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Measurement of dijet photoprodu
tion forevents with a leading neutron at HERA

ZEUS Collaboration
Abstra
tDi�erential 
ross se
tions for dijet photoprodu
tion and this pro
ess in asso
i-ation with a leading neutron, e+ + p ! e+ + jet + jet + X (+n), have beenmeasured with the ZEUS dete
tor at HERA using an integrated luminosity of40 pb�1. The fra
tion of dijet events with a leading neutron was studied as afun
tion of di�erent jet and event variables. Single- and double-di�erential 
rossse
tions are presented as a fun
tion of the longitudinal fra
tion of the protonmomentum 
arried by the leading neutron, xL, and of its transverse momentumsquared, p2T . The dijet data are 
ompared to in
lusive DIS and photoprodu
tionresults; they are all 
onsistent with a simple pion-ex
hange model. The neutronyield as a fun
tion of xL was found to depend only on the fra
tion of the protonbeam energy going into the forward region, independent of the hard pro
ess. No�rm 
on
lusion 
an be drawn on the presen
e of res
attering e�e
ts.
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1 Introdu
tionThe transition of an initial-state proton into a �nal-state neutron, p ! n, has beenextensively studied in hadroni
 rea
tions [1{7℄. A su

essful phenomenologi
al des
riptionof these results uses Regge theory and interprets the intera
tions as an ex
hange of virtualisove
tor mesons, su
h as �, �, and a2 [8{11℄. At small values of the squared momentumtransfer, t, between the proton and the neutron, the p ! n transition is expe
ted to bedominated by the ex
hange of the lightest meson, the pion.Leading baryon pro
esses have been previously studied in ep 
ollisions at HERA [12{20℄.Some of these studies were performed involving a hard s
ale, su
h as the virtuality of thephoton ex
hanged at the lepton vertex, Q2, in deep inelasti
 s
attering (DIS) [12,13,16,20℄;the jet transverse energy, EjetT , in photoprodu
tion of dijets [14℄; or the 
harm mass inheavy-
avor produ
tion [17℄.Even though a hard s
ale is involved, the p ! n transitions are still expe
ted to bedominated by pion ex
hange. The 
ross se
tion for this type of pro
ess in ep 
ollisions
an be written as d2�ep!eXn(s; xL; t)dxL dt = f�=p(xL; t)�e�!eX(s0): (1)This formula expresses the Regge fa
torization of the 
ross se
tion into the pion 
uxfa
tor f�=p(xL; t), whi
h des
ribes the splitting of a proton into an n-� system, and the
ross se
tion for ele
troprodu
tion on the pion, �e�!eX(s0). Here, xL is the fra
tion of thein
oming proton beam energy 
arried by the neutron, and s and s0 = (1 � xL)s are thesquared 
enter-of-mass energies of the ep and of the e� systems, respe
tively.Comparisons between neutron-tagged and untagged 
ross se
tions provide tests of the
on
ept of vertex fa
torization [21℄. Under this hypothesis, the shape of the distributionof some photon variable V would neither depend on the presen
e of a neutron nor expli
itlyon its kinemati
 variables xL and t. Similarly, the xL and t spe
tra of the neutrons wouldbe independent of the photon variable V . The 
ross se
tion 
an then be written asd2�ep!eXn(V; xL; t)dxL dt = g(xL; t)G(V ); (2)where g(xL; t) and G(V ) are fun
tions of the neutron and photon variables respe
tively.The Regge fa
torization expressed in Eq. (1) violates this vertex fa
torization be
ause �e�has di�erent s0 dependen
es for di�erent pro
esses and s0 depends on xL. This will befurther explained in Se
tion 7, and violations of vertex fa
torization are therefore to beexpe
ted.Res
attering e�e
ts, where the baryon intera
ts with the ex
hanged photon [22{25℄, areexpe
ted to in
rease with in
reasing size of the virtual photon, i.e. de
reasing Q2. Thiswas observed in a measurement of leading neutrons in DIS and photoprodu
tion [20℄.1



In high-EjetT jet photoprodu
tion with Q2 � 0, two types of pro
esses 
ontribute to the
ross se
tion, namely dire
t and resolved photon pro
esses. In dire
t pro
esses, the ex-
hanged photon parti
ipates in the hard s
attering as a point-like parti
le. In resolvedpro
esses, the photon a
ts as a sour
e of partons, one of whi
h intera
ts with a partonfrom the in
oming hadron, see Fig. 1. The more 
omplex stru
ture of the resolved pho-ton may in
rease the probability for the leading baryon to res
atter. This 
an 
ause thebaryon to be s
attered out of the dete
tor a

eptan
e, resulting in a depletion of dete
tedbaryons. Thus, fewer leading baryons (i.e. more res
atterings) are expe
ted in resolvedthan in dire
t pro
esses.This e�e
t was sear
hed for, but not 
on�rmed, in di�ra
tive produ
tion of dijets inphotoprodu
tion [26,27℄ and DIS [26,28℄, where the leading proton has xL � 1. However, a
omparison of leading neutron rates in photoprodu
tion and DIS showed a s
ale dependentsuppression of neutrons [14,17,20℄; the rates of neutrons were in good agreement with theexpe
tations from res
attering models [22, 23℄.This paper reports the observation of the photoprodu
tion of dijets in asso
iation with aleading neutron: e+ + p! e+ + jet + jet + X + n; (3)where X denotes the remainder of the �nal state. The number of events is almost an orderof magnitude higher than used for previous results [14, 18℄. Cross se
tions are presentedas fun
tions of the jet transverse energy, EjetT , jet pseudorapidity, �jet, the fra
tion ofthe photon energy 
arried by the dijet system, xOBS
 , the photon-proton 
enter-of-massenergy, W , and the fra
tion of the proton four-momentum parti
ipating in the rea
tion,xOBSp . In addition, the fra
tion of photoprodu
tion events with a leading neutron asfun
tions of these variables is shown as a test of vertex fa
torization. Finally, the xL andp2T distributions of the leading neutrons are shown in dijet photoprodu
tion and 
omparedto similar results in DIS [20℄.2 Experimental setupThe data sample used in this analysis was 
olle
ted with the ZEUS dete
tor at HERA and
orresponds to an integrated luminosity of 40 pb�1 taken during the year 2000. Duringthis period, HERA operated with protons of energy Ep = 920 GeV and positrons of energyEe = 27:5 GeV, yielding a 
enter-of-mass energy of ps = 318 GeV.A detailed des
ription of the ZEUS dete
tor 
an be found elsewhere [29℄. A brief outlineof the 
omponents most relevant for this analysis is given below. Charged parti
les weretra
ked in the 
entral tra
king dete
tor (CTD) [30℄, whi
h operated in a magneti
 �eld of1:43 T provided by a thin super
ondu
ting 
oil. The CTD 
onsisted of 72 
ylindri
al drift2




