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A first measurement is presented of exclusive photoprodnatf p° mesons associated with
leading neutrons at HERA. The data were taken with the Hlctlmtén the years 2006 and
2007 at a centre-of-mass energy\@é = 319 GeV and correspond to an integrated luminosity of
1.16 pb . The p® mesons with transverse momerga < 1 GeV are reconstructed from their
decays to charged pions, while leading neutrons carryirggelfraction of the incoming proton
momentumy_ > 0.35, are detected in the Forward Neutron Calorimeter. Theg@kpace of the
measurement is defined by the photon virtua@@ < 2 Ge\?, the total energy of the photon-
proton system 26 W,, < 100 GeV and the polar angle of the leading neutigr< 0.75 mrad.
The cross section of the reactigpp — p°nrr™ is measured as a function of several variables.
The data are interpreted in terms of a double peripheralga®dnvolving pion exchange at the
proton vertex followed by elastic photoproduction op& meson on the virtual pion. In the
framework of one-pion-exchange dominance the elasticscsestion of photon-pion scattering,
o®(ym — pOm"), is extracted. The value of this cross section indicatesifibgnt absorptive
corrections for the exclusive reactigq — p°nrrt.
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1. Introduction

The aim of the analysis is to measure exclugi¥groduction on virtual pion in the photopro-
duction regime at HERA and to extract for the first time experimentally elgsticross section. In
the Regge framework the events of such class are explained by therdisigosvn in Fig. 1a which
involves an exchange of two Regge trajectories in the proces32known adDouble Peripheral
ProcesqDPP), or Double-Regge-pole exchange reaction [1]. It has beesmdstrated in similar
reactions at fixed target experiments that two further diagrams (Fig.c)thale to be included in
addition to the pion exchange (Fig. 1a), as well as interference betweer#). However at small
values of four-momentum transfer squatete contributions from graphs 1b and 1c largely cancel
and the one-pion-exchange (OPE) term dominates the cross section.

Events of this type are modelled by the two-step Monte Carlo generator POM®Yin
which the virtual pion is produced at the proton vertex according to ornleecévailable pion flux
parametrisations. This pion then scatters elastically on the photon from theorléeam, thus
producing vector mesorpf in our case). Diffractive dissociation of the proton into a sys¥m
(Fig. 1d) represents a background to DPP, which contributes due to thediddtector acceptance
in the forward p-beam direction) region. This background is modelled by the DIFFVM @gene
tor [4] and is statistically subtracted from the data.
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Figure 1: Generic diagrams for processes contributing to exclugigproduction op® mesons associated
with leading neutrons at HERA. The signal corresponds tdredl-Hiida-Deck model graphs for the pion
exchange (a), neutron exchange (b) and direct pole (c).retf’e scattering in which a neutron may be
produced as a part of the proton dissociation systiglin, contributes as background (d). ThE in (c)
denotes both resonant (W") and possible non-resonamt- 71" production.

2. Analysis Outline and Main Results

Using VDM [5] flux fy (Y, Q?) to converte pcross section intgp one, and one-pion-exchange
approximation [6] to decompose photon-proton cross section into a piorcdiovoluted with a
photon-pion cross section one obtains for the reaction of interest — e+ p®+n+ "

do. P ayp(Wyp, X, t)
dyd(egg = fy/e(%, Q%) Oyp(Wp(y)); ypdegt = fr/p(XLst) Oyn(Wym), (2.1)
with the generic form of the pion flux factor [7]:
1 Gom ap(0)—2an(t)  —t 2
fﬂ/p(XLvt):E[H(l—XL) o — S FA(t,X). (2.2)

(M7 —1)?
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Here ap(0) is the Pomeron intercepti;(t) = a(t —m2) is the pion trajectorygf),m/4n is the
prm coupling constant known from phenomenological analysis of low engaggy, and=(t,x, ) is
a form factor accounting for off mass-shell corrections and normaliseahity at the pion pole,
F(m2,x_) = 1. For exact definition of kinematic variables in eq. (2.1-2.2) see [8].

The analysis is based 6n6600 events, containing only two charged pions fohdecay and
a leading neutron with enerdy, > 120 GeV, and nothing else above noise level in the detector.
The sample corresponds to an integrated luminosity. 18 pb 2, collected by a special minimum
bias track trigger in the years 2006-2007, &, = 319 GeV. Further details of the analysis can be
found in [8].

