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INELASTIC J= PHOTO- ANDELECTROPRODUCTION�Katja Krügeryon behalf of the H1 CollaborationInst. f. Experimentalphysik, Universität HamburgLuruper Chaussee 149, 22761 Hamburg, Germany(Re
eived July 5, 2002)Re
ent results from the H1 experiment on inelasti
 J= photo- andele
troprodu
tion in ep 
ollisions are presented. The 
omplete HERA Idata, 
orresponding to an integrated luminosity of� 80 pb�1, are 
omparedto Colour Singlet Model (CSM) predi
tions and 
al
ulations based on non-relativisti
 QCD. First measurements of the polarisation of the J= mesonare shown.PACS numbers: 13.60.Le 1. Introdu
tionInelasti
 J= produ
tion in ep 
ollisions is dominated by the pro
ess ofphoton�gluon�gluon fusion where a photon from the in
oming ele
tron anda gluon from the proton produ
e a 
�
 pair. This pro
ess 
an be 
al
ulatedwithin the framework of Non-Relativisti
 QCD (NRQCD) where the 
rossse
tion is a sum over all possible intermediate 
�
 states, in
luding ColourSinglet (CS) and also Colour O
tet (CO) states. The amplitude for ea
h
�
 state with de�nite 
olour and angular momentum fa
torises into a shortdistan
e term whi
h 
an be 
al
ulated in NRQCD and a Long Distan
eMatrix Element (LDME) des
ribing the transition to a J= whi
h is not
al
ulable at present. Previous HERA measurements show good agreementwith the 
olour singlet term alone, whi
h is the only term taken into a

ountin the 
olour singlet model, but small 
olour o
tet 
ontributions 
ould notbe ex
luded. In 
ontrast to this J= produ
tion in p�p 
ollisions [1℄ 
an onlybe des
ribed by adding 
olour o
tet 
ontributions.� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.y Present address: EP Division, CERN, 1211 Geneva 23, Switzerland.(3201)