hamber layers, organized in 9 superlayers 
overing the polar-angle1 region 15Æ < � < 164Æ.The transverse-momentum resolution for full-length tra
ks was �(pT )=pT = 0:0058pT �0:0065� 0:0014=pT , with pT in GeV.The high-resolution uranium{s
intillator 
alorimeter (CAL) [31℄ 
onsisted of three parts:the forward (FCAL), the barrel (BCAL) and the rear (RCAL) 
alorimeters. Ea
h partwas subdivided transversely into towers and longitudinally into one ele
tromagneti
 se
-tion (EMC) and either one (in RCAL) or two (in BCAL and FCAL) hadroni
 se
tions(HAC). The smallest subdivision of the 
alorimeter is 
alled a 
ell. The CAL energyresolutions, as measured under test-beam 
onditions, are �(E)=E = 0:18=pE for ele
-trons and �(E)=E = 0:35=pE for hadrons (E in GeV). The forward-plug 
alorime-ter (FPC) [32℄ around the beam-pipe in the FCAL extended 
alorimetry to the region� � 4:0� 5:0. It was a lead{s
intillator 
alorimeter with a hadroni
 energy resolution of�(E)=E = 0:65=pE � 0:06 (E in GeV).The forward neutron dete
tors are des
ribed in detail elsewhere [20, 33℄; the main pointsare summarized brie
y here. The forward neutron 
alorimeter (FNC) was installed inthe HERA tunnel at � = 0Æ and at Z = 106 m from the intera
tion point in the proton-beam dire
tion. It was a lead{s
intillator 
alorimeter, segmented verti
ally into towersto allow the separation of ele
tromagneti
 and hadroni
 showers by their energy sharingamong towers. The energy resolution for neutrons, as measured in a beam test, was�(En)=En = 0:70=pEn, with neutron energy En in GeV. The energy s
ale of the FNC wasdetermined with a systemati
 un
ertainty of �2%. The forward neutron tra
ker (FNT)was installed in the FNC at a depth of one intera
tion length. It was a hodos
ope designedto measure the position of neutron showers, with two planes of s
intillator �ngers usedto re
onstru
t the X and Y positions of showers. The position resolution was �0:23 
m.Veto 
ounters were used to reje
t events in whi
h parti
les had intera
ted with the ina
tivematerial in front of the FNC. Magnet apertures limited the FNC a

eptan
e to neutronswith produ
tion angles less than 0:75 mrad, whi
h 
orresponds to transverse momentapT < En�max = 0:69 xL GeV.The luminosity was determined from the rate of the bremsstrahlung pro
ess, ep ! e
p,where the photon was measured with a lead{s
intillator 
alorimeter [34, 35℄ lo
ated atZ = �107 m.1 The ZEUS 
oordinate system is a right-handed Cartesian system, with the Z axis pointing in theproton beam dire
tion, referred to as the \forward dire
tion", and the X axis pointing towards the
enter of HERA. The 
oordinate origin is at the nominal intera
tion point. The pseudorapidity isde�ned as � = � ln �tan �2�, where the polar angle, �, is measured with respe
t to the proton beamdire
tion. 3



3 Data sele
tion and kinemati
 variablesA three-level trigger system was used to sele
t events online [29,36℄. At the se
ond level,
uts were made to reje
t beam-gas intera
tions and 
osmi
 rays. At the third level, jetswere re
onstru
ted using the energies and positions of the CAL 
ells. Events with at leasttwo jets with transverse energy in ex
ess of 4:5 GeV and j�jetj below 2:5 were a

epted.No requirement on the FNC was made at any trigger level.O�ine, tra
king and 
alorimeter information were 
ombined to form energy-
ow obje
ts(EFOs) [37, 38℄. The 
p 
enter-of-mass energy, W , was re
onstru
ted using the Ja
quet-Blondel method [39℄ as WJB = pyJBs, where yJB =Pi(Ei � EZ;i)=2Ee is an estimator ofthe inelasti
ity variable y, and EZ;i = Ei 
os �i; Ei is the energy of EFO i with polar angle�i. The sum runs over all EFOs. The energy WJB was 
orre
ted for energy losses usingthe Monte Carlo (MC) samples des
ribed in Se
tion 4. After 
orre
tions, the sample wasrestri
ted to 130 < W < 280 GeV. Events with a re
onstru
ted positron 
andidate in themain dete
tor were reje
ted. The sele
ted photoprodu
tion sample 
onsisted of eventsfrom ep intera
tions with Q2 < 1 GeV2 and a mean Q2 � 10�3 GeV2.The kT 
luster algorithm [40℄ was used in the longitudinally invariant in
lusive mode [41℄to re
onstru
t jets in the measured hadroni
 �nal state from the energy deposits in theCAL 
ells (
alorimetri
 jets). The axis of the jet was de�ned a

ording to the Snowmass
onvention [42℄. The jet sear
h was performed in the (� � �) plane of the laboratoryframe. Corre
tions [43℄ to the jet transverse energy, EjetT , were applied as a fun
tion ofthe jet pseudorapidity, �jet, and EjetT , and averaged over the jet azimuthal angle. Eventswith at least two jets of Ejet1(2)T > 7:5(6:5) GeV, where Ejet1(2)T is the transverse energy ofthe highest (se
ond highest) EjetT jet, and �1:5 < �jet < 2:5, were retained.Leading neutron events were sele
ted from the dijet sample by applying 
riteria des
ribedpreviously [20℄. The main requirements are listed here. Events were required to haveenergy deposits in the FNC with energy EFNC > 184 GeV (xL > 0:2) and timing 
onsistentwith the triggered event. In addition the deposits had to be 
lose to the zero-degree pointin order to reje
t protons bent into the FNC top se
tion. Ele
tromagneti
 showers fromphotons were reje
ted by requiring the energy sharing among the towers to be 
onsistentwith a hadroni
 shower. Showers whi
h started in dead material upstream of the FNC werereje
ted by requiring that the veto 
ounter had a signal of less than one mip. Additionalinformation from the FNT was used to sele
t a subsample of events where a good positionand thus p2T measurement was possible. The 
hannel with the largest pulse-height in ea
hof the hodos
ope planes was required to be above a threshold to sele
t neutrons whi
hshowered in front of the FNT plane, and transverse shower pro�les were required to haveonly one peak to minimize the in
uen
e of shower 
u
tuations.After the requirements des
ribed above, the �nal dijet sample 
ontained 583168 events,4



