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Abstract. The production of inclusive jets, dijets and trijets waseistigated with the high statistics HERA |l DIS data. The H1
experiment has determined the corresponding cross seatiith improved experimental precision and sophisticatethod of
unfolding, compared to previous measurements. The reselts compared with NLO QCD and NNLO QCD calculations for
the first time. Signals of QCD instanton-induced processarewearched for in neutral current deep-inelastic saagterith high
momentum transfe®? by H1 collaboration. Compared to earlier publications, lilmits were improved by an order of magnitude.
A search for a narrow baryonic state in th&2 and pK2 system has been performed with the ZEUS detector. Measatemith
the ZEUS data in DIS of isolated photons were reported, dinlyistudies of kinematic variables sensitive to the evgnadics.
The measurements were compared to MC models and to thedielculations based da factorisation QCD approach.

INTRODUCTION

The HERA collider was aepcollider with centre-of-mass energy of 319 GeV with two ripidtpose experiments, H1
and ZEUS. Both experiments recorded in the years 1992-28Gi7with an integrated luminosity of about 0.5 pb
The HERA experiments provide important precision measeragmof QCD, due to their unique initial state with
only one hadron involved. Several years after data takinth bxperiments have successively refined their analysis
technigues and now have achieved the final precision of tlaer.

MULTIJETS

Jet production in neutral current (N€p Deep-Inelastic Scattering (DIS) is an important procesgudy the strong
interaction and its theoretical description by QuantumaBimdynamics (QCD). In contrast to inclusive DIS process
jet production allows for a direct measurement of strongptiog a5 in the Breit frame of reference, where the
virtual boson collides head on with a parton from the protod #he Born level contribution to DIS can not generate
transverse momentum. Significant transverse mometpim this frame is produced at leading order (LO) in the
strong couplingrs by the boson-gluon fusion and the QCD Compton processeswpnedictions at next-to-next-
to-leading order in the strongs coupling are now available for inclusive jet and dijet protion [2]. These new
theoretical developments together with more precise nreasents will enable to use DIS jet cross sections for precise
studies of QCD.

New double-diferential measurements of inclusive jet, dijet and trij@issrsections were provided by H1 col-
laboration [1] together with these jet cross sections ntis@dto the inclusive NC DIS cross section of the respective
Q? -range (normalised jet cross sections). Inclusive jetsweeasured in the rangebdk P‘Tet < 50 GeV. Dijet cross
sections were measured as a function of the average traesr@mentum of the two jets with the high@%‘ft in
an event and trijet cross sections as an average of threwijbtshe highesP’Tet in an event. Normalised jets cross
sections are determined in the identical phase space. Shigavere compared to NLO QCD and NNLO QCD cal-
culations corrected for hadronisatiofiexts. The ratio of the normalised data doublffedéntial dijet cross sections
as functions ofQ? and< Pr >, to NLO predictions is presented in Figure 1 together withgredictions in NNLO.



norm
NLO

oM [

55<Q%< 8 GeV?

0.8f 04
0.6 0.6
0.4 04
0. ) 4 o3 ; 2] .
678 10 20 [30 40 67 10 20‘ 30 40 87 10 20‘ 30 40
(P), [GeV] (F), [cev] (), [Gev]
2,2 te<a<:Gev? 3E 2 22<@P<30GeV? IE7 2 30<QP< 42GeV?
£ 16 e 1 1.
2 14p 2. 1.
° ° 12F
038 08 od
0.6 0.§ 0.6
0. 04 0.4
0. g 0.9} i ER ;
678 10 ZOE{SO 40 67 10 2l]e1 30 40 67 10 2(_)‘ 30 40
(P ), [Gev] (P, [Gev] (L), [Gev]
Ec% |2 42<Q<0GeV? £2 2 co<c’<soceV | Normalised dijet
E\ 1 g 4 H1HERAI
1= . N
© q 2] @ Systematic uncertainty
od o SN I NLO @ hadr. cor.
0' 0 — ahINE O @) hadr anrr
G 64 aNNLC @ had. corr.
0. L 03 I = NNLO ® hadr. corr.
678 10 20| 30 40 67 10 20‘ 30 40
(P ), [GeV] (P7 ), 16eV]

FIGURE 1. Ratio of normalised dijet cross sections to NLO predictiansl ratio of the NNLO to the NLO predictions as a
function of @ and< Py >, [1].
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FIGURE 2. a) Distribution of the discriminator D in the signal regibn> 0.86. Data, the RAPGAP and DJANGOH DIS back-
ground predictions and the QCDINS signal prediction arevshd he error band, shown only for DJANGOH, represents the MC
statistical and systematic uncertainties added in quadrab) Observed CLs as a function of the instanton crosgosedthe 95%

CL limit is indicated by a horizontal line.

Both aNNLO [3] and NNLO theoretical predictions improversiicantly the description of the data. The strong cou-
pling as(Mz) = 0.1175(5)x{ 37 determined from a fit of NLO predictions to the normalisedgetss sections is
consistent with other world measurements and demonstradsgh experimental precision of the data.

