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Abstra
tThe produ
tion of dijets in di�ra
tive deep inelasti
 s
attering has been measuredwith the ZEUS dete
tor at HERA using an integrated luminosity of 61 pb�1. Thedijet 
ross se
tion has been measured for virtualities of the ex
hanged virtualphoton, 5 < Q2 < 100 GeV2, and 
�p 
entre-of-mass energies, 100 < W < 250GeV. The jets, identi�ed using the in
lusive kT algorithm in the 
�p frame,were required to have a transverse energy E�T;jet > 4 GeV and the jet with thehighest transverse energy was required to have E�T;jet > 5 GeV. All jets wererequired to be in the pseudorapidity range �3:5 < ��jet < 0. The di�erential
ross se
tions are 
ompared to leading-order predi
tions and next-to-leading-order QCD 
al
ulations based on re
ent di�ra
tive parton densities extra
tedfrom in
lusive di�ra
tive deep inelasti
 s
attering data.
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1 Introdu
tionDi�ra
tive events in deep inelasti
 s
attering (DIS) are 
hara
terised by the presen
e of afast forward proton, a large rapidity gap (LRG) - an angular region between the s
atteredproton and the disso
iated photon with no parti
le 
ow [1{6℄ - and a disso
iated virtualphoton 
�. In re
ent years perturbative QCD (pQCD) has be
ome a su

essful tool fordes
ribing di�ra
tive events [4{7℄. The 
ross se
tion for di�ra
tive DIS pro
esses 
an bedes
ribed by a 
onvolution of universal di�ra
tive parton distribution fun
tions (dPDFs)and pro
ess-dependent 
oeÆ
ients, whi
h 
an be 
al
ulated in pQCD [8℄. At HERA,dPDFs have been determined using in
lusive di�ra
tive DIS data [4{6℄.This paper presents measurements of dijet produ
tion in di�ra
tive neutral 
urrent DISwith the ZEUS dete
tor at HERA. The presen
e of a hard s
ale in su
h a pro
ess, eitherthe virtuality of the photon or the large jet transverse momentum, is well suited fora pQCD analysis. Dijet pro
esses are parti
ularly sensitive to the density of gluons inthe di�ra
tive ex
hange (i.e. via 
�g ! q�q, as shown in Fig. 1), and gluons have beenshown to 
arry most of the momentum of the 
olourless ex
hange [4,5,9℄. The measureddi�erential 
ross se
tions are 
ompared with leading-order (LO) and next-to-leading-order(NLO) QCD predi
tions using the available dPDFs. The results presented here bene�tfrom higher statisti
s 
ompared to previous measurements of the same pro
ess [10℄.2 Experimental set-upThis analysis is based on 61 pb�1 of data 
olle
ted with the ZEUS dete
tor at the HERA
ollider during the 1999-2000 data-taking period. During this period, HERA 
ollidedeither ele
trons or positrons1 of 27:5 GeV with protons of 920 GeV at a 
entre-of-massenergy of ps = 318 GeV.A detailed des
ription of the ZEUS dete
tor 
an be found elsewhere [11℄. A brief outlineof the 
omponents that are most relevant for this analysis is given below.Charged parti
les are tra
ked in the 
entral tra
king dete
tor (CTD) [12℄, whi
h operatesin a magneti
 �eld of 1:43 T provided by a thin super
ondu
ting 
oil. The CTD 
onsistsof 72 
ylindri
al drift 
hamber layers, organised in 9 superlayers 
overing the polar-angleregion2 15Æ < � < 164Æ. The transverse-momentum resolution for full-length tra
ks is1 In the following, for simpli
ity, the word positron will be used to denote both ele
trons and positrons.The integrated luminosity for e�p data is 3 pb�1, while for e+p data is 58 pb�1.2 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 left towardsthe 
entre of HERA. The 
oordinate origin is at the nominal intera
tion point.1



�(pT )=pT = 0:0058pT � 0:0065� 0:0014=pT , with pT in GeV.The high-resolution uranium{s
intillator 
alorimeter (CAL) [13℄ 
onsists of three parts:the forward (FCAL), the barrel (BCAL) and the rear (RCAL) 
alorimeters. Ea
h partis subdivided transversely into towers and longitudinally into one ele
tromagneti
 se
-tion and either one (in RCAL) or two (in BCAL and FCAL) hadroni
 se
tions. Thesmallest subdivision of the 
alorimeter is 
alled a 
ell. The CAL energy resolutions,as measured under test-beam 
onditions, are �(E)=E = 0:18=pE for ele
trons and�(E)=E = 0:35=pE for hadrons, with E in GeV.During the 1999-2000 data-taking period, the forward plug 
alorimeter (FPC) [14℄, lo
atedin the beam hole of FCAL, extended the pseudorapidity 
overage of the 
alorimeter upto values of � � 5. It 
onsisted of a lead-s
intillator 
alorimeter read out by wavelengthshifters and photomultipliers.In order to improve the dete
tion of positrons s
attered at low angles, the angular 
overagein the rear dire
tion was extended by means of the small rear tra
king dete
tor (SRTD)[15, 16℄. The SRTD 
onsists of two planes of 1 
m wide and 0.5 
m thi
k s
intillatorstrips glued on the front of RCAL. The orientations of the strips in the two planes areorthogonal. S
attered positrons were also dete
ted in the rear hadron-ele
tron separator(RHES) [17℄, a matrix of more than 10000 sili
on diodes 400�m thi
k inserted in theRCAL.The luminosity was measured using the bremsstrahlung pro
ess ep ! ep
 with theluminosity monitor [18℄, a lead-s
intillator 
alorimeter pla
ed in the HERA tunnel atZ = �107 m.3 Kinemati
sDijet produ
tion in di�ra
tive DIS (ep ! e + p + j1 + j2 + X0) is 
hara
terised by thesimultaneous presen
e of a s
attered positron, a s
attered proton p that es
apes unde-te
ted down the beam pipe, and the photon-disso
iative system X, whi
h 
ontains thedijet system j1 + j2, produ
ed in the hard s
attering along with the rest of the hadroni
system X0 (see Fig. 1). Deep inelasti
 s
attering of a positron on a proton is des
ribed bythe following kinemati
 variables:� s = (P + k)2, the squared ep 
entre-of-mass energy, where P and k indi
ate thein
oming proton and the in
oming positron four-momenta, respe
tively;� Q2 = �q2 = �(k � k0)2, the virtuality of 
�, where k0 is the four-momentum of thes
attered positron;� W 2 = (P + q)2, the 
entre-of-mass energy squared of the 
�p system.2



