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Abstract

Diffractive dijet photoproduction and leading neutronalateasured
with the H1 and ZEUS detectors at HERA are presented. Thdse da
allow to study rescattering and gap survival probabilityeininterac-
tions.

1 Introduction

The role of rescattering and gap survival probabilityjninteractions at HERA has been studied
by the H1 and ZEUS Collaborations looking at diffractiveetliphotoproduction and leading
neutron production.

Diffractive ep events,ep — eXp, are characterized by the presence in the final state
of a fast forward proton, scattered at a very small anglertalost only a small fraction of
the incoming proton energy, and a large rapidity gap (LRGhwio particle flow between the
scattered proton and the hadronic system X from the distgatighoton. This event topology is
ascribed to the absence of colour flow between the protontansgystem X, due to the exchange
of an object with vacuum quantum numbers, historicallyazhlbomeron. Both characteristics
have been used at HERA to select diffractive events, eitherdasuring the fast scattered proton
with detectors placed along the proton beamline at distahetween 20 and 90 m from the
interaction point, or by searching for LRG in the centraladtors. The diffractive samples for
the dijet photoproduction analyses presented here wegeted by both Collaborations using the
LRG method.

Leading neutron eventgsp — eXn, are characterized by the presence in the final state
of a fast forward neutron carrying a relevant fraction of theoming proton beam energy. This
neutron escapes along the beamline and is detected by b#th&ations by means of forward
neutron calorimeters placed at about 100 m from the intenagtoint.

2 QCD factorization in diffraction

According to the quantum chromodynamics (QCD) factor@atiheorem [1], the cross section
for diffractive processes in deep inelastic scatteringS)Ddan be expressed as a convolution of
partonic hard scattering cross sections, which are cditriia perturbative QCD (pQCD), and
universal diffractive parton density functions (DPDFs}tudé proton, which are analogous to the
usual proton PDFs under the condition that the proton stagst in the interaction.

At HERA, various sets of DPDFs [2] have been determined froBDQits to inclusive
diffractive cross section measurements in DIS. It was fotlmad most of the momentum of the
diffractive exchange is carried by gluons.

The DPDFs extracted from inclusive data have been used foulating next-to-leading
order (NLO) predictions of semi-inclusive DIS diffractifi@al states, in particular dijet and open
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Fig. 1: Left panel: Direct-photon diagram for diffractivget photoproduction. Right panel: Resolved-photon dia-
gram for the same process.

charm production, for which the presence of hard scalesreashbat the partonic cross sections
are perturbative calculable. Both H1 and ZEUS data on thedifffactive production of open
charm [3] and dijets [4, 5] agree with NLO predictions witlite uncertainties, which represents
an experimental proof of the validity of QCD factorizatiandiffractive DIS. This also allowed
to include dijet data in the QCD fits to better constrain thébB, in particular the gluon one [5].

QCD factorization is not expected to hold in diffractive hathadron interactions. Ac-
tually, QCD calculations with HERA DPDFs as input overestienthe cross section for single
diffractive dijet production inpp collisions at the Tevatron by approximately a factor 10 [6].
This violation of factorization has been understood in ®ohsecondary interactions and rescat-
tering between spectator partons, which may fill the rapidip, leading to a breakdown of
hard-scattering factorization and causing a suppresdidimeadiffractive cross section. Models
including rescattering corrections via multi-pomeronleeges are able to describe the suppres-
sion observed [7], which is often quantified by a 'rapiditypgaurvival probability’. This is also
of great interest for the forthcoming LHC data analyses.

The increasing role of rescattering in the transition frof& b hadron-hadron interactions
can be studied at HERA by comparing processes in DIS and itoptaduction (PHP), since in
photoproduction the quasi-real photon, with virtualigy ~ 0, can develop a hadronic structure.

At leading order (LO) two types of processes contribute td’Fdents (see Fig. 1), direct-
and resolved-photon processes. When the photon pargsititectly in the hard scattering as
a point-like probe the processes are expected to be simildwetDIS ones and diffractive QCD
factorization is expected to hold as in DIS. In contrast,cpsses in which the photon is first
resolved into partons which then engage in the hard saagteesemble hadron-hadron interac-
tions. In this latter case, the additional photon remnamnspup the possibility of secondary
remnant-remnant interactions and diffractive QCD faaation is not expected to hold.
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Fig. 2: Differential cross sections for the diffractive pbproduction of dijets. H1 data are compared to NLO calcu-
lations by Frixione et al.

