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1. Introduction

A few years ago in Ref.[2] the exclusive production Hfyy meson in proton-proton and
proton-antiproton collisions was presented. It was shdwat the exclusive production @f/
on the Tevatron is related to the photon-proton scatteriritpé similar region of energy as mea-
sured at HERA. The formalism proposed in [3] and used in [@y& to calculate fully differential
distributions for the three-body reaction in the broad eaonffour-dimensional phase space. The
formalism proposed in paper [3] allows to test unintegrajiens distributions (UGDF’s). In our
cacluclation we used two different wave functions of theteemeson: Gaussian and Coulombic.
The experimental data for production of different vectorsores prefer the Gaussian light-cone
wave function [3, 4]. Recently also the LHCb collaboratiorasured rapidity distribution of the
J/y [5] and ¢/’ [6] mesons and we will compare our calculation to their ressul

2. Photoproduction yp —V pat HERA

The amplitude for the reaction is shown schematically inEigrhe full amplitude for this
process can be written as:
—B(W)AZ)

M(W,A2) = (i + p) OmM(W, A2 = 0,Q? = 0) exp( .

2.1)

wherep is the ratio of real to imaginary part of the amplitude &tV) is slope parameter which

depends on energB(W) = By + 2a/;;log <VWT§) [1, 3]. The imaginary part of the amplitude de-
pends on the unintegrated gluon distibution function (UGB, k%) and on the wave function

of the vector meson (z k?)and forA = 0 andQ? = 0 is given by the formula [4]:

OMMW,A2 = 0,Q2 = 0) = w2V 47em /Olz(ld_zz)/owndkzw(z,kz)

4172
h O (P (et 1.K7) Aoz V(2. K7) + A2 O WD) ) (22)
where
Ao(z k) = mE+ e M +2mc
k2
Au(zKP) = [ZZﬂl_Z)z_(ZZ_l)ZM T;mc] K+ mg’
2 .2\ __ 1 _ !
V\/O(k,K)— k2+r.ng \/(kz_n%_K2)2+4rngk27
kR4 k? — g — K2

Total cross section can be calculated as:

(2.3)

a(yp— J/yp) = L+p* )\ OmMW,A® =0,Q" = )(.

16mB(W) ‘ W2

In our calculation we used two types of the wave functiongjssen wave function [4]:
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Figure1: A sketch of the amplitude for exclusive photoproductyjgn— V p
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rs(p?) =Ca eXp( - %) Wos(p?) =Co (Eo — pza%) eXp( - %) (2.4)
and Coulomb-like wave function:
() =2 L () = 2 So— 2" (2.5)
' M (1+85p2)2 7% VM (1+85p?)3° '

The parameters of the wave function are obtained from fittiegdecay widths inte* e.
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Figure2: Left panel: Ratio of the first radial excitation state to grdstate as a function of energy. Middle
panel: Total cross section for tdéy meson photoproduction as a function of the energy. Righ¢pdotal
cross section for thgp — (/' p as a function of the energy.

In Fig.2 in the left panel we show the ratio of the cross secfar the first radial excitation
statey/’ to the cross section for the ground stafey. The ratio of the 2S/1S is strongly dependent
on the model of the wave function. The solid line is for the &aan wave function and the dashed
line is for the Coulomb wave function. For the following aaltions we used Gaussian wave
function. In the middle panel we present the total crossi@edor yp — J/@p and in the right
panel foryp — ¢/p. The total cross section is shown as a function of collisinargy for the
different UGDFs models: Ivanov-Nikolaev (solid), KutakaSto linear (dashed) and Kutak-Stasto
nonlinear (dash-dotted). The dotted line (only fy) represents a calculation with a simple



Exclusive photoproduction of charmonia in hadronic cadiiss Anna Cisek

power-like parametrization of the old HERA data [7]. The HkRata points [8] and the LHCb
data ponits [5, 6] are shown for comparison.

