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[H1: Schematic View]

Uranium Calorimeter
• !(E)/E = 18%√E for electrons
• !(E)/E = 35%/√E for hadrons

Central Tracker Resolution
• !(pt)/pt = 0.0058 pt/GeV " 0.0065

LAr Calorimeter
• !(E)/E = 12%/√E for electrons
• !(E)/E = 50%/√E for hadrons
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·Multipurpose experiments at the high energy frontier

·QCD measurements

·Electroweak physics

·Searches for new physics

HERA Physics
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FIGURE 2. (a) !s as a function of E
jet
T from H1 and ZEUS; (b) combined !s as a function of E

jet
T from

HERA jet data. In both figures, the QCD prediction for the running of ! s is also shown. In (a), the inner

error bars display the statistical uncertainties and the outer error bars display the systematic and theoretical

uncertainties added in quadrature. In (b), the inner (outer) error bars show the experimental (theoretical)
uncertainties.

The experimental uncertainty of this average is 0 9% and the theoretical uncertainty
amounts to 4%. There is still room for improvement when the next-to-NLO (NNLO)

calculations needed for the determination of the PDFs are included and when the NNLO
calculations needed for jet-based observables are finished.
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Figure 1: The data and the SM expectation for all event classes with a SM expectation greater

than 0.01 events. The analysed data sample corresponds to an integrated luminosity of 117 pb−1.

The error bands on the predictions include model uncertainties and experimental systematic

errors added in quadrature.
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Event Kinematics
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7

!!!!"#$%&'!()!*%+%$!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!,-&$./"01.!2$/#1340/"!&4!567!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!*%'/"!899:;!<$&=/>;!?@A:A9:

B,/C/1$!D34%4!,/"4$0E140/"'!F'/G4!HC1/"!$&#0&40/"I

J7K,L

M

Production Mechanisms

• Colour Octet Model (CO):

direct: γg → cc̄

cc̄ [8,2S+1 LJ]

resolved: gg → cc̄

Bodwin, Braaten, Lepage, 1995

cc̄ → J/ψ (+ soft gluons)

NRQCD+factorization:

σ(γ(∗)p → J/ψX) =
∑

σ̂(γp → cc̄[n]X)×LDME[n])

LDME not calculable, but universal, fixed from pp̄
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Background Contributions

from other J/ψ production processes

• diffractive J/ψ production

p

γ

X

J/ψ

proton dissociation

(z ≈ 1)

suppressed (∼ 2%) by cuts on:

– z < 0.9

– p∗t,ψ > 1 GeV

– # tracks ≥ 5 (H1)

• J/ψ from ψ′ decays: ψ′ → J/ψ π π
(∼ 15%)

• J/ψ from χc decays: χc → J/ψ γ
(1% up to 7% at the lowest z)

• J/ψ from B decays: B → J/ψ X
(5% up to 25% at the lowest z)

these backgrounds are not subtracted
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HERA Production Mechanisms

Inelastic p-dissociation Elastic

“resolved” (gg-fusion) direct ( g-fusion)
(z<0.3)        (z>0.3)

Cut on z, (fwd.) energy,
add'l tracks, ...

“Forward tagging”

 J/  from (2S) decays ( (2S) ! J/  and others) 
(not subtracted, measured, ~ 15%)

 J/  from 
c 
decays (not subtracted)

(1% of inelastic, up to 7% at lowest z)

 J/  from B decays (not subtracted)
(5% of inelastic, up to 25% at lowest z)

elastic

inelastic

resolved (hadron-like) direct

diffractive

Elasticity

MX ~ mp MX = mpMX >> mp

z~1z>0.05
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exchange of colourless stateboson-gluon fusion

p-dissociation
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·Backgrounds to inelastic sample (not subtracted):

·J/ψ from B decays (5% of inelastic, up to 25% at lowest z, resolved) 
·J/ψ from χc decays (1% of inelastic, up to 7% at lowest z, resolved)

