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Abstract

Exclusive photoproduction of° vector mesons is studied using the H1 detector at
HERA. A sample of about 700000 decays — =7~ was collected in the years 2006-
2007, using the H1 Fast Track Trigger. It corresponds to an intebtatainosity of
1.3 pb~!. The sample is used to study cross-sections as a function of the invariast ma
m.+.— Of the decay pions, the photon-proton collision enevgy, and the momentum
transfer at the proton vertéx The phase-space restrictions are < m_+,.- < 1.3 GeV,

20 < W,, < 80 GeV and|t| < 1.5 GeV?. Reactions where the proton stays intact are sta-
tistically separated from those where the proton dissociates to a low-massigasystem.
The observed cross-section dependencies are parameterized tssimgl fare compared to
expectations from phenomenological models.
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1 Introduction

This document is a brief description of the measurementegthstic and proton-dissociative
p° photoproduction cross-section as a function of the ceoftenass energyi’,,,. The analysis
uses H1 data collected from the high energy electron-protdirsions at HERA in 2006 and
2007. The sample of photoproduceti=— events used for the analysis is described in Section 2.
The MC samples used to model the data are introduced in 8e&:tibhep® cross-sections are
extracted from the™ 7~ data in two steps: first the™ 7=~ distributions are unfolded to particle
level, then the contribution to ther ™7~ cross-section is extracted using an extendedir®)
model. Both steps are described in Section 4. The resultsesemted in Section 5.

2 Data-Set

The analysis is based on a sample of exclusive ~ events collected with the H1 detector in
2006 and 2007. A detailed description of the H1 detector aafohnd elsewhere [1]. For
the dataset only events where protons at an ener@®fseV were collided with27.6 GeV
positrons are considered. Given the varying trigger pre-scales tmpkacorresponds to an in-
tegrated luminosity of,,,, = 1.3 pb'. The selection of the dataset is outlined in the following.

The pions fromp" photoproduction are expected to be centrally produced hithtrans-
verse momentar < 1 GeV. In the photoproduction regime, the electron leavesittector
undetected, as in most cases also does the strongly forseattered proton. To trigger such
events a mostly track-based, dedicatétrigger was used. Track information within the 2.8
decision time of the H1 level-1 trigger was available thhotige Fast Track Trigger (FTT). The
FTT used pattern recognition and associative memory tdifgigoredefined tracks in the hit-
patterns produced by charged particles in a subset of theat@t chamber (CJC) wires. For
a positive trigger decision, at least two FTT tracks abovw@asiverse momentum threshold of
160 MeV and at most three tracks above a threshold of 100 MeMdbe reconstructed . The
sum of the charges of these tracks must not exeekd In addition, trigger information from
the Central Inner Proportional Chamber (CIP) was used to erssiow multiplicity interac-
tion within the nominal interaction region. And vetoes oa thner, forward part of the Liquid
Argon (LAr) calorimeter, and a scintillator wall in forwardirection were applied to suppress
interactions in which the scattered proton dissociatesargystem with high mass.

In order to select a pure sampleof 7~ photoproduction events a set of off-line selection
cuts is applied on top of the trigger requirements:

e The reconstructed primary vertex is required to be withici25f the nominal interaction
point along the beam axis.

LIn the following the term “electron” is indistinctly used tefer to both electrons and positrons.

2A right handed cartesian coordinate system is used withrigaat the nominal primaryp interaction vertex.
The proton beam direction defines thexis. The polar angle$ and transverse momenpa of all particles are
defined with respect to this axis. The azimuthal argtiefines the particle direction in the transverse plane. The

pseudorapidity is defined as= — In tan g



e No scattered electron candidate is reconstructed in natlted_Ar nor SpaCal calorime-
ter.

e Exactly two primary-vertex fitted, central tracks of goodatity are reconstructed. They
are required to have opposite charge and be within the CJ@tarwe defined ag- > 160 MeV
and20° < # < 160°. Low momentum kaons, protons and deuterons are suppresised u
the measured energy loss of the tracks in the CJC.

e There are no LAr or SpaCal clusters with energies above a ttmieshold 400 MeV and
200 MeV, respectively, that cannot be associated with ontheftracks. A cluster is
considered associated to a track if it lies within a cylindia radius of 30 cm along the
direction of the particle’s momentum at calorimeter entry.