INSTANTONS

In QCD instantons are non-perturbative fluctuations of e field. They can be interpreted as tunnelling transi-
tions between topologically flerent vacua. Deep-inelastic scattering in ep interactifigss a unique opportunity
to discover a class of hard processes induced by QCD instanide instanton cross sections is calculable within
instanton-perturbation theory and was expected to be inAKERematics, sizable — 10 pb.

The new analysis was performed using the gfiicollision data set taken in the years 2003-2007 by the H1



experiment with the total integrated luminosity of 351 pf#]. Two Monte Carlo models, RAPGAP and DJANGOH,
were used to estimate the background from the standard Nk sses. The instanton- induced processes were
modelled by the program QCDINS. The events were selectenlter the phase space region defined l&y0y < 0.7,

x> 1073 and 150< Q? < 15000 GeV. Observables used to discriminate the instanton inducettibation from the
standard DIS processes are based on the hadronic final d&8.(In order to extract the expected instanton signal
a multivariate data analysis technique was used. The cdisiesyshave been chosen which provide the best signal to
background separation. The distribution of the discrinan® is shown in Figure 2a). The simulated background
events are mainly concentrated at low discriminator valieite the simulated instanton signal events are peaked at
the large values. It is seen from Figure 2a) that no evideoc®€D instanton-induced processes was observed, the
region of large discrimintor values is very well describgdRRAPGAP. The data were also used to set the exclusion
limit, as shown in Figure 2b). In the kinematic region defilbgdhe theory cut-fi parameters an upper limit of 2 pb
on the instanton cross section at 95% CL was determined vidinlcontradiction with theoretically predicted value.

PENTAQUARKS

The ZEUS experiment reported in 2004 evidence for a peaktstmi in theng (and p_Kg) mass system in deep
inelastic scattering (DIS) data, consistent wif@'aresonance corresponding to five-quarks configuratiad¢g) [5].
The H1 collaboration presented mass distributions in aairkinematic region [6], but did not find any structure and
presented an upper limit. To clarify the production of strapentaquarks in DIS, a search for @heresonance in the
HERA Il data with an integrated luminosity of 358 Pthas been performed [7].

In Figure 3, theng (EKg) invariant-mass distribution is shown in the mass rangmffio4 to 1.9 GeV. The
distribution contains 310@Kg candidates and 2833](2 candidates. The pion contamination in the proton candédate
was estimated to be less than 10%. The dashed line repréisets signal as would be observed if it had the same
strength as reported in the ZEUS HERA | result. It is evidémdat HERA | peak at 1.52 GeV was not confirmed in
this analysis. Upper limits on the production cross seatibsuch a resonance have been set as a function gffe
mass in [7].

PROMPT PHOTONS

The production of isolated photons in a hadronic envirorimsmcalled prompt photons, is an important process
to test the understanding of underlying QCD processese ginempt photons are ufiacted by hadronisation and
thus are a direct probe of the partonic hard process. On biex band, non- prompt photons, i.e. photons originating
from decays of resonances such as are described using fnéagion functions represent a sizable background to the
studied process.

Photons which are produced promptly in the collision betprarks and gluons form hadrons are either emitted
from a quark as a part of hadron process (QQ—photons in Figjuoe are radiated from an incoming or outgoing
lepton (LL—photons in Figure 4).

The mesurement is based on DIS data sample correspondingritegrated luminosity of 374 pbtaken during
the years 2004-2007 with the ZEUS detector. This measureholtows earlier analyses of isolated photons in pho-
toproduction by the ZEUS and H1 collaborations, as well d3lB(see e.g. [8]). To extract signal from background
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FIGURE 3. The pK2 (pK2) distribution for the DIS sample, the solid line is the résila fit using the background function. The
dashed line represents the signal corresponding to the HEFA | result.
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FIGURE 4. a) QQ - photons: emitted from a quark as part of hard procgsd, bphotons: radiated from an incoming or outgoing
lepton.
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FIGURE 5. Differential cross section ir, (fraction of virtual photons momentum in hard subprocesshpared to a) weigthed
LO Monte Carlos b) BLZ theoretical calculations. The théioed uncertainties are indicated by the width of shaded.are

the energy-weighted mean width of the electromagnetidetus calorimeter relative to its centroid was used. The
number of isolated-photon events in the data was deterntiped ? fit in each measured cross-section bin. The dif-
ferential cross sections in dependencep(fraction of virtual photons momentum in hard subprocessrampared

to results of two Monte Carlos simulating QQ and LL procesB&&THIA and DJANGO & HERACLES in Figure
5a). PYTHIA cross sections are reweigthed by a factor 1.6etscdbe the normalisation of the data. It is seen that
shape ofx, distribution is decribed satisfactorily. In Figure 5b) theme experimental distribution is compared to a
predictions of the model BLZ [9], which usds —factorization QCD approach. In this model the photon raatia
from the quarks as from the lepton is taken into account. $ein that theory is systematically below the data and
also a shape of, is not well described.
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