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We discuss exclusive central diffractive production oflacéfp(980), fo(1370), fo(1500), pseu-
doscalar 4, n’(958)), and vector °) mesons in proton-proton collisions. We show that high-
energy central production of mesons could provide crunfarmation on the spin structure of the
soft pomeron. The amplitudes are formulated in terms ofcéffe vertices respecting standard
rules of Quantum Field Theory and propagators for the exgbdpomeron and reggeons. For the
scalar and pseudoscalar meson production, in most caselwsst orbital angular momentum -
spin couplings are necessary to describe WA102 experidiffexential distributions. Different
pomeron-pomeron-meson tensorial (vectorial) couplimgcstires are possible in general. For
the p® production the photon-tensor pomeron/reggeon exchamgesasidered and the coupling
parameters are fixed from the H1 and ZEUS experimental dattaeqgfp — p°p reaction. We
present first predictions of this mechanism for the— pp(p® — 1) reaction being stud-
ied at COMPASS, RHIC, Tevatron, and LHC. We analyse influefdbe experimental cuts on
integrated cross section and various differential digtidns for produced mesons.
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Figure1: Left panel: Diagram of the central exclusiVé= 0" mesons production by a fusion of pomeron-
pomeron, pomeron-reggeon, reggeon-pomeron, or regggmeon. Right panel: Diagram of the central
exclusivep® meson production via pomeron/reggeon-photon (or photonguon/reggeon) exchanges and
its subsequent decay into" i1~ pair.

1. Introduction

There is a growing interest in understanding the mechanisexausive meson production
both at low and high energies, for a review see [1]. In Refv&]performed application of the
"tensorial" pomeron model [3] for the exclusive productafrscalar §°¢ = 0**) and pseudoscalar
(JP€ = 0~*) mesons in th@p — ppM reaction and we compared results of our calculations with
WA102 experimental data. At high energies the dominantrémriton to this reaction comes from
pomeron-pomeron (or pomeron-reggeon) fusion, see Figftiganel). While it is clear that the
effective Pomeron must be a colour singlet, its spin stmgcnd couplings to hadrons are not
finally established. Although, it is also commonly assunrethe literature that the pomeron has
a "vectorial" nature [4] there are strong hints from the QuanField Theory that it has rather
"tensorial" properties [3].

Indeed, tests for the helicity structure of the pomeron hmen devised in [5] for diffractive
contributions to electron-proton scattering, that is Miotual-photon—proton reactions. For central
meson production in proton-proton collisions such testsevaiscussed in [6, 7, 8]. The general
structure of helicity amplitudes of the simple Regge behawvivas also considered in Ref. [9, 10].
The detailed structure of the amplitudes depends on dyrsaanid cannot be predicted from the
general principles of Regge theory.

We focus on exclusive production pf resonance [11] in the context of theoretical concept
of tensor pomeron proposed in Ref.[3]. The diagrams to bsidered are shown in Fig. 1 (right
panel). Needless to say that at lower energies there is alsoortantp® — 7t 1~ background
from the non-central diffractive processésTwo of us proposed some time ago a simple Regge-
like model for therr" m~ andK ™K~ continuum based on the exchange of two pomerons/reggeons
[16, 17, 18, 1].

2. Sketch of formalism

In Ref. [2] we discussed differences between results oftéesbrial pomeron” and "vectorial
pomeron" models of central exclusive production for théascand pseudoscalar mesons. In order
to calculate these contributions we must know the effedBvpropagator, thdPpp and PPM

IThere the dominant mechanism is the hadronic bremsstrgtjym® mechanism. Similar processes were discussed
at high energies for the exclusive reactiopg— nnrrt it [12], pp— ppr [13], pp— ppw [14], pp— ppy [15].
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vertices. The formulae for corresponding propagators amtices are presented and discussed in
detail in Refs. [3, 2]. In [2] we gave the values of the lowediital angular momenturhand of
the corresponding total sp# which can lead to the production bf in the fictitious fusion of two
tensorial or vectorial "pomeron particles". In most cases loas to add coherently amplitudes for
two couplings with different orbital angular momentum apihsof two “pomeron particles”. The
corresponding coupling constants are not known and haveftitss to existing experimental data.

Here we focus on exclusive central productionp8fresonance. Due to its quantum numbers
this resonance state can be produced only by photon-poroeamton-reggeon mechanisms, see
Fig. 1 (right panel). In the amplitude for thyg — p°p subprocess we included both pomeron and
for exchanges. All effective vertices and propagators have baeen here from Ref. [3]. The
Ppp vertex is given in [3] by formula (3.47) and the propagatothaf tensor-pomeron exchange
by (3.10). The decay vertex f@® — " is well known (e.g. see (3.35) of [3]). All the details
will be given in [11].

