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The factorization of diffractive pcross sections into a (perturbatively accessible) matement
and a diffractive structure function was proven for the azdeIS by Collins in 1998. Diffractive
dijet and open charm production provide a valuable probesting factorization and characterize
possible mechanisms of factorization breaking.

Measurements of diffractive dijet and open charm produdtioDIS and photoproduction made
with the H1 detector at the HERA accelerator are presentéftattive events were identified by
a rapidity gap selection. The resulting differential cresstions are compared to QCD calcula-
tions in NLO, based on structure functions extracted frodluisive diffraction.

The cross section measurements of diffractive open chasdugtion in DIS and photoproduction
agree well with the NLO QCD predictions, supporting factation. The prediction also describes
the dijet data rather well at low momentum fractiapsof the diffractive exchange carried by the
gluon, where the gluon density is known well from the obsdisealing violations of the inclusive
diffractive data. A new set of parton densities is obtaingdhe simultaneous fit to the inclusive
diffractive data of previous measurements and the new diilts. The diffractive dijet cross
section in photoproduction is significantly suppresseth waspect to the expectations from QCD
factorization.
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1. Introduction

Theoretically it is expected that the cross sections ofalifive deep-inelastic scattering (DIS)
factorizes into universal diffractive parton distributiband process dependent hard scattering co-
efficients [1]. Diffractive parton densities have been dateed from DGLAP QCD fits to inclu-
sive diffractive HERA data [2, 3] and have been found to be idated by the gluon distribution.
Diffractive dijet production is directly sensitive to theugn component of the diffractive exchange
and has been shown - for DIS [4] - to be in decent agreementtihiQCD fits to the inclusive
diffractive data.

While factorization is theoretically well established iiffrictive DIS, the appearance of so
called resolved photon processes (where the exchangedmpfiottuates into a hadronic state)
in diffractive photoproduction complicates the theoraticeatment in this kinematic regime. The
additional interactions of this further hadronic systemexpected to fill the rapidity gap character-
istic of diffraction, leading to a suppression in diffragtiphotoproduction cross sections compared
to the predications of naive factorization [5].

In this paper measurements of diffractive charm and dijedpction in DIS and photoproduc-
tion are presented; their implications for factorizatiowdahe measurement of parton densities is
discussed.

2. Dijetsin DIS

Differential dijet cross sections in diffractive deep mstic scattering processes at Q%
have been measured with the H1 detector using an integratgddsity of 51.5 pb?. Dijet events
are identified using the inclusiver cluster algorithm in the/*-p rest frame. The cross sections
are given at the level of stable hadrons and correspond tkitleenatic range: 4 Gel/< Q? <
80 GeV?, 01 <y < 0.7,xp < 0.03, My <16 GeV,|t| <1 GeV, pi iy > 55 GeV, P! o, >
4 GeV and-3 < njy < 0. Diffractive events are selected by requiring a rapideay getween the
central mass systed and the proton direction.

Figure 1 shows the differential dijet cross section comgphaneNLO predictions based on the
parton densities from the fit to the inclusive diffractivaal§3]. While the prediction based on the
H1 2006 DPDF fit A clearly overestimates the cross secti@rgetis reasonable agreement between
the data and the H1 2006 DPDF fit B. Nevertheless, significact@&pancies also exist for the H1
2006 DPDF fit B at higlep.

The differential dijet cross section @ is used in the fitin 4 bins of the scale varialptg + Q?
to constrain the gluon density, whepg is the transverse momentum of the hardest jet. These
measured cross sections are shown in Figure 2 (left). Auwtditly the inclusive data sample of
a previous H1 analysis [3] is used to constrain the quarkigeasd the gluon density at low
momentum fraction. A part of thEP measurements is shown in Figure 2 (right) together with the
final NLO prediction.

