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ABSTRACT: An extensive study of the hadronic final state in diffractive deep inelastic
scattering (DIS) at HERA is presented. The hadronic final state was investigated by
the H1 and ZEUS collaborations in terms of inclusive particle distributions, dijet and
three-jet production, and compared to various Monte Carlo models. Most aspects of the
final state topology are described by models assuming a resolved Pomeron dominated by

gluons.

1. Introduction

Recent measurements from the H1 and ZEUS collaborations have shown that, in QCD-
inspired models of diffraction, the Pomeron (IP) can be described as an object with its
own partonic structure (resolved IP) [ik, 2, 8, 4]. Another approach to describe diffractive
scattering, which is implemented in models, is based on the dissociation of the virtual
photon. In these models, the photon dissociates into gq or ggg which couple to the proton
via the exchange of a gluon ladder [5]. The simplest implementation of a net color singlet
exchange is a pair of gluons []. The study of the hadronic final state, which is directly
related to the parton configuration, is therefore a natural place to learn more about the
underlying dynamics of diffractive DIS.

The diffractive DIS process ep — €’ XY, where X represents the observed multihadron
final state of a photon-dissociated system with an invariant mass My, is characterized by
the presence of a fast forward-scattered baryonic state Y. This baryonic state Y can be
identified as a proton when it is detected by specially designed detectors such as the ZEUS
Leading Proton Spectrometer (LPS) [7]. Also, diffractive DIS can be studied for a class of
events in which a large rapidity gap (LRG) between the observed hadronic final state X
and the proton beam direction is identified. Under these conditions, the baryonic state Y
is constrained to have low mass.
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2. Inclusive Particle Distributions

The ZEUS collaboration has presented results based on 13.8 pb~! of data collected in 1997
on the global properties of the hadronic final state X in the center-of-mass (CMS) frame
of the y*IP system [§]. The results are given in the kinematic range 4 < My < 35 GeV,
4 < Q? < 150 GeV?, 0.0003 < zp < 0.03, and 70 < W < 250 GeV, where Q? is the
negative squared four-momentum transfer to the virtual photon, xp the fraction of the
proton’s longitudinal momentum transferred to the IP, and W the center-of-mass energy
of the v*p system. Diffractive events were selected by measuring the scattered proton with
the LPS and requiring that the proton carries at least 97% of the initial beam energy.
The average p2T of particles as a function of

xF, the fractional longitudinal momentum of the ZEUS
particle to the CMS energy, referred to as seag- . M5 Ge éi@jgﬁréfg%f o)
ull plots, are shown in Fig. I in three bins of 4 !

Mx and compared with predictions from three

Monte Carlo (MC) models: RAPGAP [d], SAT- I
F 7.5<Mx<16GeV
<Mx> =11.1 GeV

RAP [10], and RIDI [11]. RAPGAP is used in
its resolved IP mode based on the HI1 fit 2 to
the diffractive structure function F2D ® i4]. SAT-
RAP [i(] is an implementation of the saturation
model (by Golec-Biernat and Wiisthoff) [12] into
the RAPGAP framework and produces q¢ and
qqg parton final states in the approach of photon
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dissociation. The RIDI generator, which is based
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on a photon dissociative model by Ryskin [11], 98 o4 02 0 oz
also includes ¢q and ¢gg final states. The data Figure 1: Average squared transverse mo-
exhibit an asymmetry with larger average pgp in

mentum as a function of xp (seagull plot)
the photon direction which becomes more appar- in three bins of My in the v*IP center-of-
ent as My increases. RAPGAP and RIDI pro- mass system. Positive 2 is in the direc-
duce roughly the correct asymmetric pr while the tion of the virtual photon.

transverse momentum generated by SATRAP is

smaller than in the data. In all models, the asymmetry is produced at the patron level by

the presence of a gluon in the IP direction and a ¢ in the v* hemisphere.

3. Jet Production

MC Models, which correctly describe the measurement discussed in the previous section,
produce predominately a three parton final state. It is therefore a natural step to extend
the analysis of global event properties to the study of jet production.