3. Exclusive photoproduction of J/¢ and ¢’ meson in ppand pp collisions.
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Figure4: Diagrams representing absorptive corrections considerdatie pp — pJ/{/p process.

The full amplitude for thepp — pJ/Yp is calculated as:

AMA2—A[A5Ay (A1 A=A A Ay MA2—AASAy
Mhlhzﬁhlhgv (p17 pZ) - M( )h1h2—>h1h2V (87 S]-?SQ?tl?tz) - 5Mh1h2%h1h2V (p17 pZ) . (31)

The Born amplitude (shown schematically in Fig.3) for hye— pJ/p process is given by
formula [1]:

AAz—ALALA
MO iy (S S1.2,t1,t2) = Myp + Mp,
. Vamna, A Ao—Ay A
=< Py, A1l dulp1, A1 > g (s Av) & emeyr?zj/h\zl “(s2,t2, Q%)
N Vamna, Ay A1—Av A
< P AgldulPe N2 > €402, Av) M g (1,1, QF) (3.2)
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The absorptive correction (shown schematically in Fig.8&ggo the amplitude can be written
as [2]:

AAa—AALA d2?k AAa—A AL
5Mh11h22—_:h11h2i/v (pl’ p2) = / 2(27.[)2 T(k) M(O)hihzzﬁhllhzzvv(pl -k, p2+ k) . (3.3)
where 1
T(K) = af(s) exp( — 5Baik?) (3.4)

In practice for the LHC energy\{ = 7 TeV) we takeBe = 19.89 GeV and g2 (s) = 98.6
mb [9].
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Figure 5: J/y transverse momentum distribution calculated with the Bammplitudes for three different
UGDFs: Ivanov-Nikolaev (left panel), Kutak-Sta linear (middle panel) and Kutak-Sta nonlinear (right
panel). The dashed lines include contributions with thea®i; electromagnetic form factor and the solid
lines include in addition Pauk, electromagnetic form factor.

Distribution in the transverse momentumgiy meson is presented in Fig.5. The role of Pauli
electromagnetic form factor is quantified in [1]. Large effef the tensor coupling is observed for
large transverse momenta. Large transverse momenta anatiptly interesting because this can
be related to Odderon exchange.

In Fig.6 we shown rapidity distribution fat/y (upper plots) and)’ (lower plots) mesons for
three different UGDFs models: Ivanov-Nikolaev (left pané&lutak-St&to linear (middle panel)
and Kutak-Stato nonlinear (right panel). The absorption damps rapilitribution by about 30%.
We present results with the standard absorption (elagt@atiering) as well as with the absorption
increased by factor a 1.4 to simulate inelastic terms. Thalt®with the Kutak-S&to nonlinear
distribution are almost consistent with the recent LHCladé}.

4. Conclusions

We have calculated the total cross section g and ¢/ mesons photoproductiopp —
J/W(Y')p. These results depend on the wave function of the vector masd UGDFs. We com-
pare our results with HERA data. Based on the photoproduggn— J/@ (') p amplitudes, we
calculated cross sections for exclusi/gy and ¢/ mesons photoproduction in proton-proton col-
lisions. We compare our results with the recent LHCb dat®]5|n our calculation for hadronic
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Figure 6: Rapidity distribution of] /s (upper plots) and)’ (lower plots) mesons calculated with inclusion
of absorption effects (solid lines), compared with the Basult (dashed lines). The new LHCb data points
[6] are shown for comparison.

reaction we included the absorption effects. This effepedels on rapidity and transverse momen-
tum of vector mesons. We have taken into account both thdiogunf photons via spin-conserving
vector coupling withF; Dirac electromagnetic form factor as well as spin-flippiaggor coupling
with F, Pauli electromagnetic form factor for thEp — pJ/@p and pp — py/p reactions. More
on the formalism as well as more results 3gy andy’ can be found in Ref.[1]
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