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PROTON-DISSOCIATIVE DIFFRACTIVEPHOTOPRODUCTION OF VECTOR MESONSAT HIGH MOMENTUM TRANSFER AT HERA�Katarzyna KlimekInstitute of Experimental Physi
s, Hamburg UniversityLuruper Chaussee 149, 22761 Hamburg, Germany(Re
eived June 24, 2002)Di�ra
tive photoprodu
tion of ve
tor mesons, 
p ! V Y , where Y isthe proton-disso
iative system, has been measured in e+p intera
tions withthe ZEUS dete
tor at HERA using an integrated luminosity of 25 pb�1.The di�erential 
ross se
tion, d�=dt, and a de
ay-angle analysis for �0, �and J= mesons are presented for a photon-proton 
entre-of-mass energy80 < W < 120 GeV and �t < 12 GeV2, where t is the square of the four-momentum transferred to the ve
tor meson. The t distributions are well�t by a power law, d�=dt / (�t)n. The slope of the Pomeron traje
tory,measured from the W dependen
e of the � and � 
ross se
tions in binsof t, is 
onsistent with zero. The ratios d�
p!�Y =dt to d�
p!�Y =dt andd�
p!J= Y =dt to d�
p!�Y =dt in
rease with in
reasing �t. For the �0 and� mesons a 
ontribution from single and double heli
ity �ip is observed.The results are 
ompared to expe
tations of theoreti
al models.PACS numbers: 13.60.Le 1. Introdu
tionThis study [1℄ des
ribes measurements of proton-disso
iative ve
tor me-son produ
tion, ep ! eV N , where V = �0; �; J= and Y is the protondisso
iative system. Our aim is to examine whether t, the four-momentumtransfer squared between the photon and the �nal-state ve
tor meson, mayalso serve, like the photon virtuality Q2 or the ve
tor meson mass, as a hardQCD s
ale, as predi
ted in [2℄. In parti
ular, the di�erential 
ross se
tion d�dtand the slope of the Pomeron traje
tory is 
ompared to the predi
tions of thepQCD-based models; as are the de
ay-angle distributions of the �nal-statemesons.� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(3541)



