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Cross sections for elastic and proton-dissociative phrohyction of J/psi mesons are measured
with the H1 detector in positron-proton collisions at HERAe data were collected ap centre-
of-mass energieg/s~ 318 GeV and/s~ 225 GeV, corresponding to integrated luminosities of
L =130 pb! andL = 10.8 pb 1, respectively. The cross sections are measured as a fanctio
of the photon-proton centre-of-mass energy in the range 2§, < 110 GeV. Differential cross
sections @ /dt, wheret is the squared four-momentum transfer at the proton veaiexneasured

in the ranget| < 1.2 Ge\? for the elastic process arit] < 8 Ge\? for proton dissociation. The
results are compared to other measurements.\Weandt dependences are parametrised using
phenomenological fits.
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1. Introduction

The results of the H1 collaboration on a measurement of diffradtivie photoproduction in
ep-interactions at HERA [1] are presented for the elastic scattering ppreshich the outgoing
proton stays intact and for the proton dissociative process, in whichrtterpdissociates into a
low-mass hadronic system, as shown in figure 1 a) and b).
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Figure 1: Diffractive J/¢ meson production iep collisions: a) elastic and b) proton-dissociative.

Here s is the squared centre-of-mass energy oéfhgystemW,, the centre-of-mass energy
of the virtual photon proton syster®? the photon virtuality, i.e. the squared 4-momentum transfer
at the electron vertex andthe squared 4-momentum transfer at the proton vertex. The results
presented cover the range 280\, < 110 GeV, and the rangeg < 1.2 Ge\? and|t| < 8 Ge\?
for the elastic and proton-dissociative processes, respectively.

Diffractive vector meson production is characterised bytthbannel exchange of a colourless
object between the incoming photon and proton. In the high-energy limitdRégmpry predicts
energy dependent cross sections) Wfp [2]. For light vector meson§p, w, @) exponentsd == 0.22
[3] are observed, compatible with a universal pomeron trajectory aathaost energy-independent
cross-section. In contrast, the cross section for elaktiz production rises more steeply with
Wyp, & = 0.7 [4, 5], and is thus incompatible with a universal pomeron.

In presence of a hard scale, here the mass al tifemeson, perturbative calculations in QCD
are possible. In pQCD the diffractive production of vector mesons eastelscribed in the proton
rest frame by a process in which the photon fluctuates igtpgair at long distance from the proton
target. Thegq pair subsequently interacts with the proton via a colour-singlet exchavigeh in
lowest order QCD is a colourless gluon pair. The steep rise of the ceasi®is withW,, can be
related to the rise of the square of the gluon density towards low values dteBja. TheW,,
dependence of proton-dissociati¥&y production is expected to be similar.

Diffractive J/¢ production has been studied previously at HERA in the elastic regime at low
values of|t| [4, 5], and at very large values ¢f [6, 7], where the dominant contribution is from
proton-dissociativd /( production.

New in the presented results is the simultaneous determination of the crossisectibe
elastic and proton dissociative regimes, without kinematic constrairttsloraddition to measure-
ments at the nominap /s~ 318 GeV, data taken at the lower energg ~ 225 GeV are also
analysed. This low-energy data set provides new measurements in thigéidraregion between
highW,, diffractive J/y measurements at HERA and the [y, fixed target experiments [8]. The
elastic and proton-dissociative differential cross sections as a furafticend\W,, are analysed in
fits, together with previous H1 data [4, 6].
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2. Data Analysis

The measurement results are based on two data sets: 1) The data takegearth2006 -
2007, when HERA was operated with proton beam energy 920 Ge\ltingsin /s~ 318 GeV,
corresponding to an integrated luminosity of 130 fib2) The data recorded in 2007 before the
final HERA shutdown, when the proton beam energy was reduced t&48Dresulting in,/s ~
225 GeV, corresponding to an integrated luminosity of 10.8'pb

