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1. Introduction

Recently the exclusive production gf meson in proton-proton collisions was intensively
studied close to its production threshold at the COSY ring at KFA Jilich [dpasaclay [2]. Here
the dominant production mechanism is exchange of several mesonall@bd-meson exchange
currents) and reaction vig 1 resonance [3].

| present results of a recent study [4] (done in collaboration with Reétask and O. Teryaev)
of the same exclusive channel but at much larger energies (0 GeV). Here diffractive mecha-
nism may be expected to be the dominant process. In Ref.[5] the Regeeihgomeron-pomeron
fusion was considered as the dominant mechanism aftipeoduction. Here | present results ob-
tained in the formalism based on unintegrated gluon distribution functions. Simitaglism was
used recently to calculate cross section for exclusive Higgs bosomgtiod [6, 7]. There is a
chance that the formalism used for Higgs can be tested quantitativelydiusese (heavy) meson
production where the corresponding cross section is expected to behbiggen.

In Fig. 1 1 show a sketch of the QCD mechanism of diffractive doubletielpsoduction ofn’
meson (left diagram). For completeness, we include also photon-phatimm fonechanism (right
diagram).
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Figure 1. The sketch of the bare QCD and photon-photon fusion medmanighe kinematical variables
are shown in addition.

2. Formalism

Following the formalism for the diffractive double-elastic production of thgds boson de-
veloped by Kaidalov, Khoze, Martin and Ryskin [6, 7] (KKMR) we write tiewe QCD amplitude
for the procespp — pn’p sketched in Fig.1 as
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The bare amplitude above is subjected to absorption corrections whichdlepeollision energy.
The vertex functiorV (ki, ko, Ry ) in the expression (2.1) describes the coupling of two virtual glu-

(2.1)
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ons to the pseudoscalar meson. The details concerning the fuNctierk,, Bv) can be found in
[4].

The objectsfﬂf(xl,x’l, k3. k2,,t1) and fgci;f(xz,x’z, k3,,k3,,t2) appearing in formula (2.1) are
skewed (or off-diagonal) unintegrated gluon distributions. They arediagonal both inx andk?
space. Usual off-diagonal gluon distributions are non-diagonal iorty In the limitx; > — X ,,
ks, — k%/z,t andt; » — 0 they become usual UGDFs. In the general case we do not know off-
diagonal UGDFs very well. It seems reasonable, at least in the firsb@ppation, to take

fgo.flf(xlaxlbkg,takitatl = \/fél) (X, K3,) - )(Xlaklt) Fu(ty), (2.2)

fg;f (X27 X,27 k%,ta k%,tatz \/fg X27 fg )(X27 k%t) Fl(tZ) (23)

whereF;(t1) andF4(t2) are usual Dirac isoscalar nucleon form factors anandt, are total four-
momentum transfers in the first and second proton line, respectivelyabidne prescription is a
bit arbitrary. It provides, however, an interpolation between diffekeandk; values.
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Figure 2: oo as a function of center of mass energy for different UGDF< {fty* fusion contribution is
shown by the dash-dotted (red) line. The world experimetdit are shown for reference.

Neglecting spin-flipping contributions the average matrix element squaréufp(y*) p(y*) —
ppn’ process can be written as [4]

T ovvon, Fi(ty) Ff )
A e~ T R D e e Pl i), (@4)
1 2




Central meson production Antoni Szczurek

3. Results

do/dx; (nb)
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Figure3: do/dx as a function of Feynmax: for W = 29.1 GeV and for different UGDFs. Thgy*
fusion contribution is shown by the dash-dotted (red) lecond from the bottom). The experimental data
of the WA102 collaboration [9] are shown for comparison.

In Fig. 2 | show energy dependence of the total (integrated over kineshatidables) cross
section for the exclusive reactigmp — pn’p for different UGDFs [8]. Quite different results are
obtained for different UGDFs. This demonstrates huge sensitivity to tbeelof UGDF. The
cross section with the Kharzeev-Levin type distribution (based on the idghuon saturation)
gives the cross section which is small and almost idependent of beamgyeriarcontrast, the
BFKL distribution leads to strong energy dependence. The sensitivity tghsverse momenta
of initial gluons can be seen by comparison of the two solid lines calculated vétis#ussian
UGDF with different smearing parametep = 0.2 and 0.5 GeV. The contribution of thgy*
fusion mechanism (red dash-dotted line) is fairly small and only slowly gréegendent. While
the QED contribution can be reliably calculated, the QCD contribution carmat present fully
controlled.