3202 K. KrügerAt HERA two kinemati
 domains are distinguished: in photoprodu
tion(Q2 < 1GeV2) the ex
hanged photons are quasi-real, in ele
troprodu
tionthey have a higher virtuality (Q2 > 2GeV2).2. Photoprodu
tionDue to the small virtuality of the ex
hanged photon in the photoprodu
-tion region, pro
esses with resolved photons, predominantly gluon�gluon-fusion, are expe
ted to 
ontribute to inelasti
 J= produ
tion. For thesepro
esses the elasti
ity z, the fra
tional energy transfer from the photonto the J= meson, is small, while in the region of higher elasti
ities z the�dire
t� photon�gluon-fusion me
hanism dominates. The data [2℄ are studiedin two regions: �medium� elasti
ity de�ned as 0:3 < z < 0:9, and �low� elas-ti
ity 0:05 < z < 0:45, both restri
ted in the squared transverse momentumof the J= meson in the laboratory system to p2t; > 1GeV2.2.1. Colour singlet model in NLOCal
ulations in the Colour Singlet Model exist in next-to-leading order(NLO) for the dire
t photon�gluon-fusion pro
ess [3℄ and are 
ompared todata in the �medium� elasti
ity range 0:3 < z < 0:9 (Fig. 1). The CSMpredi
tion in NLO des
ribes well the dependen
es on the photon�proton
enter-of-mass energy W
p, the elasti
ity z and the squared transverse mo-mentum p2t; of the J= meson in the laboratory system, while the LO
al
ulation is mu
h too steep in p2t; .
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Fig. 1. (a) Total J= photoprodu
tion 
ross se
tion as a fun
tion of W
p anddi�erential 
ross se
tions as fun
tions of (b) p2t; and (
) z. The data are 
omparedto CSM 
al
ulations in LO and NLO. The shaded band shows the normalisationun
ertainties due to variations of �s and the 
harm mass m
; the dashed (dash-dotted) 
urve is 
al
ulated with m
 = 1:3(1:4)GeV, �s(MZ) = 0:1175(0:1225).
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troprodu
tion 32032.2. Non-relativisti
 QCDThe elasti
ity distribution (Fig. 2(a)) 
an be des
ribed in the whole rangeby leading order NRQCD 
al
ulations [4,5℄ with LDMEs for the 
olour o
tet
ontributions at the lower end of the range allowed by the Tevatron data.The 
olour singlet part alone (in LO) has problems to des
ribe the low zregion. Adding resolved 
ontributions improves the des
ription for both fullNRQCD and the CSM.The steeper rise of the NRQCD 
al
ulations towards high z than thatin the data may be due to phase spa
e limitations for the emission of softgluons in the transition from the 
�
 state to the J= meson whi
h are not
onsidered in [4, 5℄. A resummation [6℄ of the non-relativisti
 expansion,whi
h is valid at large pt; , leads to a 
onsiderable redu
tion of the in
reaseand better agreement with the data (Fig. 2(b)).
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Fig. 2. (a) Di�erential J= photoprodu
tion 
ross se
tion as a fun
tion of z forlow and medium elasti
ities. The data are 
ompared to NRQCD 
al
ulations [4,5℄.The shaded band shows the un
ertainty due to the LDMEs. (b) Di�erential 
rossse
tion as a fun
tion of z for pt; > 3GeV in 
omparison with a resummed NRQCD
al
ulation [6℄ (s
aled by a fa
tor 3). The parameter � des
ribes the energy loss ofthe J= due to soft gluon emission.3. Ele
troprodu
tionThe inelasti
 ele
troprodu
tion of J= mesons [7℄ is studied in the re-gion 2 < Q2 < 100GeV2 for medium elasti
ities 0:3 < z < 0:9. In addi-tion the squared transverse momentum of the J= meson in the photon-proton 
enter-of-mass system is restri
ted to p�2t; > 1GeV2. Neither the fullNRQCD 
al
ulation [8℄ nor the 
olour singlet part 
an des
ribe the data innormalisation (Fig. 3(a), (b)). At high Q2 and p�2t; , where the theoreti
al
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Fig. 3. Di�erential J= ele
troprodu
tion 
ross se
tion as a fun
tion of (a) Q2 and(b) p�2t; . (
) Normalised di�erential 
ross se
tion as a fun
tion of z. The data are
ompared to a full NRQCD 
al
ulation [8℄ (dark grey) and to the 
olour singlet
ontribution alone (light grey). The bands show the theoreti
al un
ertainties.un
ertainties are expe
ted to be smaller, agreement with the full NRQCDpredi
tion is found. The CSM predi
tion falls too steeply in p�2t; . Thismay be due to missing higher order 
ontributions in this LO 
al
ulation(
f. Fig. 1(
) in photoprodu
tion). The dependen
e of the 
ross se
tionon z, however, is well des
ribed by the CS 
ontribution, while the 
al
u-lation in
luding the CO 
ontributions rises too strongly towards large z.On
e again this may be due to phase spa
e limitations for the emission ofsoft gluons. 4. PolarisationThe polarisation of the J= meson o�ers the possibility to study its pro-du
tion me
hanism without normalisation un
ertainties. The polarisationparameter � is extra
ted from a �t of the form d�=d 
os �� / 1 + � 
os2 ��to the dependen
e of the 
ross se
tion on ��, the polar angle of the positivede
ay lepton in the J= rest system. The 
ases � = 1 and �1 
orrespondto transverse and longitudinal polarisation of the J= meson, respe
tively.In ele
troprodu
tion (Fig. 4(a)) a value � = �0:1+0:4�0:3 
ompatible withunpolarised J= mesons and also 
ompatible with the predi
tion of a ktfa
torisation approa
h [9℄ is found. This approa
h takes only CS statesinto a

ount, but as
ribes intrinsi
 transverse momentum to the gluonsinside the proton. In photoprodu
tion positive values for � are preferred(Fig. 4(b), (
)). The de
rease of � with in
reasing z is neither predi
tedby the NRQCD 
al
ulations [10℄ nor by the 
al
ulation based on a kt fa
-torisation approa
h [9℄, while a de
rease with pt; is expe
ted for the ktfa
torisation approa
h. The errors in the data pre
lude any �rm 
on
lu-sions.
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Fig. 4. (a) Normalised di�erential 
ross se
tion as a fun
tion of �� in ele
tropro-du
tion. The light grey band shows the 1� region of a �t to the data (see text),the dashed line the predi
tion of a kt fa
torisation approa
h [9℄. Polarisation pa-rameter � as a fun
tion of (b) z and (
) pt; in photoprodu
tion. The data are
ompared to NRQCD 
al
ulations [10℄ (dashed line, grey band) and the predi
tionof a kt fa
torisation approa
h [9℄.5. Summary and 
on
lusionsNew results of the H1 
ollaboration on inelasti
 J= photo- and ele
tro-produ
tion were presented and 
ompared to predi
tions in the 
olour singletmodel and 
al
ulations based on non-relativisti
 QCD. In photoprodu
tionagreement is found with the CSM in next-to-leading order and NRQCD
al
ulations with small 
olour o
tet 
ontributions. In ele
troprodu
tion theCSM in leading order 
annot des
ribe the normalisation and the Q2 and p�2t; dependen
es. The full NRQCD 
al
ulation is in agreement with the data atlarge Q2 and p�2t; , but fails to des
ribe the elasti
ity distribution. Polarisa-tion measurements provide information on the J= produ
tion me
hanismindependent of normalisation un
ertainties, but the present un
ertainties inthe data prevent any �rm 
on
lusions.
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