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Abstract

Diffractive photoproduction of D∗± mesons has been measured with the ZEUS

detector at HERA using an integrated luminosity of 78.6 pb−1. D∗ mesons have

been reconstructed with the transverse momentum PT (D∗) > 1.9GeV and pseu-

dorapidity |η(D∗)| < 1.6 from the decay channel D∗+ → D0π+ with D0 → K−π+

(+c.c.). Diffractive events were identified by a large gap in the rapidity distri-

bution of final state particles. The cross section integrated over the kinematic

range as well as differential cross sections have been measured for photon-proton

centre-of-mass energies 130 < W < 300 GeV, photon virtualities Q2 < 1 GeV2

and Pomeron fractional momentum 0.001 < xIP < 0.035. The results are com-

pared to theoretical expectations.





1 Introduction

Charm-production processes proceed mainly through gluon–initiated hard subprocesses

and are calculable in perturbative QCD (pQCD). Thus, the diffractive production of

charmed mesons can provide information on the partonic structure of diffractive interac-

tions, in particular of their gluon component.

Inclusive charm production at HERA has been measured [1, 2] in photoproduction reac-

tions with photon virtualities, Q2, close to zero, and in deep inelastic scattering (DIS)

for Q2 & 1 GeV2. The measured cross sections for photoproduction and deep inelas-

tic scattering processes were compared with next-to-leading (NLO) QCD calculations.

The calculations were found to be in good agreement with the DIS data. The calcu-

lated photoproduction cross sections are lower than the measurements, especially in the

forward (proton) direction. Measured cross sections of diffractive D∗ production in DIS

at HERA [3, 4] have shown reasonable agreement with predictions of the two-gluon ex-

change models and the resolved Pomeron (IP) model assuming that diffractive exchange

is dominated by gluons.

In this paper, results on diffractive photoproduction of D∗±(2010)1 mesons are presented

for the Pomeron fractional momentum 0.001 < xIP < 0.035. The measurement was per-

formed in a wider kinematic range and with much larger statistics than previously [5].

The photon–proton centre-of-mass energy was 130 < W < 300 GeV, and photon virtu-

alities were Q2 < 1 GeV2. D∗ mesons were reconstructed through the decay channel

D∗+ → D0π+
s → (K−π+)π+

s (and c.c.) in the restricted kinematic region P D∗

T > 1.9 GeV

and |ηD∗

| < 1.6. Here P D∗

T is the D∗ transverse2 momentum and ηD∗

= − ln(tan θ
2
) is its

pseudorapidity, defined in terms of the D∗ polar angle θ with respect to the proton beam

direction.

The measurement was performed at the HERA collider with the ZEUS detector, a detailed

description of which can be found elsewhere [6]. The data were taken during 1998 -

2000, when HERA collided lepton (positron or electron)3 and proton beams with energies

of 27.5 GeV and 920 GeV, respectively. A summed integrated luminosity of 78.6 pb−1

(13.5 pb−1 and 65.1 pb−1 for e−p and e+p, respectively) was used for this measurement.

Charged particles were measured in the central tracking detector (CTD) [7]. To check for

the absence of the scattered electron and to measure global energy values, the uranium-

scintillator sampling calorimeter (CAL) [8] was used. The online selection was performed

1 In the following, D
∗±(2010) will be referred to simply as D

∗.
2 The ZEUS coordinate system is a right-handed Cartesian system, with the Z axis pointing in the

proton beam direction, referred to as the “forward direction”, and the X axis pointing left towards

the center of HERA. The coordinate origin is at the nominal interaction point.
3 Hereafter, both e

+ and e
− are referred to as electrons, unless explicitly stated otherwise.
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with a three-level trigger system [9]. The forward plug calorimeter (FPC) [10] was used to

suppress the non-diffractive backgrounds and reject the proton dissociation contribution.

The luminosity was determined from the rate of the bremsstrahlung process e+p → e+γp,

where the photon was measured by a lead scintillator calorimeter [11].

2 Kinematics of diffractive photoproduction

Diffractive photoproduction in ep scattering at HERA,

e + p → e′ + X + p′,

can be described in terms of the four-momenta of the incoming and outgoing electron,

e and e′, and of the incoming and outgoing proton, p and p′. The kinematic variables

include the squared electron–proton centre-of-mass energy, s = (e + p)2, the photon

virtuality, Q2 = −q2, where q = e − e′, and the squared photon–proton centre-of-mass

energy, W 2 = (p+q)2. The process can be considered to proceed through virtual photon–

Pomeron (IP ) interaction:

γ∗(q) + IP (PIP) → X,

where PIP = p− p′. This process is described by the invariant mass, MX , of the hadronic

system X, produced by photon dissociation, and the fraction of the proton momentum

xIP =
PIP · q

p · q
'

M2
X

W 2

carried away by the Pomeron.