In Fig. 3 | show the distribution ofy mesons in Feynmax= obtained with several models
of UGDF (for details see [8]). For comparison we show also the contribuifdhe y*y* fusion
mechanism. The contribution of the last mechanism is much smaller than the ctotribfithe
diffractive QCD mechanism.

In Fig. 4 | present distribution ity andt, (identical) of the diffractive production and of the
y*y* mechanism (red dash-dotted curve). The distribution fonthy& fusion is much steeper than
that for the diffractive production.
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Figure4: do/dt ), as a function of Feynmati , for W = 29.1 GeV and for different UGDFs. They*

fusion contribution is shown by the dash-dotted (red) diefgling down line. The experimental data of the
WA102 collaboration [9] are shown for comparison.
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Figure 5: do/d® as a function of® for W = 29.1 GeV and for different UGDFs. Thgy* fusion

contribution is shown by the dash-dotted (red) symmetrauad 90 line. The experimental data of the
WA102 collaboration [9] are shown for comparison.

In Fig. 5 | show the distribution of the cross section as a function of the dmglgeen the
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Table 1. Comparison of the cross section (in nb) fgrandn. production at Tevatron (W = 1960 GeV) for
different UGDFs. The integration is over 4y < 4 and -1 GeV< t; » < 0. No absorption corrections were
included.

UGDF n’ Ne

KL 0.4858(+0)| 0.7392(+0)

GBW 0.1034(+3)| 0.2039(+3)

BFKL 0.2188(+4)| 0.1618(+4)
Gauss (0.2) 0.2964(+6)| 0.3519(+8)
Gauss (0.5) 0.3793(+3)| 0.4417(+6)

Vv 0.3095(+0)| 0.4493(+0)

outgoing protons. In the first approximation it remindszsih). A more detailed inspection shows,
however, that the distribution is somewhat skewed with respect té®jrdependence.

do/dt, dt, (nb/GeV*)
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Figure 6: Two-dimensional distribution ity x t, for the diffractive QCD mechanism (left panel), calculated
with the KL UGDF, and the/*y* fusion (right panel) at the Tevatron energy W = 1960 GeV.

In Fig. 6 | present two-dimensional mapsx t, of the cross section for the QCD mechanism
(KL UGDF) and the QED mechanism (Dirac terms only) for the Tevatronggnéf = 1960 GeV. If
It1],|t2| > 0.5 Ge\? the QED mechanism is clearly negligible. Howevertgt [t;| < 0.2 Ge\? the
QED mechanism may become equally important or even dominant. In addition, itntesafere
with the QCD mechanism.

In Table 1 | have collected cross sections (in nb)rfbandn. mesons for W = 1960 GeV in-
tegrated over broad range of kinematical variables specified in the tgitlercaThe cross sections
for nc are very similar to corresponding cross sectionsrfoproduction and in some cases even
bigger.
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4. Conclusions

I have shown that it is very difficult to describe the only exsisting high-gnéW ~ 30 GeV)
data measured by the WA102 collaboration [9] in terms of the unintegrated glistributions.
First of all, rather large cross section has been measured experimehtsiihg prescription (2.3)
and on-diagonal UGDFs from the literature we get much smaller cross secti®econdly, the
calculated dependence on the azimuthal angle between the outgoing psotogkly distorted
from the sirf ® distribution, whereas the measured one is almost a perfeésbdi4]. This signals
that a rather different mechanism plays the dominant role at this energyaBge of subleading
reggeons is a plausible mechanism.

The diffractive QCD mechanism and the photon-photon fusion lead to gjffiéeetht pattern
in the (t1,t2) space. Measuring such two-dimensional distributions at Tevatron alnd@mwvould
certainly help in disentangling the reaction mechanism.

Finally we have presented results for exclusive double elagtigroduction. Similar cross
sections as fon’ production were obtained. Also in this case the results depend stronglyeon th
choice of UGDF.

Measurements of the exclusive productioméfandn. would help to limit or even pin down
the UGDFs in the nonperturbative region of small gluon transverse momdrageihese objects
cannot be obtained as a solution of any perturbative evolution equatiomust be rather mod-
elled.
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