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CHARM IN DIFFRACTIVEDEEP INELASTIC SCATTERING�Nikolai VlasovNu
lear Physi
s Institute, Mos
ow State University, 119 899 Mos
ow, Russiae-mail: vlasov�mail.desy.de(Re
eived June 7, 2002)Di�ra
tive produ
tion of D��(2010) mesons in deep inelasti
 s
atter-ing has been studied with the ZEUS dete
tor at HERA using an integratedluminosity of 82 pb�1. Di�ra
tive events were identi�ed by the presen
e ofa large rapidity gap in the �nal state. The D�� mesons were re
onstru
tedin the de
ay 
hannel D�+ ! D0�+s with D0 ! K��+(+
:
:). Di�eren-tial 
ross se
tions were measured in the kinemati
 region Q2 > 1:5GeV2,0:02 < y < 0:7, xP< 0:035, � < 0:8, PD�T > 1:5GeV and j�D� j < 1:5.The measured integrated and di�erential 
ross se
tions are 
ompared withtheoreti
al predi
tions.PACS numbers: 12.38.Aw, 12.38.Bx1. Introdu
tionThere are several di�erent theoreti
al models for des
ribing di�ra
tiveintera
tions. The so-
alled �Resolved Pomeron� model [1, 2℄ predi
ts un-suppressed 
harm produ
tion 
ompared to light �avour produ
tion if thePomeron is gluon-dominated. In the two-gluon ex
hange models [3,4℄ 
harmprodu
tion is suppressed at leading order but it 
an be enhan
ed by the in-
lusion of the real and virtual gluon 
orre
tions. Thus 
harm produ
tion indi�ra
tive intera
tions provides a probe of the underlying dynami
s of thedi�ra
tive ex
hange.The analysis presented in this note was performed with the data takenby the ZEUS Collaboration from 1998 to 2000. This data set 
orrespondsto an integrated luminosity of 82 pb�1. The standard pro
edure was usedto identify DIS events and to re
onstru
t D�� mesons in their de
ay modeD�+ ! D0�+s with D0 ! K��+(+
:
:). Events with a large rapidity gap� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(3207)



3208 N. Vlasovin the forward (outgoing proton) dire
tion were sele
ted by requiring thatthe pseudorapidity of the most forward energy 
luster �max < 3. This leavesa sizable proton-disso
iation ba
kground 
ontribution, whi
h was estimatedto be 17� 3% and was subtra
ted from all 
ross se
tions.2. Cross se
tionsTheD�� mesons were re
onstru
ted in the kinemati
 region PD�T >1.5GeVand j�D� j < 1:5. In addition to the standard DIS kinemati
 variables (Q2and y), the di�ra
tive variables xPand � were used to de�ne the kinemati
region, where xPand � are de�ned as the fra
tion of the proton's momentum
arried by the Pomeron and the fra
tion of the Pomeron's momentum 
ar-ried by the stru
k quark, respe
tively. In the kinemati
 region de�ned by1:5 < Q2 < 200GeV2, 0:02 < y < 0:7, xP< 0:035, � < 0:8, PD�T > 1:5GeVand j�D� j < 1:5 the 
ross se
tion was measured to be�e+p!e+D��Xp = 505� 43(stat)+30�61(syst)+21�21(p:diss:) pb : (1)Three models are 
ompared to the measured 
ross se
tions:(1) the resolved Pomeron model, as implemented in the �ts to HERA datamade by Alvero et al. (ACTW) [2℄,(2) the two-gluon ex
hange �saturation� model of Gole
-Biernat andWustho� [5℄, as implemented in the SATRAP MC generator inter-fa
ed to RAPGAP [6℄ and(3) the two-gluon ex
hange model of Bartels et al. (BJLW) [3℄, whi
his also implemented in the RAPGAP MC generator. Although theSATRAP and BJLW predi
tions are both based on two-gluon ex-
hange, they di�er in the treatment of the q�qg �nal state whi
h isan important 
ontributor to 
harm produ
tion.The ACTW NLO QCD predi
tion was 
al
ulated assuming a 
harm massof m
 = 1:45GeV and the Peterson fragmentation fun
tion (with " = 0:035)for 
harm de
ay. The probability for 
harm to fragment into a D�� mesonwas taken as 0.235 [7℄ and the renormalisation and fa
torisation s
ales as�2R=�2F=Q2+4m2
 . The predi
ted 
ross se
tion from �t B by Alvero et al.,whi
h assumes a gluon-dominated Pomeron, is favoured by data�ACTW; �tBe+p!e+D��Xp = 530 pb : (2)The D� di�ra
tive 
ross se
tion was also measured in the low xPregion(xP< 0:01) as�xP<0:01e+p!e+D��Xp = 240 � 25(stat)+14�23(syst)+10�10 (p:diss:) pb: (3)