3.1 Dijet Production

Properties of diffractive dijets were studied by the H1 collaboration using 18.0 pb~!
of data collected from 1996 to 1997 in the kinematic range 4 < Q% < 80 GeV?, zp < 0.05,
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prjet > 4 GeV and 0.1 < y < 0.7 using LRG events [13], where y is the the DIS inelasticity
variable. The analysis was performed in the CMS frame of the v*p system using the CDF
cone jet algorithm [14] with a cone radius of R = 1. Events with at least two jets were
selected for the dijet sample.

In Fig. 2, the differential dijet cross section do /dzl(gets)
as a function of z](gets) = (Q2 + M122) / (Q2 + M)Z() is shown in H1 Dziffrzactive Diiets
four intervals of the scale ,u2 =Q>+ pQT. In resolved IP mod- :ﬂ 300 — Q ’:pTH ; GDC; gev.
els, the variable zp can be interpreted as the fraction of the é‘%&izz : _ ﬁS;;ﬂFE}HH:% 3
pomeron momentum carried by the parton (usually gluon) 8 N AT :

entering the hard scattering that produces the two jets with

invariant mass Mio. Fig. ? shows that only a small fraction I... -

of the IP momentum enters into the hard scattering. Also 52 L L= ,
shown in Fig. 2 are predictions from the RAPGAP MC gen- 100 Py =38 4588V
erator using the H1 fits 2 and 3. The MC predictions contain o |

contributions from both direct and resolved virtual photons, o L .
where the internal partonic structure in the resolved photon 150 Fugnd TP7=20..35GeV
case is taken from the SAS-2D [i15] parameterization. The 100 |-

dijet data are especially sensitive in the region of large zp to 52 L ‘ """
the shape of the gluon distribution and favor the flatter dis- 0 02 04 08 O'Sue‘s)l

P

tribution (H1 fit 2). The IP parton distribution functions are pjgure 2: Diffractive dijet
evolved according to the DGLAP equations, which describe cross sections as a function of

well the scale dependence of the diffractive data. zp, shown in four intervals of

the scale u? = Q% + p2.
The picture of a resolved virtual H r

photon can also be interpreted as an H1 Diffractive Dijets - x ;< 0.01
approximation to next-to-leading-order % 1027_ g%ti%?ﬂﬁ s ) E o N

(NLO) QCD diagrams or contribu- Ng 10 | Ejtmzn}:zgga iﬁ e ¥ o
tions without strong kr-ordering. Pos- € 1 ] " | T

sible non-kr-ordered contributions are 3 10 1 ““““““““““ g o
investigated using the diffractive dif- 10 2— ---------------- I I """
ferential dijet cross section as a func- TT20 a0 o080 ST
tion of z](Pjets) in the restricted kine- o P 68V
matic range of zp < 0.01 (Fig. § c). :3 E

The cross section is compared with i& gs 10

predictions from SATRAP, which as- 8 : V‘S{ ------

sumes kr-ordering, and from the BJLW 3 L b 4o,
model for ¢g production [16] and for 1 ’ ‘ ;M E‘ N “
q@g production [17] for two values of 0 02 04 06 O'j@ets)l 0 1 p2(lp) [GeV]S
the pr cut-off for the gluon. The ® Trem

BJLW calculations take non-kp-ordered Figure 3: Diffractive dijet cross section in the restricted

contributions into account. The con- kinematic range zp < 0.01.

tribution from ¢g in the BJLW model

is negligible except at large values of z](lgets)

while the data have a significant fraction of
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events also at low values. SATRAP approximately describes the shape of the distribu-
tion, however the normalization is too small by a factor of 2. On the other hand, the
production of gGg according to the BJLW model has approximately the correct normaliza-
tion with an appropriately chosen cut-off value for the transverse momentum of the gluon
(p7, > 1.0 GeV?).