3. Resaults

The theoretical results are compared with the WA102 expartal data in order to determine
the model parameters. In Fig.2 for example we present oultifes the integrated cross sections of
the exclusivefp(1500 (left panel) andy’ (right panel) meson production as a function of centre-
of-mass energy/s. At high energies the dominant contribution comes from pamgomeron
(PP) fusion; see Fig.1 (left). Non-leading terms arise fromgean-pomeronRP) and reggeon-
reggeon RIR) exchanges. We assume that the energy is high enough tharveecsider pomeron-
pomeron-mesonRIPM) fusion. At low energy theatr-fusion contribution [19] dominates. For
pseudoscalar meson production we can expect large caigrisurom ww exchanges due to the
large coupling of thew meson to the nucleon. At higher subsystem energies sqsgfamdsy3
the meson exchanges are corrected to obtain the high enehgyibur appropriate fan-reggeon
exchanges. This seems to be the case fomtimeeson production where we have included also
exchanges of subleading trajectories which improve theeagent with experimental data.

In Fig.3 we show the distribution in azimuthal anglg, between outgoing protons for central
exclusive meson production by the fusion of two tensor @sbiie) or two vector (long-dashed
line) pomerons at/s=29.1 GeV. The strengths of th@,S) couplings were adjusted to roughly
reproduce the WA102 data from [21]. The tensorial pomeroth wie (1,S) = (0,0) coupling
alone already describes the azimuthal angular correl&diofy(1370 meson reasonable well. The
vectorial pomeron with the¢l,S) = (0,0) term alone is disfavoured here. The preference of the
fo(1370 for the @pp ~ ™ domain in contrast to the enigmatig(980) and fo(1500 scalars has
been observed by the WA102 Collaboration [22]. The contidiouof the (0,0) component alone
is not able to describe the azimuthal angular dependencthése states. We observe a large
interference of twdl,S) components in the amplitude. For production of pseudoscaésons in
both pomeron models the theoretical distributions are sdraeskewed due to phase space angular
dependence. The contribution of tfie 1) component alone in the tensorial pomeron model is not
able to describe the WA102 data [21].

Fig. 4 (left panel) shows the integrated cross section fyth— p°p reaction as a function of
center-of-mass energy together with the experimental diataur calculations two parameter sets
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Figure 2: Cross section for thep — pp (1500 (left panel) andop — ppn’(958) (right panel) reactions
as a function of proton-proton center-of-mass energyThe experimental data are from the WA102 exper-
iment at,/s=29.1 GeV [20], and for the Feynmaxe interval 0< X < 0.1 [21]. The pomeron-pomeron
fusion (the black solid lines) dominates at higher energlaghe left panel we show the individual con-
tributions to the cross section witlh, S) = (0,0) (short-dashed line) and,S) = (2,2) (dotted line). The
rirt-fusion contribution is important for thé (1500 meson production at lower energies while toe>-
fusion contribution for they’ meson production.
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Figure 3: Distributions in azimuthal angle between outgoing protforsthe central exclusivey(1370),
fo(1500 andn’(958) mesons production by a fusion of two tensor (the black satig)lor two vector (the
red long-dashed line) pomerons. The WA102 experimental paints from [22] have been normalized to
the total cross section from [20] gts = 29.1 GeV. The solid line is the result including coherently two
(1,S) couplings. For the tensorial pomeron case we show the mha@{1, S) spin contributions to the cross
section.

of coupling constants are used, see [11]. In the right paralvow the differential cross section for
elasticp® photoproduction. The calculations performed /A= 80 GeV are compared with ZEUS
data [23, 24]. We can see that the amplitude for longitudafaineson polarisation is negligible
and vanishes dt= 0.

In Fig. 5 we show distributions i, (left panel) and in the pion rapidity (right panel) at
V/s=T7 TeV. For theg,,, distribution, the effect of deviation from a constant is doiénterference
of photon-pomeron and pomeron-photon amplitudes. Siraffact was discussed first in Ref. [25]
for the exclusive production af/( meson. These correlations are quite different than thase fo
double-pomeron mechanism [17, 1] and could be thereford atéeast to partial separation of
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Figure4: Left panel: The elastip® photoproduction cross section as a function of center-agswenergy.
Our results are compared with the low energy data and HERA @alid marks), see [14] for references.
The solid line correspond to results with both the pomerath Bg exchanges. The individual pomeron
and reggeon exchange contributions are denoted by thedasiged and short-dashed lines, respectively.
The black lines represent parameter set A of coupling catstabtained for default values &pp and
forpp couplings in both the(© and @ tensor functions [3] while the blue line represents set B for
the @ function alone and more accurately describes the low-grexgerimental data for a larger value
of brgpp coupling. Right panel: The differential cross sectaa/d|t| for the yp — p°p process. The
ZEUS data at lowt| (at yp average center-of-mass energy,/s >= 71.7 GeV [23] and at highejt| (at