The effective mass distribution for two charged pions with> 200 MeV each and within the
central detector range 2&: 6 < 16 is shown in Fig. 2a. The distribution is corrected for the mass
dependent detector efficiency. The sample is very clean with o&% background contamination
in the analysis region. Thpr dependent distortion of the Breit-Wigner line shape is shown in
Fig. 2b. In Fig. 2c the spin-density matrix elemefft as measured in this experiment is compared
to the values obtained at HERA for differe@f ranges.
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Figure 2: Thep® meson properties: (a) Mass distribution of tiierr— system withp? < 1.0 Ge\2. The data
points are corrected for the detector efficiency. The curegsesent different components contributing to
the measured distribution and the Breit-Wigner resonaritgpdracted from the fit to the data. The analysis
region 06 < M+~ < 1.1 GeV is indicated by vertical arrows. (b) Ross-Stodolskgvakg parametengs,

as a function ofp? of the T 7~ system. The values measured in this analysis are compaggeimusly
obtained results for elastic photoproductiorp8fmesonsyp — p°p, by the ZEUS Collaboration. (c) Spin-
density matrix elementgg, as a function of? for diffractive p° photo- and electro-production. The curves
on figures (b,c) represent the results of the fits discussgg].in
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After all selections described in [8] the remaining proton dissociative dpackd fraction in
the sample is estimated as38+ 0.05. This value is verified by normalising DIFFVM prediction
to the orthogonal, background dominated sample, in which additional actigiyating fromMy
system (see Fig.1d) in the forward region was required.

Theyp cross section integrated in the domaiB%x x. <0.95 andpr , <1 GeV and averaged
over the energy range 20W,, < 100 GeV is determined for two intervals of leading neutron
transverse momentum, corresponding to the full angular accepfarc®.75 mrad and the “OPE-
safe” region respectively:

a(yp — p°nm") = (3104 Bgart 45sys) Nb for  prn < x_-0.69 GeV (2.3)

o(yp — p°nir") = (1304 3gtart 19%ys) N0 for prn < 0.2 GeV. (2.4)

The differential cross sectionag,/dx_ is shown in Fig.3. Predictions from severmflux
models [7] are confronted with these data. Only a shape comparison iblppsice the/mt cross
section is not known. However, some models can be excluded even omgdlsedd this shape
comparison.
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Figure 3: Differential cross sectional,,/dx_ in the range 26< W,, < 100 GeV compared to the predictions
based on different versions of pion fluxes [7]. The data [goame shown with statistical (inner error bars)
and total (outer error bars) uncertainties, excluding agralV normalisation error of 4%. All predictions
are normalised to the data.

Additional constraints on the pion flux models could be provided by the dkEpme ort (or
p% ) of the leading neutron. The double differential cross sectfarg/ dx_dp% , is measured, and
the results are presented in Fig. 4 (left). The bins are chosen suclhétddta are not affected by
the polar angle cut. The cross sections are fitted by a single exponenti&bfne’b”("”p%n in each
X, bin and the results are presented in Fig. 4 (right). The measuséapes are compared to those
obtained from several pion flux parametrisations. Despite of the largeriexgntal uncertainties
none of the models is able to reproduce the data. This observation suppertsmenological
expectation [9] of large absorptive corrections which modify thieependence of the amplitude,
leading to an increase of the effectibeslope at largex, as compared to the pure OPE model
without absorption.
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Figure 4: (left) Double differential cross sectiorfdy,/dx _dp? , of neutrons in the range 20 W, < 100
GeV fitted with single exponential functions. The cross isetin differentx. bins j are scaled by the
factor 3 for better visibility. The data points are shown with stégial (inner error bars) and total (outer
error bars) uncertainties excluding an overall normailisaerror of 44%. (right) The exponential slopes
fitted through thep? dependence of the leading neutrons as a functioq .oThe inner error bars represent
statistical errors and the outer error bars are statistindl systematic errors added in quadrature. The data
points are compared to the expectations of several paraaions of the pion flux within the OPE model.

