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tering at low photon virtualityQ? is measured with the H1 detector at HERA.

For inclusive DIS events with a forward jet, produced closehte proton remnant, differential
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the rapidity distancey, between them.

The analysis of charged particle production is performethahadronic centre-of-mass frame.
The charged particle densities are measured as a functipseafdorapidity f*) and transverse
momentum By) in the range 0< n* < 5 and 0< Py < 10 GeV.

The data are compared to predictions of next-to-leadingrd@CD calculations and leading order
Monte Carlo generators with different parton evolution mygzhes and with different hadronisa-

tion schemes.
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1. Introduction

The HERAepcollider has extended the available kinematic range for deep-inelastic sugtter
(DIS) to regions of the Bjorken scaling variable,as small as 1 at moderate values of photon
virtualities Q? of a few Ge\f. At low x a parton in the proton can induce a QCD cascade before
an interaction with the virtual photon. Several perturbative QCD-bapptbaches are available
to describe the dynamics of the parton evolution process. In the stand@&rd® evolution [1]
partons emitted in the cascade are strongly ordered in transverse mom&atunmeasured with
respect to the proton direction. At small valuexaftransition is expected from DGLAP to BFKL
dynamics [B] in which there is no ordering B of the partons along the ladder. The CCH [3]
evolution aims to unify the DGLAP and BFKL approaches. It introducesukangordering of
gluone emissions to implement coherence effects.

Hadronic final state observables are sensitive to the dynamics of QG@egs®s and are thus
expected to discriminate between different evolution approximations. Telséar deviations
from thePr ordering measurements of DIS events with energetic jets of high transwersentum
produced close to the proton direction in the laboratory frame, referred the forward region,
have been performed. The distribution of the azimuthal angle differévgeyetween the forward
jet and the scattered electron may show sensitivity to the underlying physihe volution of
the parton cascadf][4]. In this talk the study of the H1 Collaboration on theuiral correlation
between the forward jet and the scattered positron in DIS aklspresented]5].

Studies of the transverse momentum spectrum of charged particles ravetmposed [J6] as a

more direct probe of the underlying parton dynamics. The high transwammentum region is

expected to be sensitive to parton evolution effects, while aHphadronisation is expected to be
more relevant. The charged particle densities measured in the hadrotrie-oemass system as a
function of pseudorapidityr(*) and transverse momentui;) are presented][7].

2. QCD calculations

The measurements presented are compared with predictions of Monte K&)Ja@énerators
which implement various QCD models. RAPGAP [8] matches first order QCDixnelements
to DGLAP based leading-log parton showers wihordering. The factorisation and renormali-

sation scales are set to =y, = 1/ Q2+ p% where pr is the transverse momentum of the two
outgoing hard partons in the centre-of-mass of the hard subsystem. ®OANARIADNE is an
implementation of the Colour Dipole Model (CDM)][9] in which the parton emissipagorm

a random walk inPr such that CDM provides a BFKL-like approach. CASCALE][10] usés of
shell QCD matrix elements, supplemented with gluon emissions based on the CORkKoa
equation [B]. In these analyses two different sets of unintegrated glensity (UPDF) are used
(see [IP]): set AO with only singular terms of the gluon splitting function &2@D3-set 2 includ-
ing also non-singular terms. The Herwig++]11] MC program combines uhenfatrix element
including virtual corrections aD(as) with a DGLAP-like parton shower simulation. Here the
parton branching is based on colour coherence to suppress brgschitside an angular-ordered
region of phase space. For the hadronisation, the Lund string fragtioenfad] is used, as im-
plemented in JETSET[[]L3] for DJANHO/ARIADNE and in PYTHIf{]14] forARAPGAP and
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CASCADE. In the study of charged particle production three sets ofrfearjation parameters are
compared to the data: parameters tuned by ALEPH [15], by the Profassiag tool [16] and
default PTYHIA6.624 fragmentation parameters. Herwig++ incorportitesluster model[[17]
of hadronisation. In the forward jet analysis the data are also compartbe fixed order NLO
DGLAP predictions of the NLOJET++ prograrh [18].

