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1 Introdu
tionIn the study of ep intera
tions it is 
ustomary to distinguish two kinemati
regions: the deep inelasti
 s
attering (DIS) and the photoprodu
tion region.The DIS regime is de�ned by the 
ondition Q2 � m2p.Di�ra
tive events in deep inelasti
 s
attering (DIS) are 
hara
terized by thepresen
e of a fast forward proton (only slightly de
e
ted and having lost a fewper
ent of its initial energy) and a large rapidity gap (an angular region, withouthadroni
 a
tivity, between the s
attered proton and the hadroni
 �nal state).This report presents the measurement of the distribution of the squared four-momentum transfer at the proton vertex, t, in di�ra
tive deep inelasti
 positron-proton s
attering events in whi
h the hadroni
 �nal state 
onsists of at least twojets.2 Experimental set-upThe results presented in this report 
orrespond to 32.6 pb�1 of data takenwith the ZEUS dete
tor during the year 2000, when positrons of 27.6 GeV
ollided with protons of 920 GeV, giving a 
entre-of-mass energy of 318 GeV.A longitudinal wiew of the ZEUS dete
tor is shown in �g. 1.DIS events were identi�ed using information from the uranium-s
intillator 
a-lorimeter (CAL), the 
entral tra
king dete
tor (CTD), the small angle reartra
king dete
tor (SRTD) and the rear part of the hadron-ele
tron separator(RHES). Di�ra
tive events were sele
ted by requiring the dete
tion of a protonin the Leading Proton Spe
trometer (LPS). The latter has been designed todete
t protons s
attered at small angles in the forward dire
tion 
arrying asubstantial part of the proton momentum. These parti
les es
ape in the beampipe, undete
ted by the main ZEUS dete
tor. The LPS was a system of sili
onmi
rostrip dete
tors that 
ould be inserted very 
lose (typi
ally a few mm) tothe proton beam. The dete
tors were grouped in six stations, S1 to S6, pla
edalong the beam-line in the dire
tion of the proton beam, between 23.8 and 90.01



Figure 1: The ZEUS dete
torm from the intera
tion point. The parti
le de
e
tion indu
ed by the magnetsof the proton beam-line allowed a momentum analysis of the s
attered proton.For the present measurement, only the stations S4, S5 and S6 were used.3 Kinemati
sDijet produ
tion in di�ra
tive DIS (ep! e+ p+ j1+ j2+X 0) is 
hara
terisedby the simultaneous presen
e of a s
attered positron, e, measured in the CAL,a s
attered proton, p, dete
ted in the LPS, and the two jets j1 + j2 produ
edin the hard s
attering along with the rest of the hadroni
 system X'.The variables typi
al of a DIS event are:� s = (P+k)2, the squared ep 
entre-of-mass energy, where P and k indi
atethe in
oming proton and the in
oming positron momenta, respe
tively;� Q2 = �q2 = (k � k0)2, the virtuality of the ex
hanged photon 
�, wherek0 is the four-momentum of the s
attered positron;� W 2 = (P + q)2, the 
entre-of-mass energy squared of the 
�p system.Variables used to sele
t di�ra
tive events are:� MX , the invariant mass of the photon disso
iative system;� t = (P �P 0)2, the four-momentum transfer squared at the proton vertex,where P 0 is the four-momentum of the s
attered proton;� xIP = (P � P 0) � p=(P � q), the momentum fra
tion lost by the proton;� � = Q2=(2(P�P 0)�q), the fra
tional momentum of the di�ra
tive ex
hange
arried by the stru
k parton. 2



Variables involved in the dijet measurement are:� zIP = (q � v)=(q � (P � P 0)), the fra
tional momentum of the di�ra
tiveex
hange 
arried by the parton parti
ipating in the hard pro
ess, wherev is the four-momentum of the parton originating from the di�ra
tiveex
hange;� x
 = (P �u)=(P �q), the fra
tional momentum of the virtual photon parti
-ipating in the hard pro
ess, where u is the four-momentum of the partonoriginating from the virtual photon.4 Event re
onstru
tion and data sele
tion4.1 DIS sele
tionThe re
onstru
tion of the s
attered positron variables was 
arried out by 
om-bining the information from CAL, SRTD and HES. In order to sele
t a DISsample the following requirements were applied:� the energy of the s
attered positron had to be greater than 10 GeV inorder to sele
t a well re
onstru
ted DIS 
andidate;� the vertex of the event had to be in the range jZvtxj � 50 
m; this 
utex
ludes events whi
h have the vertex far from the nominal intera
tionpoint and would have a high probability of being non-ep ba
kground.Events without a measured vertex were reje
ted.� the quantity � = P(Ei � pzi) (where the sum runs over the s
atteredpositron and all the EFOs) was required to be 45 � � � 65 GeV. EFOsare Energy Flow Obje
ts re
onstru
ted from 
alorimeter and tra
king in-formation. This 
ut suppresses strongly the photoprodu
tion ba
kgroundwhi
h is 
hara
terized by values of � signi�
antly lower than 55 GeV.The Q2 and W variables were determined using the double-angle method.Events were a