From the four-momenta of the two reconstructed pion cariédgjahe momentum transfer
at the proton vertex and the photon-proton center-of-mass endigy, can be approximately
reconstructed:

t~—p} 4., and 1)

Wiy = \J2E, (B, — porin-). 2)

E, here denotes the proton-beam energy gng: .- andp, .+.- are the transverse and longi-
tudinal four-momentum component of the 7~ system. The two relations only exactly hold
for photoproduction with photon-virtualitg)? = 0; however, the electron veto limited by the
SpaCal acceptance only guarant€gs< 2.5 GeV.

The experimental phasespace considered in this analydefirsed by cuts oV, ¢, and
the invariantrt 7~ massm,+,-:

15 < W.,,[GeV| < 100,
0 < pi..[GeV] < 2, and
03 < m.+,.-[GeV < 15.

The data is modelled using a set of MC samples for signal aokigpaund processes; see
Section 3. Another background contribution due to beartgassand beam-machine interac-
tions is estimated using events from pilot-bunch collisievhere a proton or electron bunch
Is purposefully collided with a gap in the oncoming bunatusture. The signal purity of the
data-sample is about 94%. The dominant background compoasnfrom:

¢ higher mas$’ resonances, which decay into multiple charged or neutcsdspisome of
which escape detection,

e w — rr~ 7% decays where the low-momentutth escapes detection

e beam-restgas and beam-machine interaction events propliogv-mass particles

e ¢ decays into kaon-pairs that are mis-identified as pions, and



e ~-dissociation events where hadronic photon system denayaimultitude of low-mass
particles in the very backward direction.

To study and constrain these backgrounds, some of the iselextits defined above are
inverted or modified to define control regions enriched in ohéhe dominant background
components.

e A ¢ control region is defined by identifying the two tracks asrh®wia their measured
energy loss in the central tracker and requiring the invanaass reconstructed under the
kaon hypothesis to be within 15 MeV of tlk€1020) mass. They purity achieved in this
region is~ 90%.

e Events with energy clusters in the LAr and optionally a matkeenergy deposit in the
SpaCal constitute am (~ 48% purity) or p’ (~ 71% purity) control region depending
whether the invariant mass of the tracks and all unassac@issters is below or above
600 MeV.

e Events with an unassociated energy depositin the SpaCat¢bat?vand 10 GeV constitue
a control region for photon-dissociative events{2% purity).

In Figure 2 the distribution of the selected number of evegfiown as a function of the in-
variantr ™7~ mass and compared to the MC model. THeesonance at a massof770 MeV
clearly dominates the sample. Smaller contributionsta~ production are implicitly mod-
elled by thep® MC, as well, which is tuned to better describe the data; seédBe8. Most
events originate from elastic scattering of the proton,tbatsample still obtains a significant
contribution from proton-dissociation. Various wronggconstructed background events con-
taminate the sample at percent level. At low mass, a broakipesdtributed tav(782) produc-
tion, much wider backgrounds are attributecht@450), p(1700), vy-dissociation and beam-gas
interactions. Contamination fromh events is all but negligible. Correspondingly to the mass
distribution in Figure 3 théV.,, andp;, . distributions in the signal region are shown.

2.1 Taggingp-Dissociative Events

A fraction of the selected data-sample is from interactiwhere the scattered proton decays
into a systemy” of several particles with a combined invariant mags larger than the mass
of the protonm,. The aforementioned selection cuts on the unassociategyedeposits limit
the system to approximately/yy < 10 GeV. While the elastically scattered proton leaves the
detector undetected through the beam-pipe, particlés cdn obtain sufficient transverse mo-
mentum to be detected by one of several detectors in the fdrregion. Information from
the H1 forward muon detectors (FMD), the plug calorimetet e Forward Tagging Station
(FMD) 28m down the beam-pipe is used to tag these events.der oo improve the tagging
efficiency and reduce the mis-tag rate, the binary “tagags-information from the three de-
tectors is combined into three tagging categories: a zgrcstagle tag and multi-tag category.
By splitting the dataset into these categories the elas@atswan be well separated from the
proton-dissociative events: The zero tag category is dataihby~ 90% elastic events, intO
the single tag category this fraction is reduceds®yo, and the multi-tag category consists of
92% proton-dissociative events.



