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We use gauge/gravity duality to study the production of p, Q, J/¥ and ¢ mesons, in the limit
of high center of mass energy at fixed momentum transfer, corresponding to the limit of low
Bjorken x, where the process is dominated by the exchange of the pomeron. At strong cou-
pling the pomeron is described as the graviton Regge trajectory, in AdS space, with a hard
wall to mimic confinement effects. This is an extension of our previous work on deep inelastic
scattering and deeply virtual Compton scattering. We compare our AdS/CFT calculations to
experimental data collected at HER A, both for differential and exclusive cross sections.

1 Introduction

Vector meson production (VMP) is one of the diffractive processes studied in electron-proton
collisions at HERA. It is conceptually similar to deeply virtual Compton scattering (DVCS), but
instead of an outgoing photon a vector meson is produced. The vector mesons have the same
JPC values as the photon (i.e. 177), so the process is kinematically similar. The key difference
comes from the vector mesons’ structure functions. In the limit of high center of mass energy at
fixed momentum transfer, corresponding to the limit of low Bjorken z, this process is dominated
by the exchange of the pomeron Regge trajectory between the photon and the proton. Here we
will study processes where the final state is a p, ¢, J/% or Q, and apply gauge/gravity duality
methods. This is a continuation of our work presented at Moriond on DIS'223 and DVCS!. Due to
the briefness of this note, very few details will be given, and we direct the interested reader to the
aforementioned references, as well as the paper that this work is based on'8. A number of authors
5,6,7.8,9.10,11 have studied vector meson production using the weak coupling analysis providing a
decent fit to the data. More recently, the analysis in 12 uses AdS wave functions within a dipole
approximation to fit p production. A new key aspect of our gauge/gravity duality description
of VMP, in comparison with DIS and DVCS, will be to use a very simple holographic model
for the vector mesons which gives the holographic wave function of the mesons as a function of
their mass. These wave functions are normalisable modes of the AdS U(1) gauge field dual to
the electromagnetic current operator j§ = ") +7°¢5. The meson wave functions are determined in
terms of the scale zy, but we fix this by the observed meson mass. The parameters we have in our
model are the scale of the proton state, z,, the intercept jo of the BPST'® Pomeron, and g§ which
is determined by the coupling of the pomeron to the external states (and is therefore different
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for each vector final state). A fit to the data assuming the conformal propagator hence depends
on three parameters and we find already a good fit. A fourth parameter can be introduced to
represent confinement in the propagator, a hard-wall cut off at large z9 > z;. We also make fits
including this adjustment and find a better overall x? fit.

To compute the total cross section for vector meson production we need first to compute the
following hadronic tensor

W (ky) = i/d4y€ikl"’ (k3 X; kal Ja() 1k2) 5 (1)

where A is the polarization of the outgoing vector meson. Contracting with the polarization of
the incoming photon, the amplitude for the transition between a photon of polarization A and a
vector meson of polarization X is given by

W (k;) = ()W, (k). (2)

We will average over the incoming polarizations and sum over the final ones. The differential
cross-section is then given by

di(x QZ t) — ;1 i |W)\X|2 (3)
dt %Y T Tens? 3 20 '

The different polarizations of the amplitude above can be shown to be represented by

Wrr = (n)* W, (k) = (ex-ex) QmWy, (AN =1,2) (4)
Wi = (n*)* W, (k) = —Qm W, (A=X=3) (5)

where
W, = 2is / dl, et / ’;Lj ‘zf U, (2) 3(2) B(S, L) . (6)

B(S, L) above is the propagator for Pomeron exchange in AdS, the Regge trajectory of the
graviton. In this paper we are interested in the limit of large ’t Hooft coupling A > 1, but with
sufficiently high energies such that \f/\/ InS < 1. In this limit all fields in the graviton Regge
trajectory contribute to the amplitude'4, and we have

L2
T pIn(a75) L
S IV = 2 (1+icot (™ rgyl-p_€ 7777 L
B(S,L) = g§ (1+icot (7)) (@'5) TSR SEL (1)
where
228 2 2+2+12

(8)

/527 =2—jo= — h L =
a 4 Jo \//—\7 cos. 223

\/;\- ’

