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with an integrated luminosity of 51pB. The total, longitudinal and transverse cross sections as
well the s-channel helicity conserving and violating armyles are measured as a functiordf

W and|t|, the squared-four-momentum transfer to the proton. Eniglimput on the transition
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a QCD framework.
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Diffractive rho and phi production in DIS at HERA

1. Introduction

These analyses are devoted to the study of diffractive electroprodustip and ¢ vector
mesons (designed in the following as VM) at HERA, in the elastic and in the ppdigsociative
channelse+p—e+Y+VM; p— " +m andp — K™ 4+ K, whereY represents the elastically
scattered proton or a diffractively excited baryonic system, well ségmiria rapidity from the
vector meson.

The H1 experiment analysed all four channgls [1] with a total luminosity gbt5Z in the
kinematic domain B < Q% < 60 Ge\?, 35< W < 180 GeV,|t| < 3 Ge\? andMy < 5 GeV/c?,
whereQ? = —@?, q being the virtual photon four-momentut/ is the photon-proton centre of
mass energy andis the square of the four-momentum transfer from the incident proton to the
scattered systerd, of which the mass idly. The ZEUS collaboration concentrated on elastic
p production [], with a luminosity of 120 p#, in the domain 2 Q? < 160 GeV, 32< W <
180 GeV andt| < 1 Ge\2. The interacting particles were electrons or posittasfsenergy 27.5
GeV, colliding with 820 or 920 GeV protons, which corresponds to elegbroton centre of mass
energies of/s= 300 and 320 GeV, respectively.
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Figure 1: Q? dependency of the (left) longitudinal and (center) transeg*p cross sections for elastje
and ¢ production folW = 75 GeV. (right) Ratio as a function @7 of the elastic and proton dissociative
y*p cross sections fop mesons folW = 75 GeV andWly < 5 GeV/c?.

The Q? range covers the transition region from soft to hard diffraction in whiata éire in-
terpreted in terms of two complementary QCD approaches. High energy @iugption can be
described in the proton rest frame as the factorisation of three contributios fluctuation of the
virtual photon into ayq colour dipole, the diffractive dipole-proton scattering, titerecombina-
tion into the final state VM. The interaction scaleis given by the transverse size of the dipole,
u? ~ (Q%+MZ)/4, for light VM production by longitudinally polarised photons as well as for
heavy VM production likel/y. The scale may however be significantly lower for light VM pro-
duction by transversely polarised photons following from end-pointsrigmnions in the photon
wave function. On the other hand, following a QCD factorisation theoremotiggtudinal ampli-
tudée? can be described by the convolution of the hard process with generpéisieah distributions

1in the rest of this paper, the word “electron” will be generically usedsfectron and positron.
2Factorisation is proved for longitudinal amplitudes of light VM’s and shad apply to heavy VM:; its validity
is often extended to transverse amplitudes for suffidi@nt
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in the proton (GPDs) which describe the probability to find two partons attime $ime in the pro-
ton at differentx values and for given values @ andt. Several models based on either approach
are compared to data; references and brief descriptions can beifoflih@].

2. Cross section measurements

The Q? + M? dependency of the longitudinal and transvey§e cross sections as measured
by H1 are presented in Fig. 1 for elasti@nd¢ production atV = 75 GeV. Overall normalisation
uncertainties of 4.7% fop and 5.4% forg mesons are not included in the error bars. The GPD
model predictions (blue area) are slightly too hard, bothofoand foror, but the global normali-
sations are within the theoretical and experimental uncertainties. The &jpatntegrated model
(red line) gives predictions which are too high and also too steepiforThe dipole saturation
model (black line) describes the data rather well, although falling slightly tstoafidh Q2 + M?2.

Figure[lc presents, as a function@f, the ratios of the elastic and proton dissociatip
cross sections fgp mesons foWW = 75 GeV andMly < 5 GeV/c2 as measured by H1. The overall
normalisation error on the ratios, which is not included in the error bars4%.2No significant
dependence o@? of the ratios is observed, supporting the factorisation of diffractive anu&u
into photon vertex contributions and proton vertex processes.
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Figure 2: (left) W dependency of thg”p cross sections for elastio production at severad? values;
Evolution withQ? -+ M? of the parameters (centexp (0) and (right)b for elastic VM production and DVCS.

