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1. Introduction

Production of Vector Mesons (VM) at HERA become a rich field of
experimental and theoretical research. In this paper only fairly new results
will be presented concentrating on the several properties of light and heavy
mesons production. The appropriate overview of data on p, w, 9¥(2S), J/¥,
and 7" can be found in [1,2,4-6] and [3]. Vector meson can be produced
elastically (ep — eVp, where V' denotes the vector meson) or in the proton
dissociative channels ep — eV N, where N denotes dissociative channels,
which are born after proton breaks up into a low mass system.

2. Current picture of VM production at HERA

In Fig. 1 our present understanding of VM production is shown. The
theoretical background for the selection of yp interactions (Q ~ 0 GeV?)
from ep one is based on WWA approximation [14]. From Fig. 1 follows two
different scenarios — the light VM production, which can be described using
VDM-like models based on the Regge phenomenology, see Fig. 2(a), and the
heavy VM production, which today is better understood using models based
on pQCD, see Fig. 2(b).

* Presented at the Meson 2000, Sixth International Workshop on Production, Proper-
ties and Interaction of Mesons, Cracow, Poland, May 19-23, 2000.
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Fig. 1. The current picture of VM production in ep collisions at HERA.
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Fig.2. (a) Non-perturbative models; (b) pQCD models.

2.1. Non-perturbative models

VDM-like models assume a simple linear form «(t) = ag + o't, where
a(t) determines the dependence of the cross sections on the energy W,
as W;*,S“(t)*”. The values for the ag and o' are 1.02 and ~ 0.25 GeV~2,
respectively (soft Pomeron). The differential cross section do/dt can be
described using following formula

1714 4(a(t)-1)
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where the slope b rises with W (shrinkage) as a

w
b=0b(W)=by+4d'In( — ) . 2
() = bo + 40’ (- ) @)
VDM-like models predict slow rise of cross section with W — o ~ W0-22--:0:32,
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2.2. pQCD based models

Basic concept for models following from pQCD is factorization which
has three stadia. At first one, before interaction with the proton, photon
fluctuates into VM: v — VM, at second one VM interacts with the proton

_ 2 2
and at last one we assume the formation of VM on the scale Q? = Qf#.
Cross section of VM production depends on energy W as a

o(W) « [2G(2,Q%)*, o(W)x W,
L QMR Aoy :
with Z oc =555~ and § ~ (0.80-1.00), where zG(Z,Q”) is gluon density
P
in the proton. Therefore steeper rise with W reflects abundance of gluons
at low z. For pQCD models no shrinkage is expected and because the
transverse size of the ¢q is small, the typical value of b is near to 5 GeV 2
and we expect universal ¢-dependence with b.

2.3. Kinematics and observed channels

We measure (see Fig. 2a for the denotation of variables) Q% = —¢* =
—(k—K")2, t= (P —P")?% W? = (¢+ P)? and decay angles. The selection
of vp events (in general: Q% < 1 GeV?), e.g. for ZEUS is following: the
Q? value ranges from the Q2. = M2y?/(1 —y) ~ 10~ GeV?, where M, is
the electron mass, to the value at which the scattered positron starts to be
observed in the main detector Q2. ~ 1 GeV?, with (Q?) ~ 5 x 10 ° GeVZ.
The H1 typical values for J/1 production are (Q?) ~ 0.05 GeV? and for
T production — (Q?) ~ 0.11 GeV?. Common to all analyses are following
observed (and used) decay modes: p° = nt7r~, w = 7t7r 7% & - KTK~,
/b — ete™, J/p — ptp=, $(2S) — ptp” and $(25) = J/yrta,
P — ete™, ¢ — pTp~ and T — ptp~. For elastic selection we require
no energy deposits in the main detector other than decay particles and the
forward detectors were used to tag proton dissociative events.

3. Light VM production

In Fig. 3 do/d M, for the elastic reaction yp — 77 p in the kinematic
region 50 < W < 100 GeV and [t| < 0.5 GeV? is shown. The asymmet-
ric 777~ spectrum can be properly described using the resonant contribu-
tion (dashed curve), the non-resonance 77~ contribution (the dot-dashed
curve) and with the contribution of the interference term (the dotted curve).

