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Diffractive production of D**(2010) mesons in deep inelastic scatter-
ing has been studied with the ZEUS detector at HERA using an integrated
luminosity of 82 pb~'. Diffractive events were identified by the presence of
a large rapidity gap in the final state. The D** mesons were reconstructed
in the decay channel D** — DO} with D° — K 7" (+c.c.). Differen-

S
tial cross sections were measured in the kinematic region Q2 > 1.5 GeV?,

0.02 <y < 0.7, z- < 0.035, 3 < 0.8, PP" > 1.5GeV and |n”"| < 1.5.
The measured integrated and differential cross sections are compared with
theoretical predictions.

PACS numbers: 12.38.Aw, 12.38.Bx

1. Introduction

There are several different theoretical models for describing diffractive
interactions. The so-called “Resolved Pomeron” model [1,2] predicts un-
suppressed charm production compared to light flavour production if the
Pomeron is gluon-dominated. In the two-gluon exchange models [3,4] charm
production is suppressed at leading order but it can be enhanced by the in-
clusion of the real and virtual gluon corrections. Thus charm production in
diffractive interactions provides a probe of the underlying dynamics of the
diffractive exchange.

The analysis presented in this note was performed with the data taken
by the ZEUS Collaboration from 1998 to 2000. This data set corresponds
to an integrated luminosity of 82pb~!. The standard procedure was used
to identify DIS events and to reconstruct D** mesons in their decay mode
D*t — D%} with DY — K—nt(+c.c.). Events with a large rapidity gap
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in the forward (outgoing proton) direction were selected by requiring that
the pseudorapidity of the most forward energy cluster max < 3. This leaves
a sizable proton-dissociation background contribution, which was estimated
to be 17 + 3% and was subtracted from all cross sections.

2. Cross sections

The D** mesons were reconstructed in the kinematic region Prf) ">1.5GeV
and [n”"| < 1.5. In addition to the standard DIS kinematic variables (Q?
and y), the diffractive variables zp and § were used to define the kinematic
region, where zp and [ are defined as the fraction of the proton’s momentum
carried by the Pomeron and the fraction of the Pomeron’s momentum car-
ried by the struck quark, respectively. In the kinematic region defined by
1.5 < Q% < 200GeV?, 0.02 < y < 0.7, 2- < 0.035, B < 0.8, PP" > 1.5GeV

and [nP"| < 1.5 the cross section was measured to be
Tetpyet D+ xp = 005 & 43(stat)f2(1)(syst)f%%(p.diss.) pb. (1)
Three models are compared to the measured cross sections:

(1) the resolved Pomeron model, as implemented in the fits to HERA data
made by Alvero et al. (ACTW) [2],

(2) the two-gluon exchange “saturation” model of Golec-Biernat and
Wausthoff [5], as implemented in the SATRAP MC generator inter-
faced to RAPGAP [6] and

(3) the two-gluon exchange model of Bartels et al. (BJLW) [3], which
is also implemented in the RAPGAP MC generator. Although the
SATRAP and BJLW predictions are both based on two-gluon ex-
change, they differ in the treatment of the ggg final state which is
an important contributor to charm production.

The ACTW NLO QCD prediction was calculated assuming a charm mass
of m, = 1.45GeV and the Peterson fragmentation function (with ¢ = 0.035)
for charm decay. The probability for charm to fragment into a D** meson
was taken as 0.235 [7] and the renormalisation and factorisation scales as
p3 =p%=Q*+4m?2. The predicted cross section from fit B by Alvero et al.,
which assumes a gluon-dominated Pomeron, is favoured by data
ACTW, fitB
Ot pser Dot xp = 930 pb. (2)
The D* diffractive cross section was also measured in the low z; region
(zp < 0.01) as

U:j}:;igiD*iXp = 240 =+ 25(stat) "3 (syst) T10 (p.diss.) pb. (3)
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This cross section is compared with the two-gluon exchange models with
the same parameters as in the ACTW calculations case, except that now
u% = u% = pi + 4m?2. Using the proton structure function GRV-94 the
predicted cross sections are:

BJLWcc : 0¢tp et pexp = 160pb, (4)
BJLWce + cCg : Optpyetp=xp = 970pb, (5)
SATRAP : 0ot et petxp = 250pb. (6)

The BJLW c¢ contrubution (4) is too small, while the combination of the
cc and ccg contributions (5) overestimates the data. The SATRAP predic-
tion (6) is in good agreement with the data.

The differential cross sections for our full zp range (zp < 0.035) are
presented as a functions of Pr(D*), n(D*), B, xs, logio(M%), z(D*),
log10(Q?), W. The fractional momentum of the D** in the *p system
is defined as z(D*) = w, where p*(D*) is the D** momentum in the
v*p center-of-mass frame.

Fig. 1 compares the predictions of ACTW fit B with the measured differ-
ential cross sections. The shaded band in the figure indicates the uncertainty
arising from the variation of the charm mass in the calculations between 1.3
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Fig. 1. Differential cross sections for D** production in the kinematic region de-
scribed in the text. The cross sections are shown as a function of Pr(D*), n(D*),
B, z-, log (M%), z(D*), log;o(Q%), W. The inner bars indicate the statistical
uncertainties, while the outer ones indicates the statistical and systematic uncer-
tainties added in quadrature. The histogram is the ACTW result. The shaded
area shows the effect of varying the charm quark mass.
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and 1.6 GeV. The ACTW model is in reasonable agreement with the mea-
sured differential distributions in both shape and normalisations.

Fig. 2 shows the comparisons with SATRAP, BJLW c¢ only and BJLW
cc+ccg predictions. The SATRAP model is in good agreement with the
measured differential cross sections in both shape and normalisations. The
cc contribution from the BJLW calculations clearly fails to describe the mea-
sured cross sections. The full BJLW prediction gives a reasonable description
of the shapes of the distributions except log;o(M%) and x. These models
may not be appropriate for the full zp range.
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Fig.2. Differential cross sections for D** production in the kinematic region de-
scribed in the text. The cross sections are shown as a function of Pp(D*), n(D*), 3,
7y, log o (M%), x(D*), log;o(Q?), W. The inner bars indicate the statistical uncer-
tainties, while the outer ones indicates the statistical and systematic uncertainties
added in quadrature. The curves correspond to the different models described in
the text.

3. Ratio of diffractive to inclusive D** production

The ratio Rp of diffractively produced D** mesons to inclusive D**
mesons production was measured with replacement of the zp and S require-
ments with = < 0.028 for the inclusive D** sample
o dif
oinc

Rp = =63+ 0.6(stat)f8:§(syst)f8:§ (p.diss.) . (7)
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Fig. 3 compares the measured differential ratios Rp with two Pomeron
structure function parametrisations which implemented in RAPGAP: ACTW
fit B and “H1 fit 2” [8]. The RAPGAP generator was also used to produce
the inclusive D** distributions using the proton structure function GRV 94.

Fig. 3 shows that there is no significant dependance of Rp from Q? or W.
The diffractive relative contribution is larger at small Pr(D*) and negative
n(D*). The ACTW model agrees in both shape and normalisation, while the
Pomeron parametrisation according to “H1 fit2” overestimates the absolute
values of Rp.
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Fig.3. The measured ratio Rp of diffractively produced D** mesons to inclusive
D** mesons production. The ratio is shown as a function of Pp(D*), n(D*), z(D*),
log;(Q?), W. The inner bars indicate the statistical uncertainties, while the outer
ones indicates the statistical and systematic uncertainties added in quadrature.
The curves correspond to the different models described in the text.
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