< \/S>= 94 GeV) [24] are shown. The top and bottom lines representethts at,/s = 80 GeV forp°
meson transversé 4 = +1) and longitudinal {, = 0) polarisation, respectively. Here we used parameter
set A of coupling constants.

these two mechanism$.The rapidities of the two pions are strongly correlated. Tiegexchange
included in the amplitude contributes at backward/forwpiah rapidities and its contribution is
non-negligible even at the LHC energies. This is similar @stfie double pomeron/reggeon-
exchanges in the fully diffractive mechanism, see [16, 17, 1

4. Conclusions

We have analysed proton-proton collisions with the exekigientral production of scalar
and pseudoscalar mesons. We have presented the predictitmas different models of the soft
pomeron. The first one is the commonly used model with veadt@ameron which is, however,
difficult to be supported from a theoretical point of view. elfecond one is a recently proposed
model of tensorial pomeron [3], which, in our opinion, hafidretheoretical foundations. We have
performed calculations of several differential distribns. We wish to emphasize that the tensorial
pomeron can, at least, equally well describe experimesti@ dn the exclusive meson production
discussed here as the less theoretically justified vetmoiaeron frequently used in the literature.
The existing low-energy experimental data do not allow &adly distinguish between the two
models as the presence of subleading reggeon exchangédavisaatergies very probable for many
reactions. Production af’ meson seems to be less affected by contributions from siibpax-
changes. Pseudoscalar meson production could be of partioterest for testing the nature of the

2ThepP contribution in the azimuthal angle regiogyp < 71/2) should be strongly enhanced in comparison to fully
diffractive mechanism including absorption effects dugh®p p-rescattering.
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Figure 5: Distributions in azimuthal angle between outgoing protfie& panel) and in the pion rapidity
(right panel) aty/s= 7 TeV. The black (lower) and blue (upper) solid lines are wietd for parameter
set A and set B of coupling constants, respectively, andcespond to the situation when both the pomeron
and f,r exchanges in the amplitude are included. The short-dasietd@tted line represent contribution
separately from the pomeron-photon and photon-pomeranratias, respectively. The black long-dashed
line corresponds to the pomeron exchange alone and parsseéts.

soft pomeron since there the distribution in the azimuthaleg,, between the two outgoing pro-
tons may contain, for the tensorial pomeron, a term whicloigossible for the vectorial pomeron,
see [2]. The models contain only a few free coupling pararedtebe determined by experiment.
The hope is, of course, that future experiments will be ableetect soft pomeron model. In any
case, our models should provide good “targets” for expamtalists to shoot at. It would clearly
be interesting to extend the studies of central meson ptmafuin diffractive processes to higher
energies. For the resonances decaying e.g. intatthehannel an interference of the resonance
signals with the two-pion continuum has to be included initamltl This requires a consistent
model of the resonances and the non-resonant background.

We have made first estimates of the contribution of exclugi¥eroduction to thepp —
pprrt m reaction. We have shown some differential distributiongiam rapidities as well as some
observables related to final state protons. We have obt#iagthep® contribution constitutes 10-
20% of the double-pomeron/reggeon contribution calcdlatea simple Regge-like model [16,
17, 1]. We expect that the exclusiy¥ photoproduction and its subsequent decay are the main
source ofP-wave in therr i channel in contrast to even waves populated by the doulsteemm
processes. Different dependence on proton transverse m@rmed azimuthal angle correlations
between outgoing protons could be used to separate’tbentribution. We therefore conclude that
the measurement of forward/backward protons is cruciaétteb understanding of the mechanism
of the pp— pprr™ m reaction.

Future experimental data on exclusive meson productioightdnergies should thus provide
good information on the spin structure of the pomeron andt®rauplings to the nucleon and
the mesons. On the other hand, the low energy data could melpderstanding the role of sub-
leading trajectories. Several experimental groups, e @MEASS [26], STAR [27], CDF [28],
ALICE [29], ATLAS+ALFA[30], and CMS+TOTEM [31] have poteid to make very significant
contributions to this program aimed at understanding tive stpucture of the soft pomeron.
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