·J/ψ from ψ(2S) decays (~15%, see later)

exchange of colourless stateboson-gluon fusion

Production Mechanisms

8
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Production Mechanisms

• Colour Octet Model (CO):

direct: γg → cc̄

cc̄ [8,2S+1 LJ]

resolved: gg → cc̄

Bodwin, Braaten, Lepage, 1995

cc̄ → J/ψ (+ soft gluons)

NRQCD+factorization:

σ(γ(∗)p → J/ψX) =
∑

σ̂(γp → cc̄[n]X)×LDME[n])

LDME not calculable, but universal, fixed from pp̄
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σJ/ψX =
∑

σ̂(pp̄ → cc̄[n]X) × LDME[n]
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σ(γ(∗)p → J/ψX) =
∑
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Production Mechanisms

• Colour Octet Model (CO):

direct: γg → cc̄

cc̄ [8,2S+1 LJ]

resolved: gg → cc̄

Bodwin, Braaten, Lepage, 1995

cc̄ → J/ψ (+ soft gluons)

NRQCD+factorization:

σ(γ(∗)p → J/ψX) =
∑

σ̂(γp → cc̄[n]X)×LDME[n])

LDME not calculable, but universal, fixed from pp̄
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σJ/ψX =
∑

σ̂(pp̄ → cc̄[n]X) × LDME[n]

Production Mechanisms

• Colour Octet Model (CO):

direct: γg → cc̄

cc̄ [8,2S+1 LJ]

resolved: gg → cc̄

Bodwin, Braaten, Lepage, 1995

cc̄ → J/ψ (+ soft gluons)

NRQCD+factorization:

σ(γ(∗)p → J/ψX) =
∑

σ̂(γp → cc̄[n]X)×LDME[n])

LDME not calculable, but universal, fixed from pp̄

Background Contributions

from other J/ψ production processes

• diffractive J/ψ production

p

γ

X

J/ψ

proton dissociation

(z ≈ 1)

suppressed (∼ 2%) by cuts on:

– z < 0.9

– p∗t,ψ > 1 GeV

– # tracks ≥ 5 (H1)

• J/ψ from ψ′ decays: ψ′ → J/ψ π π
(∼ 15%)

• J/ψ from χc decays: χc → J/ψ γ
(1% up to 7% at the lowest z)

• J/ψ from B decays: B → J/ψ X
(5% up to 25% at the lowest z)

these backgrounds are not subtracted
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HERA Production Mechanisms

Inelastic p-dissociation Elastic

“resolved” (gg-fusion) direct ( g-fusion)
(z<0.3)        (z>0.3)

Cut on z, (fwd.) energy,
add'l tracks, ...

“Forward tagging”

 J/  from (2S) decays ( (2S) ! J/  and others) 
(not subtracted, measured, ~ 15%)

 J/  from 
c 
decays (not subtracted)

(1% of inelastic, up to 7% at lowest z)

 J/  from B decays (not subtracted)
(5% of inelastic, up to 25% at lowest z)

p-dissociation elastic

inelastic

direct

diffractive

MX ~ mp MX = mpMX >> mp

Elasticity
z~1z>0.05 z~0.9

resolved (hadron-like)
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Elastic VM Production at HERA

9

Wealth of Measurements 
of elastic VM Production 
from HERA

Not covered in this talk
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Inelastic J/ψ Production

10

·Colour Singlet Model

Production Mechanisms

J/ψ is colourless

• Colour Singlet Model (CS) :

γ-’direct’: γg → cc̄g z ! 0.3

cc̄ [1,3 S1]

CS: one parameter:

fixed from Γ(J/ψ → l+l−)
LO: Berger et al, Baier et al, 1981

NLO (direct): Krämer et al, 1995

γ-’resolved’: gg → cc̄g z " 0.3
(photoproduction only)