of whi
h a subsample of 9193 events had a neutron tag, and 4623 of these also had a wellmeasured neutron position.The fra
tions of the photon and proton four-momenta entering the hard s
attering, x
and xp respe
tively, were re
onstru
ted viaxOBS
 = Ejet1T e��jet1 + Ejet2T e��jet22EeyJB ; (4)xOBSp = Ejet1T e�jet1 + Ejet2T e�jet22Ep ; (5)where �jet1(2) and Ejet1(2)T are the pseudorapidity and transverse energy, respe
tively, ofthe highest (se
ond highest) EjetT jet. The observable xOBS
 was used to separate theunderlying photon pro
esses sin
e it is small (large) for resolved (dire
t) pro
esses. Thefra
tion of the ex
hanged pion four-momentum entering the hard s
attering, x� in Fig. 1,was re
onstru
ted as xOBS� = xOBSp =(1� xL).4 Monte Carlo simulations4.1 Dete
tor 
orre
tionsSamples of MC events were generated to study the response of the 
entral dete
tor tojets of hadrons and the response of the forward neutron dete
tors. The a

eptan
es ofthe 
entral and forward dete
tors are independent and the overall a

eptan
e fa
torizesas the produ
t of the two; they were evaluated using two separate MC programs.The programs Pythia 6.221 [44℄ and Herwig 6.1 [45℄ were used to generate photopro-du
tion events for resolved and dire
t pro
esses produ
ing dijets in the 
entral dete
tor.Fragmentation into hadrons was performed using the Lund string model [46℄ as imple-mented in Jetset [47, 48℄ in the 
ase of Pythia, and a 
luster model [49℄ in the 
ase ofHerwig. The generated events were passed through the Geant 3.13-based [50℄ ZEUSdete
tor- and trigger-simulation programs [29℄. They were re
onstru
ted and analyzed bythe same program 
hain as the data.The Pythia program was used to determine the 
entral-dete
tor a

eptan
e 
orre
tions.Samples of resolved and dire
t pro
esses were generated separately. The resolved samplewas reweighted as a fun
tion of x
 and the dire
t sample as a fun
tion of W . Thereweighting and relative 
ontributions of the two samples were adjusted to give the bestdes
ription of the measured x
 and W distributions. Di�erent reweighting and mixingfa
tors were applied for the in
lusive and neutron-tagged jet samples.5



The Herwig program was used to 
he
k the systemati
 e�e
ts of the dete
tor 
orre
tions.Dire
t and resolved photon pro
esses were generated with default parameters and multipleintera
tions turned on.A detailed des
ription of the eÆ
ien
ies and 
orre
tion fa
tors for the leading neutronmeasurements is given elsewhere [20℄.4.2 Model 
omparisonsPrevious studies have shown that MC models generating leading neutrons from the frag-mentation of the proton remnant do not des
ribe the neutron xL and p2T distributionsin DIS nor in photoprodu
tion [20℄. Models in
orporating pion ex
hange gave the bestdes
ription of the leading neutrons; also models with soft 
olor intera
tions (SCI) [51℄were superior to the fragmentation models. Monte Carlo programs in
orporating thesenon-perturbative pro
esses were used for 
omparison to the present dijet photoprodu
tiondata.The Rapgap model in
orporates pion ex
hange to simulate leading baryon produ
tion.It also in
ludes Pomeron ex
hange to simulate di�ra
tive events. These pro
esses aremixed with standard fragmentation a

ording to their respe
tive 
ross se
tions. ThePDF parameterizations used were CTEQ5L [52℄ for the proton, the GRV-G LO [53℄ forthe photon, the H1 �t 5 [54℄ for the Pomeron and GRV-P LO �t [55℄ for the pion. Thelight-
one exponential 
ux fa
tor [56℄ was used to model pion ex
hange.The SCI model assumes that soft 
olor ex
hanges give variations in the topology of the
on�ning 
olor-string �elds whi
h then hadronize into a �nal state whi
h 
an in
lude aleading neutron. It was interfa
ed to the Pythia program [57℄; this implementation ofPythia did not in
lude multiple parton intera
tions.5 Systemati
 un
ertaintiesSystemati
 un
ertainties asso
iated with the CTD and the CAL in
uen
e the jet mea-surement; those asso
iated with the FNC in
uen
e the neutron measurement. They are
onsidered separately.For the jet measurements, the systemati
 e�e
ts are grouped into the following 
lasses,their 
ontributions to the un
ertainties on the 
ross se
tions being given in parentheses:� knowledge of absolute jet energy s
ale to 3%: (1{6%);� model dependen
e: the a

eptan
es were estimated using Herwig instead of Pythiatuned as des
ribed in the previous se
tion (5{9%);6



� event sele
tion: variation of W and EjetT 
uts by one standard deviation of the resolu-tion (1{6% ea
h for W and EjetT ).Together, these e�e
ts resulted in un
ertainties of 7{15% on the jet 
ross se
tions. Theoverall normalization has an additional un
ertainty of 2.25% due to the un
ertainty inthe luminosity measurement.An extensive dis
ussion of the systemati
 e�e
ts related to the neutron measurement isgiven elsewhere [20℄; the e�e
ts are summarized here. The neutron a

eptan
e is a�e
tedby un
ertainties in the beam zero-degree point and the dead material map, and un
ertain-ties in the p2T distributions whi
h enter into the 
omputation of the neutron a

eptan
e.The 2% un
ertainty on the FNC energy s
ale also a�e
ts the xL and p2T distributions.Systemati
 un
ertainties from these e�e
ts were typi
ally 5{10% of the measured quan-tities, for example the exponential p2T slopes. The systemati
 variations largely a�e
tthe neutron a

eptan
e and result in a 
orrelated shift of neutron yields. Corre
tions foreÆ
ien
y of the 
uts and ba
kgrounds in the leading neutron sample were applied to thenormalization of the neutron yields. The 
orre
tions a

ounted for veto 
ounter over- andunder-eÆ
ien
y and neutrons from proton beam-gas intera
tions. The overall systemati
un
ertainty on the normalization of the neutron 
ross se
tions from these 
orre
tions was�2:1%. Combined with the other neutron systemati
s, the overall systemati
 un
ertaintyon the total neutron rate was �3%.6 Results6.1 Jet 
ross se
tions and ratiosThe in
lusive dijet and neutron-tagged dijet photoprodu
tion 
ross se
tions have beenmeasured for jets with Ejet1(2)T > 7:5(6:5) GeV and �1:5 < �jet < 2:5, in the kinemati
region Q2 < 1 GeV2 and 130 < W < 280 GeV, with the additional restri
tion of xL > 0:2and �n < 0:75 mrad for the neutron-tagged sample. The fra
tion of dijet events with aleading neutron, the yield rLN, in the measured kinemati
 region isrLN = �ep!ejjXn�ep!ejjX = 6:63� 0:07 (stat:) � 0:20 (syst:)%: (6)In this ratio, most of the systemati
 e�e
ts of the dijet sele
tion 
an
el, and the un
ertaintyis dominated by the systemati
 e�e
ts of the neutron sele
tion.The di�erential 
ross se
tions for neutron-tagged and untagged events as fun
tions ofthe jet variables EjetT and �jet are presented in Fig. 2 and summarized in Table 1. They
ontain two entries per event, one for ea
h jet. Also shown are the neutron yields rLN as7