3542 K. KlimekThe s
attered positron was dete
ted in the Photoprodu
tion Tagger(PT), an ele
tromagneti
 
alorimeter installed 44 m from the intera
tionpoint in the dire
tion of the outgoing positron, ensuring that the virtualityof the ex
hanged photon is Q2 < 0:02 GeV2. This small value of Q2 allowsa pre
ise determination of t from the measurement of the meson transversemomentum with respe
t to the beam dire
tion, pT (here t = �p2T is a verygood approximation).The data were 
olle
ted in 1996 and 1997 with the ZEUS dete
tor atHERA and 
orrespond to an integrated luminosity of 25 pb�1.2. AnalysisThe ZEUS dete
tor has been des
ribed in detail elsewhere [3℄. The main
omponents for this analysis are the Central Tra
king Dete
tor (CTD) [4℄and the high-pre
ision uranium-s
intillator 
alorimeter (CAL) [5℄.The study was restri
ted to events with (1) two well-measured tra
ks inthe CTD having an invariant mass 
onsistent with the mass of the ve
tormeson under study, (2) no energy in the CAL other than that asso
iatedwith either the two tra
ks or the disso
iated-proton system Y and (3) thes
attered positron dete
ted in the PT. The sele
ted events have a gap ofat least two units of rapidity between the disso
iated nu
leoni
 system andthe tra
ks. The 
p 
entre-of-mass energy was restri
ted to the range 80 <W < 120 GeV (where the tagging e�
ien
y is reliably known). The trigger
onditions require �t > 1 GeV2.For the simulation of the rea
tion ep! eV Y , the EPSOFT Monte Carlogenerator [6℄ was used, reweighted to des
ribe the data.3. Results3.1. Di�erential 
ross se
tions and 
ross se
tion ratiosFigure 1 shows the di�erential 
ross se
tions d�dt for the �0, � and J mesons together with pQCD BFKL 
al
ulations [7℄, whi
h were �tted tothe data des
ribed here. The predi
tion agrees well with the data. The
ross se
tions are well des
ribed by a power dependen
e on t, A (�t)�n for�t > 1:2 GeV2, as expe
ted for a hard produ
tion me
hanism. The �t givesn = 3:21 � 0:04 (stat.)�0:15 (syst.) for the �0, n = 2:7 � 0:1 (stat.)�0:2(syst.) for the � and n = 1:7�0:2 (stat.)�0:3 (syst.) for the J= produ
tion.
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0 1 2 3 4 5 6Fig. 1. The di�erential 
ross se
tions d�=dt for proton-disso
iative photoprodu
-tion of (a) �0, (b) � and (
) J= mesons, in the range 80 < W < 120 GeV. Thesolid 
urves show a pQCD 
al
ulation [7℄. The inner error bars indi
ate the sta-tisti
al error, the outer bars the statisti
al and systemati
 un
ertainties added inquadrature. The shaded band 
orresponds to the un
ertainty due to the modelingof the hadroni
 system.The ratios of the di�erential 
ross se
tion d�dt (
p! �N)=d�dt (
p! �0N)and d�dt (
p! J= N)=d�dt (
p! �0N) are shown in Fig. 2. A rise of the �=�0ratio up to �t � 4 GeV2 is observed, approa
hing the SU(4) value1. A 
learin
rease of the (J= )=�0 ratio with in
reasing �t is also observed, althoughthe ratio is signi�
antly smaller than the SU(4) value of 8:9 up to �t valuesof 4 GeV2.1 The SU(4) predi
tion, whi
h ignores the meson mass di�eren
es, is that the 
ouplingstrengths of the photon to the �0; !; � and J= mesons should be in the ratios 9 : 1 :2 : 8.
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tion (a) and of the (J= )=� photoprodu
-tion (b). The inner bars indi
ate the statisti
al error and the outer bars representthe statisti
al and systemati
 un
ertainties added in quadrature. The shaded bandsrepresent the size of the un
ertainties due to the modeling of the disso
iative sys-tem Y . 3.2. The e�e
tive slope of the Pomeron traje
toryThe e�e
tive slope of the Pomeron traje
tory, �0, was determined bystudying the relative 
hanges of the W dependen
e of the 
ross se
tion asa fun
tion of t for the �0 and � mesons2 [1℄. The slopes are �0 = �0:02 �0:05(stat:)+0:04�0:08(syst:) for the �0 meson and �0=�0:06�0:12(stat:)+0:05�0:09(syst:)for the � meson. These values are lower than the value �0 = 0:25 GeV�2,whi
h is 
hara
teristi
 of soft hadroni
 pro
esses at �t < 0:5 GeV2 andalso lower than those obtained in elasti
 ve
tor-meson photoprodu
tion atHERA for �t < 1:5 GeV2 [8, 9℄. This observation indi
ates that �0 de-
reases with in
reasing �t. The small value for �0 is 
onsistent with pQCDexpe
tations [10, 11℄.3.3. De
ay-angle analysis for the �0 and � mesonsThe angular distributions of the meson de
ay produ
ts were used to de-termine some of the �0 and � spin-density matrix elements. From the de
ayangular distribution W (
os�;'; �) [12℄, where �, ' and � are the de
ay2 The inter
ept of the Pomeron traje
tory is not measured, sin
e it is a�e
ted by large
orellated systemati
 un
ertainties.
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tive Photoprodu
tion . . . 3545angles de�ned in the s-
hannel heli
ity frame3, three matrix elements wereevaluated: r0400, 
orresponding to the probability that the meson is produ
edin the heli
ity 0 state and Re [r0410℄ and r041�1 
orresponding to the interferen
ebetween the heli
ity non-�ip amplitude and single or double heli
ity-�ip am-plitude, respe
tively. If s-
hannel heli
ity 
onservation (SCHC) holds, thematrix elements r0400, Re [r0410℄ and r041�1 are zero.In Fig. 3 the values of r0400 and r041�1 for the �0 and � mesons are displayedas fun
tion of t, together with ZEUS measurements at lower �t [13℄. Thesmall values of r0400 indi
ate that the heli
ity single-�ip probability is smallover the t entire range. However, the non-zero values of Re [r0410℄ indi
ate aheli
ity single-�ip 
ontribution at the level of a few per
ent. The non-zerovalues of r041�1 show 
lear eviden
e for a heli
ity double-�ip 
ontribution.
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Fig. 3. The values of (a) r0400 , (b) Re [r0410 ℄ and (
) r041�1 for proton-disso
iative �0(left) and � (right) photoprodu
tion as a fun
tion of �t. The inner bars indi
atethe statisti
al error and the outer bars represent the statisti
al and systemati
un
ertainties added in quadrature. The dashed line shows the SCHC predi
tion.3 The s-
hannel heli
ity frame is de�ned as the rest frame of the meson in whi
h themeson dire
tion in 
p 
entre-of-mass frame is taken as the quantization axis.



3546 K. Klimek3.4. Con
lusionsIn 
on
lusion, these results imply that large values of �t 
an provide asuitable hard s
ale for perturbative QCD 
al
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