The variables W , MX and xIP were reconstructed from the hadronic final state, using a

combination of track and calorimeter information that optimises the resolution of recon-

structed kinematic variables [12]. The selected tracks and calorimeter clusters are referred

to as Energy Flow Objects (EFOs). The Jacquet–Blondel formula [13]

WJB =

√

2Ep

∑

i

(E − Pz)i

was used to reconstruct W , where Ep is the proton beam energy. The invariant mass of

the diffractively produced system, MX , was calculated with the formula

M2
X =

(

∑

i

Ei

)2

−

(

∑

i

Pxi

)2

−

(

∑

i

Pyi

)2

−

(

∑

i

Pzi

)2

.

The sums in both equations run over energies Ei and momenta Pi of all clusters. [1]. The

measured values were corrected for energy losses in inactive material of the ZEUS detector

2



and for the loss of particles down the beam pipe which remained undetected. They were

corrected by means of a parametrisation, obtained with the Monte Carlo (MC) simulations

of diffraction. All variables were reconstructed with resolutions better than 15%.

3 Event simulation

The diffractive process ep → eXp → e(D∗±X ′)p was modelled with the Rapgap [16]

program in the framework of the resolved Pomeron model [17] with the H1FIT2 LO [18]

parameterization for the initial partonic distributions of the Pomeron and a small ad-

mixture of Reggeon exchange. In this measurement the final-state proton was not de-

tected. To estimate and subtract the contribution from the proton dissociative processes

ep → eXN → e(D∗±X ′)N , where the proton dissociates into a system N , the Dif-

fvm [19] program was used. The Pythia [20] and the Herwig [21] programs were used

to model non-diffractive interactions. The CTEQ5L [22] and GRV LO [23] parameter-

izations were used in both models for the proton and photon parton density functions,

respectively. The fragmentation of the generated partons (parton shower evolution and

hadronization) was simulated according to the LUND model [24] when using the Rapgap

or the Pythia simulations. In the Herwig generator hadronization is described with a

cluster hadronization model [25]. The charm mass was set to mc = 1.5 GeV. The MC

events were passed through the standard ZEUS detector and trigger simulation programs

(based on the Geant program [26]) and through the same event reconstruction package

as was used for the data processing. The shapes of the MC and data distributions were

found to be in reasonable agreement.

4 Event selection and D∗ reconstruction

Event selection and D∗ reconstruction procedures are described in detail elsewhere [1].

Photoproduction events were selected by requiring that no scattered electron was iden-

tified in the CAL [14] and that 130 < W < 300 GeV. Under these conditions, Q2 is

limited to values below 1 GeV2. The corresponding median Q2 was estimated from a

MC simulation to be about 3 × 10−4 GeV2. The D∗ mesons were reconstructed in the

decay channel D∗+ → (D0 → K−π+)π+
s (+c.c.). For the reconstruction, “right charge”

track combinations, defined for the (Kπ) as two tracks of opposite charges and with a πs

having the charge opposite to that of the K meson, were accepted as long as the com-

bination of invariant masses ∆M = M(Kππs) − M(Kπ) and M(Kπ) were within wide

mass-windows around the nominal values of ∆M = M(D∗) − M(D0) and M(D0) [15].

For selected D∗ candidates, consistency of the M(Kπ) value with the nominal D0 mass
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was required. To account for the M(Kπ) resolution, the requirement was varied from

1.82 < M(Kπ) < 1.91 GeV for the lower P D∗

T up to 1.79 < M(Kπ) < 1.94 GeV for

the higher P D∗

T . Cuts on transverse momentum of the D∗, P D∗

T > 1.9 GeV and a ratio

of P D∗

T /Eθ>10o

T > 0.1, were applied to suppress combinatorial background. Here Eθ>10o

T

is the transverse energy, measured in the CAL outside a cone of θ = 10o in the forward

direction The combinatorial background was modelled by “wrong charge” track combi-

nations and subtracted after normalization to the right charge distribution in the range

0.15 < ∆M < 0.17 GeV. The wrong charge combinations were defined for (Kπ) as two

tracks of the same charges and with a πs of the opposite charge. The measurements were

performed in the pseudorapidity range −1.6 < ηD∗

< 1.6, where the CTD acceptance is

high.

Diffractive events were identified by a large rapidity gap (LRG) between the scattered

proton, which escaped undetected through the beam pipe, and the hadronic system X,

produced by the dissociated photon. The LRG events were identified using the ηmax

method [27], where ηmax is the pseudorapidity of the most forward EFO with energy

greater than 400MeV. Fig. 1a shows the ηmax distribution for all photoproduced D∗

mesons reconstructed within the signal range 0.1435 < M(Kππs)−M(Kπ) < 0.1475 GeV

after the combinatorial background subtraction. This distribution shows two structures.

