; and\tﬂ (: = 1,2) the sim-
plest form of the transverse functioh ' () = (t—m32,)~1,
is adequate. For largey we must take into account reggeiza-
tion AY) () — AV (s;,1;) (see [3]),

Yppp = 30’ Kp = 6.1 » Yupp = 90, Kw = 0. (6)

- (v v Ss av(ti)fl
- A (st = A (1) (explioten) - )
For the form factorFy yx (), describing the-dependence Sthr

of theV NN coupling, we take (10)
and ¢(s;) = (7/2)exp ([Sthr — Si]/stnr) — (7/2) with
st = (mp + my, )% We use the linear form for the

vector-meson Regge trajectories (t) = ay(0) + af, ¢,
TER— (M)  av(0)=0.5a, =0.9GeV 2
VNN The g,,¢, coupling constant in Eq.5f has been ex-
tracted from the decay rate of;(1285) — p%y using
the vector-meson-dominance (VMD) ansatz. We assumed
Juwf = YGppp, based on arguments from the naive quark
The V'V f; vertex coupling/d) is derived from an effec-  model and VMD. Then, we have fixed the cutoff parameters
tive coupling Lagrangian [3, 4] by considering the on shellin the form factors and the corresponding coupling constants
process of two real vector particlés fusing to give anf1  |gyy (| by fits to the CLAS experimental data for the process
meson. The angular momentum analysis of such reactions, —, f1(1285)p — (et 7~ )p[8]; see Appendices B and C
was made in Ref. [7]. A convenient coupling Lagrangian, of [3]. There, the reggeizee andw-exchange contributions
corresponding tql, S) = (2,2), with orbital angular mo-  play a crucial role in describing the forward-peaked angular
mentum/ and total spinS, is given by (2.6) of [3]; see also distributions, especially at higher energigis,, > 2.55 GeV.
Appendix D of [4]. In Eq. b) the label “bare” means that The form of reggeization used in the model, affects both, the
the V'V f1 vertex is derived from the corresponding coupling size of the cross section and thelependence of th& ex-
Lagrangian without a form-factor function. Thus, for realis- changes; see the right panels of Figs. (4) and (15) of [3].
tic applications, we should multiply théV f; vertex by the
form factor:

A2 _ m2
FVNN (t) _ VNN \%4

3. Selected results

In Fig. 2 we show some examples of the results for the
Fov (@2, a3, k) = By (¢2) Fy () Fy, (k2). (8)  pp — ppf1(1285) reaction taken from [3]. Figure 2a) shows
integrated cross sections for th&/-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
We haveFyy f, (m3,, m3,, m%,) = 1. We make the assump- of [3]. The result of diffractive pomeron-pomeron fusion
tion thatFy (¢) is parametrized as mechanism is also shown for comparison (see the red dotted
line). TheV'V-fusion cross section rises from the threshold
Vs = 2m, + my, 10 /s = 5 GeV (PANDA energy range),
then it begins to decrease due to the reggeization effect. We
(9) note that in our procedure of extracting the model parameters
(from the CLAS data orp — f;(1285)p) the dominant sen-
sitivity of the results is oryy v, coupling constant, not on
the form-factor cutoff parameters.
where the cutoff parametdr,, taken to be the same for both The distributions incos 8,;, wheref,, is the angle be-
p° andw, is a free parameter. tweenk andp, in the c.m. frame, for/s = 3.46 GeV and
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Vs = 5.0 GeV have a different shape. This is illustrated in First, we discuss the 5-pion background with all compo-
Figs. 2b) and c). The contributions for the- andpp-fusion  nents (1), (2), (3) listed in Table I. Figure 3a) shows the re-
processes separately, their coherent sum (total), and the intemenstructed invariant mass of 7~ 7" with a clear signal of
ference term are shown. Thev andpp terms have different » meson fn,, ~ 548 MeV, I', ~ 1.31 keV) on top of a
kinematic dependences. With increasing eneygythe aver-  large background. For the continuum background we take
ages of¢;| and|t»| decrease, damping by form factors, hences™ , = 88 ub [10] (this should be regarded rather as an up-
the ww contribution becomes more important. However, forper limit). The narrow width of the) meson allows to im-
large values oft; | and|ts|, in spite 0fg,,, < gupp (6), the  pose an extra mass cut 8, + .- .o and suppresses the back-
spin-flip term of thep®-proton coupling is important. ground efficiently. This is shown in Fig. 3b). The expected
Now we discuss the reactiopp — pprtn—n(— signal ¢~ 4000 counts) and background distributions display
atr=70) for /s = 3.46 GeV (Ey, = 4.5 GeV). The sim-  projections for about 30 days of measurement. In addition,
ulations of this reaction were performed wigLUTO [9]. the contribution (1) can be eliminated by using the side-band
The four charged pions can be reconstructed in the HADESubtraction method.
detector and the neutral pion from thelecay can be recon-
structed via missing mass technique or via two photon decay; In Fig. 3c) we show separately the contributions (2)
see Sec. IV of [3]. In Table | we have collected the crossand (4), in ther* 77 invariant mass, to proof feasibility
sections used in the simulations. For & — f;(1285)  of the f1(1285) measurement by HADES Collaboration at
production cross section we have assumgd= 150 nb [3]. /s = 3.46 GeV. We can see that he nonreducible back-
We took into accounBR(f1(1285) — natx~) = 0.35,  ground contribution from double excitation b resonances
BR(n — mtx~7%) = 0.23 (average values from PDG) to has a broader distribution than tlfe signal and this allows

