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Abstract

This report is a short overview of experimental and theoattiesults inJ/y production in electron-proton collisions
at DESY HERA with special focus lying on recent developméntselastic photoproduction.
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1. Introduction parton inside the proton. In the uswalllinear factor-
ization, the initial parton is assumed to be on shell and
Collisions of electrons or positrons with protoreg| collinear to the proton. We obtain the hadronic cross

are among the particle reactions which have been in- section by folding the partonic ones with parton distri-
tensively used to study fierent mechanisms for heavy bution functions (PDFsJj,p(X), wherex is the longitu-
quarkonium production. In this report we limit our- dinal momentum fraction of the partonwhich can be a
selves to the production af/yy mesons, which have  gluon or (anti-)quark. Within the framework nbnrela-
an experimentally very clean signature due to the large tivistic QCD(NRQCD) [i], the partonid/y production
branching ratios of their leptonic decay modes. Let cross section factorizes further according to

us start with some definitions. lap collisions the

electron interacts with the proton almost entirely via a do(ep— J/y + X) = Z fdx fi/p(X)
bremsstrahlung photop In most reactions, this pho- in
ton is quasi-real, its squared momentu®? being very x do(ei — cgn] + X) (O”[n]) (1)

small. This kinematic region is callggzhotoproduction

while the region in which the photon retains a high vir- into perturbative short distance cross sectidmgei —
tuality Q? is calledleptoproduction A second way to  cC[n] + X) and long distance matrix elements (LDMEs)
classify the reactions is to look at the inelasticity vari- (0”“[n]), usually fitted to experimental data.can be
ablez = (pyy-Pp)/ (P, Pp)- In the proton rest framejis any intermediate Fock state, including color octet (CO)
the ratio of the photon momentum taken over by dhe states. According to NRQCD, eag»”’*[n]) scales
meson. Atvalues ~ 1, theJ/y absorbs nearly all ofthe ~ With a definite power of the relative quark velocity
photon momentum, and a rapidity gap can be observed.which then serves as an additional expansion parame-
This kinematic range is calleglasticor diffractive pro- ter besidesrs. The main contribution stems from the
duction. We call itelasticin case of a really exclusive N = 351 term, which equals theolor singlet model
ep — ep+ J/y process, andiftactive if during the (CSM) prediction and the next-to-leading contributions
reaction the initial proton evolves into a low lying nu- stem from intermediateS}), °S®¥, and®PY! CO states.

cleon resonance. The kinematic region witig 0.95is ~ Theideabehind using the f_actorization[ﬁ] method
called inelastic production, and inelastic leptoproduc- is that in quarkonium production processes with typical
tion is calleddeep inelastic scatteringP!S). hard scattering scales much lower than the collision en-

ergies, the longitudinal momentum fractiris so small
that the parton’s transverse momentknshould not be
2. Inelastic J/y production neglected. Therefore the initial parton i shell. The
partonic cross section, which is so far only evaluated
There are dierent models on the market which aim at leading order inx, is then convoluted withuninte-
to describe the inelastic production of heavy quarkonia. grated kr dependent PDFs, which are derived from the
In all these models, the photon interacts with only one usual gluon PDFs either in a BFKL[3] or DGLAPI [4]
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Figure 1: The transverse momentum squzﬂ%dphoton—proton invariant ma$¥ andz distributions of the inclusive inelastityys photoproduction
cross section. Leading order (LO) and next-to-leading ofé&O) predictions in NRQCD([8] including and not includirtge color octet (CO)
contributions are compared to H1 HERAZ [9] and HERAZ [10JadaThe color octet LDMEs used were obtained by a common fit éopih
distributions of CDF Tevatron data_|11] and the data of pdt These plots are taken over frdrh [8].

approach. Usually, only color singlet (CS) contributions < w0’ o Data(yp)
are considered fod/y production calculations in this g e T ema
formalism. The Monte Carlo program CASCADE [5] E 0T 1ir 29 G
simulates initial gluon radiation in such an approach. W g
D 10tk
2.1. Inelastic photoproduction yield g 107
. . 10°
Born level calculations for thd/y photoproduction
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yield have been performed in the color singlet model [6] ! 10
already in 1980, and the calculation including the color

octet stated [7] has been performed soon after the iNVeN-Figure 2: The H1 HERA2 data [10] compared to CASCADE [5] pre-
tion of NRQCD. While these leading order predictions dictions. Relative to figurl 1a, the cross section is dividgan aver-
do includeresolvedcontributions, in which the photon  aged photon flux factor 0.102. This plot is taken frén] [10].
interacts via its hadronic content, next-to-leading order
(NLO) contributions are so far only known for theect
processes.