3 Monte Carlo Modelling

The data are modelled using MC samples for elastic and pissociativen?, w(782), ¢(1020),
p(1450), p(1700) production, as well as for elastic photon-dissociation.e Famples are all
generated using the DiffVM event generator [2] that modelster meson production on the
principles of equivalent photon approximation [3], theteeeneson dominance model [15-19],
and pomeron exchange [20—-22]. For the vector mesons tlmvial) decay channels are con-
sidered:

e Forthep’, w and¢ sample all observed decay channels are modelled with tsective
measured branching fractions if they account for at l&Zsbf the mesons’ decays.

e The variousy(1450), andp(1700) decay modes have not been measured in detail. The es-
timated decay channels assumed in the MCpdre™ r° andp’zr at a branching fraction
of 30% per charge combinatio?y ™27~ at 6%, 7" 727" at 2%, andr* 7~ at 2%.

e The fragmentation process in the photon-dissociative M@adelled via JETSET [10].

e All events with ar* 7~ final state are removed from the background samples anédreat
as signal. Contributions from(782) — =7~ and~y-dissociation— 7+7~ are explicitly
included in thep by reweighing then.+ .- lineshape. Contributions from th&1450)
andp(1700) samples are neglected.

Proton dissociation is modelled by Diff¥M assuming thedaling dependence of the cross-
section on the mass of the dissociated system:

do'p  f(My)

= _ 3
DI~ (M) ©

Here,ey = 0.0808+0.01 and f(My ) is a phenomenological function that is fitted to the experi-
mental data [23, 24] to parametrize the low-mass resonanaesre in the regiom, < My <

1.9 GeV. ForMy > 1.9 GeV f(My ) becomes constant. In the low mass region the dissociative
system is treated as an* resonance and decays are modelled according to measuredhbra
ing fractions [25]. For higher masses the decay is modeBegllaund fragmentation process as
implemented in.

To a large extend DiffVM provides only phenomenologicaléamatic spectra. In order to
achieve a better agreement between data and the MC modgiffelM samples are reweighed
on generator level ihnandiV,,,. Thep” samples are also reweighedin.+ .- in order to account
for contributions to ther* 7~ spectrum not coming from the’ resonance.

The background MCs are reweighed to the followlihg, andt dependence of the photo-
production cross-section:

doP W, \'* Y
e e T @

wherea and b are reweighing parameters to be chosen. For the elastit p, p, and~-
dissociation samples is set toa®? = 1.06 & 0.03, and the corresponding proton-dissociation
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samples tax” %S = 1 4 0.03. For the elastico and ¢ sampleg®?s = 10 + 1.8 GeV ' and
bg'as = 6.3+ 1 GeV! are taken from measurements by [26] and [27], respectiviely. the
elasticp(1450), andp(1700) and they-dissociation samples tit&3parameters are tuned using
the dataset at hand and sethto = b,_qiss = 5.2 £ 1. For the proton-dissociative sample
b{;’dis = 2.14+0.9 was measured by [27], as well. All other proton-dissoceti’sl-parameters
are set to half the corresponding elastic values.

Thep(1450) andp(1700) samples can not be well distinguished experimentally & dinial-
ysis. They are thus combined atla+ 1) : 1 ratio and treated as a single MC sample. Further-
more, for all background samples the elastic contributwars not be well distinguished from
the proton-dissociative contributions and are also coethifrrom the template fit described be-
low, an estimated fraction &6 + 1% of the reconstructed events are proton-dissociative which
is assumed for the combination.

A deviation from pure exponentialdependence of the cross-section is needed to describe
ther 7~ sample. The" MCs are thus reweighed to the cross-section:

doP W, 4(ao+ar t—1)
5 W) = (Q()Tw()e\/) exp (aln(l —bt/a)). ()

The chosen parametrization for thdependence smoothly interpolates between an exponential
behaviourdo™? /dt oc exp (bt + b?1?/2a) at low |t| and a power lawlo??/dt « |t|~* at large
2.