¥, (z) and ®(Z) are functions of the external states, in this case

V,(2) =— (\/ %’”2 zQA'n(Qz)> (6}((26) zan(mz)> ,®(2) = 2%0(z — 24) (9)

The first of these is a product of the incoming photon and the outgoing vector meson wave
functions. They were found by solving the Maxwell equation, in the gauge D,A* = 0, given
by DzAu = 0. The photon corresponds to the non-normalizable mode, and the vector meson to
the normalizable. To fix the asymptotic normalization of the mode we must impose a large z
(IR) boundary condition on the solution. We simply include a “fermion hard-wall” at the scale
2f~ m;l for each fermion flavour and impose Neumann boundary conditions on the field at the
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wall. The value of zs is phenomenologically fixed by the measured vector meson mass and the
model contains no free parameters in the mesonic sector.

In equation (7) we use the Pomeron propagator in the conformal model. In the hardwall
model, following 3, we use the approximation (with 7 = log(a’S))

Xnw(TLis 7 2) = C(1, 2 2) D(1,11) x O (7,11, 2, %), (10)

where

exp[—myl; ~ (mo — m1)2l_’~1/4p7']> , (11)

D(r,1,) = min ( 1,
(r, 1) m1n< exp[—m1zo — (mg — m1)222 /4pT]

is an exponential cutoff at large [, known to be present asymptotically and determined by the
first glueball masses mgp and mj, and
0 _ _ _ _
Xe (1,11, 2 2) = X7y Ly 2 2) + F(7, 2,2) xelT, L, 2 22 /2) - (12)
The function

= log(zz/zg) 4 47
Var ’

is set by the boundary conditions at the wall and represents the relative importance of the two
terms and therefore confinement.

F(r,2,2)=1— 4\/ﬁenzerfc(n), (13)

2 Results

Using the above equations, we perform a fit to the data collected at HERA by the H1 collaboration
15,16 except for the Q meson, where only ZEUS data is availablé”. In Table 1 we see a summary
of all our fits. We show fits to the full cross-section and the differential cross-sections for each
process. N labels the number of available data points.

o [nb] do/dt [nb/GeV?]
) Q Jy P [ Iy
m [GeV] 0.77549; 1.019445 0.78265  3.096916) 0.77549; 1.019445  3.096916}
N 48 27 6 3a| 35 21 B4
o zal
0 : 0.92 060 0.0099 0. 17 13 2.d
n - -
f 2
o 9 46 18 053 0.62 16 0.25 o058l
r
m p 0.76 0.73 0.64 0.70) 0.65 0.54 .72
a
| 7 [GeV"] 3.4 3.0 1.8 o.98 21 25 2.2
H . 1 |
14 0.88 0.61 0.015 0.304 1.7 14 1.
a !
) ‘
T % 41 18 067 0.75 22 038 069
d ; I
m p 0.76/ 0.73 0.66 0.71) 0.69: 0.59 0.75
a " :
i z* [GeV] 36 36! 15 0.87] 2.2 25 2.4
| ” f ?
Z,[GeV'] 48 44 73 53] 77 86 48

Table 1: Output data for our fits.

We list the x? per degree of freedom in the fit and the best fit values of the parameters.
Firstly, the fits to the full cross-sections provide very good x? < 1 in all cases. Note the Q
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production fit is only to 6 data points. The best fit for the intercept jo = 2 — p is in the range
0.64 < p < 0.76 across the fits, which seems fairly stable, and consistent with the intercepts
found in DIS ® and DVCS % The fits are less good than for the full cross-section data but still
have x? < 2 in each case. To claim such a good fit for the J/¥ meson we do need to include the
hard-wall parameter zg and this is the only place in our fits where it makes a significant impact.
For this process the momentum transfer energies ¢ go as low as 0.05 GeV?, which is already below
the hard-wall cut off scale set by 1/zg. We therefore might need to improve the hard-wall model
in order to obtain a better fit for this meson. We also note that these fits are not quite as good
as the equivalent ones to DIS and DVCS data using the AdS methods, presumably reflecting the
additional complication of fitting the mesonic wave functions holographically. In conclusion we
find that the strong coupling AdS/CFT inspired model of low & vector meson production gives
a very good fit to the data, providing further evidence for the strength of gauge gravity duality
methods. Full details can be found in 8.
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