Di�ra
tive events are further 
hara
terised by the variables:� MX, the invariant mass of the photon-disso
iative system;� t = (P � P 0)2, the squared four-momentum transfer at the proton vertex, where P 0denotes the four-momentum of the s
attered proton;� xIP = (P � P 0) � q=P � q, the momentum fra
tion lost by the proton;� � = Q2=2(P�P 0)�q, a measure of the fra
tional momentum of the di�ra
tive ex
hange
arried by the stru
k parton.The des
ription of the dijet system in the hadroni
 �nal state requires the use of additionalvariables:� zIP , the fra
tion of the momentum of the di�ra
tive ex
hange 
arried by the partonparti
ipating in the hard pro
ess and de�ned aszIP = q � vq � (P � P 0) ; (1)where v is the four-momentum of the parton originating from the di�ra
tive ex
hange;� x
 , the fra
tional momentum of the virtual photon parti
ipating in the hard pro
ess.In DIS, x
 is expe
ted to be unity (dire
t photon). However, some models introdu
ethe 
on
ept of a resolved virtual photon, where the 
� 
an 
u
tuate into a partoni
state before parti
ipating in the hard intera
tion. For resolved photon pro
esses, x
is expe
ted to be lower than unity. The variable x
 is de�ned asx
 = P � uP � q ; (2)where u is the four-momentum of the parton originating from the virtual photon.4 Theoreti
al models4.1 QCD fa
torisation in di�ra
tionThe 
ross se
tion for di�ra
tive DIS pro
esses at �xed s depends in general on fourindependent variables, whi
h are usually 
hosen to be Q2; �; xIP and t. A

ording to theQCD fa
torisation theorem [8℄, the 
ross se
tion for in
lusive di�ra
tion, �(
�p ! Xp),
an be written as d2�dxIPdt = Xi=q;q;g Z dQ2 1Z� d� �̂
�i(Q2; �)fDi (xIP ; t; �; Q2): (3)3



This expression is valid at �xed xIP and t and for s
ales suÆ
iently large to permit theuse of pQCD. The sum runs over all partons. The partoni
 
ross-se
tion �̂
�i(Q2; �) forthe hard subpro
ess involving the virtual photon and the parton i is 
al
ulable in pQCD.The fun
tions fDi (xIP ; t; �; Q2) are the dPDFs: they des
ribe the probability to �nd inthe proton a parton of kind i 
arrying a fra
tion xIP � � of its momentum with a probeof resolution Q2 under the 
ondition that the proton stays inta
t, with a momentum lossquanti�ed by xIP and t. For di�ra
tive produ
tion of dijets, Eq. (3) is rewritten as:d2�jjdxIPdt = Xi=q;q;g Z dQ2 1ZzP d� �̂
�ijj (Q2; �)fDi (xIP ; t; �; Q2);where now zIP is the variable sensitive to the dPDFs and the subpro
ess 
ross se
tion �
�iis repla
ed by the 
ross se
tion, �
�ijj , for the rea
tion 
�i! j1 j2.At HERA, the dPDFs have been determined within the QCD DGLAP formalism [19{22℄by means of �ts to in
lusive di�ra
tive DIS measurements with a pro
edure similar to thatused to extra
t the standard proton PDFs from in
lusive DIS data [23{28℄. Consisten
ybetween the measured 
ross se
tions for semi-in
lusive pro
esses and 
al
ulations usingthese dPDFs represents an experimental proof of the validity of the QCD fa
torizationhypothesis in di�ra
tion [10, 29℄.Most of the dPDF parameterisations use Regge phenomenology arguments [30℄ to fa
torisethe (xIP ; t) from the (�;Q2) dependen
e. In the Regge approa
h, di�ra
tive s
atteringpro
eeds via the ex
hange of the Pomeron traje
tory. The dPDFs are then written asthe produ
t of the Pomeron 
ux (dependent on xIP and t) and parton distributions inthe Pomeron (dependent on � and Q2). For xIP values substantially larger than 0.01, the
ontribution of the subleading Reggeon traje
tories may also have to be added.4.2 NLO 
al
ulationPredi
tions for di�ra
tive dijet di�erential 
ross se
tions were 
al
ulated at order �2Swith the program Disent [31℄ adapted for di�ra
tive pro
esses. The 
al
ulations wereperformed in the MS renormalisation s
heme with �ve a
tive 
avours and the value ofthe strong 
oupling 
onstant set to �s(MZ) = 0:118. The predi
tions were obtainedwith the renormalisation s
ale, �R, equal to E�T;j1, where E�T;j1 is the transverse energyof the highest transverse energy jet in the event (the leading jet) as measured in the 
�p
entre-of-mass frame. The fa
torisation s
ale was set to Q2.The following dPDFs were used: 4