3.2 Three-Jet Events

The comparison of all results with models

presented so far shows that the best description ;5 7EVS

of the data is achieved with models which have a . f ZEUS 98-00  RAPGAP—CDM
SO

. . . . . . . oLy ® e most bockword jet
dominant contribution from gluons originating ei- 2f ° most forward jet
ther from a gluon-dominated IP or from the disso- s E

15 "6

ciation of the virtual photon into ¢gg. In all mod-

els, the gluon usually travels in the direction of
the IP. The properties of such a gluon jet can be E'w > 9 GeV

studied by investigating the production of three

jets in diffractive DIS. ozs b
The ZEUS collaboration studied three-jet pro- O b 91 ‘;eﬁﬁs
duction using 42.74 pb~! of data collected during @ (radians)

1998-2000 in the kinematic region 23 < Mx < Figure 4: Differential jet shapes, p(¢),
40 GeV, 200 < W < 250 GeV, zp < 0.25, and for the most-forward and most-backward
5 < Q% < 100 GeV? [1¥]. Diffractive events were jets with Eje > 9 GeV in three-jet events,
selected by requiring a LRG in the outgoing pro- where the IP defines the forward direction.
ton direction. Jets were searched for in the CMS frame of the hadronic system X using the
exclusive kp-algorithm (Durham algorithm) [IY]. The clustering procedure was repeated
until the threshold value y.,+ = 0.05 was exceeded. For the Mx region considered, the
energy of the resulting jets is Eje; > 4 GeV.

Fig. 4 shows the differential jet shapes, p(¢) = > AEjet(¢£56/2) /(6 Niets Ejet ), for the
most-forward (IP direction) and most-backward jet in three-jet events with Eje; > 9 GeV.
Here, AFEjet(¢ & 6¢/2) denotes the sum of all hadronic activity belonging to a given jet
whose angular distance to the jet axis is within the range (¢ — d¢, ¢ + d¢) for d¢p = 0.2,
and Njess is the number of jets. The jet in the IP direction is broader than the jet in the
photon direction. This is well reproduced by models in which the gluon is produced in
the direction of the IP and a quark in the photon direction. The observed difference in jet
shapes can therefore be attributed to the different nature of the outgoing partons travelling
in the IP and v* directions.

4. Conclusions

An extensive study of the final state in diffractive DIS in terms of inclusive particle pro-
duction and jet production at HERA was presented.

Various MC models were used to predict the topology of the hadronic final state in
diffractive DIS. The diffractive exchange is modeled either by assuming a resolved IP with
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partonic structure or a photon dissociative approach. The resolved IP model gives the
overall best description. The photon dissociative models usually reproduce the shape of
the distributions correctly but with a normalization too low by roughly a factor of 2. Both
approaches, however, suggest that at the parton level, the final state in diffractive DIS is
dominated by gluons either originating from a gluon-dominated IP (preferring a “flat” gluon
distribution which evolves according to the DGLAP equations) or from ¢gg production in
photon dissociation. The gluon is produced in the direction of the IP.

Comparison of the data with models which do or do not assume strong-kr-ordering
on the parton level suggests that some extra source of kr (for example, non-kr-ordering
or including NLO QCD terms) might be necessary to produce a better description of the
data.

References

H. Kowalski, Proceedings of the Ringberg Workshop “New Trends in HERA Physics”,
Ringberg, June 1999, DESY 99-141.

[11] RIDI 2.0: M.G. Ryskin and A Solano, Proceedings of the Workshop on Monte Carlo
Generators for HERA Physics, DESY 1998/99, DESY-PROC-1999-02 (1999) 386 and

references therein.

[17] J. Bartels, H. Jung and M. Wiisthoff, Eur._ Phys. J. C 11 (1999) 111.
[18] ZEUS Collaboration, S. Chekanov et al., Phys. Lett. B 516 (2001) 273


http://www-spires.slac.stanford.edu/spires/find/hep/www?j=EPHJA%2CC1%2C81
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=EPHJA%2CC6%2C43
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=EPHJA%2CC5%2C439
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB428%2C206
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=ZEPYA%2CC76%2C613
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=EPHJA%2CC7%2C443
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD12%2C163
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PRLTA%2C34%2C1286
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=ZEPYA%2CC73%2C253
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=CPHCB%2C86%2C147
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD60%2C114023
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=EPHJA%2CC20%2C29
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD45%2C1448
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=ZEPYA%2CC68%2C607
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB376%2C193
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB379%2C239
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB386%2C389
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=EPHJA%2CC11%2C111
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB516%2C273
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB269%2C432