In Fig. 4 the t-dependence for p° and @ for the yp — p°(®)+Y, Y ~ dis-
sociative system from p in the range 80 < W < 120 GeV and Q? < 0.01 GeV?
is shown. The ¢ is measured by ¢ ~ —pf’VM, where pf’VM is transverse mo-

mentum of VM. Looking on Fig. 4 we see that for p’ non-perturbative con-
tribution dominates, but for @ the situation is more complicated — pQCD
models [7] can properly describe the shape only (for pQCD models the norm
is not given).
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Fig.3. ZEUS: do/dMy, for the elastic reaction yp — 777 p in the kinematic
region 50 GeV < W < 100 GeV and |t < 0.5 GeVZ.
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Fig. 4. The dissociative p° and & production.
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The interesting picture rises for b value, which decreases with the increas-
ing of the Q2 value: b, 0, ~ 10 GeV ™2 for [¢| < 0.40 GeV?, b, 0,y ~
6 GeV ™2 for |t] < 0.50 GeV?, and b, , 0, ~ 4.7 GeV 2 for Q* ~ 20 GeV?
— it means, for p° production the increasing @Q? we go close to pQCD sce-
nario. In Fig. 5 the elastic @ meson production in vp dependence on |t|
and W is shown. From Fig. 5 we see that & production is connected with
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Fig.5. The elastic cross section of & meson production in vp do/d|t| on |t| and W.

non-zero shrinkage and again, looking on dN/dt ~ exp (—b|t|), the b value
decreases if Q? increases: b = 7.3 £ 1.0 & 0.8 GeV 2 for (Q?) ~ 0 GeV?,
b=>5840.54£0.6 GeV 2 for (Q?) = 4.5 GeV? and b = 5.2+1.6+£1.0 GeV 2

for (Q?) = 10 GeV?.

From Fig. 6 we see, that light VM production (p°,w,®) can be properly
describe by VDM-like models. In Fig. 7 the shrinkage and |¢| study of w
production is presented. The value of b, b = 10.04£1.24+1.3 GeV~2, indicates
on the soft regime, but due to too large errors we cannot take conclusion
about shrinkage presentation. Finally in Fig. 8 the exponential slopes b for
VM in the photoproduction are shown. We clearly see decreasing of b with
the mass of VM.
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Fig.6. The cross section dependence of VM production on W.
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Fig. 7. The shrinkage and |¢| study of w production.
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Fig.8. The b value for VM in photoproduction.

4. Heavy VM production

4.1. J/¥ photoproduction

It is interesting to compare prediction for J/¥ in yp for VDM-like and
pQCD models. In Fig. 9 the cross section of J/¥ production in yp as a
function of W, is shown. Curves represent pQCD model [8] with various
gluon density distributions.
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Fig.9. The cross section of J/¥ production in vp as a function of W, .
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The ZEUS collaboration measured the J/¥ photoproduction cross sec-
tion with proton dissociation at high —¢. The measurement is shown in
Fig. 10 together with a prediction within the BFKL framework by Bartels

ZEUS Preliminary 1997

=
5]
N

N
>
s [ —>J/YN
% L rP /,w Bartels et al
= t — o, = 0.2, W) = 1GeV*
= L [ o, + 10 %,0.2<W<5 GeV?
B
T b
1
P S B i
1 15 2 25 3 35 4 45 5 55 6

-t (Gev?)
Fig.10. J/¥ photoproduction cross section with proton dissociation at high —t.
et al. [9]. A good description by the BFKL calculations is achieved. How-

ever, it has to be stressed that this is only a leading order calculation and
that a large uncertainty is introduced due to the choice of aj.
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Fig. 11. The measured Regge trajectory a(t) = a,+a’-t for the process yp — J/¥p.
The curves are explained in the text.

