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DIFFRACTIVE � MESON ELECTROPRODUCTIONAT HIGH Q2 AND HIGH jtj�Xavier JanssenyOn behalf of the H1 CollaborationUniversité Libre de BruxellesBd du Triomphe, CP 230, B-1050 Brussels, Belgiume-mail: janssen�hep.iihe.a
.be(Re
eived July 3, 2002)The ele
troprodu
tion of � mesons is studied at HERA with the H1dete
tor at high Q2 and high jtj. Cross se
tions are measured as a fun
tionof Q2, W and t. The W dependen
e of the 
�p 
ross se
tion is observedto in
rease with Q2 from values 
ompatible with soft Pomeron ex
hange atlow Q2 to a hard dependen
e at large Q2. Spin density matrix elementsare measured and their dependen
e is 
ompared with a two gluon ex
hangemodel.PACS numbers: 13.60.Le 1. Introdu
tionWe present results on the di�ra
tive ele
troprodu
tion of � mesons in eps
attering at high energy: ep! e�Y , �! �+��, where Y is either a proton(�elasti
� s
attering) or a baryoni
 system of mass MY mu
h lower than the
�p 
enter of mass (
ms) energy W (�proton disso
iative� s
attering.)At low Q2, the modulus of the intermediate photon four-momentumsquared, the 
�p 
ross se
tion is 
hara
terized by a �soft� energy dependen
edue to pomeron (P) ex
hange with d�=dt / W 4(�P(t)�1), where the softpomeron traje
tory is parametrized [1℄ as �P(t) = �P(0) � �0 jtj ' 1:08 �0:25 jtj, t being the square of the four-momentum transfer to the proton.For Q2 larger than a few GeV2, perturbative QCD (pQCD) is expe
tedto apply and di�ra
tive � produ
tion is viewed in the proton rest frame as� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.y The author is supported by the F.R.I.A (Belgium).(3529)



3530 X. Janssena sequen
e of three pro
esses well separated in time: the photon �u
tuationinto a q�q pair, the hard intera
tion of the q�q pair with the proton via theex
hange of two gluons in a 
olor-singlet state, and the q�q pair re
ombinationinto a real � meson. The 
ross se
tion is then proportional to the squareof the gluon density in the proton whi
h provides a fast in
rease of the 
�p
ross se
tion with the energy (�hard� behavior) [2℄.The data, taken with the H1 dete
tor in 1997 and 2000, 
orrespondto integrated luminosities of 6 pb�1 and 42 pb�1, respe
tively. The 1997data are dedi
ated to the study of the �high jtj� regime [3℄ in the kinemati
domain jtj < 3 GeV2, 2:5 < Q2 < 30 GeV2 and 40 < W < 120 GeV.This sample in
ludes both elasti
 and proton disso
iative events. The �highQ2� regime is investigated using the 2000 data in the kinemati
 domain2:5 < Q2 < 60 GeV2, 40 < W < 180 GeV and jtj < 0:5 GeV2 (elasti

hannel only). 2. Cross se
tionsThe Q2 dependen
e of the 
�p ! �p 
ross se
tion for W = 95 GeV ispresented in Fig. 1(a). A �t of the form d�dQ2 / 1=(Q2 +m2�)n for the range8<Q2<60GeV2 results in n = 2:60 � 0:04 (full line).
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(a) (b)Fig. 1. (a) �(
�p ! �p) as a fun
tion of Q2 for W = 95 GeV, together withprevious measurements [4, 5℄. Full line: see text. (b) Results of �ts to exponentialdistributions of the t dependen
e of �(
�p ! �p), presented as a fun
tion of Q2together with previous results from � [4�6℄ and J= [7℄ measurements.



Di�ra
tive � Meson Ele
troprodu
tion at High Q2 : : : 3531The t dependen
e of the 
ross se
tion is parametrized as d�dt /exp(�bjtj).Measured values of the b parameter are shown as a fun
tion ofQ2 in Fig. 1(b):b de
reases as Q2 in
reases, re�e
ting the de
rease of the transverse size ofthe q�q pair, down to values 
lose to that of the J= in photoprodu
tion [7℄.The W dependen
e of the 
�p ! �p 
ross se
tion, parametrised as�(W ) / W Æ, has been measured in four Q2 intervals (Fig. 2). A 
leartransition from a �soft� to a �hard� behavior is observed when Q2 in
reases,rea
hing values similar to the J= in photoprodu
tion [7℄, where the 
harmquark mass a
ts as a hard s
ale in pQCD.
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(a) (b)Fig. 2. (a) �(
�p! �p) as a fun
tion of W in four Q2 intervals. (b) Results of �tsof the form W Æ to the W dependen
e of �(
�p! �p) (full lines in (a)), presentedas a fun
tion of Q2 together with previous � [4, 8℄ and J= [7℄ measurements.3. Spin density matrix elementsThe measurement of the produ
tion and de
ay angular distributionsgives a

