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Figure 1. Schematic representation of elastic (left) and protonodissive (right) vector meson production.
The main kinematic quantities are the virtuality of the esoged photor®?, the photon-proton center-of-

mass energW, the squared four-momentum transfer at the proton vértise mass of the produced vector
mesonMyy and the mass of the proton dissociative syskéym

1. Introduction

Quantum Chromodynamics (QCD) describes the strong force betweemnsaghd between
their constituents, the quarks and gluons. QCD is very successful in theofisiitort distances
(“hard” interactions), where perturbative methods (pQCD) are agpécéladron scattering cross-
sections are however dominated by long-range forces (“soft” interegtiovhere an understanding
in the framework of QCD remains a challenge. A large fraction of thesergefactions are medi-
ated by a colourless exchange (“diffractive” interactions). In Rebgery, diffractive interactions
are well described by thtechannel exchange of a trajectory with vacuum quantum numbers called
“pomeron”. In the high energy limit, the Pomeron exchange dominates ansl leaah almost
energy-independent total cross-section.

The production of vector mesons (see Figlire 1) is an example of a tifrgrocess with a
clearly defined experimental signature. The wide range iryfheenter of mass energy,, and
the negative squared four-momentum transfer at the electron \@ftmake the HERA electron-
protort collider and its two colliding beam experiments H1 and ZEUS a unique facility toy $hed
nature of diffractive processes and especially the transition regiorebataoft and hard regimes.

In the following, three recent H1 analyses on vector meson product®prasented. New
preliminary results op® production at low|t| are described in detail, whilst for the published
analyses of /g production []L] ango? production at hight| [All, the main results are summarised.

2. Diffractive p° photoproduction

In 2002, the HERA collider has been upgraded to provide higher lumindsitythe HERA
Il era, the H1 detector was equipped with a new Fast Track Trigger (BTH, [3]). This new
device recognises and counts tracks in the Central Jet Chamber (@¥€)al100 MeV transverse
momentum and is thus ideally suited to trigger on diffractively produced vewtsons. In a three
month period in 2005 with stable trigger and chamber settings more than 246%6éndidate
events were recorded; the luminosity corrected for prescales amoum t5'.

IHERA can be operated with both electrons and positrons - in the followingirefeis always used to refer to both.
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Figure 2: Di-pion mass spectrum corrected for acceptance and deteftéots. Thep® peak is fitted with
a skewed relativistic Breit-Wigner as proposed by M. RosklarStodolsky [b] (left) and with a relativistic
Breit-Wigner supplemented by an interference term as megpoy P. deind][?] (right).
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Figure3: Cross-sections for elasti® production versugV in eight bins ot. The preliminary H1 results are
compared to measurements by the ZE{]$]($,10, 10] and OMEGAtmiations[[]1] as well as to previous
H1 results [2R].
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Figure 4: Pomeron trajectory for elastjg® production. The preliminary H1 measurement is compared
to the combined ZEUS-OMEGA-H1 resulO] and to the trajegtobtained in a global fit to hadronic
cross-sections by Donnachie and LandsHoff [1B[ 14, 15].

pP candidate events were selected by the following criteria:

e Areconstructed primary vertex within 25 cm of the nominal interaction poimgatbe beam
axis,

o Exactly two well-measured primary vertex fitted tracks witp,a> 200 MeV and a polar
angled between 20and 160 (whered = 0° corresponds to proton beam direction),

o No additional tracks in the central or forward tracker,
¢ No calorimeter cluster with an energy above noise level not associateeé wf time tracks,
o No scattered electron candidate.

The events thus selected are distributed in 80 big andt; there are twelve bins iy in turn
subdivided into 10[f| < 0.16 Ge\#) or 5 (t| > 0.16 Ge\#) bins inW. Within each of these bins,
the invariant mass spectrum under a charged pion hypothesis wastrected from the momenta
of the two tracks. These spectra were then corrected for accepthateetor- and trigger efficiency
using the DIFFVM Monte Carlo generatdr [16] — for more details on the aiglgee[[17]. The
resulting mass distribution, integrated over all bins, is shown in Figure 2.t®the large width
of the p° resonance, there is significant interference betwa®production with a subsequent
decay to two pions and non-resonant di-pion production. This interferkeads to a distortion of
the observeg-peak. Two models have been put forward to describe this distortionaféatz
by P. Soding [[7] describes the shape by a relativistic Breit-Wigner, a ferrthe non-resonant
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production (here taken to be constant), and an interference term:

dN _ Nomp [ p M+ | (mﬁ - mzz'm)
dmyr (rr%—n%,[)2+rr%rg

+ B,

whereNp, | and B parametrise the contributions from resonggtproduction, interference and
background, respectively, is the nominajpp mass and

