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Recent results from the H1 and ZEUS experiments are revievibd cross sections of elastic
photo- and electroproduction of the vector mesgmsdJ/y are measured as functions@f, W
andt. The large statistics and the large coverage andW allow the determination of the
effective Regge exchange trajectories, which are foundetalifierent from the soft pomeron
trajectory. Shrinkage is observed in thyg photoproduction.

Helicity analyses are used to determine the spin densit;i)rrlaidamemrg(‘)1 and theQ? dependence
of the ratio of the cross sections for longitudinally andhinersely polarised photons. S-channel
helicity conservation (SCHC) is confirmed ffy production

While the properties of the production put it in a position between “soft” and “hard”fdifction,
theJ/ production shows “hard” features already in photoprodurctiAll observed properties are
consistent with the view of the production process as a phiiucedqq pair scattering off the
proton, thereby forming a vector meson. pQCD-based modelalde to give a fair description
of the data when at least one of the involved scales reaclegeavalue. Thd/y data show some
sensitivity to the parameterisation of the gluon distiidutn the proton.

Finally, an analysis of Deep Virtual Compton Scatteringjsarted. Thé dependence of the cross
section is measured for the first time. Measurements of\tEdQ? dependences of the DVCS
cross section are also presented. A pQCD-based model vidthlatons in next-to-leading order

describes the data rather well.
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1. Introduction
The diffractive, exclusive vector meson (VM) production process,
ep— evVY, withV = p° w, ¢, J/¥, VY, (1.1)

and withY being either a proton (elastic scattering) or a low mass hadronic systetor([ulis-
sociative scattering), has been extensively studied agpteollider HERA. Detailed reviews are
given in [1, 2]. Particular interest is given to the theoretical descriptfahie process in pertur-
bative QCD (pQCD), which can be applied at large values of the physatessinvolved, i.e. the
squared momentum exchand@sandt at the respective photon and proton vertices, and the VM
massVly. Thus, exclusive VM production at HERA spans the whole range freoft™ diffraction,
described by Regge phenomenology, to “hard” diffraction, where[PpQ&h be applied.

The QCD description of the diffractive process involves the exchahgeweral partons, in the
simplest form a colour-singlet pair of gluons. While the standard partdnikdison functions
(PDFs), extracted from the inclusive scattering process, do notinanfarmation about correla-
tions between partons, the process (1.1) in principle offers the possibilégto more about these
correlations, which are encoded in the generalized parton distributid?i3g)E3]. This is however
complicated by the presence of the VM wave function in the final state désarifppeep virtual
Compton scattering (DVCSgp — epy, where a real photon is produced in diffractive scattering,
does not have this complication. The mass difference between the virdiatanphotons makes
it necessary to consider momentum differences between the gluons initlexgznge, and this
process is currently seen as a promising tool for the measurement anetitedalevelopment of
GPDsl[4].

The present report describes recent high statistics measuremered catrby the H1 and ZEUS
collaborations, of exclusive photo- and electroproduction of the vesésionsp andJ /. A recent
measurement of DVCS is also discussed.

2. Exclusive @ and J/i production

The ZEUS collaboration has measured the cross section for excipgieztroproduction[5].
In 65 pb! of data,~3600 events in the decay moge— KK~ were found in the kinematic range
2< @< 70GeV?, 35<W < 145 GeV andt| < 0.6 Ge\2.
The H1 collaboration presents a recent high statistics study of exclusdte-and electroproduc-
tion of J/Y[6], at |t| < 1.2 Ge\? in 55 pb! of data. The electroproduction sample, which uses
the u*u~ decay mode, has the kinematic range 2? < 80 Ge\? and 40< W < 160 GeV. In
the photoproduction sample, which uses alsoethes” decay mode, the/ range is 40< W < 305
GeV, due to the use of the backward silicon tracker BST in identifyingstiee decay.
The dependence of thg andJ/y cross sections on these kinematic variables was measured an
investigated.

2.1 TheW dependence

Figure 1 shows th&/ dependence for the cross sections/i photo- and electroproduction.
The same steep increase with is seen in photoproduction and electroproduction. The power
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5, obtained from fits to the forf? to the data, is about 0.75 for all values @f. For theg
production, corresponding fits in several bing@fgive lower value ~ 0.4, without significant
Q? dependence. This can be compared with previous measurements for theetithr mesons
p andw, whered ~ 0.2 has been found. The results confirm the expected increased ss@bne
theW dependence with increasing quark mass. In this respectp theson seems to occupy an
intermediate position between “soft” and “hard” diffractive production.QCD, this behaviour
of the cross section can be directly related to the increase of the gluoitydienthe proton at
decreasing (which at any giverQ? value corresponds to increasiig). The presend /| data
show that the description with QCD models is sensitive to the used gluon distribjifjo
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Figure 1. Cross-section of elastid/ production as a function iV in the ranget| < 1.2
Ge\2. The lines are the results of fits to the foklt? for the H1 data. (a) Photoproduction, (b)
electroproduction, with 3 bins @?.