� the ZEUS LPS+
harm [6℄ - the result of an NLO DGLAP QCD �t to the in
lusivedi�ra
tive stru
ture fun
tions measured by the ZEUS experiment with the leadingproton spe
trometer (LPS). In order to better 
onstrain the dPDFs, measurementsof D� produ
tion 
ross se
tion in di�ra
tive DIS [32℄ were also in
luded. The �t wasrestri
ted to the region xIP < 0:01;� the H1 2006 dPDFs [5℄ - the result of an NLO DGLAP QCD �t to a sample of in
lusivedi�ra
tive stru
ture fun
tions measured by the H1 Collaboration. Two di�erent pa-rameterisations are available (Fit A and B) whi
h di�er in the gluon distribution. The�t was restri
ted to the region Q2 > 8:5 GeV2; zIP < 0:8. Sin
e the H1 measurementswere not 
orre
ted for the 
ontribution due to events where the proton disso
iatedinto a low-mass state, in the 
omparison the 
al
ulations were renormalised by a fa
-tor 0:87 [5℄;� the Martin-Ryskin-Watt 2006 (MRW 2006) dPDFs [7℄ - the result of a �t to the samedata set as for the H1 2006 �t. Regge fa
torisation is assumed only at the input s
ale.The dPDFs are then evolved with an inhomogeneous evolution equation analogousto that for the photon PDFs. The inhomogenous term a

ounts for the perturbativePomeron-to-parton splitting.The only theoreti
al sour
e of un
ertainty 
onsidered was that 
oming from the NLO
al
ulations. This un
ertainty was estimated by varying �R by fa
tors of 0.5 and 2.Un
ertainties of more than 20% were obtained. To 
ompare with the data, the NLOpredi
tions at the parton level were 
orre
ted to the hadron level using fa
tors extra
tedfrom a MC program (see Se
tion 5). The 
orre
tions were typi
ally of the order of 10%.5 Monte Carlo simulationMonte Carlo (MC) simulations were used to 
orre
t the data for a

eptan
e and dete
tore�e
ts. Two di�erent MC generators were used, Rapgap [33℄ and Satrap [34℄.The Rapgap MC is based on the fa
torised-Pomeron approa
h. The events were gen-erated using the H1 �t 2 dPDFs [4℄. No Reggeon 
ontribution was in
luded in thissimulation. The parton-shower simulation is based on the Meps [35℄ model. Resolvedphoton pro
esses were also generated using Rapgap with the GRV-G-HO [36℄ photonPDFs. Sin
e the relative 
ontributions of dire
t and resolved photon pro
esses to thetotal 
ross se
tion are a priori unknown, the Rapgap dire
t and resolved samples wereweighted in order to best des
ribe the data. The Rapgap MC was also used to extra
tthe hadronisation 
orre
tions for the NLO 
al
ulation.Satrap is based on the Gole
-Biernat{W�ustho� (GBW) dipole model [34℄ and is inter-fa
ed to the Rapgap framework. The parton-shower simulation in Satrap is based on5



the Colour Dipole Model (CDM) [37℄. This MC does not in
lude the resolved-photon
ontribution to the 
�p 
ross se
tion.To estimate the in
lusive DIS ba
kground, a sample of events was generated with Djan-goh [38℄.All the above MC programs are interfa
ed to the Hera
les [39℄ event generator for thesimulation of QED radiative pro
esses and to Jetset [40℄ for the simulation of hadronisa-tion a

ording to the Lund model [41℄. QED radiative 
orre
tions were typi
ally between5 and 10%.The ZEUS dete
tor response was simulated with a program based on Geant 3.13 [42℄.The generated events were passed through the dete
tor simulation, subje
ted to the sametrigger requirements as the data, and pro
essed by the same re
onstru
tion and o�ineprograms. The average of the a

eptan
e-
orre
tion values obtained with Rapgap andSatrap was used to 
orre
t the data to the hadron level.6 Event re
onstru
tion and data sele
tion6.1 DIS sele
tionA three-level trigger system was used to sele
t events online [11, 43℄. In the third-leveltrigger, a DIS positron 
andidate and energy deposition in the FPC lower than 20 GeVwere required. The s
attered positron was identi�ed both online and o�ine using a neural-network algorithm [44℄. The re
onstru
tion of the s
attered positron variables was 
arriedout by 
ombining the information from CAL, SRTD and HES. In order to sele
t a DISsample the following requirements were applied [45, 46℄:� the positron found in the RCAL had to lie outside a re
tangular area of size [-14, +12℄
m in X and [-12, +12℄ 
m in Y , 
entred around the beam pipe. Further 
uts on the�du
ial area of the impa
t point of the positron on the RCAL surfa
e were applied inorder to ex
lude regions with signi�
ant ina
tive material [47℄;� the energy of the s
attered positron had to be greater than 10 GeV;� the vertex of the event had to be in the range jZVTXj < 50 
m to reje
t non-ep ba
k-ground.The four-momentum of the hadroni
 �nal-state X was re
onstru
ted using energy-
owobje
ts (EFOs), whi
h 
ombine the information from the CAL and the CTD [48℄. TheEFOs were 
orre
ted for energy losses due to the ina
tive material present in the dete
tor[49℄. The variable Æ =Pi=e;EFO(Ei�pZ;i), where the sum runs over the s
attered positron6



and all the EFOs, was required to be 45 < Æ < 65 GeV. The variables Ei and pZ;i denotethe energy and the Z-
omponent of the momentum of ea
h term of the sum.The Q2 and W variables were determined using the double-angle method [50℄. Eventswere a