3. Forward jet azimuthal correlations

The analysis phase space is restricte@%nx and inelasticty: 5 < Q% < 85 Ge\#, 0.0001<
x < 0.004, 01 <y < 0.7. Events with at least one forward jet satisfying the following cuts in the
laboratory frame are selectel; fygjet > 6 GeV, 173 < Nwdjet < 2.79, Xwdjet = Efwdjet/ Ep > 0.035
and 05 < P—%fwdjet/ Q? < 6. Herendiet is the pseudorapidity of the forward jet. The last two cuts
aim to enhance the effects of BFKL dynamics and suppress the DGLA®ievo
The forward jet cross sectiotio /dAg as a function of the azimuthal angle differenke be-
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Figure 1. Differential forward jet cross section as a function/ap in three intervals off compared with
the predictions of different QCD-based models. The systienaaror due to the uncertainty of the hadronic
energy scale is shown by the shaded band.

tween the most forward jet and the scattered positron is shown in Hijurethrée intervals of
the positron-jet rapidity distancé. At higher values o the forward jet is decorrelated from the
scattered positron. The predictions of three QCD-based models withesfitfenderlying parton
dynamics are compared with the data. The cross sections are well ddsorddeape and normal-
isation by the BFKL-like CDM model. Predictions of RAPGAP, labeled DGLAM, helow the
data, particularly at larg¥. Calculations in the CCFM scheme as implemented in CASCADE,
using the uPDF set AO with only singular terms of the gluon splitting functiontestenate the
measured cross section for large values in the two lowesY intervals. However, this model
provides as good a description as CDM of the data in the highagerval. The ratioR of MC to
data for normalised cross sections shows that the shape Afgtldestributions is described equally



Review of H1 results on the hadronic final state at HERA

Lidia GOERLICH

well by all MC models and cannot discriminate between different QCD dyramic
Predictions of the CCFM model shown in Fig{ife 2 indicate a significant satstt the choice

da/dAg(pb/rad)

100

80

forward jet

« H1 data
Energy scale uncert.

|- --- CCFM, set AO
| —— CCFM, set 2

20<Y<34
<x>=0.0024

34<Y<4.25
<x>=0.0012

425<Y<575
<x>=0.00048

1 3]

S S §
Y

Fr—L.]

R= norm. data

R

norm. MC

1 2 3
Ag(rad)

Figure 2: Differential forward jet cross section as a function/ap in three intervals o compared to the
predictions of CASCADE(CCFM) with two different uPDF.

of the uPDF. The set AQ is the same as in Fidlire 1. Predictions using 320@3marked set 2, do
not describe the data in normalisation especially at igimd in shape especially at |oWw

DGLAP predictions aD(aé) accuracy of the NLOJET++ program presented in Figlire 3 are
in general below the data, but still in agreement within the large theoreticaktainties indicating
that in this phase space region higher order contributions are expediedrtgportant.
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Figure 3: Differential forward jet cross section as a functiongh compared to NLO QCD predictions.

4. Charged particle production

The kinematic range of the analysis covers §? < 100 Ge\?, 0.0001< x < 0.01 and 005 <
y < 0.6. The study is performed in the virtual photon-proton rest frame, théiy®g" axis is
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defined by the direction of the virtual photon. The charged particle dessifiea function of}*
measured separately fBf < 1 GeV and for 1< P; < 10 GeV are presented in FigUre 4.
In the softP; region, the density of particles is almost flat foxIn* < 3.5. In the hardP;
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Figure 4. Charged particle density as a functionrpffor Py < 1 GeV (left plot) and for < P; < 10 GeV
(right plot) compared with predictions of different QCDdeal models.

region the density increases with increasiigup ton* ~ 2.5 GeV, a behaviour expected from
the strong ordering of transverse momentum towards the hard scatterieg.v&he predictions

of four models with different approaches for QCD radiation are contbtwehe data. At small
Pf, the data are reasonably well described by DJANGOH based on the CxdInas well as the
DGLAP-based MC RAPGAP and Herwig++. CASCADE predicts too high muliifis in most

of the measured)* range. At highPy, the strong sensitivity to the QCD dynamics is observed.
DJANGOH provides the best description of the data. RAPGAP and Hemsgengly undershoot
the measurements, while CASCADE is significantly above the data.