The plateau-like structure at the lower ηmax values (ηmax . 2) is dominated by the diffrac-

tive events, while the wide peak-like structure around ηmax ∼ 3.5 originates from the

non-diffractive events and has an exponential fall-off towards lower values of ηmax. The

non-diffractive contribution was strongly suppressed by the requirement EFPC < 1.5 GeV

(Fig. 1b), where EFPC is the energy deposited in the FPC. Restricting the selection to

ηmax < 3 in addition reduces the remaining non-diffractive background and ensures a gap

of at least two units of pseudorapidity with respect to the edge of the forward calori-

metric coverage enlarged by the FPC up to η ∼ 5. The ηmax distribution, obtained for

the selected data sample, was fitted with a sum of diffractive and non-diffractive MC

simulations and an estimate for the non-diffractive admixture of 3.6% was obtained from

Pythia. The difference between the Herwig and Pythia predictions was used as a sys-

tematic uncertainty for this contribution. After the above selections and the wrong charge

background subtraction, a signal of 454 ± 30 diffractively photoproduced D∗ mesons was

found (Fig. 2).

The measured range of rapidities is limited by the edge of the hole through which the

beam-pipe passes in the forward direction. Thus, proton-dissociative events, ep → e′XN ,

can satisfy the requirement ηmax < 3 in case the major part of the proton-dissociative

hadronic system, N , passes undetected through the forward beam-pipe. Using the method,

developed previously [4], the proton-dissociative contribution was determined to be 16%

with negligible statistical uncertainty and a systematic uncertainty of ± 4%. Measured
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cross sections were corrected for this value. A cut in ηmax correlates with a range of ac-

cessible xIP values. In particular, ηmax < 3 restricts the measurement to xIP < 0.035. In

addition, limited acceptance restricts xIP > 0.001.

5 Cross sections

The cross section of D∗ production is given by:

σep→D∗X =
N corr

D∗

L · BD∗→(D0→Kπ)π

,

where N corr
D∗ is the number of observed D∗ mesons corrected for backgrounds (non-diffractive

and proton-dissociative) and the acceptance, L = 78.6 ± 1.7 pb−1 is the integrated lumi-

nosity and B
D

∗
→(D0

→Kπ)π = 0.0257±0.0006 is the combined D∗ → (D0 → K+π−) πs decay

branching ratio [15].

The cross section of diffractive photoproduction of D∗ mesons integrated over the kine-

matic region Q2 < 1 GeV2, 130 < W < 300 GeV, P D∗

T > 1.9 GeV, |ηD∗

| < 1.6 and

0.001 < xIP < 0.035 is

σdiff
ep→e′D∗X′p = 1.57 ± 0.12(stat.)+0.20

−0.22(syst.) ± 0.08(p.diss.) nb.

The last uncertainty is due to the uncertainty in the proton dissociation subtraction.

Other sources of systematic uncertainties due to analysis and detector features were stud-

ied and their effect on the cross section was evaluated. The largest contributions to the

systematic uncertainty comes from the signal determination procedure, the selection of

diffractive events and the acceptance correction calculations. All of the systematic uncer-

tainties were added in quadrature to determine the overall systematic uncertainty. The

overall normalization uncertainties due to the uncertainties in the luminosity (±2.2%),

in the D∗ and D0 decay branching ratios (±2.5%) and proton-dissociation subtraction

(±4.8%, given separately) were not included in the systematic uncertainty calculation.

The measured diffractive photoproduction cross section of D∗ is sizeable in comparison to

18.9± 1.2+1.8
−0.8 nb of the inclusive D∗ photoproduction cross section, measured in a similar

kinematic range [1]. This observation indicates that diffractive charm production is not

suppressed as much as some early models predicted [29].

The measurements are compared to the LO expectations from the resolved-Pomeron

model [17] calculated in the same kinematic region. Both boson-gluon fusion and resolved

photon mechanisms of charm production were simulated by the Rapgap MC program,

with the resolved component amounting for ∼ 35% of their sum. The LO calculations,

based on the H1FIT2 LO Pomeron parton density parameterization, determined from the

HERA DIS data, predict 4.27 nb for the diffractive photoproduction cross section of the
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D∗ in the above kinematic range [30], overestimating the current measurement by factor

of 2.7.

Differential cross sections for dσ/dP D∗

T , dσ/dηD∗

, dσ/dMX , dσ/dxIP and dσ/dW are pre-

sented in Figs. 3-7. calculated with the Rapgap MC program from the resolved-Pomeron

model, show reasonable agreement in shape with the measurements. The calculation is

multiplied by a factor of 0.37 to get the right normalization to the measured cross sec-

tion. Scaling the resolved component by 0.34 [31] would not give a substantially better

description of the data in both shape and normalisation. However, the normalisation in

the Rapgap MC suffers from significant uncertainties. More definite conclusions will be

possible with a NLO prediction of this process.