make estimates for theor 7~ 77— 70 final state. for observation off; (1285) resonance in this process.
E]Oz_ll\\‘llll‘\\|||||||‘\\||_ EOIISHI‘IIII‘IIII‘I‘II‘ 32.57|\||||\|\||\|\‘\\\\7
= F pp— pp f(1285) 3 - [ Pp—ppf(1285) total 1 = [ pp— ppf,(1285)
° [ VV fusion 1 = [ B5=346Gev  ——-ppiusion 1 = ]\ =50Gev total
[ Eq. Ay A gl ] ' s o fusion 1 & 2 ——- pp fusion
10F o (7). 065GCeV. 135GeV. 2005 § & inerference 1 2 p\ e e fusion
E 4 (€9 08GeV. 101Gev. 120 3§ o 0IF 7 98 interference
e (Cl0), 1.0GeV, 09GeV, 8.49 = 7 =
L A —— - © | -9
= 2| =l
1 3 F o
E 0.0 A
107 B ]
0 = [—
! g - = | g
) TN T N S Y AT T T T T T T AN O PRI SRV TN S S N AN ST AN ST T WY WY ol— L R | |
1075 4 5 6 7 8 ] 5 D 0.5 1 L] 205 0 0.5 1
a) fs(GeV) b) cosf,, ©) cosd,,

FIGURE 2. a) Cross section for thep — pp f1(1285) reaction as a function of collision energys for VV — f1(1285) fusion mechanism
for different parameters [3]; b) and c): Distributionsdos 6, for /s = 3.46 GeV and/s = 5.0 GeV, respectively. Results for the
parameter values of (C7) are presented here. Shown are the contributionsifar-thed pp-fusion processes separately, their coherent sum
(total), and the interference term (the green bottom solid line).
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FIGURE 3. Invariant mass distributions of a7~ 7%, b) 7t7~7t7~2°, ¢) #*x~n corresponding to the measurementypf —
ppr T~ Tn 70 reaction at,/s = 3.46 GeV with the HADES apparatus [3]. Contributions listed in Table | were included in the simu-
lations (see the main text). The results in panels b) and c) include the cut gnntieson mas§.54 GeV < M+, 0 < 0.56 GeV.

Supl. Rev. Mex. Fis3 0308050



4 P. LEBIEDOWICZ

TABLE |. Contributions used in the simulations of the — pprt 7~ 77~ 7° reaction.

Contribution Cross sectionub) Discussion
Q) pp — ppr T a0 88 o = (884 14) ub [10], P = 5.5 GeVic
@) pp — pprT (= 7ta 7% 0.18 Estimates via twaV* resonances, see Egs. (4.4) and (4.5) of [3]
3)pp — ppr T w(— 7T 70) 0.07 o = (0.09 £ 0.03) ub [11] forpp — ppr ™7~ w at P = 6.92 GeVic
@) pp — ppfi|— 7T n(— 7t~ 70)] 0.012 o = (3.2 —12.4) nb, see (3.1) and (3.3) of [3]
4. Conclusions be observed in thet 77 (— 77~ 7°) channel since the

n has a very small width and a cut on themass will re-

We have discussed the possibility to observe fh@285)  duce the background efficiently. We have performed feasi-
meson in theop — ppf1(1285) andpp — ppfi(1285) reac-  bility studies and estimated that a 30-days measurement with
tions at energies close to the threshold. Fh@ndww fusion ~ HADES should allow to identify thef; (1285) resonance in
amplitudes have been used to estimate the total and differethe ppr ™7~ final state. From thep — pprt 7~ 77~ re-
tial cross sections for the HADES and PANDA experiments.action it may be difficult to extract thg (1285) signal due to
Both processes play roughly similar role. The distributionslarge background contributions, for instance, from the dou-
in t (not shown here) and the distributionscios 6, (Fig. 2)  ble excitation of the/V(1440) resonances via the-meson
seem particularly interesting. The shape of these distribuexchange as previously noted in Ref. [3].
tions gives information on the role of the individual fusion
processes. We predict a large cross section for the exclusi

1(1285) production for the PANDA energy range. For the

V'V — f1(1285) processes foy/s = 5.0 GeV (PANDA) we  The author is indebted to A. Szczurek, O. Nachtmann, and
have obtained about 10 times larger cross sections than f@r Salabura for collaboration on related topics and discus-
Vs = 3.46 GeV (HADES). sions. Thanks to the organisers of the HADRON 2021 con-

We have discussed the possibility of a measurement dierence for making this presentation of our results possible.
the pp — ppf1(1285) reaction by the HADES Collabora- Presented in “19th International Conference on Hadron Spec-
tion at GSI. With our estimate of the cross section for thetroscopy and Structure in memoriam Simon Eidelman”, July
pp — ppf1(1285) reaction we expectthatthg(1285) could  26-31, 2021, Mexico City (Mexico).
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