epted if 5 < Q2 < 100 GeV2 and 100 < W < 250 GeV.6.2 Jet sele
tionThe kT -
luster algorithm in the longitudinal invariant mode [51℄ was applied to the 
or-re
ted EFOs in the photon-proton 
entre-of-mass system (
�p frame) to re
onstru
t thejets. The jet variables in the 
�p frame are denoted by a star. After re
onstru
ting thejets, the massless four-momenta were boosted to the laboratory frame where further en-ergy 
orre
tions were determined and propagated ba
k into the transverse energy of thejet, E�T;jet. Su
h 
orre
tions, obtained from a MC study, improved the 
orrelation betweenhadron- and dete
tor-level transverse energy of the jets [45℄. The dijet sample was de�nedby requiring the events with at least two jets to ful�ll the following 
onstraints:� E�T;j1 > 5 GeV and E�T;j2 > 4 GeV, where the labels j1 and j2 refer to the jets with thehighest and the se
ond highest transverse energy, respe
tively;� �3:5 < ��jet < 0, where ��jet is the pseudorapidity of any of the jets;� the pseudorapidity of the sele
ted jets, boosted to the laboratory frame, had to lie inthe range ���LABjet �� < 2.6.3 Di�ra
tive sele
tionDi�ra
tive events are 
hara
terised by low values of xIP and by the presen
e of a LRG.The following sele
tion 
riteria were applied [45, 46℄:� EFPC < 1 GeV, where EFPC is the total energy in the FPC. The requirement of a
tivity
ompatible with the noise level in the angular region 
overed by the FPC is equivalentto a rapidity-gap sele
tion;� xobsIP < 0:03 where xobsIP is the re
onstru
ted value of xIP and is de�ned as:xobsIP = Q2 + M2XQ2 + W 2 :The mass of the di�ra
tive system, MX, was re
onstru
ted from the EFOs. The
ut on xobsIP redu
es the 
ontribution of Reggeon ex
hange and other non-di�ra
tiveba
kground. 7



After these 
uts, the sele
ted sample is still 
ontaminated by di�ra
tive events in whi
h thep disso
iated into a low-mass system. This 
ontamination was estimated by MC studiesto be fpdiss = (16� 4)% [52℄ and was subtra
ted from the measurements independent ofthe kinemati
s.The 
ontamination of the non-di�ra
tive ba
kground as a fun
tion of the applied di�ra
-tive sele
tion 
uts is shown in Fig. 2, through the distribution of �MAX, where �MAX isthe pseudorapidity in the laboratory frame of the most forward EFO with energy higherthan 400 MeV, before and after applying 
uts on the EFPC and on xobsIP . The disagreementbetween the measured and the simulated distributions is the reason for not applying anyrequirement on �MAX, as was done in previous analyses [9, 32, 53℄. After the EFPC andxobsIP 
uts, the non-di�ra
tive ba
kground from Djangoh was estimated to be 2.4% ofthe total sele
ted events and negle
ted in further analysis. After all 
uts, 5539 eventsremained.7 Systemati
 un
ertaintiesThe systemati
 un
ertainties of the measured 
ross se
tions were 
al
ulated by varyingthe 
uts and the analysis pro
edure. The systemati
 
he
ks were the following:� the energy measured by the CAL was varied by �3% in the MC to take into a

ount theun
ertainty on the CAL 
alibration, giving one of the largest un
ertainties. Deviationsfrom nominal 
ross se
tion values were of the order of �5%, but rea
hed � 15% insome bins;� the energy s
ale of the s
attered positron was varied in the MC by its un
ertainty,�2%. The resulting variation of the 
ross se
tions was always below �3%;� the position of the SRTD was 
hanged in the MC by �2 mm in all dire
tions to a

ountfor the un
ertainty on its alignment. The 
hange along the Z dire
tion gave the largeste�e
t and in a few bins 
aused a 
ross se
tion variation of �2%;� the model dependen
e of the a

eptan
e 
orre
tions was estimated by using separatelyRapgap and Satrap for unfolding the data. The variations from the 
entral value(obtained using the average between Rapgap and Satrap) were typi
ally of the orderof �5% but rea
hed � �10% in some bins.The above systemati
 un
ertainties, ex
ept those related to the energy s
ale of the 
alorime-ter, were added in quadrature to determine the total systemati
 un
ertainty. The un-
ertainties due to the energy s
ale and the proton disso
iation subtra
tion (�4%) wereadded in quadrature and treated as 
orrelated systemati
s. The energy s
ale un
ertaintyis quoted separately in the tables. 8