The parton densities are parameterized as of momentumofracat a starting scal@% as
A-Z2.(1-2)¢ and evolved to higher scales by the DGLAP equations in NLQeHe B andC are
free parameters, determined in the fit. Additionally the gRemterceptr(0) of the pomeron flux
factor and the normalization of the sub-leading reggeoma&xge enter the fit as free parameters.
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Figure 1: Cross section of diffractive dijets differential #i» compared to NLO predictions based on the

parton-densities from the H1 2006 DPDF fit [3]. The data ammshas black points with the inner and outer

error-bar denoting the statistical and uncorrelated syatie uncertainties respectively. The red hatched
band indicates the correlated systematic uncertainty.bldek line shows the NLO QCD prediction based

on the H1 2006 DPDF fit A (left) and H1 2006 DPDF fit B (right) asdurrounded by a grey band indicating

the scale uncertainty.

From these parton densities the reduced cross sectiondosive diffractive DIS is computed in
NLO as well as the dijet cross section (using theoj et ++ program).

The fit has a high quality as shown by the overall vatdéd f = 0.89 which splits intg(?/d f
= 27/36 for the dijet cross sections agé)/d f = 169/190 for=2. The resulting parton distributions
are shown in Figure 3.

As the NLO QCD DGLAP evolution is able to describe both thepghand scaling violations
of FP and the dijet cross sections consistently, we concludeQIeid factorization in DIS is valid
in our kinematic region. The data allow for the first time tdaedeine both the diffractive gluon
and the singlet quark distribution with good accuracy inrdrege 01 < zp < 0.9.

3. Charmin DIS

Charm cross sections in diffractive DIS were measured bydifferent methods at H1. In
one method the appearance of a charm quark is identified byetmastruction of &* meson,
while the other method identifies tracks not displaced froengrimary event vertex to statistically
extract the contribution of charm quarks to inclusive dicftion.

The D* mesons were identified via tHg* — DO7gjow — KT Tg0w decay channelD* candi-
dates are restricted to a minimgl of 2 GeV and are required to be well contained within the
acceptance of the tracking detectors. The kinematic ramgestricted to 2 Q? < 100 Ge\#,
0.05< y < 0.7 andxp < 0.04. The final number oD*-mesons is obtained by a fit to tidV =
(M(K, 11, T&10w) — M (K, 17))-distribution [6], whereM (K, 11, T&j0w) denotes the invariant mass of the
K, mand thergo, candidate andli (K, 1) denotes the invariant mass of tieand therr candidate
only. The number ob* mesons obtained by this fit is 14016.
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Figure 2: left: Cross section of diffractive dijets doubly differ@itin zp and the scales = Q2+ p*f.
Uncertainties are denoted as described in Figure 1. Thdibhkrishows the NLO QCD prediction based on
the combined fit. right: Th@ andQ? dependence of the diffractive reduced cross se(m'%(ﬁ) multiplied

by the pomeron momentum fractio at xp = 0.03. The inner and outer error-bars on the data points
represent the statistical and total uncertainties, raspé¢ The data are compared to the results of the
combined fit forE, = 820 GeV, which is shown as blue lines. The dashed line inelictite prediction in
kinematic regions that did not enter into the fit. The two klkees indicate the predictions of the H1 2006
DPDF fit.

Figure 4 shows the resulting cross sections as functiarp &ndxp. The cross section are
compared to NLO QCD calculations [7] based on a preliminamsion of the diffractive parton
densities from [3]. The factorization and the renormaiatscale are set t§/Q?+ 4nm¢ and the
charm mass is assumed to g = 1.5 GeV. Good agreement between data and prediction is
observed, indicating the validity of the factorization egmch in diffractive DIS.

The production of open charm in diffraction is also investégl using a largely independent
method, which has been used in [8] and [9] to measure theitmfalsive charm and beauty cross
sections in DIS. This method distinguishes events comtgitieavy quarks from those contain-
ing only light quarks by reconstructing the displacementratks from the primary vertex in the
transverse plane (impact parameter), caused by the |aigrids of the charm and beauty flavored
hadrons, using the precise spatial information from thdraésilicon tracker of H1. Due to the
low beauty fraction in the diffractive data sample, it is possible to make a measurement of the
beauty cross section and only a measurement of the charssgogon is presented here.