The H1 Fast Track Trigger (FTT) [9], which is based purely on chdrgack information,
is used to trigger the events in both decay chandgis — e"e~, u*u~. The number of recon-
structed]/y mesons is obtained from the invariant mass distributiansn bins oftyec andWp rec.
These distributions for the muon and electron decay channels are shéigara?2. In both distri-
butions thel /Y peak atm; ~ 3.1 GeV is clearly visible. In the electron channel the prominent tail
of the mass peak towards lower mass values is due to QED radiation losseamsstnahlung from
the electrons, reducing their momenta. There is also background fromesonant QED pro-
cesseyy — utu~ andyy — ete -, where one photon is radiated from the incoming positron and
the other photon originates from the proton. Non-resonant diffractoomributes background to
theyy — u*u~ channel due to pions misidentified as muons. In contrast, the electronesiiasn
negligible pion contamination near and above dli¢g mass peak due to the superior background
rejection in the electron selection.
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Figure 2: Di-lepton invariant mass distributions for the high- and4energy data sets in the
J/Y — ptu~ decay channel, figures a) and b) and indiig¢y — e*e~ decay channel, figures c) and d).

A tagging method is applied in both"e~ and u™u~ channels to disentangle the proton-
dissociative candidates, either by requiring a large valugo¥f 1.5 Ge\?, or by requiring energy



J/psi meson photoproduction at HERA

deposition in the H1 forward detectors LAr, PLUG and Forward Taggitagié@hs (FTS).

3. Results

Regularised unfolding is used to determine the elastic and proton-dissedigatiss section in
bins oft andW,,, from the number of events observed as functiotr@fandW, rec, respectively,
and from the forward tagging information. All details are discribed in [10].
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Figure 3: Differential J/ photoproduction cross sectidiw /dt as function of the negative squared
four-momentum transfer at the proton vertek as obtained in the high-energy data set a) and b),
and in the low-energy data set c) and d), for elastic and prdissociative regime.

Figure 3 shows the measured elastic and proton-dissociative cros:sddifferential in|t|,
separately for the high energy (HE) and low energy (LE) data setscidss sections fall steeply
as a function oft|, with a clear difference between the shapes of the proton-dissociativelastic
distributions. The proton-dissociative cross section levels off for l@myvalues of|t|. There is a
phase space effect such that for snitalit is not possible to produce large masse#gf

The elastic and proton-dissociative differential cross sectian&it are fitted simultaneously,
using ax?-function [11]. The elastic cross section is parametrised@gdt = Nge Pe!tl. For
the proton-dissociative cross section the parametrisaiifut = Npq(1+ (bpa/n)|t|) " is chosen,
which interpolates between an exponential at |ojand a power law behaviour at high values
of [t|. The fits are performed separately for HE and LE measurements. In seeofahe HE
data the previously measured highH1 data [6] are included in the fit. This fit yields a value
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of x2/NDF = 26.6/18 after excluding the two lowest| data points in both the elastic and the
proton-dissociative channel. For the fit of the LE data set, the paraméseiixed to the value
obtained from the HE data set, since the LE data are not precise enoughsipainbyy andn
simultaneously. The obtained parametrisations for the elastic and protatidibge cross sections
are compared to the data in figure 3.

The elastic cross section data for> 0.1 GeV are well described by the exponential parametri-
sation. Even at smalt| they fall much faster with increasing than the proton-dissociative cross
section, which is reflected in the values fiy andb,y. The extractedby value is compatible with
previous results [4], although the previous fit was done as a functipﬁg[u rather tharjt|. Some
difference between thy 4e = (4.884 0.15) GeV? andbgy (g = (4.3+0.2) Ge\? values is ex-
pected due to the differef,, ranges,W,,) = 78 GeV andW,,) = 55 GeV for the HE and LE
data sets, respectively.

The measured elastic and proton-dissociative cross sections as arfiuwfaig, are shown in
figure 4 a) and b). The elastic and proton-dissociative cross section$ similar size at the lowest
W,p = 30 GeV accessed in this analysis. The elastic cross section rises fasterorédsing\Vy
than the proton-dissociative one. The ratio of the proton-dissociativeetel#istic cross section as
a function ofW,,, shown in figure 4 c), decreases from 1 t8 @sW,, increases from 30 GeV to
100 GeV.