The stability of the measurement was 
he
ked by varying the sele
tion 
uts as follows:� the 
ut on the FPC energy was varied by �100 MeV in the MC;� the 
ut on the s
attered-positron energy was lowered from 10 to 8 GeV;� the �du
ial region for the positron sele
tion was enlarged and redu
ed by 0:5 
m;� the lower 
ut on Æ was 
hanged from 45 to 43 GeV.The variations of the 
ross se
tion indu
ed by these stability 
he
ks were small, within�2%, and were added in quadrature to the total systemati
 un
ertainty. The un
ertaintyon the luminosity measurement (2:25%) was not in
luded.The measurement was repeated with the addition of a 
ut on the value of �MAX. Thisestimates the un
ertainty on the purity of the di�ra
tive sele
tion. A 
ut of �MAX < 2:8was applied. The 
ross se
tions in
reased by � 5% and the 
hange was 
on
entrated athigh values of xobsIP . No signi�
ant dependen
e on other variables was observed. This vari-ation is listed in the tables for 
ompleteness but not in
luded in the quoted un
ertaintiesof the measurement.8 Results and dis
ussionThe single- and double-di�erential 
ross se
tions for the produ
tion of dijets in di�ra
tiveDIS have been measured for 5 < Q2 < 100 GeV2, 100 < W < 250 GeV and xIP < 0:03, forjets in the pseudorapidity region �3:5 < ��jet < 0, with E�T;j1 > 5 GeV and E�T;j2 > 4 GeV.The 
ross se
tions refer to jets of hadrons and are 
orre
ted for QED e�e
ts.The measured total 
ross se
tion (given in Table 1) is:�(ep! ep + j1 + j2 + X0) = 89:7� 1:2(stat) +3:2�5:3(syst:) +5:1�3:7(
orr:) pb:The values of the di�erential 
ross se
tions are averaged over the bin in whi
h they arepresented. For any variable �, the 
ross se
tion was determined asd�d� = C ND(1� fpdiss)L�� ; (4)where ND is the number of data events in a bin, C in
ludes the e�e
ts of the a

eptan
eand the QED 
orre
tion fa
tor as determined from MC, L is the integrated luminosityand �� is the bin width.The di�erential 
ross se
tions were measured as a fun
tion of Q2, W , xobsIP , �, MX, E�T;J,��J, zobsIP and xobs
 . The variable E�T;J (��J) stands for both E�T;j1 (��j1) and E�T;j2 (��j2) - in the9




orresponding 
ross se
tion, it thus 
ontributes two entries per event. The variable zobsIPis an estimator of zIP and is 
al
ulated as
zobsIP = Q2 + M2jjQ2 + M2X ;where Mjj is the invariant mass of the dijet system. The estimator of x
 , xobs
 , is

xobs
 = ELABT;j1 e��LABj1 + ELABT;j2 e��LABj2Xhadr(Ei � pZ;i) ;where the sum in the denominator runs over all the hadrons. The values of the di�erential
ross se
tions are presented in Tables 2-11 and shown in Figs. 3 and 4.8.1 Comparison to Monte Carlo modelsThe Rapgap and Satrap MC programs are 
ompared to the measured 
ross se
tions inFigs. 3 and 4. Sin
e the MC predi
tions are not expe
ted to des
ribe the normalisation, the
ross se
tions predi
ted by both MCs were normalised to the data. The total 
orrelatedun
ertainty is shown as a shaded band in the �gures. The 
omparison with MC predi
tionsshows in general a reasonably good agreement with the shape of the data. The E�T;Jdistribution is a steeply falling fun
tion as expe
ted in pQCD (Fig. 4a) and the jets tendto populate the 
� fragmentation region.The most prominent features of the data are the rise of the 
ross se
tion with xobsIP , thepeak at zobsIP � 0:3 and the tail of the 
ross se
tion at low xobs
 values. The requirementof two jets with high ET suppresses the 
ontribution of low values of xobsIP . The relativelylow value of the peak position in the zobsIP distribution indi
ates that in the majority of theevents the dijet system is a

ompanied by additional hadroni
 a
tivity. A disagreementbetween data and Rapgap is observed at high zobsIP . In the high zobsIP region, Rapgapunderestimates the number of events while Satrap agrees with the data, possibly be
auseof the presen
e of a me
hanism for ex
lusive dire
t produ
tion. Most of the events areprodu
ed at large xobs
 as expe
ted in DIS. At low xobs
 , the des
ription by Rapgap isimproved by the addition of the resolved photon 
ontribution (16%).10