de�ned in Eq. (6) as a fun
tion of the relevant variable. The 
ross se
tions as fun
tionsof EjetT show a redu
tion of about three orders of magnitude within the measured range.The neutron yield is approximately 
onstant as a fun
tion of EjetT . The 
ross se
tions asfun
tions of �jet rise over the range �1:5 < �jet < 0:5; for higher values of �jet they 
atten.The neutron yield de
reases with �jet.Figure 2 also shows the predi
tions of the Rapgap and SCI programs implemented asdes
ribed in Se
tion 4.2. Both are 
lose in magnitude to the in
lusive data. They bothdes
ribe the steep drop with EjetT and the shape of the �jet distributions. For neutron-tagged events Rapgap slightly overestimates and the SCI model 
learly underestimatesthe 
ross se
tion. They underestimate the de
rease of the neutron yield with �jet.The di�erential 
ross se
tions as fun
tions of the event variables xOBS
 , W and xOBSp arepresented in Fig. 3 and summarized in Table 2. The 
ross se
tions as fun
tions of xOBS
show two peaks at xOBS
 � 0:2 and xOBS
 � 0:8 whi
h 
an be attributed to the resolved- anddire
t-photon 
ontributions, respe
tively. The neutron-tagged sample has a signi�
antlysmaller resolved 
ontribution at low xOBS
 . This is seen 
learly in the yield whi
h rises bya fa
tor of two from low to high xOBS
 . The 
ross se
tions are roughly 
at as a fun
tion ofW ; the yield exhibits a mild de
rease with in
reasing W . The measured range of xOBSp is0.04 to 0.25 and the 
ross se
tion peaks 
lose to xOBSp = 0:05. The neutron yield de
reasesby a fa
tor of two a
ross the range measured.Also shown in Fig. 3 are the predi
tions of the Rapgap and SCI models. Rapgap doesnot have a two-peaked stru
ture as a fun
tion of xOBS
 , whereas the SCI model predi
tsthe drop in 
ross se
tion at 
entral values of xOBS
 exhibited by the data. For the neutron-tagged sample, Rapgap overestimates the 
ross se
tion in the resolved regime while SCIunderestimates the 
ross se
tion in the dire
t regime. Both models predi
t the relativelyweak dependen
e of the 
ross se
tion on W and des
ribe reasonably well the shape ofthe xOBSp distribution. Neither model 
an reprodu
e the dependen
e of the neutron yieldon xOBS
 and W . The Rapgap model predi
ts a small de
rease of the neutron yield withxOBSp . However, the de
rease is more pronoun
ed in the data. The SCI model does notreprodu
e this feature at all.The dependen
e of the neutron yield on �jet, xOBS
 and xOBSp as seen in Figs. 2 and 3indi
ates a violation of vertex fa
torization. This might be explained by the Regge fa
tor-ization as dis
ussed in Se
tion 1. The fa
torization violations seen in di�erent variablesare 
onne
ted. A strong anti
orrelation between the dire
t 
ontribution (xOBS
 > 0:75) and�jet and xOBSp is apparent in the data in Fig. 4. Events with low values of these variables
ontain up to 80% dire
t 
omponent, events with high values 
ontain up to 90% resolved
omponent. The observed drop of neutron yields at high �jet and xOBSp 
an thus be a
-
ounted for by a lower neutron yield in the resolved photon 
ontribution. The smallerdependen
e of the neutron yield on EjetT and W is 
onsistent with this me
hanism.8



The H1 
ollaboration has also reported similar measurements [18℄. They were made in asimilar region of EjetT , �jet and W as the present analysis, but restri
ted to xL > 0:61. Thesame pattern of vertex fa
torization violation was observed there. Also, after a

ountingfor the di�erent xL ranges, the 
ross se
tions are 
onsistent.6.2 Neutron xL distribution and pion stru
tureFigure 5 shows the normalized di�erential 
ross-se
tion (1=�ep!ejjX)d�ep!ejjXn=dxL forneutrons with �n < 0:75 mrad, whi
h 
orresponds to p2T < 0:476 x2L GeV2. The distributionrises from the lowest xL values due to the in
rease in p2T phase spa
e. It rea
hes amaximum for xL � 0:6, and falls to zero at the endpoint xL = 1. Also shown are thepredi
tions of the MC models. The Rapgap program gives a fair des
ription of boththe shape and normalization of the data, although its predi
tion is signi�
antly abovethe data for xL < 0:7. The SCI model does not des
ribe the data, predi
ting too fewevents with neutrons and with a spe
trum peaked at too low xL. Also shown in Fig. 5 isthe pion-ex
hange 
ontribution to the Rapgap predi
tion for the xL distribution. This
ontribution is essential for the Rapgap predi
tion to des
ribe the measured distribution.It dominates for xL > 0:6. Thus, in this region the dijet photoprodu
tion data are sensitiveto the pion stru
ture.Figure 6 shows the neutron 
ross se
tion as a fun
tion of log10(xOBS� ) for xL > 0:6; thevalues are listed in Table 3. The range in xOBS� is from 0:01 to 0:6; the distribution peaksnear xOBS� � 0:13. Also shown in Fig. 6 are the predi
tions of Rapgap and SCI. Theformer provides a good des
ription of the data while the latter underestimates the 
rossse
tion by about a fa
tor of three. It should be noted that Rapgap, using the pion PDFparameterization GRV-P LO [55℄ based on �xed-target data with x� > 0:1, is able todes
ribe the 
ross se
tion down to x� � 0:01.6.3 p2T distributionsThe p2T distributions of the leading neutrons in di�erent xL bins are shown in Fig. 7 andsummarized in Table 4. They are presented as normalized doubly di�erential distributions,(1=�ep!ejjX)d2�ep!ejjXn=dxLdp2T . The bins in p2T are at least as large as the resolution,whi
h is dominated by the pT spread of the proton beam. The varying p2T ranges of thedata are due to the aperture limitation. The line on ea
h plot is a �t to the fun
tional formd�ep!ejjXn=dp2T / exp(�bp2T ). Ea
h distribution is 
ompatible with a single exponentialwithin the statisti
al un
ertainties. Thus, with the parameterization1�ep!ejjX d2�ep!ejjXndxLdp2T = a(xL) e�b(xL)p2T ; (7)9