Furthermore, the reproduce the full 7= mass spectrum with contributions from the
resonance and non-resonant production the samples arghedenm. .+~ to the extended
Soding model that is defined in Equation (10) in Section 4. A#ls® parameters are assumed
to be the same for the elastic and proton-dissociative saamal most are assumed to be inde-
pendent ofiV,,, andt. Only for the parameter§,, = f,..(t) andA,, = A,,.(t) at-dependence
IS assumed:

Jor (t) = 7?7‘ exp (fir t) (6)
Anr (t) = /A%t (7)

nr,0
All reweighing parameters for thg” samples are tuned to the data-set at hand to achieve a
good description within uncertainties. The tuning is doreeastemplate fit of the MC model

to three dimensional histograms of the detected numbereaftennv,,, p7. . _ andm +,-

in the three tagging and all four background regions. Theberof bins is adapted in each
region to the number of events in that region. In additionh® teweighing parameters the
normalizations of all samples is determined in the fit. Hogvethe relative fraction of proton-
dissociative background events is not well constrainechiyfit and is thus fixed to the fitted
fraction for thep” sample. The optimized® parameters are summarized in Table 1.

All generated events are passed through the full GEANT [2@Eld simulation of the H1
apparatus and are reconstructed using the same programashfr the data. Trigger scaling
factors are applied to correct differences in the triggefggmance between data and simula-
tion. They are obtained from* 7~ sample from deep-inelastic scattering events, that can be
triggered track-independently by the scattered electron.
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Table 1:p° MC reweighing parameters.

mass parameter value W,,-t parameter value

m, [GeV]  0.7707 £ 0.0003 || ag@s 1.0606 + 0.002

o [GeV]  0.1458 £ 0.0006 | o [GeV ] 0.241240.015

fo 0.031 +0.002 || a®3s 14641

o 1.72 4 0.06 ves  [GeV?] 1147 +0.09

My, PDG value || o/ 0.9567 + 0.006

Tuo PDGvalue || o™ [GeV™?] 0.0455+ 0.013
0 0.90 & 0.01 qp-dis 6.14+0.5
1 2.52 +0.05 wdis  [GeV?) 6.16 £ 0.12

Dy 3.01 +0.01

Snr 0.7+0.1

Aro  [GeV] 0.3 +0.01

4 Determination of the p" Photoproduction Cross-Section

The detector level data distributions are unfolded to extd#ferential cross-section distribu-
tions on truth particle level. This means that the simulatetector response from the MC
samples is used to correct the detected number of eventseftintited detector acceptance, the
reconstruction efficiency and resolution, and to sepatastie from proton-dissociative events.
The fiducial phasespace for the measured cross-sectionsecho be slightly smaller than the
experimental phasespace. This allows to properly accoumiigrations of events in and out of
the phasespace due to detector resolution effects. Thedigilasespace is defined in Table 2.

The unfolding is done by means of a binned, regularized taetegdlt, which is described
in the following. In sections thereafter the differential7— photoproduction cross-section is
defined and the extraction of thé contribution is explained.

4.1 Unfolding With TUnfold

This analysis uses the TUnfold [8] package to unfold binnector level distributions. Effi-
ciency and migration effects are modelled by a migrationrixad that is obtained from MC

Table 2: Definition of the fiducial phasespace. The cutdiap, ¢, andm,+,- are applied
on truth and detector level, whereas explicit cuts@nand Ay are only possible on truth
level. The kinematic region af/y is used to separately define elastic and proton-dissoeiativ
cross-sections.

20 < W, [GeV] < 80,
0 < t [GeV?] < 15
04 < my+.— [GeV] < 1.2
0 < Q% [GeV')] < 01
elastic proton-dissociative

My =m, | m, < My [GeV] < 10
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simulation. Let the vectorg'¢ andiAl¢ represent the true and reconstructed MC distributions,
then each matrix element;; gives the probability that an event originating from iof Z}.¢
is reconstructed in binof #2.¢, which can be written as a matrix equation

g}ﬂé[cc =A- ft]\r/l,[lg (8)
To estimate the number of true eveﬁ‘r‘tsorresponding to the observed reconstructed data dis-
tribution 78312 a y2-function y(Z|§93@ A) is defined and minimized by varying In order
to suppress correlated statistical fluctuations in the ldefib distributionz’ the y2-function is
extended by regularization constraints on the normabnatind the smoothness of the second

derivative ofz. The regularization strength is chosen such that the aeeglgpal correlation
between the bins of is minimized.