8.2 Comparison to NLO QCD predi
tionsIn Table 1, the four NLO predi
tions des
ribed in Se
tion 4.2 are 
ompared to the mea-sured total 
ross se
tion. The 
entral values of the predi
tions using the H1 2006� FitBand MRW 2006 dPDFs give the best des
ription, while those using the H1 2006� FitAand the ZEUS LPS+
harm dPDFs are higher in normalisation.The NLO predi
tions for the di�erential 
ross se
tion are 
ompared to the data in Figs. 5and 6. The estimated theoreti
al un
ertainties are shown only for the 
al
ulations usingthe ZEUS LPS+
harm dPDFs and are similar for all the other 
al
ulations. For easeof 
omparison the ratios of data to the ZEUS LPS+
harm predi
tion are presented inFigs. 7 and 8. The variation due to the 
hoi
e of the dPDFs is displayed with respe
tto the ZEUS LPS+
harm in the same �gure. In general the shape of the measured
ross se
tion is des
ribed by the NLO 
al
ulations within the theoreti
al un
ertainties.However, only the predi
tions using the H1 2006� FitB and MRW 2006 dPDFs are ableto des
ribe satisfa
torily the data over the entire kinemati
 range.The NLO predi
tions for the di�erential 
ross se
tion are 
ompared to the data in Figs. 9and 10, where the zobsIP distribution is shown for di�erent regions of E�T;j1 and Q2. Withinthe theoreti
al un
ertainties, the H1 2006� FitB and MRW 2006 dPDFs are 
ompatiblewith the data. Sin
e the major di�eren
e between the H1 2006� FitB and Fit A is in thegluon dPDF, these data have a signi�
ant potential to further 
onstrain the gluon dPDF.
9 Con
lusionsThe single- and double-di�erential 
ross se
tions for the produ
tion of dijets in di�ra
tiveDIS have been measured with the ZEUS dete
tor in the kinemati
 region 5 < Q2 < 100GeV2, 100 < W < 250 GeV and xIP < 0:03, requiring at least two jets with E�T;jet > 4 GeVin the pseudorapidity region �3:5 < ��jet < 0:0 and the highest E�T jet with E�T;j1 > 5 GeV.Two leading-logarithm parton-shower models, Rapgap and Satrap, des
ribe the shapeof the measured 
ross se
tions well. The measured 
ross se
tions are able to dis
riminatebetween NLO QCD 
al
ulations based on di�erent dPDFs, showing a satisfa
tory agree-ment with the 
al
ulations using the H1 2006� FitB and MRW 2006 dPDFs. This lendsfurther support to the validity of QCD fa
torisation in hard di�ra
tive s
attering. Sin
ethe dPDFs used di�er mostly in the gluon 
ontent, these data may have a signi�
antpotential to 
onstrain the di�ra
tive gluon distribution.11
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� Æstat Æsyst ÆES Ætheor �DIFFR(pb) (pb) (pb) (pb) (pb) (pb)Data 89.7 1.2 +3:2�5:3 +5:1�3:7 { +4.0ZEUS LPS+
harm 120.3 { { { +29:4�18:3 {H1 2006 - Fit A 130.2 { { { +31:2�19:9 {H1 2006 - Fit B 102.5 { { { +24:7�15:6 {MRW 2006 99.3 { { { +23:4�14:7 {Table 1: Total 
ross se
tion for the produ
tion of di�ra
tive dijets 
ompared to ex-pe
tations of NLO 
al
ulations using various dPDFs as indi
ated in the Table. The
ross se
tion is given for jets with E�T;j1 > 5GeV , E�T;j2 > 4GeV , �3:5 < ��jet < 0and in the range of 5 < Q2 < 100GeV 2, 100 < W < 250GeV and xIP < 0:03. Thestatisti
al, Æstat, un
orrelated systemati
, Æsyst, and energy s
ale un
ertainties, ÆES,are quoted separately. The theoreti
al un
ertainty on the NLO 
al
ulations, Ætheor,is quoted in the sixth 
olumn. The di�eren
e with the measured 
ross se
tion withand without �MAX 
ut, �DIFFR, is presented in the last 
olumn. The un
ertain-ties on the proton disso
iation subtra
tion and the luminosity measurement are notpresented in the table.
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Q2 bin d�=dQ2 Æstat Æsyst ÆES �DIFFR( GeV2) (pb/ GeV2) (pb/ GeV2) (pb/ GeV2) (pb/ GeV2) (pb/ GeV2)5, 8 7.4 � 0.3 +0:3�0:5 +0:5�0:5 0.18, 12 4.2 � 0.2 +0:2�0:3 +0:3�0:3 0.112, 17 2.6 � 0.1 +0:2�0:2 +0:2�0:2 0.217, 25 1.38 � 0.06 +0:09�0:13 +0:08�0:08 0.0625, 35 0.94 � 0.04 +0:07�0:07 +0:06�0:05 0.0635, 50 0.53 � 0.03 +0:02�0:03 +0:03�0:03 0.0150, 70 0.27 � 0.02 +0:02�0:01 +0:01�0:01 0.0270, 100 0.116 � 0.008 +0:018�0:003 +0:005�0:005 0.018Table 2: Values of the di�erential 