2.2 Thet dependence

In both analyses thedependence of the cross sections have been fitted to the exponential for
€. For theg production valued ~ 5— 6 GeV 2 are found, ford/ productionb ~ 4 GeV-2. No
significantQ? dependence is found in either analysis, although the precision of the akzgandt
exclude a decrease bfwith increasingQ?. These results can be compared with corresponding
values for light vector meson production, whére 7 GeV-2 and a decrease bfwith increasing
Q? is found. Considering that the slofrecan be related to the radii of the scattered particles,
b 0 RS Rég and thatR3 ~ 4 GeV 2, the data support the picture of photon-proton diffractive
scattering as a process where the photon formg jgair, which scatters off the proton to form a
vector meson. The size of tlug pair gets smaller with increasing quark mass (and/or increasing
Q?) and at large values becomes negligibly small compared to the proton size.

2.3 The combined W and t dependence

In models based on Regge phenomenology, the energy dependeneerofshsection follows
a power lawdo /dt = da /dt|i—ow-w, - € (W /Wp)®, with & = 4(a(t) — 1). The large statistics in
the double differential cross sectiddo /dtdwW makes it possible to extract the “effective” Regge
trajectorya (t) of the exchange. Figure 2a shows theross sectiono /d|t| as a function oW in
five bins of]t|. Fits to the formW/? result in the data poinis((t)) of figure 2b. The linear fitr (t) =
a(0)+ a’-t to these data points yields the “effective” Regge trajectorygf@roduction,a (t) =
(1.10+£0.2+0.2) + (0.084+0.09+0.08)t. The value ofa’ is smaller than the “soft pomeron”
value 0.25[7], also shown in figure 2b.
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0.12

are results of fits to the forw/°.

(b) The extracted values af(t). The
full line is a fit of the linear formo (t) =
a(0) + a’t. The dotted line is the soft
Pomeron trajectory [7].
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In the H1 analysis of/y production, 1-dimensional fits of th& dependence to the fori® are
also made in several bins tffor photoproduction and electroproduction data. The resulting val-
ues ofa((t)) are shown as data-points in figure 3a. 2-dimensional fits of the comidihaddt
dependence determine the paramdigra (0) anda’ (W is fixed to 90 GeV, the value is of no con-
sequence for the fits). These fits are also shown in figure 3a, anel\aghewith the 1-dimensional
points. The results are incompatible with the soft pomeron trajectory, bothatoptoduction
and electroproduction. The latter resuitt) = (1.183+0.0.054+ 0.0.030) + (0.019+ 0.139+
0.076)t, obtained afQ?) = 8.9 Ge\?, is within errors compatible with the photoproduction resuilt,
a(t) = (1.224+0.0.010+£ 0.0.012) + (0.164+0.028+0.030)t.
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Figure 3: (a) Effective trajectorya(t) as a function oft| in the range 46< W < 305 GeV for
photoproduction and 4& W < 160 GeV for electroproduction@?) = 8.9 Ge\?). The 1- and
2-dimensional fits are discussed in the text. (b,c) Slope paraf@iBras a function ofV in the
rangelt| < 1.2 Ge\? for (b) photoproduction and (c) electroproduction. Data points aresthgts
of 1-dimensional fits to the forrda /dt 0 € in bins of W, curves show the 2-dimensional fits.

The parameten’ relates the andW dependences and, if non-zero, leads to “shrinkage” of the
diffractive peak with increasing/. Significant shrinkage is thus observed for the photoproduction
of J/i. Alternatively, this can be demonstrated from the valuds-ety +4a’ In(W /W), obtained
from fits of thet distribution to the forme™ in bins ofW. These values are shown in figures 3b and
3c, with the 2-dimensional fit results (curves) in very good agreement.