3
r _ r rn72'l'7'l'_ 4m%' ’ mp
p—"p0 m;2) _4m721 M7

the mass dependent width o is the nominal width) following the suggestion of J.D. Jackson
[Lg]. In the ansatz by M. Ross and L. StodolsKy [6], the relativistic Bidigner is multiplied by a
skewing term:

dN  NomplpMyy my \" B
dmp, (m% - m72_m)2_|_ m,%r,% <mnn> 5

wheren is the skewing parameter. Both models are used to fit the invariant mass disiriou

and extract the number of resonantly produgfd (by integrating the relativistic Breit-Wigner

from 2my to m, + 5 o = 1.52 GeV) in each bin. The two fit methods yield compatible results.

To obtain the photoproduction cross-section, épecross-section is divided by the photon flux

integrated over the respectiwé range and up t@? = 4 Ge\2.

The following sources of background where investigatedw, p(1450 and p(1700 me-
son production as well ag® production outside the signal region @ < 4 Ge\? and (MZ +
Q?)/(W2 +@?) < 0.01. While the contributions from other mesons were found to be below 2% (a
corresponding normalisation uncertainty is assigned to the result), thébcioins from outside
the signal region were absorbed into the reconstruction efficiency tisinilonte Carlo simula-
tion.

To separate the elastic events from those where the proton dissociategtigi#ty into a state
of massMy, the Forward Muon Detector (FMD) and the Forward Tagging SystenS)BT H1
were used to detect secondary particles created by interactions obtbe gissociative state with
the beam pipe. The tagging efficiency was determined from the simulationt wglsoise in
these detectors was determined from the data. An unfolding procedarh@mapplied to extract
the number of elastic and dissociative events from the measured numbents @ith and without
signals in the forward detectors.

The resulting elastic cross-sections are shown in Figure 3. For examnge, the cross-sections
are then fitted to the form

dt dt Wo

with Wp = 37 GeV. The value ofr is the value of the pomeron trajectamy= ap(t). The resulting
trajectory is shown in Figurld 4. A linear fit gives

dayp(W) _ doyp(Wb) < w )‘“"‘”

ap(t) = 1.093+ 0.003(stat.) 0935 (syst.) + (0.116+ 0.027(tat.) "5 535(syst.) ) GeV 2 .
This result is in agreement with a previous measurement by the ZEUS caitaivofL0)]:

ap(t) = 1.0964 0.021+ (0.125+ 0.038)GeV 2 -t.
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Figure 5: Thet spectrum forp® production compared to two-gluon models and a BFKL basedeinod

[fd, 9.

and indicates that the pomeron trajectory, as observed in efasthotoproduction, has a sig-
nificantly smaller slope than the value af = 0.25 GeV-2 derived [T#[15] from other hadron
scattering data.

3. Diffractive p° photoproduction at high |t|

An H1 analysis ofp® photoproduction at hight| (1.5 < |t| < 10 Ge\?) [B] using HERA |
data has been recently published. The results are compared to two-glumisraad a leading
logarithm BFKL calculation[[19} 20]. Thé&| dependence of the cross-section shown in Fiflre 5
is well described by a power law dependencg/dt| O [t| ", wheren = 4.26+0.06 (stat.y 3.5
(syst.). In contrast to the two-gluon models, the BFKL based model desdtile data well.

The study of the helicity properties of vector meson production providdiiaoal insights
into the nature of the diffractive exchange. In the vector meson domimaadel,s-channel helic-
ity conservation (SCHC) holds, i.e. the vector meson retains the helicity of ¢toening photon.
pQCD based models on the other hand predict non-vanishing amplitudedlifdty flips. In prin-
ciple, three helicity angles can be measured (see F[§jure 6). As the statston is not detected,
the angled is not accessible in photoproduction. Integrating obethe cross-section depends on
the spin-density matrix element$s, Relr%] andr?*, as follows

1 d’ 3 (1 "

1 . .
- Tosde = an 51150+ §(3r83— 1)cog 6" — V2Rr sin 20" cosg* — {4, sir’ 6* cos Zp*) .