the neutron (xL; p2T ) distribution is 
hara
terized by the slopes b(xL) and inter
eptsa(xL) = (1=�ep!ejjX)d2�ep!ejjXn=dxLdp2T jp2T=0. The results of exponential �ts in binsof xL for the inter
epts and the slopes are shown in Fig. 8 and summarized in Table 5.The systemati
 un
ertainties were evaluated by making the variations dis
ussed in Se
-tion 5 and repeating the �ts. The inter
epts fall rapidly from the lowest xL, drop mildlyin the region xL = 0:5 � 0:8, and fall to zero at the endpoint xL = 1. In the lowest xLbin, the slope is 
onsistent with zero and is not plotted; above xL = 0:5 the slope risesroughly linearly to a value of b � 13 GeV�2 at xL = 0:93.6.4 Comparisons of di�erent pro
esses6.4.1 Comparison to neutron produ
tion in DISFigure 9 shows the normalized xL distribution of leading neutrons in dijet photopro-du
tion and in in
lusive DIS with Q2 > 2 GeV2 [20℄. The yield of neutrons from dijetphotoprodu
tion agrees with that in DIS at low xL < 0:4, but is lower at higher xL. ForxL > 0:8 the yield in dijet photoprodu
tion is more than a fa
tor of two lower than inin
lusive DIS.Figure 9 also shows the predi
tions of Rapgap for dijet photoprodu
tion and DIS. Thepredi
ted shapes are in fair agreement with the measurements. However, the predi
tedneutron yield is � 10% too high for dijet photoprodu
tion and � 30% too high for DIS.The shapes of the distributions for the two pro
esses are 
ompared using the ratio� = (1=�ep!ejjX)d�ep!ejjXn=dxL(1=�ep!eX)d�ep!eXn=dxL(Q2 > 2 GeV2) : (8)The result is shown in Fig. 10. After normalizing ea
h predi
tion to its respe
tive dataset, Rapgap provides a fair des
ription of the drop of the neutron yield with xL in dijetphotoprodu
tion relative to that in DIS.Figure 11 shows the exponential p2T slopes b(xL) for dijet photoprodu
tion and in
lusiveDIS. They are similar in magnitude and both rise with xL. Although the slopes rise some-what faster with xL in the dijet photoprodu
tion data, there is no statisti
ally signi�
antdi�eren
e between the two sets ex
ept for xL > 0:9.6.4.2 Comparison of dijet dire
t and resolved photon 
ontribu-tionsThe neutron xL distributions in the dijet photoprodu
tion data, enri
hed in dire
t (xOBS
 >0:75) and resolved (xOBS
 < 0:75) pro
esses, are shown in Fig. 12, normalized to their 
orre-10



sponding samples without a neutron requirement. In the resolved 
ontribution, relativelyfewer neutrons are observed. Figure 12 also shows the predi
tions of Rapgap for thexL distributions of the dire
t and resolved 
ontributions. Figure 13 presents the ratiobetween the resolved and dire
t 
ontributions to the 
ross se
tion,�R=D = (1=�ep!ejjX)d�ep!ejjXn=dxL(xOBS
 < 0:75)(1=�ep!ejjX)d�ep!ejjXn=dxL(xOBS
 > 0:75) ; (9)as a fun
tion of xL for data and the Rapgap predi
tion. The magnitude and shape arenot des
ribed by Rapgap.6.5 Role of kinemati
 
onstraintsThe xL distributions for dijet photoprodu
tion and for DIS are depi
ted in Fig. 9. Itis interesting to investigate whether the di�eren
e between the two distributions is a
hara
teristi
 of the p! n transition or if it is a kinemati
 e�e
t, due to di�erent forwardenergy 
ows. To investigate su
h kinemati
 
onstraints, XBP , the fra
tion of the protonbeam energy going into the forward beampipe region, � & 5, was 
onsidered:XBP = 1� E + PZ2Ep : (10)Here Ep = 920 GeV is the proton beam energy and E + PZ is the longitudinal energy-momentum, E + PZ = PiEi(1 + 
os �i), with the sum running over all CAL and FPC
ells with energy Ei and polar angle �i. The energy of the leading neutron in an event isrestri
ted to xL < XBP .The XBP distributions for dijet photoprodu
tion and DIS, both without a leading neu-tron requirement, are shown in Fig. 14. The dijet photoprodu
tion data are peaked atsigni�
antly lower XBP and have a mu
h larger tail at very low XBP than the DIS data.Figure 15 shows the neutron xL distributions2 of the dijet photoprodu
tion and DIS datain bins of XBP , normalized by the number of events without a neutron requirement inthe XBP bin. They re
e
t the 
onstraint xL < XBP . For any given value of XBP , the twosamples have nearly identi
al xL distributions, both in shape and normalization. Thisindi
ates that a given value of longitudinal energy-momentum measured in the 
entraldete
tor is asso
iated with the same neutron yield and spe
trum, regardless of whetherthe pro
ess is dijet photoprodu
tion or DIS.2 These xL distributions are not 
orre
ted for a

eptan
e. The a

eptan
e 
orre
tion at a given xLdepends only on the exponential p2T slope b(xL). As shown in Fig. 11, the slopes for dijet photopro-du
tion and DIS have very similar values. Di�eren
es in the a

eptan
e 
orre
tion are small and maybe ignored for the 
omparisons made here. 11



The e�e
t of kinemati
 
onstraints from energy distributions in the 
entral dete
tor 
analso be investigated in the xL distributions of dire
t and resolved photoprodu
tion asshown in Fig. 12. Figure 16 shows the XBP distributions for the 
ontributions from dire
tand resolved photons without a neutron tag being required. The resolved 
ontributionpeaks at lower XBP and has a mu
h larger tail at very low XBP than the dire
t 
ontribu-tion. Figure 17 shows the neutron yield as a fun
tion of xL (not 
orre
ted for a

eptan
e)in di�erent bins of XBP for the two 
ontributions. As in the 
omparison to DIS, theyverify the 
onstraint xL < XBP , and for any given value of XBP , the two samples havenearly identi
al xL distributions, both in shape and normalization. Thus the neutron xLspe
tra in dijet photoprodu
tion as well as in DIS seem to depend only on the energyavailable in the proton-remnant region.7 Dis
ussion of res
atteringThe good statisti
al a