2 Pl o ieimimim
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Figure 1: Response matrix schematic.

The structure of the response matrix used in this analysikigtrated in Figure 1, where
the x-axis corresponds to the reconstructed and the y-avtigettruth distribution. Along the
x-axis the response matrices from the different MC sourcestacked, which allows to sep-
arate respective contributions to the measured spectrum-ntatrices from the elastic and
proton-dissociative signal MC and from the four backgroMt@s fromw, ¢, p(1450 + 1700),
~-dissociation are considered. For the latter the truthatédes to be unfolded can not always be
well defined. Instead, these sub-matrices track howébenstructed background MC events
from the different background sources contribute to thiéeidintly defined, reconstructed distri-
bution. This results in a subtraction of background everitsre the background normalization
in each truth distribution bin is determined in the unfolglit\long the x-axis, the reconstructed
distribution is split into multiple control regions: therée forward tagging regions to constrain
contributions from elastic and proton-dissociative esgits four background control regions
to constrain the contributions from the respective backgdoprocesses.



4.2 wtm~ Photoproduction Cross-Section

The differential=* 7~ photoproduction cross-section is defined as:

2 _yp—rtr—X X
d“o (t, W'ypa m7r+7r*) Nunfolded

pu— . 9
dtdm .+ .- Lint At At - (Ily/e(W,yp) ©)

NZ . 4eq IS the number of unfolded events in a given bify,,; the integrated luminosity of
the considered dataset, and, and Am,+,- are the bin-widths in, and m+,-, respec-
tively. The measuredp cross-section is normalized by a photon flux factay.(1V,,) to
transformed it into a photoproduction cross-section. Wis analysis®, . (1V,,) is calcu-
lated using the Weizker-Williams formula [11-14] integrated over the coesetl range

0<@Q?<0.1 GeV2

4.3 Mass-Dependence and Extraction of thp® Contribution

While then 7~ cross-section is dominated in the considered mass randeehy tesonance,

it obtains significant contributions from the&782) resonance, as well as non-resonahtr~
production. At highern+,- values, further resonances have been observed. In the amags r
04 < my+,— < 1.3 GeV an extended &@ling model [28] is used to describe the complete
Ma+r— SPectrum:

do ( ) B N
T T AT T f)?

. . Bnr (mﬂ+7T7) 2
' RBW Mty + fweld)w RBWw Map+r— + fnreld)nr -  __ ~ |
(M) ( ) Bl

(10)

AMiyt -

where ap” andw contribution are each parametrized by a relativistic Bvéigther amplitude
[29]

\/m7r+71'* mVMF(meﬂT* )

) = 11
RBWVM (mﬂ+ﬂ ) mfm — m%,M + im\/MF<mﬂ-+ﬂ-—) ( )
with mass-dependent width
3
m2 — 4m2 2 mvm
L(mp+r-) =T L = : 12
(i) VM0 <m%,M — 4m3r) Mot - (12)

A non-resonant contribution is parametrized by

Maptr— — 2My onr
B,, = ( . (13)

Mytng—- — 2mﬂ’>2 + A%r

In these equationd’ is a normalization parametet;y,; andI'vy o denote the vector mesons’
mass and width, and,,, andJ,,,. are phenomenological parameters shaping the non-resonant
background, respectively,, and f,,. are the relative normalizations of theand non-resonant
contribution and, through,, and¢,,,., global phase-differences between the two vector mesons,
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as well as between thé and the non-resonant component are explicitly allowed.pEnametriza-
tion of the non-resonant contribution was chosen becawlevts to describe the,+,- spec-

trum well, including it's strong-dependence. The model can be extended to higher masses by
including a third Breit-Wigner resonance analogously todteontribution that will be generi-

cally referred to as @ contribution.

In order to extract the" contributions to ther™ 7~ cross-section, the unfolded mass distri-
butions are fitted using Equation (10). Thtecontribution is then defined by the integral:

2

dmﬂ+7r— . (14)

mp+5I",

oep — p°p) = /

2may

RBWp(mﬂﬂr—)

The integration boundaries are always defined by the PDGsdbrm ., m,, andI’, (“Photo-
produced”) [25] such that, + 5I', ~ 1.53 GeV, whereas irRBW, the fitted mass and width
parameters are used. An uncertainty on th&ross-section is calculated by propagating the
correlated fit parameter uncertainties through the integfae non-resonant contribution to the
cross-section in that mass range is calculated analogously

To extract kinematic dependencies of htecross-section, the™ 7~ mass distribution is
fitted in 1/, bins. Not all parameters of the extende@dig model can be well constrained
independently in all individual bins or even for the elastitd proton-dissociative part of the
cross-section. That is why for the parallel fits further mMadesumptions on the parameter de-
pendences on the mass of the proton final state IV, andt are made. They are summarized
in Table 3. In particular, the availabte,+.- resolution is not sufficient to resolve the with of
thew(782) resonance, which is thus always fixed to the PDG valug,.,.o = 8.5 MeV. The
mass of thev(782) can be fitted in the one-dimensional mass distribution anfig fixed for the
parallel fits inlV,,, to the value obtained there to allow for the possibility ofallte systematic
shifts in the mass scale that have not been studied yet.