3 Diffractive dijetsin photoproduction: gap survival probability and its £ dependence

Diffractive photoproduction of dijets has been studied by H1 and ZEUS Collaborations as
an interesting process to test the QCD factorization hyggithand measure a possible rapidity
gap survival probability inep interactions. A reasonably high transverse eneigy, of the
jets provides the hard scale, ensuring the applicabilitp@ECD at the small photon virtualities
considered. The variabte,, which is the fraction of the photon momentum entering inihed
scattering, is used to separate direct- and resolved-pletents, where the latter have < 1.

A first sample of H1 diffractive data [8] has been analyzechim kinematic regiorf)? <
0.01 GeV?, zpp < 0.03, wherezp is the fraction of the proton momentum carried by the
pomeron,E%Et1 > 5 GeV andE%EtQ > 4 GeV. Since the data were selected with the LRG
method, where the diffractive proton is not measured, tmepsa includes events in which the
proton dissociates into low mass states, upgfp < 1.6 GeV, that escape detection going into
the beampipe. Figure 2 shows a few differential distrimgioneasured with this sample. The
H1 data, corrected to the hadron level, are compared with MéalCulations obtained assuming
factorization with a program by Frixione et al. [9]. H1 2006 B DPDFs have been used as
input and one can see that the NLO predictions, also coddot¢he hadron level, agree with
the data if scaled by a factor 0.5. Two conclusions can bemtr&élizO calculations overestimate
the measured cross sections by a faet@rboth in the direct and in the resolved region, in con-
trast to the expectation the only resolved-photon procesiseuld be suppressed; as expected the
suppression ip events is much smaller than jip interactions.
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Fig. 3: Left panel: a) Differential cross section:xy for the diffractive photoproduction of dijets; b) ratio oéth to
NLO prediction. ZEUS data are compared to NLO calculatiopi&iasen and Kramer. Right panel: Cross section
double ratio of H1 data to NLO predictions for PHP and DIS a&fion ofz.,.

In Fig. 3, left panel, the ZEUS measurement [10] of the déffetial cross section im., and
the ratio of data to NLO calculation are shown. NLO predigtidiave been obtained assuming
factorization with a program by Klasen and Kramer [11]. THeUS data were selected in the
kinematic regionQ? < 1 Ge\?, zp < 0.025, E5"' > 7.5 GeV andE}™"* > 6.5 GeV. Cross
sections were corrected to the hadron level and the cotitiibdue to proton dissociative events
(16 4+ 4%) was subtracted. A correction for the proton dissociativetribution was also applied
when using the H1 DPDFs, since these are extracted fronsineldiffractive samples including
proton dissociation witd/y < 1.6 GeV. As in the H1 analysis presented above, data do not show
any difference between the resolved and the direct phogiomeHowever, the ZEUS data show
a very weak, if any, suppression, which mainly originatesrfrthe IowerE?f’f1 region. NLO
calculations tend to overestimate the measured crossossdbiut within the large theoretical
uncertainties the data are still compatible with QCD fagttion.

The discrepancy between H1 and ZEUS has been attributeck tdiffierent £ regions
of the two analyses. Indeed, both H1 and ZEUS data have arhakdalistribution than in
NLO. The possibleEr dependence of the suppression can be better seen in thesdwatibol
shown in Fig. 3, right panel, obtained by dividing the ratforeasured to predicted cross section
in photoproduction by the corresponding ratio in DIS. Irstdibuble ratio many experimental
errors and also theoretical scale errors cancel to a largmeéx The plot gives a clear signal that
the rapidity gap survival probability might increase wiih-.
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Fig. 4: Differential cross section im, for the diffractive photoproduction of dijets and ratio ofLlHlata to NLO
predictions. Left panel: 'Lowr’ sample. Right panel: 'Hightr’ sample.

To better study thévr dependence, a more recent H1 analysis [12] has been pedprme
based on a three times higher integrated luminosity witheesto the previous one. This allowed
selecting two samples with differeft; cuts: for the first sample (Lowr one) all the cuts were
the same as in the previous H1 analysis, in particﬂlﬁl’1 > 5 GeV andE{ft2 > 4 GeV, to be
able to cross check the results; instead, the second sahtigle £ one) covered a kinematical
region similar to that of the ZEUS analysis, wilij™"" > 7.5 GeV andE)"* > 6.5 GeV. Two
independent NLO calculations have been compared to theuregaents, that by Frixione et al.
and that by Klasen and Kramer, using three sets of DPDFs, Ba RO A and Fit B and H1 2007
Fit Jets. Figure 4, left panel, shows thedistribution and the ratio of data to theory expectation
for the 'Low Ep’ sample, while Fig. 4, right panel, shows the same plots lier 'High E7’
sample.