ura
y of the data allows an investigation into e�e
ts of res
atter-ing. The 
omparison of photoprodu
tion to DIS o�ers one way to investigate res
atteringe�e
ts, whi
h are predi
ted to result in a lower neutron yield in photoprodu
tion. Fig-ure 18 shows the neutron yield as a fun
tion of xL for dijet photoprodu
tion, in
lusiveDIS with Q2 > 2 GeV2, and in
lusive photoprodu
tion ep ! eXn [20℄. The in
lusivephotoprodu
tion sample was obtained by tagging the s
attered positron, with a resultingrange of Q2 < 0:02 GeV2. The neutron yield for the positron-tagged in
lusive sampleagrees with the yield observed for in
lusive DIS at high values of xL. At low xL, the neu-tron yield in in
lusive photoprodu
tion is smaller than in in
lusive DIS. This was shownto be 
onsistent with models of res
attering [22{25℄. The neutron yield is also smaller indijet photoprodu
tion, but the xL dependen
e of the suppression is reversed. The neutronyields are similar at low values of xL, whereas the neutron yield in dijet photoprodu
tionis lower at high xL values. This was shown in Fig. 10.The behavior of the neutron yield for dijet photoprodu
tion is in
onsistent with the res
at-tering models that des
ribed the yield for the positron-tagged photoprodu
tion sample.Information 
on
erning res
attering might be diÆ
ult to obtain from a dire
t 
omparisonof dijet photoprodu
tion and in
lusive DIS data be
ause of the di�erent hadroni
 �nalstates. A Regge fa
torization model without res
attering e�e
ts (Rapgap) 
an reprodu
ereasonably the di�eren
es in neutron yields between dijet photoprodu
tion and in
lusiveDIS. A qualitative explanation 
an be dedu
ed from Eq. (1): The 
ross se
tion is pro-portional to �e�!eX(s0), and this 
ross se
tion rises steeply with s0 = (1 � xL)s for dijetprodu
tion [43℄, whereas the 
ross se
tion for the in
lusive DIS rea
tion depends onlyweakly on s0 [58,59℄. Therefore one expe
ts a drop of the ratio of the dijet to DIS neutronyields as s0 / (1� xL) goes to 0. This is seen in Fig. 10.12



Another way to look for su
h e�e
ts is to 
ompare the dire
t and resolved 
ontributionsto dijet photoprodu
tion. For the dire
t photon 
ontribution, the photon is assumed tobe pointlike; for the resolved photon intera
tions, the photon is assumed to have size andstru
ture. This stru
ture may be expe
ted to in
rease the probability of res
attering.Indeed, the lower neutron yield in the resolved 
ontribution to the 
ross se
tion, as shownin the xOBS
 distribution in Fig. 3, seems to indi
ate su
h a loss me
hanism. However, thisseems in 
ontradi
tion with the xL dependen
e of the e�e
t, as shown in Figs. 12 and 13.These �gures show that the neutron yield in the resolved 
ontribution de
reases relativeto the yield in the dire
t 
ontribution for in
reasing values of xL. This 
ontradi
ts thepredi
tions from the res
attering models whi
h des
ribed the behavior of the in
lusivephotoprodu
tion sample [20℄, where the e�e
t goes in the opposite dire
tion. Again, a
omparison is 
ompli
ated by the di�erent hadroni
 �nal states in the dire
t and resolved
ontributions.In summary, no 
lear 
on
lusion on the presen
e of res
attering e�e
ts in dijet photopro-du
tion 
an be drawn from the data alone. Only a 
omparison to a spe
i�
 model 
ould
larify this issue.8 SummaryDi�erential 
ross se
tions for neutron-tagged and untagged dijet photoprodu
tion, e+ +p ! e+ + jet + jet + X (+n), have been measured. The measurements required jetswith Ejet1T > 7:5 GeV, Ejet2T > 6:5 GeV and �1:5 < �jet < 2:5, in the kinemati
 regionQ2 < 1 GeV2 and 130 < W < 280 GeV, with the additional restri
tion of xL > 0:2 and�n < 0:75 mrad on the neutron-tagged sample. The 
ross se
tions were measured as fun
-tions of EjetT , �jet, W , xOBS
 and xOBSp .The ratios of the neutron-tagged to untagged di�erential 
ross se
tions show a redu
tionof the neutron yield at low xOBS
 , large �jet, and large xOBSp . These regions are dominatedby resolved photon events.The normalized leading-neutron xL distribution was measured. It is in reasonable agree-ment with the Rapgap MC model in
luding pion ex
hange, whi
h is essential to obtaina reasonable des
ription of the data. In addition, the leading-neutron 
ross se
tion as afun
tion of xOBS� , the fra
tion of the ex
hanged pion four-momentum entering the hards
attering, was measured in the restri
ted kinemati
 range xL > 0:6, where pion ex
hangeis the dominant produ
tion pro
ess, and good agreement with the model was found.The leading-neutron 
ross se
tions as a fun
tion of p2T in di�erent regions of xL weremeasured in dijet photoprodu
tion. The p2T distributions are well des
ribed by exponen-13



tials, and the two-dimensional (xL; p2T ) distribution is fully 
hara
terized by the slopesand inter
epts from exponential �ts in ea
h xL bin.The relation between the neutron yield and the fra
tion of the proton beam energy goinginto the forward beam pipe region, XBP , was studied. The relative neutron rate as afun
tion of xL seems to depend only on XBP . This e�e
t a