Production Mechanisms

J/ψ is colourless

• Colour Singlet Model (CS) :

γ-’direct’: γg → cc̄g z ! 0.3

cc̄ [1,3 S1]

CS: one parameter:

fixed from Γ(J/ψ → l+l−)
LO: Berger et al, Baier et al, 1981

NLO (direct): Krämer et al, 1995

γ-’resolved’: gg → cc̄g z " 0.3
(photoproduction only)

Production Mechanisms

• Colour Octet Model (CO):

direct: γg → cc̄

cc̄ [8,2S+1 LJ]

resolved: gg → cc̄

Bodwin, Braaten, Lepage, 1995

cc̄ → J/ψ (+ soft gluons)

NRQCD+factorization:

σ(γ(∗)p → J/ψX) =
∑

σ̂(γp → cc̄[n]X)×LDME[n])

LDME not calculable, but universal, fixed from pp̄

CS: one parameter
fixed from Γ(J/ψ → "+"−) LO: Berger et al, Baier et al, 1981

NLO (direct): Kraemer et al, 1995

χc states are suppressed in (direct) ep and γp
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·Colour Octet Contributions (soft gluon radiation)

11

Production Mechanisms

• Colour Octet Model (CO):

direct: γg → cc̄

cc̄ [8,2S+1 LJ]

resolved: gg → cc̄

Bodwin, Braaten, Lepage, 1995

cc̄ → J/ψ (+ soft gluons)

NRQCD+factorization:

σ(γ(∗)p → J/ψX) =
∑

σ̂(γp → cc̄[n]X)×LDME[n])

LDME not calculable, but universal, fixed from pp̄

Production Mechanisms

• Colour Octet Model (CO):

direct: γg → cc̄

cc̄ [8,2S+1 LJ]

resolved: gg → cc̄

Bodwin, Braaten, Lepage, 1995

cc̄ → J/ψ (+ soft gluons)

NRQCD+factorization:

σ(γ(∗)p → J/ψX) =
∑

σ̂(γp → cc̄[n]X)×LDME[n])

LDME not calculable, but universal, fixed from pp̄

NRQCD-factorization:

Long distance matrix elements (LDME) - from NRQCD fits to Tevatron data

σJ/ψX =
∑

σ̂(pp̄ → cc̄[n]X) × LDME[n]

Production Mechanisms

• Colour Octet Model (CO):

direct: γg → cc̄

cc̄ [8,2S+1 LJ]

resolved: gg → cc̄

Bodwin, Braaten, Lepage, 1995

cc̄ → J/ψ (+ soft gluons)

NRQCD+factorization:

σ(γ(∗)p → J/ψX) =
∑

σ̂(γp → cc̄[n]X)×LDME[n])

LDME not calculable, but universal, fixed from pp̄

Inelastic J/ψ Production

Bodwin, Braaten, Lepage 1995
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Tevatron
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Figure 41: Differential cross sections for the production of direct J/ψ at the Tevatron as a

function of pt. The data points are CDF measurements from Run I [191, 192]. The dotted

curves are the CSM contributions. The solid curves are the NRQCD factorization fits, and the

other curves are individual color-octet contributions to the fits (taken from [165]).

poration model [171, 172] and soft color interactions [173]. Most recently the ansatz of non-

relativistic quantum chromodynamics (NRQCD) factorization was introduced in which colour

octet cc̄ states contribute to the charmonium production cross section.

Theoretical calculations based on the NRQCD factorization approach [174–176] are avail-

able in leading order [177–182]. In the NRQCD factorization approach the size of the color

octet contributions, which are described by long distance matrix elements (LDME), are addi-

tional free parameters and have been determined in fits to the Tevatron data [183]. The NRQCD

factorization approach contains the color singlet model which is recovered in the limit in which

the long distance matrix elements tend to zero.