Fig. 5 (left) shows the energy dependence of exclugRproduction with a leading neutron,
Oypponm (Wyp). Regge motivated figy, 0 W? yields a value o = —0.26+ 0.06sa1% 0.07sys
POMPYT MC predicts different trend, typical for Pomeron exchandg.on

The pion flux models compatible with the data in shape okthdistribution are used to extract
the photon-pion cross sections frora fix. in the OPE approximation. The result is presented in
in Fig. 5 (right). As a central value the Holtmann flux is used, and the ladiféstence to the other
three predictionsRishari-0, KPP, MSY[7] provides an estimate of the model uncertainty which is
~19% on average. From the totgb cross section in equation (2.4) and using the pion flux (2.2)
integrated inx_ and pr n, 'z = 0.056, the cross section of elastic photoproductiop®bn a pion
target is determined at an average engilyy,;) ~ 24 GeV:

o(ym" — p°m") = (2.3340.34(exp) 345 (mode)) ub, (2.5)

where the model error is due to the uncertainty in the pion flux integral oltdorehe different
flux parametrisations compatible with our data. This value leads to the ngtie 0)"/o)P =
0.25+0.06. A similar ratio, but for the total cross sectiong\at) = 107 GeV, has been estimated
by the ZEUS collaboration ase = 0/ /0. = 0.32+0.03 [10]. Both ratios are significantly
smaller than their respective expectations, based on simple consideral-‘lonstot, a value of
2/3 is predicted by the additive quark model, whilg= (byp) (ofF/oR)? = 0.5740.03 can be
deduced by combining the optical theorem, the eikonal a{pproach and thiedaica onpp, Tt p and
yp elastic scattering. Such a suppression of the cross section is usuallytattribuescattering,
or absorptive corrections [9], which are essential for leading nayiroduction. For the exclusive

reactionyp — p°nrrt studied here this would imply an absorption factokgfs = 0.44+ 0.11.
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Figure 5: (left) Cross section of the reactigrp — p°nr™ as a function of\,, compared to the prediction
from POMPYT MC program, which is normalised to the data. Thsh#d curve represents the Regge moti-
vated fito 0W? with 6 = —0.26+ 0.06sa+ 0.07sys The data points are shown with statistical (inner error
bars) and total uncertainties (outer error bars) excludimgverall normalisation error 0of4%. (right) Elas-

tic cross :sectionae,'T = o(ymt — p°m"), extracted in the one-pion-exchange approximation as etifum

y

of the photon-pion energy\,. The inner error bars represent the total experimental i@iogy and the
outer error bars are experimental and model uncertaintidedin quadrature, where the model error is due
to pion flux uncertainties. The dark shaded band represeatavierage value for the fullj,; range.

Finally, the cross section as a function of the four-momentum transferesgjofithep® meson,
t’, is presented in Fig. 6. It exhibits the very pronounced feature of aglrahanging slope be-
tween the lowt’ and the hight regions, a feature known to be a characteristic for DPP reactions [1].
In a geometric picture, the large valuelmfsuggests that for a significant part of the defanesons
are produced at large impact parameter values of ofider= 2b; - (Ac)? ~ 2fm? ~ (1.6R,)2. In
other words, photons find pions in a cloud which extends far beyondrtterpradius. The small
value ofby corresponds to a target size00.5 fm.
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Figure 6: Differential cross section
doyp/dt’ of p° mesons fitted with
the sum of two exponential functions.
The inner error bars represent statis-
tical and uncorrelated systematic un-
certainties added in quadrature and the
outer error bars are total uncertain-
ties, excluding an overall normalisa-
tion error of 44%. The values of
slopes are characteristic for double pe-
ripheral processes [1] in which an ex-
change of two Regge trajectories is
involved.
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3. Summary

Photoproduction cross section for excluspfeproduction associated with leading neutron is
studied for the first time at HERA. Single and double differengaktross sections are measured.
The differential cross sectiorod/dt’ shows the behaviour typical for exclusive double peripheral
exchange processes. The elastic photon-pion cross seatipm; — p°rmrt), at (W) =24 GeV is
extracted in the OPE approximation. The estimated cross section ratio for gie ela
photoproduction op® mesons on the pion and on the protani= .}/ = 0.2540.06,
suggests large absorption corrections, of the order of 60%, sigipgethe rate of the studied
reactionyp — p°nrrt.
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