In Fig. 11 the measured Regge trajectory a(t) = a, + o' -t for the
process yp — J/Wp is shown. The highest curve corresponds to Donnachie—
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Landshoff “hard” pomeron [11], the lowest one corresponds to Donnachie—
Landshoff “soft” pomeron (usual soft pomeron), horizontal curve corresponds
to NLO BFKL [10] prediction and lines around data shows the result of the
fit. The fitted values are a(0) = 1.27 £ 0.05, o/ = 0.08 £ 0.17 GeV 2 for
H1 and «(0) = 1.193 £ 0.01170015, o/ = 0.105 + 0.0241)-052 GeV~2 for
ZEUS, respectively. In next Fig. 12 the extraction of o/p (using formula
b(W) = by + 4o/ ln(%)) from ZEUS data is shown. The result o/p =

0.098 4 0.035(stat) + 0.050(syst) GeV~2 is too far from soft pomeron value.
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Fig. 12. The b(W) dependence on W.

4.2. 9" production in vyp
In Fig. 13 the dependence of the ratio % on the energy W is shown.
From Color Singlet Model (CSM) follows the independence of —“— (W) on

oJ
W and this is confirmed by data. The calculation using CSM z;;fe at LO
level only and the error due to the uncertainty of I'y_,;+;- is not included.
Now we can conclude that within the present statistics the inelastic ratios
are consistent with the elastic ones and the ratio of inelastic 9’ to J/¢ in
p is in agreement with expectation in the CSM.
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Fig. 13. The dependence of % on the energy W.

4.8. Elastic T photoproduction

In Fig. 14 the putp~ spectrum together with the region where we expect
of T production is shown. Full line represents dominated Bethe-Heitler
background. We see indication on 7" production, but we do not distinguished
among 1(15), (2S) and 7'(3S) resonances. In Fig. 15 the dependence of
cross section of 1" photoproduction on the energy W, is shown, where only
the results from pQCD calculations are presented [12,13]. We conclude that
the recent measurements of elastic 7" photoproduction are in good agreement
with theoretical expectations of pQCD.
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Fig.14. The dependence of 1" photoproduction on W,,.
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5. Some general characteristics of VM photoproduction

When Q? increase the exchanged photon acquires a longitudinal compo-
nent. The ratio R = op, /o has been measured for various VM — see e.g.
Fig. 15(a), where the ratio R is shown for the elastic ¢ meson as a function
of @? and is seen to increase (the R rises steeply at small Q? and a weaker
at large Q?). In Fig. 15(b) the dependence of ratio R for the elastic p, @
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Fig.15. (a) The dependence of ratio R for the elastic & meson on Q?; (b) The
dependence of ratio R for the elastic VM on Q?/M3.

and J/¥ on Q?/M? is shown. The increase of R can be seen with Q?/M%.

Due to quarks charges counting and the quark composition of the wave
function (SU(5) group) for VM production we expect following ratio:
Prw:i®:JYp: YT =9 1 : 2 : 8 :2 [t is interesting to look
on data for such behavior. In Fig. 16 the dependence of the ratio of cross
sections for @/.J/¥ and p photoproduction in the dissociative channels on
—t is shown. SU(5) symmetry for J/¥ photoproduction is restored at large
Q?. Analogical behavior for the dependence of the elastic VM photoproduc-
tion on Q2 in Fig. 17 is shown. From Fig. 17 could be observed that the
ratio @/p is badly broken for Q2 ~ 0 GeV? and for w the flat is seen which
perhaps can be interpreted as a mass effect.

Finally, in Fig. 18 the integrated cross sections for VM scaled by the
SU(5) ratios as a function of @ + M7 is shown. The data are scaled to
W,p =75 GeV and are seen to agree well with each other and can be fitted
to the p data. We can conclude that within present errors Q% + M‘Q/ is a
good scale for photoproduction of VM at low values of ¢.
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Fig. 16. The ratio of cross sections for & and p (up picture) and the ratio of cross
sections for J/¥ and p photoproduction (down picture) in the dissociative channels
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Fig.18. The integrated cross sections for VM scaled by the SU(5) ratios as a
function of Q* + M3 is shown.
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