H1 elastic J/y photoproduction H1 p-diss. J/y photoproduction H1 J/y photoproduction
= = s 14
E, 120 :* ¢ HidaaHe E 120 } ¢ H1data HE o F
= [ #§ Hidaale f- [ #§ Hidaale 3 12
S 100F Z 1000 ° ‘
= [ — FitHE, LE, H1(2005) = [ — FitHE, LE, H1(2005) 1F
- L k) o L
- 1 80F o8k
> 60 ~ 60 r
= = r L
© © 0.6 [
40 40 F 0.4 C
F r Q2= 0.1 GeV? f .
20 F Q2= 0.1 GeV? 20 F 1t <8 Gev? 02F $ Hidaa ke LE @016
t It < 1.2 GeV? t M, < 10 GeV E —— Fit HE, LE
O’\\‘\\\‘\\\‘\\\‘\ 07\\‘\\\‘\\\‘\\\‘\ O’\\‘\\\\\\\\\\\\\
40 60 80 100 40 60 80 100 40 60 80 100
va [Ge\/] Wyp [Gev] WVP [Gev]
a) b) 0)

Figure 4: J/y photoproduction cross section as function of photon protarire-of-mass enerdy,,
for the a) elastic and b) proton-dissociative regime. chésratio of the elastic to the proton-dissociative
J/y photoproduction cross section as functiorVgp.

The elastic and the proton-dissociative cross sections as a funcWgp afe fitted simultane-
ously, taking into account the correlations between these cross seclioméit also includes data
from a previous measurement [4] shown in figure 4, with a normalisatioertainty of 5% and
all other systematic uncertainties treated as uncorrelated. As parametresatwer law function
of the forma = N(W,p/W,p.0)° with Wy, 0 = 90 GeV is used, with separate sets of parameters for
the elastic and the proton-dissociative cases.

The result of the fit is compared to the measurements in figure 4 a) and Redge phe-
nomenology the parametér can be related to the pomeron trajectaryt) = a(0) + a' -t by
5(t) =4(a(t) - 1). Using the valuesiy = 0.164:4-0.028+0.030 Gev 2 [4] anda,; = —0.0135+
0.0074+0.0051 Gev? [6], together with the mean valuestdbr the elastic and proton-dissociative
measurementsf) = —0.2 Ge\? and (t) = —1.1 Ge\, one can estimate (0) for the elastic and
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proton-dissociative processes from these measured parametersbtBinged values ofr (0)g =
1.20£0.01 anda (0) ,g = 1.09+0.02 are in agreement with previous results.

The ratio of the two cross sections, shown in figure 4 c), gives a dimuparison between
3¢ anddpq. The ratio is parametrised &&(Wp/Wyp0) % with Wyp o = 90 GeV,Nr = Npg/Ne =
0.81+£0.10 anddr = dpq — da = —0.25+0.06, taking all correlations into account.

A compilation of cross section measurements for the eldgticphotoproduction cross section
is shown in figure 5 as a function @f,p.
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Figure 5: Compilation of various elastid/ photoproduction cross section measurements includirsg thi
measurement, previous HERA results [4, 5], results frondfitegget experiments [8] and from LHCb [12].
The fit to the H1 data only is indicated by the curve. The fit hesrbextrapolated to higher valueswif,
(dashed curve). The spread of the surrounding band inditlageuncertainty of the fit.

The LE data from the present analysis fall in the gap between the dataedftiixget exper-
iments [8] at lowW,, and the bulk of the previous high,, HERA data. The fixed target data
exhibit a lower normalisation and a steeper slope than observed at HEIR&shown are recent
results from the LHCb experiment [12]. The extrapolated fit functiorttierH1 elasticl/ ¢ pho-
toproduction cross section describes the LHCb data points awtjigivell.

4. Conclusions

Photoproduction cross sections for elastic and proton-dissociativedtiffeJ /y meson pro-
duction have been measured as a functiof ahdW,, in the kinematic rangel| < 8 Ge\?,
25 GeV< W,p < 110 GeV and for the proton-dissociative cade < 10 GeV. The data were col-
lected inep collisions with the H1 detector at HERA, ep centre-of-mass energigés~ 318 GeV
and./s~ 225 GeV. Measurements in the electron and muon decay channels are edrabith
parametrised using phenomenological fits.
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The elastic and the proton-dissociative cross sections are extracted sigaulsdy. A precise
measurement of proton-dissociati¥ey production is performed in the range of smiifor the
first ime. The data taken at IoW,, centre-of-mass energies fall in the gap between previous H1
measurements and fixed target data.
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