For J/ψ and ψ(2S) photoproduction, the CSM calculations are available including next-to-

leading order contributions [184, 185]. Alternatively, using the CSM, inelastic J/ψ production

can be modeled in the kt factorization approach (see section 2.5) using an unintegrated (kt

dependent) gluon density in the proton [186, 187, 190].

Figure 41 shows data from CDF [191,192] together with CSM calculations to leading order

and fitted color octet contributions. It can be seen that the color octet contributions are large,

leading to a good description of the data. Unfortunately those long distance matrix elements

which are most important in J/ψ and ψ(2S) photoproduction at HERA, are not well constrained

by the Tevatron data and thus contain large uncertainties [165]. The new charmonium results

from the Tevatron Run-II (see e.g. fig. 7) which provide much more statistics and extend to lower

values of pt,ψ could help to reduce the uncertainties of the LDME significantly.

It should be noted that next-to-leading-order corrections might change the size of the color

octet contributions substantially. Although the NLO terms have not been calculated in the

NRQCD approach, effects that are similar to those in the CSM may be expected, in which the

56

J/ψ Production at CDF (Run-I)

-

CS(LO)
NRQCD

NRQCD calculations:
LO only
NLO still underway

NRQCD-factorization:

Test universality of LDME at other experiments (e.g. HERA, LEP, b-facts.)

σJ/ψX =
∑

σ̂(pp̄ → cc̄[n]X) × LDME[n]
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J/ψ Photoproduction at HERA
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Figure 42: The rate for inelastic J/ψ photoproduction at HERA as a function of a) z and b)
pt,ψ. The open band represents the LO NRQCD factorization prediction [165]. The shaded band

represents the NLO color-singlet contribution [165, 185]. The dotted line in b) denotes the LO

color-singlet contribution. The data points are from the H1 [29] and ZEUS [32] measurements.

NLO terms lead to an increase in the cross section of typically a factor two, with a strong pt,ψ

dependence.

Figure 42 shows the measurements of the J/ψ cross section by the H1 collaboration [29] and
the ZEUS collaboration [32], compared with the theoretical predictions given in Ref. [165]. The

variable z denotes the fraction of the photon energy in the proton rest frame that is transferred
to the J/ψ and is defined as

z =
(E − pz)J/ψ

(E − pz)hadrons
, (10)

where E and pz in the numerator are the energy and z-component of the momentum of the J/ψ
andE and pz in the denominator are the sums of the energies and z-components of the momenta
of all the hadrons in the final state.

The J/ψ data are not corrected for feeddown processes from diffractive and inelastic pro-
duction of ψ(2S) mesons (≈ 15%), the production of b hadrons with subsequent decays to
J/ψ mesons, or feeddown from the production of χc states. The latter two contributions are

estimated to contribute between 5% at medium z and 30% at the lowest values of z.

The open band in fig. 42 represents the sum of the color-singlet and color-octet contributions,

calculated in leading order NRQCD. The uncertainty is due to the uncertainty in the color-octet

NRQCD matrix elements. The shaded band shows the calculation of the color-singlet contri-

bution to next-to-leading order in αs [184, 185] which describes the data quite well without the

inclusion of a color-octet contribution. The next-to-leading-order QCD corrections are crucial

in describing the shape of the transverse-momentum distribution of the J/ψ.

57

CS (LO) too steep, too low (like in pp)
CS (NLO) alone describes data 

J/ψ in γp at HERA

CS(NLO)

CS(LO)

_

Color singlet model:
NLO calculation is available for γp

NLO (direct): Kraemer et al, 1995

LO NLO

NLONLO
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J/ψ Photoproduction at HERA
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Figure 9: Inelastic J/ψ production in the region 60 < Wγp < 240 GeV, 0.3 < z < 0.9 and
p2

t,ψ> 1 GeV2 in comparison with a kt factorisation model implemented in the Monte Carlo

generator CASCADE [15]. a) Differential cross section dσ/dz, b) σγp as a function of Wγp for