ross se
tion as a fun
tion of Q2 for theprodu
tion of di�ra
tive dijets. The range over whi
h the 
ross se
tion is averagedis given in the �rst 
olumn. Other details as in the 
aption of Table 1.W bin d�=dW Æstat Æsyst ÆES �DIFFR( GeV) (pb/ GeV) (pb/ GeV) (pb/ GeV) (pb/ GeV) (pb/ GeV)100, 125 0.26 � 0.01 +0:03�0:03 +0:01�0:01 0.01125, 150 0.41 � 0.02 +0:04�0:03 +0:02�0:03 0.03150, 175 0.67 � 0.03 +0:04�0:06 +0:04�0:04 0.03175, 200 0.68 � 0.02 +0:03�0:04 +0:05�0:04 0.01200, 225 0.77 � 0.03 +0:06�0:03 +0:05�0:05 0.05225, 250 0.82 � 0.03 +0:03�0:06 +0:05�0:05 0.02Table 3: Values of the di�erential 
ross se
tion as a fun
tion of W . Other detailsas in the 
aption of Table 2.
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MX bin d�=dMX Æstat Æsyst ÆES �DIFFR( GeV) (pb/ GeV) (pb/ GeV) (pb/ GeV) (pb/ GeV) (pb/ GeV)9, 14 1.31 � 0.07 +0:02�0:08 +0:05�0:06 -0.0314, 20 4.3 � 0.1 +0:2�0:2 +0:2�0:2 0.120, 26 4.5 � 0.1 +0:2�0:4 +0:2�0:2 0.026, 32 3.1 � 0.1 +0:2�0:3 +0:3�0:2 -0.132, 42 1.13 � 0.05 +0:08�0:06 +0:12�0:09 0.07Table 4: Values of the di�erential 
ross se
tions with respe
t to MX. Other detailsas in the 
aption of Table 2.� bin d�=d� Æstat Æsyst ÆES �DIFFR(� 10�2) (pb) (pb) (pb) (pb) (pb)0.32, 0.63 1220 � 102 +30�75 +148�135 -690.63, 1.26 2124 � 94 +153�221 +196�177 -111.26, 2.51 1736 � 62 +108�133 +112�109 462.51, 5.01 923 � 32 +40�83 +55�50 35.01, 10.00 324 � 12 +9�18 +14�17 310.00, 19.95 81.8 � 3.8 +4:3�2:7 +3:5�4:1 4.119.95, 39.81 9.7 � 0.8 +0:5�0:5 +0:5�0:6 0.4Table 5: Values of the di�erential 
ross se
tions with respe
t to �. Other detailsas in the 
aption of Table 2.
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xobsIP bin xobsIP d�=dxobsIP Æstat Æsyst ÆES �DIFFR(� 10�2) (pb) (pb) (pb) (pb) (pb)0.25, 0.50 24.3 � 1.8 +0:8�1:5 +1:0�1:1 -0.50.50, 0.79 93 � 5 +1�1 +4�5 00.79, 1.26 195 � 7 +3�9 +9�10 21.26, 1.99 306 � 10 +10�25 +17�17 11.99, 3.00 409 � 13 +33�33 +35�30 26Table 6: Values of the di�erential 
ross se
tions with respe
t to xobsIP . Other detailsas in the 
aption of Table 2.E�T;J bin d�=dE�T;J Æstat Æsyst ÆES �DIFFR( GeV) (pb/ GeV) (pb/ GeV) (pb/ GeV) (pb/ GeV) (pb/ GeV)4, 5.5 51.7 � 1.4 +3:3�3:7 +2:6�2:9 2.95.5, 7.5 39.8 � 1.1 +2:6�2:8 +2:2�2:0 1.87.5, 9.5 9.7 � 0.3 +0:7�0:9 +0:8�0:9 0.29.5, 11.5 2.3 � 0.1 +0:1�0:1 +0:3�0:2 0.111.5, 13.5 0.65 � 0.06 +0:03�0:01 +0:08�0:11 0.0313.5, 16 0.11 � 0.02 +0:02�0:02 +0:01�0:03 0.00Table 7: Values of the di�erential 
ross se
tions with respe
t to E�T;J. Otherdetails as in the 
aption of Table 2.
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��J bin d�=d��J Æstat Æsyst ÆES �DIFFR(pb) (pb) (pb) (pb) (pb)-3.5, -3.0 56.6 � 1.9 +2:5�3:8 +7:8�7:6 1.6-3.0, -2.5 98.8 � 2.9 +3:6�6:2 +7:2�7:1 1.8-2.5, -2.0 89.6 � 2.6 +5:7�6:0 +5:1�4:9 4.8-2.0, -1.5 66.1 � 2.1 +4:1�4:2 +3:7�4:1 3.4-1.5, -1.0 35.2 � 1.3 +3:3�2:6 +2:7�2:0 3.0-1.0, -0.5 13.2 � 0.7 +1:4�1:3 +1:3�1:3 1.1-0.5, 0.0 2.1 � 0.2 +0:4�0:5 +0:4�0:3 -0.2Table 8: Values of the di�erential 
ross se
tions with respe
t to ��J. Other detailsas in the 
aption of Table 2.zobsIP d�=dzobsIP Æstat Æsyst ÆES �DIFFR(pb) (pb) (pb) (pb) (pb)0, 0.125 24.5 � 2.0 +0:9�2:3 +3:5�2:0 -1.90.125, 0.25 134.6 � 5.4 +8:8�13:8 +12:3�10:8 0.70.25, 0.375 155.1 � 5.7 +9:6�12:5 +10:1�9:8 5.20.375, 0.5 133.7 � 5.1 +8:3�10:2 +6:1�8:1 5.70.5, 0.625 100.6 � 4.2 +5:8�7:8 +5:2�5:4 2.40.625, 0.75 80.4 � 3.6 +1:3�2:8 +3:8�3:8 0.50.75, 0.875 55.5 � 2.8 +1:7�3:1 +2:8�2:8 -1.50.875, 1 31.5 � 2.1 +3:1�4:0 +2:2�1:5 -1.3Table 9: Values of the di�erential 
ross se
tions with respe
t to zobsIP . Other detailsas in the 
aption of Table 2.
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xobs
 bin d�=dxobs
 Æstat Æsyst ÆES �DIFFR(pb) (pb) (pb) (pb) (pb)0, 0.25 5.3 � 0.6 +0:8�0:5 +0:6�0:2 0.70.25, 0.5 25.0 � 1.3 +2:8�1:5 +1:5�2:2 2.60.5, 0.75 87.4 � 3.1 +4:5�5:7 +7:8�8:2 3.50.75, 1 240.5 � 6.7 +11:0�17:2 +12:4�11:7 5.9Table 10: Values of the di�erential 