4.4 Parallel Fits andx? Definition

The differential cross-sections are parametrized andlfiiteéh the goal to extract more fun-
damental parameters, such as tHeontribution. Only one-dimensional parametrizations are
used, however for multi-dimensional cross-section depeaés the one-dimensional distribu-
tions are always fitted in parallel. For example the: .- dependence of the cross-section is
fitted in parallel for the elastic and proton-dissociatii&ribution, for the one-dimensional case
and in alllW,,, bins for the two-dimensional cross-section. This allowsate the full correla-
tions between all bins into consideration and also to betestrain some fit parameters that
are shared across all distributions. The fits are perfornyemptimizing the fit parameter@to
minimize they?

Ndistr.  Ndistr.
=

O =Y Y [Fuulm) — Fn.d)] 0, [Faselm) - Fom. )] (15)

tdistr=0 Jdistr=0

7 is the one-dimensional cross-section distribution alcarigblen, U™ the statistical covari-
ance matrix andF (m, ) the bin-averaged fit function in each bin of the distributidfithe
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parameter M, -dependent WW,,-dependent
mpo
Lo

Jo
Pu

Oooboooood

e
3 <
CODooboobobidooddoo

Table 3: Multi-dimensional parameter dependences of theneled $ding model parameters
defined in Equation (10). The label$ and I indicate whether a parameter is assumed to
depend onV/y or W,,,, and thus set as a single parameter across all distributiaghse parallel
fits. Empty cells indicate that a parameter is not used in ivengkind of parallel fit.

—

differential cross-section is parametrized fiyn, 0), F; in a given binfm; — A; /2, m; + A;/2]
is defined as

1 mi+Ai/2 .
Fi=x [ L, [ (16)
v Jmy—A; /2

4.5 Systematic Uncertainties

Several sources of systematic uncertainties are conslidere

e The MC modelling parameters defined in Section 3 are varedrathe)? dependence
of both p° MCs, the My dependence of the proton-dissociatp’eMC and the relative
fraction of proton-dissociative background events.

e The LAr and SpaCal energy scales are independently variedl b, their noise levels
are changed by by50% and a modification of the cluster association radius86% is
considered.

e The tagging efficiency of the Plug, FTS and FMD tags for eteestid proton-dissociative
MCs is independently varied bi10% (relative).

e A statistical uncertainty on the trigger scaling factorsaasvell as an uncertainty due to
the transport of the DIS correction factors to photopromunckinematics is considered.

A +20% uncertainty is applied on the modelling of the tragkresolution.
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e A normalization uncertainty from the luminosity measuretna 2.7% is considered, as
well as 2% track reconstruction uncertainty (1% per track).

For each variation almost the full analysis chain is repbatiéh three noticeable exceptions:

a) Inthe unfolding always the same regularization strengstused, which is obtained from
minimizing the nominal average global correlation.

b) All variations are symmetrized around the nominal disttion after the unfolding step,
in particular only the symmetrized variations are cong®den the cross-section fits. For
one-sided variations (e.g. from the trigger correctior® fill uncertainty is applied in
both direction.

c) For the cross-section fits always the nominal statisticglertainties are used in thé
definition.

5 Results

Differential elastic and proton-dissociatiweé 7~ photoproduction cross-sections are measured
in the phase-space defined in Table 2. The one-dimensioos$-section as a function of
m.+-— iS used to illustrate the structure of the 7~ mass spectrum and to interpret it using
the extended &ling model defined in Equation (10). The model is then agpiethe two-
dimensional* 7~ cross-section as a function of,+ .- and¥,,, and used to extract the energy
dependence of the” cross-section.