6 Summary and conclusions

Diffractive photoproduction of D∗ mesons has been measured with the ZEUS detector at

HERA using an integrated luminosity of 78.6 pb−1. D∗ mesons were reconstructed with

P D∗

T > 1.9 GeV, |ηD∗

| < 1.6. The cross section for diffractive photoproduction of D∗ inte-

grated over the kinematic region Q2 < 1GeV2, 130 < W < 300 GeV and 0.001 < xIP < 0.035

is measured to be

σdiff
ep→e′D∗Xp′ = 1.57 ± 0.12(stat.)+0.20

−0.22(syst.) ± 0.08(p.diss.) nb.

A leading-order calculation in the framework of the resolved-Pomeron model, based on

gluon dominated parton densities H1FIT2, predict 4.27 nb for this cross section. The

shapes of the differential cross sections for the resolved-Pomeron model show reasonable

agreement with the measurements of dσ/dP D∗

T , dσ/dηD∗

, dσ/dMX, dσ/dxIP and dσ/dW .
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Figure 1: Comparison of the measured ηmax distribution (dots) with the sum of the
diffractive and non-diffractive MC distributions (histograms) without a cut in EFPC

(a) and with EFPC < 1.5 GeV (b) for events with reconstructed D∗ mesons. The
sum (solid histogram) of the diffractive resolved Pomeron RAPGAP MC (dashed
histogram) and non-diffractive PYTHIA MC (filled histogram) events was nor-
malised to have the same area as the data. The dotted histogram shows the non-
diffractive HERWIG MC event distribution.
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Figure 2: The distribution of the mass difference ∆M = M(Kππ) −
M(Kπ) for D∗ candidates(dots) from the diffractive reaction ep → eD∗X ′p with
0.001 < xIP < 0.035. The histogram shows the combinatorial background, repro-
duced by wrong charge combinations. Only D∗ candidates from the shaded area
were used for the cross-section measurements
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Figure 3: The cross section dσ/dP D∗

T (dots) for the diffractive photoproduction
reaction ep → eD∗X ′p with 0.001 < xIP < 0.035. The inner bars show the statis-
tical uncertainties, and the outer bars correspond to the statistical and systematic
uncertainties, added in quadrature. The data are compared to the resolved Pomeron
model predictions with the H1FIT2 LO Pomeron parametrization (histogram). The
theoretical cross section was normalized to the data. The dashed histogram shows
the predicted contribution from resolved photon reactions.
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Figure 4: The cross section dσ/dηD∗

(dots) for the diffractive photoproduction
reaction ep → eD∗X ′p with 0.001 < xIP < 0.035. The inner bars show the statis-
tical uncertainties, and the outer bars correspond to the statistical and systematic
uncertainties, added in quadrature. The data are compared to the resolved Pomeron
model predictions with the H1FIT2 LO Pomeron parametrization (histogram). The
theoretical cross section was normalized to the data. The dashed histogram shows
the predicted contribution from resolved photon reactions.
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Figure 5: The cross section dσ/dMX (dots) for the diffractive photoproduction
reaction ep → eD∗X ′p with 0.001 < xIP < 0.035. The inner bars show the statis-
tical uncertainties, and the outer bars correspond to the statistical and systematic
uncertainties, added in quadrature. The data are compared to the resolved Pomeron
model predictions with the H1FIT2 LO Pomeron parametrization ( histogram). The
theoretical cross section was normalized to the data. The dashed histogram shows
the predicted contribution from resolved photon reactions.
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Figure 6: The cross section dσ/dxIP (dots) for the diffractive photoproduction
reaction ep → eD∗X ′p with 0.001 < xIP < 0.035 The inner bars show the statistical
uncertainties, and the outer bars correspond to the statistical and systematic un-
certainties, added in quadrature. The data are compared to the resolved Pomeron
model predictions with the H1FIT2 LO Pomeron parametrization (histogram). The
theoretical cross section was normalized to the data. The dashed histogram shows
the predicted contribution from resolved photon reactions.
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Figure 7: The cross section dσ/dxIP (dots) for the diffractive photoproduction
reaction ep → eD∗X ′p with 0.001 < xIP < 0.35. The inner bars show the statistical
uncertainties, and the outer bars correspond to the statistical and systematic un-
certainties, added in quadrature. The data are compared to the resolved Pomeron
model predictions with the H1FIT2 LO Pomeron parametrization (histogram). The
thoretical cross section was normalized to the data. The dashed histogram shows
the predicted contribution from resolved photon reactions.
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