0.3 < z < 0.8 and c) dσ/dp2
t,ψ.
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Figure 9: Inelastic J/ψ production in the region 60 < Wγp < 240 GeV, 0.3 < z < 0.9 and
p2

t,ψ> 1 GeV2 in comparison with a kt factorisation model implemented in the Monte Carlo

generator CASCADE [15]. a) Differential cross section dσ/dz, b) σγp as a function of Wγp for

0.3 < z < 0.8 and c) dσ/dp2
t,ψ.
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_

H.Jung, 2001

M.Ciafaloni et al, 1988

CCFM evolution of unint. gluon density
contains part of NLO corrections

71H. Jung, QCD & Collider Physics II, Lecture 2 SuSe 2006

k
t
-factorization and collinear NLO

off-shell matrix elements (kt – factorization) includes part of NLO corrections:

even soft kt region is properly treated (not the case in part.level NLO calc)
in addition contributions to all orders are included
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  CS (NLO): z distribution reasonably well described
  CS+CO (LO): also ok 
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Figure 9: Inelastic J/ψ production in the region 60 < Wγp < 240 GeV, 0.3 < z < 0.9 and
p2

t,ψ> 1 GeV2 in comparison with a kt factorisation model implemented in the Monte Carlo

generator CASCADE [15]. a) Differential cross section dσ/dz, b) σγp as a function of Wγp for

0.3 < z < 0.8 and c) dσ/dp2
t,ψ.
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J/ψ Photoproduction at HERA

  CASCADE: too low at large z

z =

Eψ

Eγ

in p rest frame
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z-Distribution

Q2 < 1 GeV2, 60 < Wγp < 240 GeV
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J/ψ Photoproduction
Andreas B. Meyer, Hamburg University 9

LO Color-Octet Contribution 
→no hard gluon
→rises to large z 

Color Singlet contribution: 
→hard gluon
→falling off at large z 

16

z-Distribution

Theory curves scaled by factor 2 
w.r.t absolute prediction
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Soft gluons resummed:

M. Beneke, G. A. Schuler and S. Wolf

Phys. Rev. D !" (2000) 034004

J/ψ Photoproduction
Andreas B. Meyer, Hamburg University 9-a

soft Color Octet gluons resummed:
→reasonable description of shape

M.Beneke, G.A. Schuler, S.Wolf

z-Distribution

17

LO Color-Octet Contribution 
→no hard gluon
→rises to large z 

Color Singlet contribution: 
→hard gluon
→falling off at large z Theory curves scaled by factor 2 

w.r.t absolute prediction
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Compare with J/ψ at b-factories

18

Belle e+e- →J/ψX

Color singlet:

resummed NRQCD
(normalised to data,
absolute normalization
too low)

Dominant 
color octet:

data falling towards p* endpoint

BaBar e+e- →J/ψX

CSM (absolute 
normalization)

singularity at large z,
(as for NRQCD at HERA)

gluon resummation to 
describe data at endpoint

S.Fleming, A.K.Leibovich and T.Mehen 2003
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ψ(2S) Contribution
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Energy-Dependence
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Fit Wδ:  δ ~ 0.49 ± 0.16 δ ~ 0.77 ± 0.14 ± 0.10 (lowest t-bin)
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Data confirm expected trend

z>0.95, |t|>2 GeV20.3<z<0.9
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Comparison with Inelastic Data at lower z

z > 0.95, Q2 < 1 GeV2, 50 < Wγp < 150 GeV
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Data at large z somewhat steeper

0.3<z<0.9 z>0.95, |t|>2 GeV2
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Prompt J/  Polarization

Need to take into account (2S) and 

c
  contributions

Data do not show a trend towards 
transverse polarization at large p

T

Phenomenological models give 
better description

! E.g. colour evaporation model: mostly 
unpolarized J/  at large p

T

Braaten, Kniehl, Lee
hep-ph/9911436

Helicity Studies

• SCHC: J/ψ keeps the helicity of the photon

• The SCHC can be tested by measurements of the angular distributions,
θ∗, φ∗, Φ(Φ only measured in electroproduction)