The kinematic variables of the DIS scattering proc€8sandy are reconstructed using a
method which uses the angle of the hadronic final state intiaddio the energy and the polar
angle of the scattered positron [3]. The accepted kinemaitige in DIS is restricted to 15 Q? <
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Figure 3: The diffractive singlet density (top) and diffractive gludensity (bottom) for two values of the
hard scaleu: 25 Ge\? (left) and 90 Ge¥ (right). The blue line indicates the combined fit, surrouhtyg

the experimental uncertainty band in light blue. The twohaaislines show the two fit results from [3] for

comparison.
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Figure 4: The diffractiveD* cross section in DIS as a functionzf (left) andxp
(right) compared to NLO predictions based on a preliminassion of the parton-densities from
the H1 2006 DPDF fit [3]. The data are shown as black points thighinner and outer error-bar
denoting the statistical and uncorrelated systematicrtainées respectively. The white line shows
the NLO prediction surrounded by a shaded band indicatierstiale uncertainty.

100 GeV* and 007 <y < 0.7, where the reduced kinematic range is chosen such thairéution
of the struck quark mostly lies within the angular acceptaatthe central silicon tracker (CST)
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and that the hadronic final state (HFS) has a significantieaes momentum.

After taking into account the effects of dector accepta@eD radiation, the measured cross
sections are corrected to a single point and converted imb@asurement of the diffracitve open
charm reduced cross secti6i, defined as:

_ d3 O-Igc_ B Q4

~.CC 2y _
D (XP>B>Q )_ prdBsz 27T02(1—|—(l—y)2)’ (3.1)

wherea is the fine structure constant. The reduced cross sectigppi®@mately equal to the
charm contributioerD(3>°° to the diffractive structure functioﬁzD(3).

Figure 5 shows the reduced cross secﬁg‘?_mas a function of3 for two bins inxp. Data points
measured with th®* and displaced track method from H1 are shown in combinatidh data
points measured with the*-method by the ZEUS collaboration. The data are compared.t© N
QCD predictions based on the parton densities from [3]. &heigood agreement between the
two experiments, the two measurement methods and data eddprn, indicating the validity of

factorization.
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Figure 5: Reduced cross section as a functiorBoiin two bins ofxp compared to NLO QCD prediction
based on the parton-densities from the H1 2006 DPDF fit [3jtaaadombined fit described above.

4. Dijetsin Photoproduction

Applying the factorization approach in LO QCD calculatidngpredict diffractive cross sec-
tions for dijet production irpp collisions at the Tevatron leads to an overestimation obtheerved
rate by approximately one order of magnitude [10]. This ipancy has been attributed to the
presence of the additional beam hadron remnamicollisions, which leads to secondary inter-
actions and a breakdown of factorisation. The suppressiten characterized by a ‘rapidity gap
survival probability,” cannot be calculated perturbaivand has been parameterized in various
ways (see for example [5]).

The transition from deep-inelastic scattering to hadradrbn scattering can be studied at
HERA in a comparison of scattering processes in DIS and inggmoduction. Processes in which
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Q? < 0.01 GeV?
165<W < 242 GeV
inclusivekr jet algorithm, distance parameters1
Njet >2
pj’jetl > 5 GeV
pj’jetz > 4 GeV
—1 < Njerr2) <2
xp < 0.03

Table 1: The kinematic ranges defining the measured dijets cros®aedn diffractive photoproduction.

a real photon participates directly in the hard scatterirggexpected to be similar to the deep-
inelastic scattering of highly virtual photons. By contrggocesses in which the photon is first
resolved into partons which then initiate the hard scaiteresemble hadron-hadron scattering.

The data used in the present analysis were taken in the 13P839¥ running periods, in
which HERA collided 820 GeV protons with 27.5 GeV positrongfresponding to an integrated
luminosity of 18 pbt. The photoproduction data are collected using a triggechéquires the
scattered positron to be measured in the small angle pogitetector. Rapidity gap events are
selected by requiring an absence of activity in the dir@ctibthe outgoing proton. Jets are formed
from the hadronic final state using the inclusksecluster algorithm with a distance parameter of
unity in theyp rest frame. The final jet cross sections are given at the hddvel. The measured
distributions are corrected for detector inefficiencied arigrations between measurement inter-
vals during the reconstruction. The kinematic regions inctvlihe cross sections are measured
are given in table 1. The kinematic variabbgs, My andt are defined on the basis of the largest
rapidity gap in the final state hadron distribution whichidés the hadrons into the systeXand
Y (the variables are defined as in [4]).