2.4 Angular analysis and the Q2 dependence

The analysis of the angular distributions as a functioiQéfgives information on the ratio
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of longitudinal to transverse cross sectiofs= o /o, where the virtual photon-proton cross
sectiong” P~% = g1 4+ £0.. Under the assumption of S-channel helicity conservation, SCHC
(this approximation is valid here, as demonstrated in other, earlier analiRses) be determined
from the spin density matrix element (SDMES, R= 1/¢-r33/(1—r33), where the flux ratice

has a value close to unity in the experimental rangg.is extracted from the distribution of the
polar decay angl@* in the ¢ or J/ rest systemdo /dcosf* 0 1+ 33+ (1— 3r33) cog 6*. For
the @ data, figure 4a shows the resulti®§ dependence of R. THg? dependence afi andoy for

@ production are shown separately in figure 4b, with the longitudinal cexsttos dominating at
large values 0€)?.

In figure 4 two pQCD-based models are compared to the data, both of wikieta geasonable
description at larger values . The prediction of the FS04 model[8] is somewhat closer to the
data than is the MRT prediction[9], although both models fail to describe tiaeatiiowQ? values.
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In the analysis of thd/y data further angular distributions were used, to determine be%de
several more SDMEs. In particular, the relatign; = (1—r33)/2, which results from SCHC, was
found to hold within experimental errors. Thus the validity of the assumpti@GHC is verified
experimentally for exclusivd/y production.
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The cross sectiong,. and ot for J/ production, determined fronrgé,1 andRin the same way as
for ¢ production, are shown in figure 5 as a function@¥. At Q? ~ MJZ/I,U they are of similar
magnitude, whilest dominates at lower values @°. The MRT model predictions are compared

to the data, with several different gluon distribution parameterisationsar@nitct good agreement.
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3. Deep Virtual Compton Scattering, DVCS

The H1 collaboration presents an analysis of the DVCS process[10)y two e" p data
samples corresponding altogether~o46 pb . The kinematic range of the 1240 events is
2 < Q% < 80 Ge\? and 4< Q? < 80 Ge\? (due to different trigger conditions in the two samples),
3 <W < 140 GeV andt| < 1 Ge\2. The final state of the DVCS reactiog, + p — e" 4+ p+y,
consists only of a photon and a positron (the scattered proton is not dbtdtieindistinguishable
from the Bethe-Heitler (BH) bremsstrahlung process, which constituteéa@ortant background.
Two samples are therefore used: the DVCS sample, where the scattsirdrps detected in
the backward calorimeter SpaCal and the photon in the Liquid Argon calorirfiete), and the
BH sample, where the positron is detected in LAr and the photon in SpaCallaffbesample
occupies a phase space region where the DVCS process is muchssgohi@nd can thus be used
to normalise the bremsstrahlung background, which can be exactly cattindieth phase space
regions. Since the interference term in the total cross seaienppycs+ 0gH + IgH pvcs, IS~ 0
due to the fact that the angle between the positron and proton in the tremseattering plane is
integrated over, the DVCS cross section can be measured by subtraetBg ttross section from
the total cross section in the relevant phase space region.
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Figure 6: (a) DVCS cross-section differential tn for two values 0fQ? andW. Lines show
the results of fits to the forraItl. (b) DVCS cross-section differential W, for two values of
Q? and with|t| < 1 Ge\2. Lines show the results of fits to the foi?.

Thet dependence of the cross section, shown in figure 6a for 2 valugd’pfis here measured
for the first time. Fitting to the forng™, the combined value for the slope @?) = 8 Ge\? is
obtainedp = 6.02+0.35+0.39 GeV 2. For model calculations this is an important measurement,
since proper normalisation is now possible (previously an assumed value dtt 2 GeV 2 was
used).

TheW dependence of the DVCS cross section is shown in figure 6b. Fitting to timeVi, the
combined value is obtained,= 0.774+0.23+0.19. The steejV dependence is thus similar to the
behaviour observed fayy production, while thé dependence is similar to the behaviour observed
for light vector mesons.

pQCD calculations have been performed in next-to-leading order (NiSD)gQ? as hard scale. As
mentioned above, generalized parton distributions have to be consi@reduch calculation[11]

is shown in figure 7, for two different PDFs. In the model calculationsséleDFs are used as
starting point, and the momentum difference for the two exchanged gluoenéajed dynami-
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cally. As seen in figure 7, a fair description of the cross section is gvath,in theQ? dependence
and in thewW dependence.

Alternative models (not shown), based on a colour dipole picture of thtesing[12, 13, 14], are
also able to describe the data well.
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Figure 7. (a) DVCS cross-section differential @?, for W = 82 GeV andt| < 1 Ge\2. (b)
DVCS cross-section differential W, for Q? = 8 Ge\? and|t| < 1 Ge\2. Curves show QDC
predictions at NLO by Freund et al.[11], based on MRST 2001 and GTEIQFs.
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