ess to the spin density matrix elements, whi
h 
hara
terise theheli
ity states of the photon and the � meson, and whi
h are bilinear 
om-binations of the heli
ity amplitudes T���
 [9℄, where ��,�
 = �1; 0; 1 standfor the heli
ities of the � meson and the photon, respe
tively. The ma-trix element r0400 and the 
ombinations r500 + 2r511 and r100 + 2r111 have beenmeasured for the �high jtj� and the �high Q2� data samples.Assuming s-
hannel heli
ity 
onservation (SCHC), the heli
ity of the �meson and the photon are the same and the 
ombinations r500 + 2r511 and



3532 X. Janssenr100 + 2r111 vanish. Cal
ulations based on pQCD [10, 11℄ predi
t SCHC vio-lations with the following qualitative t dependen
es: a ratio 
onstant with tfor the heli
ity 
onserving amplitudes (T00 and T11), a pjtj dependen
e forthe ratio of the single heli
ity �ip (T01 and T10) to the non-�ip amplitudesand a linear dependen
e for the ratio of the double �ip (T1�1) to the non-�ipamplitudes. The matrix element r0400 is related to the ratio of the longitu-dinal to transverse non-�ip amplitudes; the t dependen
e of the r500 + 2r511
ombination is dominated by the T01 amplitude, and that of the r100 + 2r111
ombination by jT01j2.Fig. 3(a) presents R = �L=�T as a fun
tion of Q2, extra
ted from themeasurement of the r0400 matrix element. The signi�
ant in
rease of R withQ2 is 
ompatible with a pQCD based predi
tion [13℄, shown as a full line.
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(a) (b)Fig. 3. Measurements of (a) R = �L=�T as a fun
tion of Q2, together with pre-vious measurements [4�6, 12℄ (b) r0400 as a fun
tion of jtj, together with previousmeasurements [4, 14℄ Full lines: see text.The t dependen
e of the r0400 matrix element and of the 
ombinationsr500 + 2r511 and r100 + 2r111 are presented in Figs. 3(b) and 4. The expe
tedSCHC violation is 
on�rmed. The �high jtj� sample is well des
ribed by thepredi
tion based on the model from Ref. [10℄. The very weak dependen
e ofr0400 with jtj indi
ates that, in the measured range, the longitudinal and thetransverse 
ross se
tions have similar t dependen
es.



Di�ra
tive � Meson Ele
troprodu
tion at High Q2 : : : 3533
0

0.2

0.4

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
|t| [GeV2]

r5 00
 +

 2
 r

5 11

H1 ρ  electroproduction

H1 preliminary <Q2> = 15.9 GeV2

H1 97 diffractive <Q2> = 5 GeV2

H1 96 elastic <Q2> = 5 GeV2

ZEUS 95 <Q2> = 6.3 GeV2

-0.4

-0.2

0

0.2

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
|t| [GeV2]

r1 00
 +

 2
 r

1 11

SCHC

pQCD based model <Q2> = 5 GeV2

(a)
(b)

Fig. 4. Measurements of (a) r500 + 2r511 and (b) r100 + 2r111 as a fun
tion of jtj,together with previous measurements [4, 14℄. Full lines: see text.4. Con
lusionsThe ele
troprodu
tion of � mesons has been studied at HERA with theH1 dete
tor at high jtj and high Q2. The W dependen
e of the 
�p 
rossse
tion is observed to evolve with Q2 from a behaviour 
ompatible with softPomeron ex
hange at low Q2 to a hard dependen
e at large Q2. At highQ2, the W and the t dependen
es for � ele
troprodu
tion be
ome similar toJ= photoprodu
tion. The r0400 spin density matrix elements and the 
ombi-nations r500 + 2r511 and r100 + 2r111 have been measured as a fun
tion of t. Nosigni�
ant t dependen
e is observed for r0400, and the t dependen
es of ther500 + 2r511 and r100 + 2r111 
ombinations are in agreement with perturbativeQCD predi
tions.
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