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Protons and antiprotons at collider energies are a sourtégbfenergy Weizséacker—Williams
photons. This opens up a possibility to study at the LHC estekiphotoproduction of heavy vec-
tor mesons at energies much larger than possible at the HEB#eaator. We present selected
results of our detailed studies of various distributionstifie production of heavy quarkonia (e.g.
rapidity, transverse momenta, azimuthal angles). We gredigtions for LHC energies. Our
calculations are based on modelling the photoproductioplitudes in ak -factorisation ap-
proach which is checked against HERA data. We also discassxtiusive photoproduction of
Z° bosons.
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Central exclusive photoproduction at the LHC Wolfgang SCHAFER

Central exclusive production processes have recently attracted riteokian for offering a
rich physics program at the modern colliders, from a potentially clean weistmver/investigate
a light Higgs to (exotic) hadron spectroscopy to investigations of the QQbeRmn (for recent
reviews with many references, sée [1]).

Here we show a selection of results obtainedji[4] 3, 4]. We concentnaaeparticular pro-
duction mechanism: photoproduction. In the languageafannel exchanges, we describe it in
terms of the photon—Pomeron fusion. We want to have large rapidity gapse €xchange mech-
anism must have an effective spinl, and must not carry neither charge nor color charge. Those
requirements are fulfilled by both photon and Pomeron. THgarity of the centrally produced
system must be the produCt=C,-Cp = —1. Hence we will concentrate on the production of
(heavy) vector mesond/y, Y and their radial excitations, and we will also show predictions for
the electroweak® gauge boson.

Ideally one would measure the final state completely, including the protonsntéresting
feature of the photon exchange mechanism is that the interference hetveephoton-Pomeron
fusion, and the exchange-diagram Pomeron-photon fusion, inducagimuthal correlation be-
tween the outgoing protonfl [2]. In practice, if protons are not measoreslhas to also include
low—mass diffractive excitation in the final state. A review of the experimeaittztion at the LHC
has been given at this conferenfle [5]. Recently, the experimentafl girprinciple has been given
by CDF at the Tevatron, where exclusive charmonium production hars ineasured for the first
time in hadronic collisions at high enerdy [6].

With respect to other possible hadronic exchange mechanisms, suchcasjietured Odd-
eron [], the photon exchange stands out through the very shamaribpeaking induced by the
photon pole. Then the relevant photon virtualities are small enough to limielvessto quasireal,
Weizsacker—Williams photons. We are dealing with predominantly peripheliadians, and can
expect the effect of absorptive corrections to be only on~H -+ 20%—level. The diagrams fig
[l can then be calculated essentially from the amplitude of vector-meson piaiefion on a nu-
cleon. The latter is strongly constrained by data obtained at HERA. If figr Besults for the total
photoproduction cross section ¥fare shown against recent data from the ZEUS collaboration
(from [g]). For a specific choice of the vector meson wavefunction treement is quite good.
The calculation is based on a pQCD modelling of Pomeron exchange alongebeofifd], for
more details, sed][3].

In fig. B we show rapidity distributions for various vector mesons in prgtarien (or proton
antiproton) collisions. We also show the recent CDF data [6], the agradmmiewy quite reasonable.
It is interesting to observe that the effect of absorptive correctioriesraver phase space. Born—
level results are shown by the dashed lines, and the full (including pibs®rcorrections) results
by the solid lines. Absorption is a stronger effect at larger rapidities. i$madated to the fact that
there a larger longitudinal momentum transfer is involved, and hence thearolkdess pripheral,
and therefore absorption is stronger. It is important to keep this in mind ifwargs to draw
conclusions on the energy dependence ofighe- V p photoproduction amplitude from the shape
of the rapidity distribution. As far as the production of radially excited vectesons is concerned,
they will be produced in roughly the same ratio as in the photoproduction aruttieon target.

Let us now turn to th&® production [4]. Here there are some subtleties in the calculation of
the photoproduction amplitude, due to the fact the amplitude has a cut stemmmth&a° — qg
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Figure 1: The photon-Pomeron fusion mechanism. The Pomeron exchsmngadelled by a pQCD gluon
ladder. Also shown is the absorptive correction, includiastic rescattering.
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Figure 2: Left: the total cross section farp — Yp taken from [B]. Our results are labelled RSS. Right:
the pQCD model for the production amplitude. The input wgnated gluon distribution is constrained by
HERA data, the vector meson wavefunction has to reprodwckegionic decay width.

transition, differently from the vector meson case. The photoproductimss section at HERA
energies is exceedingly small, indeed this process has never beemenbser fig. [# we show
rapidity distributions ofZ° in pp and pp collisions. The thin solid line shows the Born level
results, while for the red curves absorption has been included. Almwomrgffects are stronger
than for vector meson production: the headi@boson is produced in substantially less peripheral
collisions. The cross section is however disppointingly small. A recentlsésr CDF [1D] came
up with an upper limit for the total cross section-ofl pb, roughly a factor thousand bigger than
our result.

In summary, cross sections for exclusive vector mesons are of mbbssize. The fair agree-
ment of our predictions with Tevatron data suggests that absorption is tgad®nable control. A
possible measurement at the LHC promises access to the gluon distributesy ainallx, beyond
the HERA domain.
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Figure 3: Rapidity spectrum of exclusive vector mesons for Tevatige= 1960 GeV, (left) and LHC,
v/S=14 TeV, (right) energies. Greed; y, Blue:y/(2S), Black:Y, Red¥(2S). Notice that at LHC energies
for Y aty ~ 0 we probe the glue at~ 1073+ 1074, while aty ~ 5 effectivelyx ~ 107>+ 1078, The data
points are from|]]6]. Dashed lines are without, solid linethwveibsorption.
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Figure 4: Rapidity spectrum of exclusivE®’s at Tevatron (left) and LHC (right) energies. The thin tilac
lines are without, the thick red lines with absorption.
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