Charm in Di�ra
tive Deep Inelasti
 S
attering 3209This 
ross se
tion is 
ompared with the two-gluon ex
hange models withthe same parameters as in the ACTW 
al
ulations 
ase, ex
ept that now�2R = �2F = p2? + 4m2
 . Using the proton stru
ture fun
tion GRV-94 thepredi
ted 
ross se
tions are:BJLW
�
 : �e+p!e+D��Xp = 160 pb ; (4)BJLW
�
+ 
�
g : �e+p!e+D��Xp = 570 pb ; (5)SATRAP : �e+p!e+D��Xp = 250 pb : (6)The BJLW 
�
 
ontrubution (4) is too small, while the 
ombination of the
�
 and 
�
g 
ontributions (5) overestimates the data. The SATRAP predi
-tion (6) is in good agreement with the data.The di�erential 
ross se
tions for our full xP range (xP < 0:035) arepresented as a fun
tions of PT(D�), �(D�), �, xP, log10(M2X); x(D�);log10(Q2); W . The fra
tional momentum of the D�� in the 
�p systemis de�ned as x(D�) = 2jp�(D�)jW , where p�(D�) is the D�� momentum in the
�p 
enter-of-mass frame.Fig. 1 
ompares the predi
tions of ACTW �t B with the measured di�er-ential 
ross se
tions. The shaded band in the �gure indi
ates the un
ertaintyarising from the variation of the 
harm mass in the 
al
ulations between 1.3
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Fig. 1. Di�erential 
ross se
tions for D�� produ
tion in the kinemati
 region de-s
ribed in the text. The 
ross se
tions are shown as a fun
tion of PT(D�), �(D�),�, xP, log10(M2X), x(D�), log10(Q2), W . The inner bars indi
ate the statisti
alun
ertainties, while the outer ones indi
ates the statisti
al and systemati
 un
er-tainties added in quadrature. The histogram is the ACTW result. The shadedarea shows the e�e
t of varying the 
harm quark mass.



3210 N. Vlasovand 1.6 GeV. The ACTW model is in reasonable agreement with the mea-sured di�erential distributions in both shape and normalisations.Fig. 2 shows the 
omparisons with SATRAP, BJLW 
�
 only and BJLW
�
+
�
g predi
tions. The SATRAP model is in good agreement with themeasured di�erential 
ross se
tions in both shape and normalisations. The
�
 
ontribution from the BJLW 
al
ulations 
learly fails to des
ribe the mea-sured 
ross se
tions. The full BJLW predi
tion gives a reasonable des
riptionof the shapes of the distributions ex
ept log10(M2X) and xP. These modelsmay not be appropriate for the full xPrange.
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Fig. 2. Di�erential 
ross se
tions for D�� produ
tion in the kinemati
 region de-s
ribed in the text. The 
ross se
tions are shown as a fun
tion of PT(D�), �(D�), �,xP, log10(M2X), x(D�), log10(Q2), W . The inner bars indi
ate the statisti
al un
er-tainties, while the outer ones indi
ates the statisti
al and systemati
 un
ertaintiesadded in quadrature. The 
urves 
orrespond to the di�erent models des
ribed inthe text. 3. Ratio of di�ra
tive to in
lusive D�� produ
tionThe ratio RD of di�ra
tively produ
ed D�� mesons to in
lusive D��mesons produ
tion was measured with repla
ement of the xPand � require-ments with x < 0:028 for the in
lusive D�� sampleRD = �dif�in
 = 6:3 � 0:6(stat)+0:3�0:7(syst)+0:3�0:3 (p:diss:) : (7)



Charm in Di�ra
tive Deep Inelasti
 S
attering 3211Fig. 3 
ompares the measured di�erential ratios RD with two Pomeronstru
ture fun
tion parametrisations whi
h implemented inRAPGAP:ACTW�t B and �H1 �t 2� [8℄. The RAPGAP generator was also used to produ
ethe in
lusive D�� distributions using the proton stru
ture fun
tion GRV 94.Fig. 3 shows that there is no signi�
ant dependan
e of RD from Q2 orW .The di�ra
tive relative 
ontribution is larger at small PT(D�) and negative�(D�). The ACTW model agrees in both shape and normalisation, while thePomeron parametrisation a

ording to �H1 �t2� overestimates the absolutevalues of RD.
ZEUS

0

0.05

0.1

0.15

2 4 6 8 10

PT(D*) (GeV)

R
D

0

0.05

0.1

0.15

-1 0 1

η(D*)

R
D

0

0.05

0.1

0.15

0 0.2 0.4 0.6 0.8 1

x(D*)

R
D

0

0.05

0.1

0.15

0.5 1 1.5 2

log10(Q
2) (GeV2)

R
D

0

0.05

0.1

0.15

50 100 150 200 250

W (GeV)

R
D

ZEUS (prel.) 1998-2000
RAPGAP, ACTW, fit B
RAPGAP, H1 fit2
RD = (dσ)diff/(dσ)inclFig. 3. The measured ratio RD of di�ra
tively produ
ed D�� mesons to in
lusiveD�� mesons produ
tion. The ratio is shown as a fun
tion of PT(D�), �(D�), x(D�),log10(Q2), W . The inner bars indi
ate the statisti
al un
ertainties, while the outerones indi
ates the statisti
al and systemati
 un
ertainties added in quadrature.The 
urves 
orrespond to the di�erent models des
ribed in the text.
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