epted if 100 �W � 250 GeV and 5 � Q2 � 100 GeV2.4.2 Jet sele
tionJets were re
onstru
ted from EFOs in the 
�p rest frame using the kT 
lusteringalgorithm. The dijet sample was de�ned by sele
ting events with at least twojets whi
h ful�ll the following requirements:� E�T;j1 � 5 GeV and E�T;j2 � 4 GeV where E�T is the jet transverse energyand the labels j1 and j2 refer to the jets with the highest and the se
ondhighest transverse energy, respe
tively;� �3:5 � ��jet � 0, where ��jet is the pseudorapidity of the jets in the 
�prest frame;� the pseudorapidity of the sele
ted jets, boosted to the laboratory frame,had to lie in the range j �LABjet j� 2.3



4.3 Di�ra
tive sele
tionThe following requirements were used to sele
t the s
attered proton measuredin the LPS:� only events with px � 0 where used; for the present sample, the LPSa

eptan
e for px � 0 was very low and not well understood;� the 
andidate proton was tra
ked along the beam-line and was reje
tedif, at any point, the distan
e of approa
h to the beam-pipe was less than0.2 
m. It was also reje
ted if the x position of the tra
k impa
t point atstation S4 (upper part) was smaller than -30 mm. These 
uts were madein order to sele
t well re
onstru
ted protons;� E + pz = (E + pz)CAL + 2pz;LPS � 1860 GeV. Beam-halo ba
kgroundis 
aused by s
attered protons, with energy 
lose to that of the beam,originating from the intera
tion of a beam proton with the residual gasin the beam-pipe or with the beam 
ollimators. A beam-halo proton mayoverlap with a standard non-di�ra
tive DIS event. In this 
ase, the protonmeasured in the LPS is un
orrelated with the a
tivity in the 
entral ZEUSdete
tor. This ba
kground was suppressed by the requirement that thesum of the energy and the longitudinal 
omponent of the total momentummeasured in the CAL and the LPS be less than the kinemati
al limit oftwi
e the in
oming proton energy;� xIP � 0:03, where xIP is the re
onstru
ted value of xIP de�ned as: xIP =(Q2 + M2x)=(Q2 + W 2). The mass of the di�ra
tive system, MX , wasre
onstru
ted from the EFOs;� 0:95 � xL � 1:03 , where xL is the fra
tion of the initial proton momentum
arried by the s
attered proton;� the variable t was required to be in the range 0:09 � jtj � 0:55 GeV2.The number of data events remaining after all 
uts was 28.5 Monte Carlo simulation and a

eptan
eA Monte Carlo simulation was used to 
orre
t data for a

eptan
e and dete
tore�e
ts. The ZEUS dete
tor response was simulated with a program based onGEANT 3.13. Events generated with RAPGAP were passed through the de-te
tor simulation, subje
ted to the same trigger requirements as the data, andpro
essed by the same re
onstru
tion and o�ine programs.A 
omparison of data (points) and MC (histograms) is shown in �gures 2, 3 and4 for DIS, jet and di�ra
tive variables, respe
tively. For the 
omparison, MChistograms were normalised to the number of data events.The a
tual simulation only 
onsidered events with dijets from light quarks. Aneeded improvement is to in
lude in the simulation events with dijets from
harm quarks and events with resolved photons.The resulting a

eptan
e was on average around 1%, due to the low geometri
ala

eptan
e of the LPS. 4



6 ResultsThe t distribution, 
orre
ted for a

eptan
e, has been measured in four bins oft, as shown in �g. 6. The value of the slope parameter b, obtained from a �twith the fun
tion dNdt = Ae�bjtj , is b = 7:43� 1:32 GeV�2.Referen
es[1℄ ZEUS Coll., S. Chekanov et al., A

epted by Eur. Phys. J. C,DESY-07-126.[2℄ M. Ruspa, Ph. D. Thesis, Universita ' degli studi di Torino, (2001)
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Figure 2: Data (points) and MC (histogram) 
omparison for Q2 and W
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Figure 3: Data (points) and MC (histogram) 
omparison for the transverseenergy of the �rst and the se
ond jet, for the pseudorapidity of the two jets inthe 
�p frame, and for zIP and x
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Figure 4: Data (points) and MC (histogram) 
omparison for xL and t
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Figure 5: A

eptan
e as fun
tion of t
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Figure 6: t distribution with the exponential �t superimposed
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