ounts for the observeddi�eren
es between the xL distributions of the photoprodu
tion dijet and the DIS datasamples, and between those of the dire
t and resolved dijet samples.No 
lear 
on
lusion on the presen
e of res
attering e�e
ts 
an be drawn. While theredu
tion of the neutron yield in the region enri
hed in resolved photons is suggestive ofthe presen
e of a res
attering e�e
t, the fa
t that this yield redu
tion is mainly at largexL seems to 
ontradi
t the basi
 expe
tations of res
attering models.A
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EjetT (GeV) d�=dEjetT (nb/GeV) d�LN=dEjetT (nb/GeV) rLN (%)7:6 8:414� 0:021+0:839�0:842 +0:430�0:437 0:572� 0:007+0:056�0:057 +0:037�0:035 6:80� 0:09+0:19�0:20 +0:32�0:109:7 5:299� 0:015+0:388�0:391 +0:254�0:171 0:368� 0:005+0:027�0:027 +0:021�0:011 6:95� 0:10+0:30�0:30 +0:09�0:0311.9 2:336� 0:008+0:062�0:062 +0:106�0:189 0:162� 0:003+0:005�0:004 +0:009�0:015 6:93� 0:12+0:19�0:16 +0:09�0:0914.0 1:0538� 0:0054+0:0253�0:0247 +0:1119�0:1065 0:0737� 0:0018+0:0030�0:0017 +0:0061�0:0071 6:99� 0:17+0:20�0:20 +0:12�0:1716.2 0:5188� 0:0038+0:0201�0:0213 +0:0561�0:0557 0:0383� 0:0013+0:0027�0:0015 +0:0032�0:0043 7:38� 0:25+0:24�0:24 +0:12�0:1419.4 0:2094� 0:0017+0:0042�0:0063 +0:0255�0:0233 0:0157� 0:0006+0:0003�0:0003 +0:0018�0:0017 7:49� 0:29+0:17�0:17 +0:06�0:1123.6 0:0686� 0:0010+0:0024�0:0024 +0:0090�0:0075 0:0046� 0:0003+0:0002�0:0002 +0:0007�0:0005 6:69� 0:48+0:29�0:29 +0:10�0:0527.9 0:0255� 0:0006+0:0015�0:0020 +0:0029�0:0033 0:0015� 0:0002+0:0001�0:0002 +0:0002�0:0002 5:76� 0:73+0:20�0:20 +0:05�0:05�jet d�=d�jet (nb) d�LN=d�jet (nb) rLN (%)�1:33 0:80� 0:01+0:13�0:15 +0:10�0:11 0:078� 0:006+0:014�0:013 +0:010�0:011 9:69� 0:73+1:66�0:67 +0:18�0:21�1:00 3:07� 0:03+0:17�0:27 +0:33�0:37 0:259� 0:012+0:016�0:011 +0:012�0:012 8:42� 0:41+0:42�0:42 +0:48�0:98�0:67 6:10� 0:04+0:41�0:51 +0:70�0:64 0:478� 0:017+0:031�0:028 +0:070�0:024 7:84� 0:28+0:41�0:13 +0:52�0:52�0:33 8:84� 0:05+0:79�0:86 +0:77�0:91 0:744� 0:019+0:068�0:067 +0:044�0:057 8:41� 0:22+0:19�0:19 +0:32�0:820:00 11:00� 0:05+0:58�0:62 +0:79�0:82 0:847� 0:019+0:047�0:044 +0:057�0:042 7:70� 0:18+0:15�0:15 +0:45�0:310:33 12:43� 0:05+0:46�0:47 +0:75�0:81 0:926� 0:020+0:036�0:036 +0:071�0:054 7:45� 0:16+0:17�0:17 +0:49�0:140:67 12:98� 0:06+0:46�0:46 +0:81�0:87 0:897� 0:019+0:031�0:040 +0:075�0:062 6:91� 0:15+0:15�0:21 +0:44�0:101:00 12:46� 0:06+0:55�0:56 +0:81�0:81 0:820� 0:020+0:035�0:035 +0:046�0:067 6:58� 0:16+0:13�0:18 +0:19�0:141:33 11:84� 0:06+0:87�0:86 +0:85�0:80 0:779� 0:019+0:053�0:053 +0:076�0:070 6:58� 0:16+0:12�0:19 +0:26�0:321:67 12:44� 0:06+1:42�1:41 +1:06�1:03 0:735� 0:017+0:080�0:081 +0:085�0:066 5:91� 0:14+0:13�0:14 +0:29�0:112:00 13:53� 0:06+1:83�1:82 +1:21�1:25 0:800� 0:019+0:108�0:107 +0:112�0:098 5:91� 0:14+0:07�0:07 +0:38�0:192:33 12:76� 0:06+1:18�1:13 +1:07�1:07 0:707� 0:018+0:067�0:064 +0:130�0:081 5:54� 0:14+0:04�0:04 +0:62�0:26Table 1: Di�erential 
ross-se
tions �(LN) for the pro
esses e++p! e++jet+jet+X(+n) and the ratio rLN = �LN=� as fun
tions of ET and �. For ea
h 
ross se
tionand ratio, the �rst un
ertainty is statisti
al, the se
ond systemati
, ex
luding theCAL energy s
ale, and the third the systemati
 due to the CAL energy s
ale.
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xOBS
 d�=dxOBS
 (nb) d�LN=dxOBS
 (nb) rLN (%)0.07 15:54� 0:11+2:84�2:48 +1:49�2:07 0:586� 0:024+0:103�0:088 +0:122�0:111 3:77� 0:16+0:12�0:05 +0:51�0:290.21 23:22� 0:12+2:56�2:28 +1:88�2:20 1:174� 0:034+0:137�0:110 +0:162�0:148 5:06� 0:15+0:08�0:08 +0:41�0:170.36 17:13� 0:10+1:60�1:56 +1:18�1:24 1:017� 0:031+0:088�0:086 +0:102�0:068 5:94� 0:18+0:17�0:16 +0:39�0:190.50 14:92� 0:09+1:31�1:32 +1:03�1:04 1:060� 0:032+0:091�0:098 +0:052�0:079 7:10� 0:22+0:21�0:21 +0:30�0:540.64 17:09� 0:10+2:18�2:18 +1:17�1:21 1:283� 0:037+0:164�0:165 +0:075�0:084 7:51� 0:22+0:22�0:22 +0:56�0:320.79 28:39� 0:13+1:76�1:77 +1:60�1:84 2:317� 0:052+0:151�0:138 +0:148�0:174 8:16� 0:19+0:04�0:04 +0:36�0:450.93 21:35� 0:11+2:16�2:07 +0:61�1:00 1:949� 0:046+0:158�0:132 +0:069�0:085 9:13� 0:22+0:34�0:20 +0:24�0:11W (GeV) d�=dW (nb/GeV) d�LN=dW (nb/GeV) rLN (%)142 0:109� 0:001+0:008�0:008 +0:009�0:005 0:0090� 0:0003+0:0006�0:0007 +0:0012�0:0006 8:30� 0:24+0:07�0:07 +0:43�0:25167 0:137� 0:001+0:011�0:011 +0:012�0:010 0:0097� 0:0002+0:0008�0:0008 +0:0013�0:0009 7:10� 0:18+0:08�0:07 +0:28�0:12192 0:143� 0:001+0:009�0:009 +0:011�0:011 0:0095� 0:0002+0:0006�0:0006 +0:0011�0:0009 6:62� 0:17+0:01�0:01 +0:37�0:17217 0:140� 0:001+0:013�0:013 +0:010�0:009 0:0089� 0:0002+0:0008�0:0008 +0:0009�0:0007 6:35� 0:17+0:14�0:14 +0:36�0:29242 0:132� 0:001+0:007�0:007 +0:012�0:013 0:0088� 0:0002+0:0005�0:0005 +0:0007�0:0007 6:66� 0:17+0:21�0:21 +0:21�0:06267 0:127� 0:001+0:007�0:007 +0:014�0:016 0:0078� 0:0002+0:0004�0:0004 +0:0007�0:0007 6:16� 0:17+0:12�0:12 +0:31�0:32log10(xOBSp ) d�=d log10(xOBSp ) (nb) d�LN=d log10(xOBSp ) (nb) rLN (%)�2:3 1:47� 0:02+0:15�0:25 +0:62�0:39 0:154� 0:009+0:014�0:018 +0:065�0:023 10:49� 0:62+1:75�1:62 +0:91�0:86�2:1 5:33� 0:04+0:25�0:42 +1:24�0:66 0:488� 0:016+0:017�0:023 +0:077�0:041 9:16� 0:31+0:54�0:44 +0:44�0:57�1:9 11:29� 0:06+0:51�0:57 +0:77�0:68 0:861� 0:023+0:049�0:039 +0:065�0:056 7:63� 0:21+0:17�0:17 +0:65�0:54�1:7 16:59� 0:08+0:45�0:46 +0:99�1:02 1:262� 0:030+0:034�0:034 +0:109�0:069 7:61� 0:19+0:20�0:24 +0:36�0:34�1:5 21:43� 0:10+1:88�1:92 +1:75�1:52 1:475� 0:034+0:127�0:129 +0:231�0:161 6:88� 0:16+0:28�0:28 +0:60�0:37�1:3 24:51� 0:11+2:27�2:23 +2:92�2:13 1:558� 0:037+0:136�0:136 +0:258�0:171 6:35� 0:15+0:19�0:20 +0:33�0:21�1:1 14:43� 0:09+1:06�1:02 +1:62�1:87 0:766� 0:027+0:053�0:055 +0:074�0:090 5:31� 0:19+0:06�0:06 +0:16�0:09�0:9 3:16� 0:04+0:29�0:29 +0:35�0:35 0:145� 0:011+0:016�0:014 +0:017�0:015 4:61� 0:37+0:21�0:09 +0:14�0:11�0:7 0:38� 0:01+0:03�0:03 +0:05�0:05 0:018� 0:004+0:002�0:002 +0:001�0:001 4:87� 1:09+0:35�0:35 +0:14�0:77Table 2: Di�erential 
ross-se
tions �(LN) for the pro
esses e+ + p! e+ + jet +jet +X(+n) and the ratio rLN = �LN=� as fun
tions of xOBS
 , W and �. Details areas in Table 1.
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log10(xOBS� ) d�LN=d log10(xOBS� )( nb)�2:1 0:0010� 0:0004+0:0005�0:0008 +0:0008�0:0008�1:9 0:0226� 0:0032+0:0053�0:0053 +0:0074�0:0076�1:7 0:111� 0:008+0:009�0:017 +0:020�0:015�1:5 0:248� 0:012+0:007�0:009 +0:017�0:017�1:3 0:432� 0:017+0:015�0:009 +0:037�0:029�1:1 0:561� 0:020+0:054�0:054 +0:070�0:033�0:9 0:653� 0:022+0:036�0:036 +0:082�0:088�0:7 0:550� 0:021+0:060�0:055 +0:130�0:051�0:5 0:258� 0:014+0:023�0:020 +0:040�0:037�0:3 0:0664� 0:0068+0:0058�0:0058 +0:0108�0:0108�0:1 0:0070� 0:0021+0:0010�0:0008 +0:0020�0:0022Table 3: Di�erential 
ross-se
tion d�LN=d log10(xOBS� ) for the pro
esses e+ +p!e+ + jet + jet + X + n for xL > 0:6. Details are as in Table 1.
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xL range hxLi p2T (GeV2) �norm: (GeV�2)0.20-0.50 0.38 7.74 �10�4 1.797 � 0.1692.52 �10�3 1.659 � 0.1564.86 �10�3 1.699 � 0.1557.97 �10�3 1.511 � 0.1511.18 �10�2 1.492 � 0.1491.65 �10�2 1.585 � 0.1490.50-0.58 0.54 4.84 �10�3 1.135 � 0.0921.58 �10�2 1.008 � 0.1073.03 �10�2 0.808 � 0.0954.97 �10�2 0.915 � 0.0937.40 �10�2 0.884 � 0.0861.03 �10�1 0.694 � 0.0780.58-0.66 0.62 6.50 �10�3 0.982 � 0.0732.12 �10�2 0.985 � 0.0914.08 �10�2 0.984 � 0.0896.68 �10�2 0.694 � 0.0709.94 �10�2 0.678 � 0.0641.39 �10�1 0.526 � 0.0580.66-0.74 0.70 8.39 �10�3 0.896 � 0.0612.74 �10�2 0.781 � 0.0715.27 �10�2 0.726 � 0.0678.64 �10�2 0.507 � 0.0511.29 �10�1 0.366 � 0.0411.79 �10�1 0.343 � 0.0410.74-0.82 0.78 1.05 �10�2 0.840 � 0.0533.43 �10�2 0.664 � 0.0586.60 �10�2 0.462 � 0.0471.08 �10�1 0.330 � 0.0361.61 �10�1 0.223 � 0.0282.24 �10�1 0.162 � 0.0240.82-0.90 0.86 1.28 �10�2 0.364 � 0.0324.20 �10�2 0.289 � 0.0358.08 �10�2 0.194 � 0.0271.33 �10�1 0.145 � 0.0211.97 �10�1 0.044 � 0.0112.75 �10�1 0.048 � 0.0110.90-1.00 0.93 1.52 �10�2 0.049 � 0.0095.03 �10�2 0.033 � 0.0099.68 �10�2 0.022 � 0.0071.59 �10�1 0.006 � 0.0032.36 �10�1 0.002 � 0.0023.29 �10�1 0.006 � 0.003Table 4: The normalized doubly di�erential distributions �norm: =(1=�ep!ejjX)d2�ep!ejjXn=dxLdp2T : Only statisti
al un
ertainties are shown.
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xL range hxLi a ( GeV�2) b ( GeV�2)0.20{0.50 0.38 1:726� 0:115+0:206�0:199 8:63� 7:45+9:36�9:520.50{0.58 0.54 1:084� 0:072+0:081�0:104 4:00� 1:23+1:24�1:240.58{0.66 0.62 1:058� 0:061+0:060�0:035 4:89� 0:83+0:54�0:490.66{0.74 0.70 0:940� 0:054+0:027�0:038 6:46� 0:72+0:23�0:650.74{0.82 0.78 0:878� 0:051+0:025�0:026 8:38� 0:67+0:97�0:720.82{0.90 0.86 0:420� 0:033+0:089�0:072 9:61� 0:83+0:71�0:760.90{1.00 0.93 0:061� 0:011+0:024�0:026 12:89� 2:11+2:66�2:27Table 5: The inter
epts a and slopes b of the exponential parameterization of thedi�erential 
ross se
tion de�ned in Se
tion 6.3. Statisti
al un
ertainties are listed�rst, followed by systemati
 un
ertainties, not in
luding an overall normalizationun
ertainty of 2.1% on the inter
epts. The systemati
 un
ertainties are strongly
orrelated between all points.

22



Figure 1: S
hemati
 of resolved photoprodu
tion of dijets asso
iated with aleading neutron, mediated by meson ex
hange. The fra
tion of the energy of the ex-
hanged meson (photon) parti
ipating in the partoni
 hard s
attering that produ
esthe dijet system is denoted by x� (x
); the 
orresponding hard 
ross se
tion is �.In dire
t photoprodu
tion, the ex
hanged photon parti
ipates in the hard s
atteringas a point-like parti
le, there is no photon remnant, and x
 = 1.
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Figure 7: The p2T distributions in bins of xL. The statisti
al un
ertainties areshown by verti
al error bars; in some 
ases they are smaller than the plotted symbol.The systemati
 un
ertainties are not shown. The line on ea
h plot is the result ofa �t to the form d�ep!ejjXn=dp2T / exp(�bp2T ).
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