In both cases, data confirm that there is no sign of a depeadenc, of the rapidity gap
survival probability, as already observed in the previodsand ZEUS analyses. The survival
probabilities measured with the ‘Lo’ sample are in the range 0.43-0.65, depending on the
DPDFs but always compatible within uncertainties, and alsmpatible with the one of the
previous H1 analysis. The survival probabilities measwvet the 'High E1’ sample are in the
range 0.44-0.79, that is slightly higher than in the 'Léiy’ case and closer to the ZEUS results,
confirming a possibldsr dependence of the suppression.



H1 data have also been compared to NLO calculations assuiadtgyization breaking
and suppression of the resolved component only. The resalmuch worse agreement in the
x, distribution. Awaiting for more theoretical work, the expaental data seem to prefer an
unexpected global suppression.

4 Leading neutron production: rescattering and absor ption

The measurement of leading neutron (LN) production at HERAadrticularly interesting for
studying rescattering effects #p collisions. Although the production mechanism of leading
neutrons is not completely understood, exchange modets ajireasonable description of the
data. In this picture, the incoming proton emits a virtuattisle which scatters on the photon
emitted from the beam electron. In particular, one-pionhexge is a significant contributor to
LN production for large values af;, [13], wherex, is the fraction of the beam proton ener-
gy carried by the leading neutron. In exchange models, aeubsorption can occur through
rescattering [15-18], which can thus be studied measursugran yields and distributions.

Figure 5, left panel, shows the measurement with the ZEUS& [d4f of the ratio of the
normalized cross section for LN photoproduction as a fumctf x;, to the same distribution
in DIS. The ratio is below 1 at low:; values and rises with increasing,. As shown by the
comparison with the theoretical curves, data are congistith a 7-exchange model by D’Alesio
and Pirner, which includes absorption via a geometricalupgc[16]. In this picture, if the size
of then — 7w system is small compared to the size of the photon, besides also the neutron
can scatter on the photon, escaping then detection, whittbesseen as neutron absorption.
Since the size of the virtual photon is inversely related)tq more absorption is expected in
photoproduction than in DIS. Moreover, since parametigzet of the pion flux in general show
that the mean value of the— 7w separation increases wiil},, less absorption is expected at high
xr, than at lowz . Both behaviours are confirmed by the data. Figure 5 also shioat the data
are reasonably consistent with a Regge-based model witti-pawheron exchanges [15].

The presence of a forward neutron tracker, a scintillataldscope installed in the calorime-
ter at a depth of one interaction length, allowed the measeint of neutron transverse momenta
in the rangepy < 0.69 1, GeV. Thep? distributions in the different ;, bins are all compatible
with a single exponential distribution. In Fig. 5a, rightngd is shown the measurement of the
exponential slopekin DIS, while in Fig. 5b is presented the difference of theangntial slopes
for photoproduction and DIS. Data are compared te@change model with enhanced neutron
absorption based on multi-pomeron exchanges, which alsouats for the migration of neu-
trons in @1, p%) after rescattering [18]. Including secondary exchanges{) allows the model
to give a good description of theslopes. Finally, since the size of the- = system is inversely
proportional to the neutropr, rescattering removes neutrons with lagge Thus rescattering
results in a depletion of highy neutrons in photoproduction relative to DIS.

A possible suppression has also been looked for by H1 in alsashphotoproduction dijet
events with a leading neutron [19]. Jets were selected vatisterse energi@%et1 > 7 GeV
and EJ"? > 6 GeV. No suppression has been observed since NLO calcuatipilasen and
Kramer [20], which assume factorization, agree with thexdatorrections to the hadron level
are introduced. A more recent analysis by Klasen and Kra@irdoncludes instead for the
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Fig. 5: Left panel: Ratio of the normalized;, distributions for PHP and DIS. Right panel: a) Exponentiapssb
for DIS; b) difference of the exponential slopefor PHP and DIS.

observation of factorization breaking.

5 Summary and conclusions

Diffractive dijet photoproduction has been studied at HERAest possible QCD factorization
breaking, expected for resolved-photon processes onig,@scollisions at the Tevatron. Rapi-
dity gap survival probabilities have been measured in thgea.4-0.9, higher than ipp. Both
H1 and ZEUS data, in contrast to the expectation, prefer bafjlsuppression for direct and
resolved components of the photon, with a possibledependence of the suppression factor.

Leading neutron data show the effects of rescattering tirdbe neutron absorption ob-
served at lowr;, and highpr in photoproduction with respect to DI$:-exchange models with
enhanced absorptive corrections, including migration sexbndary exchanges, are able to de-
scribe the data. Absorptive effects may equally be desgiitvéerms of gap survival probability.

It is worth to note that the HERA data can be used to get raipbtdictions for the gap survival
probability inpp interactions [22], which is a crucial input to calculatiarfdiffractive processes
at the LHC.
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