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Introduction

® Quarkonium production =

QQ creation (short-distance scales) ®
bound state formation (long-distance scales)

® Boson-Gluon Fusion (DIS) ®

different approaches to parton dynamics and
QQ bound state formation

® (Colour Singlet Model:
— QQ must have quantum numbers of Quarkonium
— one phenomenological parameter fixed from A decay width
— failed to describe high-py quarkonia production

at Tevatron by orders of magnitude = what about HERA?
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Introduction (cont’d)

® NRQCD factorisation formalism:
— QQ in Colour Octet states must contribute to Quarkonium
prod uction (evolution into physical Quarkonium via soft gluon emission
at long-distance scales)

— “QQ — Quarkonium” transition parametrised using a
(universal) set of Long Distance Matrix Elements; currently
fixed from hadroproduction or B-decays data =
can HERA data be included in this global analysis?

® kp-factorisation approach:
— non-collinear parton dynamics (BFKL evolution equations)
— o = unintegrated (transverse momentum dependent)
gluon densities @Q off-shell matrix elements
— less significant CO contributions than in NRQCD
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Introduction (cont’d)

z: fraction of virtual photon energy transfered to J/v¢ (in proton rest frame)

resolved photon processes (z < 0.2)
suppressed at high Q?

direct photon processes (z 2 0.2)

CQO: contributes significantly at high z; CQO: significant contributions;

delicate phase space region;
resummation technique needed

Elastic/diffractive phenomena must be eliminated (not accounted for in theory

analogy to hadroproduction
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World DATA vs NRQCD
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Photoproduction: DATA vs NLO CSM
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Photoproduction: DATA vs LO NRQCD
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e H1l DATA: 120 < W < 260 GeV, pz > 1 GeV?;
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® Calculations by Kramer (CS4+CO LO), Kniehl and Kramer (CS4+CO HO
improved), Beneke, Schuler and Wolf (solid lines)

® Resolved contributions improve description at low z
® Resummation improves at high z, but large uncertainties
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Photoproduction: polarisation
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Photoproduction: o,25)/7(1s)
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® flat, consistent with 0.24 from LO CS
prediction, the same production mecha-
nism for ’'s

® estimate of J/¢ fraction coming from
' cascade decays consistent with expec-
tations (15%); NLO theoretical predic-
tions scaled by 1.15
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Photoproduction: DATA vs CASCADE
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Electroproduction: DATA vs LO NRQCD
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Electroproduction: NRQCD & kt

ZEUS
C\IA 3 I T \\‘ I I I I T TT \‘ I T T
o 107 e ZEUS (prel.) 1998-2000 =
O L |
S L |
~ 10°%= s —
I:I l_ = o ]
o C i
E = |
(=) - ]
< 10 - _
- [ Kz (Ccs+Cco) s
L] Kz (s .
f N\ &
-1 z===-- LZ (kt, CS) rev. June 03 N

10 = —
SRR LZ (CS) rev. June 03 =
_27 n
10 = —
E | N S

10 " 1 10 10
P 2 (GeV?

e ZEUS DATA:
50 < W < 250 GeV,
2 < Q2 < 80 GeV?,
0.2 < z2<0.9,

—16 <Y <13

® | O NRQCD by Kniehl
and Zwirner, p? = QQ—I—Mi

® Lkpr-factorisation within
CSM by Lipatov and
Zotov, u? = q7 (qr:
virtuality of initial gluon)

® [Lr-factorisation: higher
order corrections are
effectively included, but
still pr spectrum too soft
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Electroproduction: NRQCD & kt

do/dz (pb)

2500

2000

1500

1000

500

ZEUS

ZEUS (prel.) 1998-2000 .

KZ (CS+CO)
KZ (CS)

LZ (kt, CS)
LZ (CS)

900

800

do/dY" (pb)

700

— 600

500

400

: 300

200

100

ZEUS

® ZEUS (prel.) 1998-2000

KZ (CS+CO)
KZ (CS)

LZ (kt, CS) rev. June 03
LZ (CS) rev. June 03

® NRQCD: missing higher order corrections or resummation procedure

at high z7

® Lr-factorisation within CSM describes data reasonably well
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HERA II prospects

Upgraded detector:
— improved reconstruction efficiencies
— improved background rejection (beauty)

Larger statistics = smaller uncertainties = more decisive tests:

— especially helpfull for polarisation studies
— polarisation at lower z (resolved photon, CO sensitive)

* Higher Q2 and p# reachable:
— smaller theoretical uncertainties, total x-section asymptotic

behaviour directly probes CO matrix elements
— overlap with pr range available at Tevatron
— polarisation properties more pronounced
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HERA 1II prospects (cont’d)

® ¢ (— J/v¥v) production: leading CS process supressed,
only CO contributes

® Associated J/y¥ 4 v: region of intermediate
and large values of z dominated by CO

® Y suppressed by some two orders of magnitude
w.r.t. J/¢ = given 0.5 — 1fb~1 of collected lumi (now
too optimistic?), statistics < 100 events
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Conclusions

® Photoproduction:

— NLO corrections are essential to describe medium- and
high-z, high-p data within CSM

— at low z resolved photon contributions improve
description, but contributions from B-decays
and higher mass charmonium states are not
accounted for in data

— Improvement in statistics is needed to make
polarisation measurements conclusive
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Conclusions (cont’d)

® FElectroproduction:
— LO CS contributions are below data; LO CS transverse
momenta spectra are too soft (NLO?)

— LO NRQCD calculations above data at high z, describe
data well at high Q2 and transverse momenta

— kp-factorisation within CSM calculation describes data well,
except softer p

® Theoretical uncertainties (higher order corrections, soft gluon
emission treatment) as well as experimental errors too large
to constrain CO contributions

® Good prospects of HERA II: many things to do and improve!
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