TheW dependency of the total cross sectionsgafshown in Fig[Ra for ZEUS data) argl
production have been extracted for sev&alvalues and are characterised by power laws of the
form o OW?. This parametrisation is inspired by the Regge description of soft interaatiarthe
exchange of the PomeroPR trajectory , withd ~ 4 (ap({t)) — 1), ap(t) = ap(0) + a’ t. In soft
interactions, typical values for the intercept ag(0) ~ 1.08—1.11. TheW dependency op, ¢
elastic production cross sections are summarised i Fig. 2b in the form QFthé/1? dependence
of ap(0) including earlier measurements ahy data. For light vector mesond/ dependency of
the elastic cross section are close or slightly harder than the soft behapitaQ? 4+ M? values of
the order of 10 Ge¥. An increase is then observed, up to valuespf0) of the order of 1.2-1.3,
compatible with] /¢y measurements. This is related to the hardening of the gluon distribution with
the scale and confirms a transition from soft to hard diffraction.
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For|t| < 1—2 Ge\?, the|t| dependency of VM cross sections are characterised by falling ex-
ponential behaviour with slopéds do/dt [ e Pt Neglecting the effect of the VM wave function,
thet slope is the convolution of the transverse sizes of the interacting olie€togg + by + bp,
with contributions from the dipole sizes, of the diffractively scattered systéelastic or dissocia-
tive proton) and of the exchange ("Pomeron") system. Univérslalpes are thus expected for all
VM with the sameqq dipole sizes, i.e. with same value of the scafe= (Q? + M3)/4. Fig.[2c
presents measurementstotlopes for elastic production of several VM and DVCS. poand
@, a strong decrease of theslopes for increasin@? + M is observed with is attributed to non-
perturbative soft contributions from the transverse cross sectiorQ¥e M3 > 10 to 20 GeV}, b
values similar to those af/( production are reached indicating that the perturbative hard regime
starts to be dominant.

3. Polarisation measurements

Information on the spin and parity properties of the exchange and on titabedions of
the various polarisation amplitudes are accessed through the distributipredattion and decay
angles which characterise VM production and two-body decays. Taregdar distributions allow
the measurement at HERA of 15 spin density matrix elements (SDME), givereifotn rijk,
which are normalised bilinear combinations of the complex helicity amplitigles,, Ay andAy
being the helicities of the virtual photon and of the VM.
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Figure 3: R= ai /ot as a function of (IeftQ?/M3 for several VM, (center) for p and (right)my for p
productions.

H1 and ZEUS have measured fwandg mesons production th@?, W ;t and (forp only) the
invariant massn;;;dependency of these 15 SDME’s from which the ratio between the longgtiudin
(o1) and the transverse{) y*p cross-sections can be extracted. fjg. 3 shows the Ratiay /ot
as a function ofQ?/MZ for several VM and as a function ofand the two pions invariant mass
My for p meson production. An universal behaviour for all VM is observed &snation of
Q?/MZ as expected from the LO naive perturbative QCD predictions. Howeegrations from
the linear dependence reflects the gluon dynamics and higher ordetseff@ increase dR with
lt| is observed at higlQ?. This can be translated into a measurement of the difference between
the longitudinal and transversaslopesh. andbr: R(t) O exp(— (b, — br)|t]). A slight indication
(1.50) is found for a negative value &f — by suggesting that, as expected, the average transverse
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size of dipoles for transverse amplitudes is larger than for longitudinal amesitu A striking
decrease of the cross section rd@with the increasingn;;;;is observed. A simple interpretation

of the m,;,; dependence follows from the general, “nai@?/M? dependence of the cross section
ratio, if the masdM is understood as that of the quark pair (i.e. the dipion mass), rather than the
nominal resonance mass.
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Figure 4. Amplitude ratios as a function @? and|t| for p and¢ productions.

Following the presentation in ref[][3], the amplitude relative strengths, medsuith refer-
ence to the dominarfyg amplitude, are computed from global fits to the 15 SDME measurements,
all amplitudes being taken as purely imaginary. Results are shown ifj Fig. #iast®n ofQ? and
[t| both for p and ¢ production. The strong decrease w@f of the |T1| / | Too| amplitude ratio is
related to the usud)? dependence of the cross section r&ie- o, /oy. For the first time, a0
dependence of the naachannel helicity conservation (SCHQb1| / | Tool ratio is observed. The
normalisedTo; helicity flip amplitude is increasing witlt| confirming previous SCHC violation
observation. Conversely, and for the first time, a decrease tyiththe|T11| / | Too| amplitude ratio,
for p and forg production is observed. The decreasé¢Tef| / |Too| with |t|, which is not taken into
account in perturbative QCD calculatiof} [3], is needed to compensatesctiease ofTos| / [Tool
and ensure unitarity.

4. Conclusions

This paper reports on the measuremerdand ¢ vector meson production at higQ?. The
hardening of th&V dependence and the decrease oflifstopes at highQ? indicate a transition
from soft to hard diffraction. Proton vertex factorisation is supportgdhie constancy wittQ?
of the ratio of the proton dissociative to elastic cross sections. Ratio ofigedaamplitudes have
been extracted confirming SCHC violation.
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