The spin density matrix elements can thus be extracted by a two-dimensionaihig kelicity
angle distributions (see Figufe 7). The results are compatible with the psavieasurements by
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Figure6: lllustration of the helicity angle® (not accessible in photoproductioy;, and 6*.
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Figure 7: Angular distributions forp® photoproduction (left). The red dashed line shows the empec
tion for s-channel helicity conservation (SCHC) and the blue comtinline shows the projection of the
2-dimensional fit described in the text. The spin densityrin&iements thus obtained are shown on the
right and compared to the ZEUS measurem@t [21], the expmtfar SCHC and the expectations from a
two-gluon and a BFKL based mod@l[19] 20].

ZEUS [2]] and show that SCHC is violated. The two-gluon model does estribe the mea-
surement, whereas the BFKL model correctly predictstihgependence 0@4, overestimates the
magnitude of {4, and predicts the wrong sign for RE.

4. J/y photo- and electroproduction

The elastic production of /¢ mesons was studied if[1]. Effective pomeron trajectories were
determined for photo- and electroproduction and are shown in Higuré@rekult for photopro-
duction is

ap(t) = 1.224+ 0.010(stat.) + 0.012(syst.) 4 (0.164+ 0.028stat.) + 0.030(syst.))GeV 2 -t
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Figure 8: a) Effective trajectonya (t) as a function oft| for J/¢ photo- (40 <W < 305 GeV,(Q?) = 0.05
GeV?) and electroproduction (40 W < 160 GeV,(Q?) = 8.9 Ge\?). The data points are results of fits
to theW dependence of the cross-section in bing.ofrhe result of a two-dimensional fit withalerror
contours is also shown. b) and c) show a comparison to ZEUS[@22B] for photo- and electroproduction
respectively.
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Figure9: Q% andwW dependence of the elasfi¢y cross-section (also showing ZEUS d@ , 23)]). Re
dependence (a) is fitted with,, O (Mi +@?)~". b) shows the ratio of the MRT calculations with different
gluon distributions to the fit. The curves are individualgrmalised to the measurement across the complete
Q? range, yielding factors between 1.5 and 2.8. c) Wheependence of the cross-section with a fit of the
form o OW2. In d) the ratios of the predictions by the MRT calculatiortwdifferent gluon distributions
and a dipole model (FMS) to the fit are shown. For the MRT cutlresnormalisation is the same as for the
Q? distribution whereas the FMS curve is normalised to the fivat 90 GeV.
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Figure 10: Spin density matrix elements for diffracti ¢ production as a function a®? (left) and|t|
(right). The thin line shows the expectation from SCHC.

showing significant dependence (shrinkage). In electroproduction, no shrinkage és\aus— the
trajectory is

ap(t) = 1.183+ 0.054(stat.) = 0.030(syst.) + (0.019+ 0.13Ytat.) & 0.076(syst.) ) GeV 2-t.

The Q? andW dependences of the cross-section can be compared to a pQCD blaséal ca
tion by Martin, Ryskin and Teuber (MRT,_[R&,]25]) or a dipole model bgrikfurt, McDermott and
Strikman (FMS, [26]). These comparisons (see Fiflire 9) show a steorsitivity to the gluon dis-
tribution used for the predictions; vector meson measurements thus até/e¢ogarton density
functions.

A helicity analysis forJ/y production (here also proton-dissociative events are included),
shows no evidence for the violation ®thannel helicity conservation (see Fig[irg 10).

5. Conclusions

Vector meson production at HERA is an excellent laboratory to study thelateof different
scales and the transition from soft to hard regimes. The new H1 measurefitee pomeron
trajectory inp® photoproduction gives a slope = 0.116 GeV 2 — significantly smaller than the
value of 0.25 GeV? obtained from hadron scattering data. At hjjhp® photoproduction violates
s-channel helicity conservation, whilst &y ¢ production the helicity is conserved. Together with
improvements in theoretical predictions, the precisiod/af cross-section measurements starts to
constrain the gluon density in the proton.

The large data sample and the improved triggering capabilities of the H1 expeeti¢ERA 11
will provide more high-precision measurements of vector meson productibie icoming years.
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