To check the sensitivity to hadronisation effects, the RAPGAP predictammthfee different
sets of fragmentation parameters are compared to the data in fjgure 5. A Iaignificant
differences between these three samples are seen and the data aesbebked by the ALEPH
tune. At largeP; they give similar results but none of them describes the data.

In Figure[$ the charged particle densities as a functioRfoére shown for two pseudorapidity
intervals, O< n* < 1.5 and 15 < n* < 5.0, referred to as the “central region” and “current region”,
respectively. Such division approximately defines the regions whersehsitivity to the hard
scatter is large (current region), and where the effects of partoweshdynamics can be tested
(central region). The proton target regioyi; < 0, is not accessible in this analysis.

The shapes of the measurBf distributions in the two pseudorapidity ranges are similar. The
predictions of four QCD-based models with different underlying partgmathics are compared
with the data. DJANGOH provides a reasonable desription of the data, ohiglaP; in the
current region deviations from the measurement are observed. Thertdels fail to describe
the data, with the strongest deviations being observed in the central region



Review of H1 results on the hadronic final state at HERA

Li

dia GOERLICH

4 Hldata — ALEPHtune ~4-Hldata  — ALEPHtune
-+= Professor tune -+= Professor tune
RAPGAP  —- Default PYTHIA RAPGAP  —- Default PYTHIA
hadronisation hadronisation
o 3 P 0.4
(= < I
Slo [ pr<1Gev H1 Slo [ 1<p*<10GeV H1
|z =z
0.3

Figure5: Charged particle density as a functionrpf for Py < 1 GeV (left plot) and for < Py < 10 GeV
(right plot) compared to RAPGAP predictions for three diffiet sets of fragmentation parameters.
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Figure6: Charged particle density as a functionRjfin the ranges 8 n* < 1.5 (left plot) and 15 < n* <
5.0 (right plot) compared with predictions of different QCRd®ed models.

5. Conclusions

Recent measurements of the hadronic final states in DIS @pfasensitive to the dynamics of
parton evolution as well as to different hadronisation schemes perfdogndte H1 Collaboration
were discussed. They include the study of the azimuthal correlation in dokeigiion of forward
jets, produced close to the proton direction, and also investigations of éingezhparticle densities
as a function of pseudorapidity and transverse momentum.

Differential forward jet cross sections and normalised distributions aesuored in the labora-
tory frame as a function of the azimuthal angle difference between thefdiat and the scattered
positron for different regions of the rapidity sepatation between them.ciidss sections are best
described by the BFKL-like Colour Dipole Model, while the DGLAP-basedP&#\P model is
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substantially below the data. The CCFM-based CASCADE predictions degpemgly on the un-
integrated gluon density. The shapes of Mfggdistributions are equally well described by leading
order Monte Carlo models with different QCD evolution schemes.The fixddradLO DGLAP
predictions are in general below the data, but still in agreement within the teegpretical uncer-
tainties.

The transverse momentum and pseudorapidity distributions of the chaagéclgs are mea-
sured in the hadronic centre-of-mass system. The data are compare®tb&3€d models with
different parton evolution dynamics and with different hadronisatioeses. Thér-ordered par-
ton shower modelled by RAPGAP as well as Herwig++, which also uses theecfiagmentation
model, are below the data especially at higjtand lown*. The CCFM-based CASCADE predicts
in most regions of phase space higher particle densities than observediatéh The CDM model
is the best among the considered models and provides a reasonabiptaesof the data.
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