To obtain NLO cross sections for diffractive dijet photoghuation, the program by Frixione
et al. [11] is used. The program is interfaced to the prelanin/ersion of the parton distributions
obtained in [3]. For the comparison with the measured haléna jet cross sections, the calculated
NLO parton jet cross sections were corrected for the effectedronisation using the RAPGAP
Monte Carlo generator with Lund string fragmentation.

Figure 6 shows the measured cross section of diffractivet gijotoproduction compared to
QCD calculations assuming factorization. The QCD caléuat are higher by a factee 2 com-
pared with the experimental results, showing the breakdofxfactorization in diffractive photo-
production. The factorization breaking also occurs fovallies of the momentum fraction entering
the hard interaction from the photon sidg)( contrary to the predictions of [5].

5. Charm in Photoproduction

The analysis of charm in diffractive photoproduction clggellows the analysis of diffractive
D* production in DIS discussed above. Instead of detectingthdered lepton in the backward
calorimeter, it is detected in a low angle tagging deteathiich restricts the accessible kinematics



Diffractive Charm and Dijet Production at H1 Matthias U. Mozer

H1 Diffractive yp Dijets

® H1 Preliminary H1 2002 fit (prel.)
[] correl. uncert. FR NLO*(1+9,,,)
- RAPGAP

do/dz,,** (pb)

oy

100 T

T T TR el
%.1 0.2 03 04 05 06 0.7 08 09 .1 %.l 0.2 03 04 05 06 07 08 09 .1
jets Xjets

P Y

(2) (b)

Figure6: The diffractive dijet cross section in photoproduction dsrection ofzp (left) andx,
(right) compared to NLO predictions based on a preliminassion of the parton-densities from
the H1 2006 DPDF fit [3]. The data are shown as black points thighinner and outer error-bar
denoting the statistical and uncorrelated systematicrtaioées respectively. The white line shows
the NLO prediction surrounded by a shaded and indicatiors¢hé& uncertainty.

to Q% < 0.01 and 03 < y < 0.65. xp is restricted to the range below 0.04. The reconstruction of
theD* meson itself is identical to the analysis mentioned above.

Figure 7 shows the resulting cross sections as functiaip @ndxp. The cross sections are
compared to NLO QCD calculations [7] based on parton dessitiom [3] and the combined
fit discussed above. The factorization and the renorméaizagcale are set tq/p? + 4mZ and
the charm mass is assumed torhe= 1.5 GeV. Fair agreement between data and prediction is
observed, indicating that factorization holds for diffiee charm production even in photopro-
duction. This evidence for factorization in diffractive gibproduction applies only to the direct
contribution, as the resolved contribution in diffractispen charm production is kinematically
suppressed. However, the statistical uncertainties ofrtb@surement are rather large, precluding
strong conclusions.

6. Conclusion

Measurements of diffractive dijet and open charm productio DIS and photoproduction
were presented. In DIS the results are consistent with QCfofiaation. The dijet data sample
was used in combination with a measurement of inclusiveatifion to extract diffractive parton
densities with an NLO DGLAP fit.

In photoproduction, the measurement of diffractive opearichproduction is consistent with
QCD factorization. The measurements of diffractive dipgiss sections in photoproduction, how-
ever, lie significantly lower than the NLO QCD predictionssed on factorization. Notably, the
discrepancy does not depend>gn
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Figure 7: The diffractiveD* cross section in photoproduction as a functiorzef(left) and xp (right)
comparedto NLO predictions based on the parton-densitiesthe H1 2006 DPDF fit [3] and the combined
fit discussed above. The data are shown as black points watintter and outer error-bar denoting the
statistical and uncorrelated systematic uncertaintiggaetively. The white line shows the NLO prediction
for the H1 2006 DPDF fit A surrounded by a shaded band indigdtie scale uncertainty. The dashed line
indicates the prediction using the combined fit.
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