13

CDF Run-I
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J/  Polarization

All CDF Run 1 data, L dt  110 pb-1

p
T 
> 4 GeV,  |y| < 0.6

Small acceptance at large |cos |
2 fit using templates for longitudinal and transverse polarization

d d cos 1 cos 2

1 transverse
1 longitudinal

CDF, PRL 85 (2000) 2886

J/ψ-Polarization

NRQCD predicts transverse polarization at large pt,ψ

Test of NRQCD indep. of normalization uncertainties

CDF measurement:

Measure J/ψ polarization in decay angular distributions

cos θ∗ : angle of µ+ relative to proton in J/ψ rest frame
cosΦ∗: angle of µ+ in plane perpendicular to incoming photon

1

σ

dσ

d cos θ∗
∝ 1 + λ cos2 θ∗

1

σ

dσ

dΦ∗ ∝ 1 +
λ

3
+

ν

3
cos2Φ∗

λ(= α) = +1 : transverse polarization
λ(= α) = −1 : longitudinal polarization

,GD!71"QR
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Prompt J/  Polarization

Need to take into account (2S) and 

c
  contributions

Data do not show a trend towards 
transverse polarization at large p

T

Phenomenological models give 
better description

! E.g. colour evaporation model: mostly 
unpolarized J/  at large p

T

Braaten, Kniehl, Lee
hep-ph/9911436

λ = +1: transverse polarisation 

λ

·Firm NRQCD Prediction:

·Transverse polarization at high transverse momentum 
(from gluon splitting)
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J/ψ Polarisation at HERA
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Fig. 5.18: Polarization parameters (left panels) and (right panels) in the target rest frame as functions of (top panels) and

(bottom panels). The error bars on the data points correspond to the total experimental error. The theoretical calculations

shown are from the NRQCD approach [167] (shaded bands) with color-octet and color-singlet contributions, while the curves

show the result from the color-singlet contribution separately.

341

pt -range at HERA: 
too low for gluon splitting

Results not conclusive yet:
→ more stats. underway
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Backup
Polarization: Photoproduction
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J/ψ Polarisation 
at the Tevatron
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Prompt J/  Polarization

Need to take into account (2S) and 

c
  contributions

Data do not show a trend towards 
transverse polarization at large p

T

Phenomenological models give 
better description

! E.g. colour evaporation model: mostly 
unpolarized J/  at large p

T

Braaten, Kniehl, Lee
hep-ph/9911436

CDF Run-I
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J/ψ Electroproduction
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Figure 3: Differential cross sections for the reaction e p → e J/ψ X in the
kinematic region 2 < Q2 < 80 GeV 2, 50 < W < 250 GeV , 0.2 < z < 0.9 and
−1.6 < Ylab < 1.3 as a function of (a) z, (c) Q2 and (e) W . The inner error bars
of the data points show the statistical uncertainty; the outer bars show statistical
and systematic uncertainties added in quadrature. The data are compared to LO
NRQCD predictions, a LO CS calculation, a prediction in the kT–factorisation ap-
proach within the CSM and the Cascade MC predictions. (b), (d) and (f) show
the data and the theoretical predictions normalised to unit area.
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CS (LO) alone agrees with data within errors
Full NRQCD (LO) too high
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Figure 3: Differential cross sections for the reaction e p → e J/ψ X in the
kinematic region 2 < Q2 < 80 GeV 2, 50 < W < 250 GeV , 0.2 < z < 0.9 and
−1.6 < Ylab < 1.3 as a function of (a) z, (c) Q2 and (e) W . The inner error bars
of the data points show the statistical uncertainty; the outer bars show statistical
and systematic uncertainties added in quadrature. The data are compared to LO
NRQCD predictions, a LO CS calculation, a prediction in the kT–factorisation ap-
proach within the CSM and the Cascade MC predictions. (b), (d) and (f) show
the data and the theoretical predictions normalised to unit area.
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NRQCD