5.1 wTw~ Mass Spectrum

The differential cross-sectiotv (yp — 77~ X)/dm,+,- is shown in Figure 4 as function of
m.+.— for both elastic and proton-dissociative scattering. Thstridutions are obtained by
unfolding the one-dimensionab.+ .- distribution. A simultaneous fit of the parametrization
given in Equation (10) to both distributions is performeddgiermine the model parameters.
The fit functions are shown in the figure together with thew and non-resonant contributions
and the combination of all interference terms. The fit ilatts that while the total cross-section
is dominated by production, the line-shape of the, .- distribution is strongly distorted by
the other contributions because of strong interferencegeilhese result in a steep edge right
above the” mass peak and a strong skewing of theesonance towards smaller mass values.

The skewing of the’ peak is significantly weaker in the proton-dissociativessreection.
This can be seen model independent in Figure 5 where thécaedask proton-dissociative cross-
sections are directly compared as a functiomgf: .- .

The fiducial elastic and proton-dissociativer— cross-section obtained from unfolding the
mass distribution are given in Table 4.
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While this analysis focuses on thé resonance, further resonances with a larger mass
have been observed in the 7= spectrum for example by ZEUS [9] in" 7~ electroproduc-
tion events. Also in the data-set at hand such a resonancewtchn.,.+,.- = 1.6 GeV can
be observed as is shown in Figure 6 where the upper limitngn.- for the cross-section
do(yp — 77 p)/dm,+,- is increased up to 2.2 GeV. The mass spectrum is again fitted us
ing the extended@&ling model with one additional Breit-Wigner contributi@netccount for this
high mass resonance. The fit functions are shown togethkrtiagtcross-sections including a
set of individual contributions to the full model.

5.2 Energy Dependence of the® Cross-Section

In order to measure the energy dependence ofptheross-section, the* 7~ cross-section
do(yp — ntn~X)/dm.+,- is measured as a function of,.+,- andW,,. It is obtained by
unfolding the two-dimensionah..+ .- ® W., distributions and shown in Figures 6 and 7 as a
function ofm .- in theW,, bins for elastic and proton-dissociative events. The idistions

are fitted in parallel using the extendeddihg model with the assumptions on the parameters’
W.,, dependence that are summarized in Table 3. The fit functinsteoown together with
the distributions, including individual contributionstiwe full model. Following the procedure
outlined in Section 4.3 the energy dependence ofsthand non-resonant contribution can be
extracted by integrating out the mass dependence of thesgmnding contributions to the fit.
The results are shown in Figure 8. For both the ftilr— cross-section, as well as th& and
non-resonant contribution the elastic cross-sectiomhjigises with energy. For the proton-
dissociative cross-section on the other hand, no signifexaergy dependence can be observed.

The energy dependence of the cross-sectiqng — p°X) is put into historic perspective
in Figure 9 where it is compared to previous measurementseégeenced in the figure. The
energy region of this measurement nicely fills the energy lggtpveen the measurements by
fixed-target experiments and previous results from the HE8lkaloorations.
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the unfolding. The size of the data uncertainties alonediated by the horizontal lines on the
error markers. The two distributions are simultaneoustgdiusing the parametrization given
in Equation (10) and fit function is shown together with a atod contributing components.
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are simultaneously fitted using the parametrization giveBquation (10) extended by second
Breit-Wigner resonance in analogy to tlhecontribution. The fit function is shown together
with a subset of contributing components. The compositiothe data errors is explained in

Figure 4.

Table 4: Fiducial elastic and proton-dissociativer — photoproduction cross-sections obtained
from unfolding them .+,- distribution in the phasespace defined in Table 2. Systeraater-

tainties not fully evaluated.

olpb] statiub] syst.[ub] (%)
elastic
11.36 0.05 1.03 (9.0)
p-dissociative

6.22 0.06 1.14 (18.3)
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Figure 6: Elastic differential cross-sectidn(yp — 77~ p)/dm,+.- as a function ofn .+, -
shown in 16 bins of risingV,, (from left to right, top to bottom). The elastic distributi®
are simultaneously fitted together with the proton-disstie distributions shown in Figure 7
using the parametrization given in Equation (10). The fitction for the respective bins is
shown together with a subset of contributing components.ciimposition of the data errors is
explained in Figure 4.
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Figure 7: proton-dissociative differential cross-settio (yp — 77~ X)/dm,+.- as a func-
tion of m,+,- shown in 8 bins of risingV,, (from left to right, top to bottom). The elastic
distributions are simultaneously fitted together with thetpn-dissociative distributions shown
in Figure 6 using the parametrization given in Equation (I fit function for the respective
bins is shown together with a subset of contributing comptserhe composition of the data
errors is explained in Figure 4.
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