ross se
tions with respe
t to xobs
 . Otherdetails as in the 
aption of Table 2.
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zobsIP bin d�=dzobsIP dE�T;j1 Æstat Æsyst ÆES �DIFFR(pb/ GeV) (pb/ GeV) (pb/ GeV) (pb/ GeV) (pb/ GeV)5:0 < E�T;j1 < 6:5 GeV(< E�T;j1 >= 5:7 GeV)0, 0.25 31.9 � 1.5 +2:1�4:2 +1:9�1:4 -1.20.25, 0.375 53.1 � 2.6 +4:2�4:6 +2:3�2:3 3.00.375, 0.5 46.7 � 2.4 +3:0�3:0 +1:9�2:4 2.50.5, 0.625 35.3 � 2.1 +1:1�1:7 +1:6�1:8 1.00.625, 0.75 29.3 � 1.9 +0:3�1:9 +1:3�1:2 -0.80.75, 0.875 18.4 � 1.4 +1:2�1:9 +0:8�0:8 -1.00.875, 1 11.4 � 1.2 +0:3�1:0 +0:5�0:5 -0.56:5 < E�T;j1 < 8:0 GeV(< E�T;j1 >= 7:2 GeV)0, 0.25 13.2 � 0.5 +1:4�1:5 +0:9�0:6 0.170, 0.25 13.2 � 0.8 +1:4�1:5 +0:9�0:6 0.20.25, 0.375 25.9 � 1.5 +1:2�2:2 +1:9�2:0 -0.90.375, 0.5 21.9 � 1.3 +1:9�1:8 +1:6�0:9 1.90.5, 0.625 18.3 � 1.2 +0:8�1:0 +1:2�1:0 0.70.625, 0.75 14.8 � 1.1 +0:8�0:9 +0:6�0:6 0.20.75, 0.875 12.4 � 1.0 +0:8�0:9 +0:6�0:8 0.00.875, 1 5.6 � 0.7 +0:2�0:2 +0:5�0:2 -0.18:0 < E�T;j1 < 16:0 GeV(< E�T;j1 >= 9:7 GeV)0.25, 0.375 2.4 � 0.2 +0:4�0:3 +0:2�0:2 0.20.375, 0.5 2.4 � 0.2 +0:2�0:2 +0:2�0:3 -0.10.5, 0.625 1.9 � 0.1 +0:1�0:2 +0:2�0:2 0.00.625, 0.75 1.7 � 0.1 +0:1�0:0 +0:2�0:2 0.10.75, 0.875 1.4 � 0.1 +0:0�0:1 +0:1�0:1 0.00.875, 1 0.80 � 0.09 +0:01�0:10 +0:10�0:08 -0.05Table 11: Values of the double di�erential 
ross se
tions with respe
t to zobsIP inbins of E�T;j1. Other details as in the 
aption of Table 2.
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zobsIP bin d�=dzobsIP dQ2 Æstat Æsyst ÆES �DIFFR(pb=GeV2) (pb=GeV2) (pb=GeV2) (pb=GeV2) (pb=GeV2)5 < Q2 < 12 GeV2(< Q2 >= 8:1 GeV2)0, 0.25 5.1 � 0.3 +0:4�0:5 +0:4�0:4 0.00.25, 0.375 8.7 � 0.4 +0:6�0:7 +0:7�0:7 -0.10.375, 0.5 7.2 � 0.4 +0:4�0:5 +0:5�0:5 0.30.5, 0.625 5.2 � 0.3 +0:1�0:2 +0:4�0:4 0.10.625, 0.75 4.3 � 0.3 +0:1�0:2 +0:3�0:2 0.10.75, 0.875 2.9 � 0.2 +0:1�0:1 +0:2�0:2 -0.10.875, 1 1.5 � 0.2 +0:1�0:2 +0:1�0:1 -0.112 < Q2 < 25 GeV2(< Q2 >= 17:2 GeV2)0, 0.25 1.43 � 0.09 +0:14�0:16 +0:09�0:07 0.080.25, 0.375 3.0 � 0.2 +0:4�0:2 +0:1�0:2 0.40.375, 0.5 2.3 � 0.1 +0:1�0:2 +0:1�0:1 0.10.5, 0.625 2.0 � 0.1 +0:1�0:2 +0:1�0:1 0.00.625, 0.75 1.6 � 0.1 +0:1�0:1 +0:1�0:1 0.00.75, 0.875 1.2 � 0.1 +0:0�0:1 +0:1�0:1 -0.10.875, 1 0.61 � 0.07 +0:01�0:03 +0:04�0:03 -0.01Table 12: Values of the double di�erential 
ross se
tions with respe
t to zobsIP inbins of E�T;j1. Other details as in the 
aption of Table 2.
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zobsIP bin d�=dzobsIP dQ2 Æstat Æsyst ÆES �DIFFR(pb=GeV2) (pb=GeV2) (pb=GeV2) (pb=GeV2) (pb=GeV2)25 < Q2 < 50 GeV2(< Q2 >= 35:2 GeV2)0, 0.25 0.51 � 0.04 +0:03�0:08 +0:03�0:02 -0.060.25, 0.375 1.03 � 0.07 +0:07�0:13 +0:06�0:07 -0.030.375, 0.5 1.00 � 0.07 +0:06�0:06 +0:04�0:06 0.050.5, 0.625 0.77 � 0.06 +0:06�0:02 +0:04�0:04 0.060.625, 0.75 0.60 � 0.05 +0:03�0:04 +0:04�0:03 -0.010.75, 0.875 0.44 � 0.04 +0:01�0:02 +0:03�0:04 0.000.875, 1 0.24 � 0.03 +0:01�0:01 +0:02�0:01 0.0050 < Q2 < 100 GeV2(< Q2 >= 69:5 GeV2)0, 0.25 0.10 � 0.01 +0:00�0:01 +0:01�0:01 0.000.25, 0.375 0.25 � 0.02 +0:05�0:01 +0:02�0:01 0.050.375, 0.5 0.28 � 0.03 +0:02�0:01 +0:01�0:02 0.020.5, 0.625 0.20 � 0.02 +0:02�0:01 +0:01�0:01 0.020.625, 0.75 0.16 � 0.02 +0:01�0:00 +0:01�0:01 0.010.75, 0.875 0.13 � 0.02 +0:00�0:00 +0:01�0:01 0.000.875, 1 0.11 � 0.02 +0:01�0:02 +0:01�0:01 -0.01Table 13: Values of the double di�erential 
ross se
tions with respe
t to zobsIP inbins of E�T;j1. Other details as in the 
aption of Table 2.
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Figure 3: Measured di�erential 
ross se
tion (dots) as a fun
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Figure 6: Measured di�erential 
ross se
tion as a fun
tion of (a) E�T;J, (b) ��J,(
) zobsIP and (d) xobs
 
ompared to the NLO predi
tion obtained using the availabledPDFs. Other details as in the 
aption of Fig. 5.
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