Figure[d shows the result of our recent NLO NRQCD
analysis|[B] of the inclusive/y photoproduction cross
section using values for the CO LDMEs obtained from
a combined NLO fit to thepy distributions of CDF
Tevatron [Ell] and H1 HERA[[Q:{O]J/w production
data. The CS contributions alone undershoot the H1
data I[_;b] typically by a factor of three, which is how-
ever a much lesser deviation than in the hadroproduction
case. Our CS results are in agreement with previous
NLO CSM calculations|_L_1|ﬂ 4]. Apparentfiair-
ences to the early work df[_llZ] are only due téfeient
parameter choices. The sum of the CS and CO contri-
butions on the other hand describes the dafacsently
well. As for thez distribution, the cross section at low
zis expected to rise once we include the resolved pho- As for polarization observables, theoretical predic-
ton contribution. Near the high endpoint region, the  tions have been made for the color singlet contributions
NRQCD expansion is understood to break down, and at NLO [_'I_.;%,Eh]. The color octet contributions, how-
the NRQCD series could be resummed via the introduc- ever, are so far only known at leading orderl [20]. In
tion of universalshape functioniﬁ], possibly in the figure[3, these are compared to recent ZEUS data [21]

context of soft collinearféective theory|l_1|6]. The main
achievement of our recent wotk [8], which is a continu-
ation of ], is to show thal/ys photoproduction at H1
HERA and hadroproduction at CDF Tevatron, PHENIX
RHIC and CMS LHC can consistently be described by
a unique set of CO LDMEs.

Figure[2 shows the Monte Carlo results of CAS-
CADE compared to the same H1 HERA2 datd [10]. It
gives very good results, even though, according to the
author, there is no kind of tuning of CASCADE param-
eters to the data involved. The factorization calcu-
lation [18] also shows good agreement with Hi [9] and
ZEUS [19] HERAL data.

2.2. Polarization in inelastic photoproduction
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together with thékr factorization predictior@Z]. Here, the data, while we again see an overshoot of the CO

the polarization parametaris defined according to contributions at higlz.
d As for J/y polarization in DIS, no measurement and
. USQ =1+ 1co<6, (2) only the CSM calculatior{IiG] have been done so far.
co

whered is the polar angle of the decay-muons in the
target reference frame. Values = +1 (-1) corre-

spond to fully transversely (longitudinally) polarized | elastic or difractive J/y production, the photon
J/y mesons. Like in the H1 polarization analysis in  couples to the pair, which then in turn interacts with

1. which is done in the helicity and Collins-Soper the proton through the exchange of an object with vac-
frame, both theoretical and eXperimental errors are still uum quantum numbersy for examp|e two or more g|u_
too large to draw definite conclusions about the agree- gns. Within the two-gluon-ladder model, the leading

ment for the diferent production mechanisms. Specif- |ogarithms of this ladder can be resummed using BFKL
ically, no NLO calculation including CO contributions 3] evolution.

3. Elastic and diffractive J/¢ production

has been performed yet. In figurelB, difractiveJ/y photoproduction cross sec-
tions measured at ZEUS$ [27] and H11[28] are com-
2.3. Deep inelastic scattering pared to theoretical predictions using a DGLAP| [29] or
In contrast to inelastic photoproduction, DIS squared BFKL [,E’l] approach. Measurements for elaghi
matrix elements contain a further sc&&, which may ~ Production have been performed by the ZEUS [32, 33]
be one reason, why until now only leading order calcu- @nd H1 .35] collaborations for both photoproduction
lations have been performed fdfy production in DIS. [32/35] and leptoproduction [33,35].

In figure[2, the results of the NRQCD calculation![25],

thekr factorization calculatior [18] and CASCADE [5] 4. Conclusions

predictions are compared to ZEU@[ZS] and H1 data

[@]. Due to the large theoretical uncertainties, conclu-  Collisions of electrons or positrons and protons at
sions are dticult to be drawn, but the CS predictionin HERA have been a very important testing field for dif-
collinear factorizations again seems to lie rather below ferent models for the production of heavy quarkonia, of

3



Figure 5: The dierential difractive J/y» pho-
toproduction cross section with respect to
the absolute value of the squared momentum
transfer at the proton vertett and the photon-
proton invariant mas#/. The ZEUS[[27] and
H1 [28] data, both taken 1996-2000, are com-
pared to theoretical predictions_[30] (EMP),
[29] (GLMN) and [31] (FSZ). These plots are
taken from[[2/7].
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J/y in particular. The results must, of course, be seen in [13]
combination with quarkonium production in other parti-
cle reactions, for example in hadron collisions. The sim-
ple collinear factorization color singlet model seems to |15
be disfavored by inelastid/ys production data. There-
fore, promising attempts have been made to explain the
data either within NRQCD via the introduction of inter-
mediate color octet states or within tke factorization
approach. However, none of the models is ruled out yet.
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