CS(LO)

Event Kinematics

e(k)

e(k′)

p(P) X

γ∗(q)

g(pg)

J/ψ(pψ)
s

−Q2

Wγp

kinematic variables:

Q2 = −q2

s = (P + k)2

Wγp =
√

(P + q)2

z =
pψ · P
q · P

=
E∗

ψ

E∗
γ

in p rest frame

photoproduction (Q2 < 1GeV2):

scattered e not seen in main detector

electroproduction (2 < Q2 < 100GeV2):

scattered e detected in backward calorimeter

Q2>2 GeV2

Kniehl, Zwirner 2001
Lipatov, Zotov 2002
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·Agreement between ZEUS and H1 data

·CS underestimates normalization but describes shape 

·CS+CO too high at high z

·CS with kt-factorization ok

Brugnera Riccardo 13 22/ 7/ 2005

HEP 2005 Charmonium production

  Comparison with H1: d /dz and 1/ d /dz
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H1 kinematic range:
   2 <  Q2 <  100 GeV2

 50 <  W <  225 GeV
0.3 <   z <  0.9
   p*2

T >  1GeV2

 Agreement between H1           
   and ZEUS data
 CS underestimates the norm.  

   but describes the shape 
 CS+ CO too high at high z
 CS with kt- factorization          

   agrees with the data 
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Figure 6: Differential cross sections for the reaction e p → e J/ψ X in the kine-
matic region 2 < Q2 < 100 GeV 2, 50 < W < 225 GeV , 0.3 < z < 0.9 and
p∗2T > 1 GeV 2 as a function of (a) z, (c) p∗2T and (e) Y ∗. The inner error bars
of the data points show the statistical uncertainty; the outer bars show statistical
and systematic uncertainties added in quadrature. The ZEUS and H1 data are
compared to LO NRQCD predictions, a LO CS calculation, a prediction in the kT–
factorisation approach within the CSM and the Cascade MC predictions. The H1
data points are plotted at the mean value of the data in each interval [14]. The
ZEUS data for the p∗2T differential cross section are plotted at the weighted mean,
for each bin, of the Epjpsi MC prediction. (b), (d) and (f) show the data and the
theoretical predictions normalised to unit area.
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Additional cut on pt* > 1GeV:
remove regions of largest theor. uncertainty

J/ψ Electroproduction
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Conclusions

·Published Measurements: HERA-I

·ZEUS and H1 measurements of cross sections and helicity in agreement

·Wealth of measurements of elastic vector meson production (not covered in this talk)

·Color singlet model @ NLO or using kt-factorization describes γp data well
·NRQCD (LO) predictions not satisfactory at HERA (or other experiments) 

·Upcoming Measurements: HERA-II 

·Increased Luminosity, improved Statistics

·Larger Q2, pt, Polarization

·Measure contributions from B-decays

·Look for CO contributions in Xc production at medium z, (where CS is suppressed)

28

Description of Charmonium Production still causing trouble

Expect improved measurements and theory calculations
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Outlook

29

! 520,56pb-1 luminosity was delivered in 1992-2005.

! The luminosity production of 225pb-1 and 150pb-1 in the years 2006 and 2007 

expected, when HERA works with the same efficiency as in 2005. It makes about 

41% of the overall luminosity production in HERA in the years 1992-2007.

! Introducing the further luminosity upgrade program, the more challenging goals of 

260pb-1 and 175pb-1 in 2006 and 2007 could be aimed to. 
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DESY Grömitz  28-30.11 Yauhen Kot

published data recording and analysis

HERA-I HERA-II

30-40% of Integrated Luminosity still ahead


