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INTRODUCTION

In this document the current experimental and theoretitaite presented at the “QCD
and Hadronic Final States” working group at the 2011 DIS wbdp in Newport News
are summarised [1]. The subjects covered include jet pitomygarticle spectra, prompt
photons, and boson plus jets production. Of the 49 talksngiveur sessions 13 were
from theorists. The first significant results from the LHC exments (ATLAS, ALICE,
CMS and LHCDb) were presented and discussed in detail. Newtsdsnin experiments
based at HERA, Tevatron, RHIC, JLab and CERN were also disdusse

The results presented show that our knowledge of QCD is giyealae to account
for a wide range of data from very different environmentswdwer there are some
important caveats that need to be taken into account:

» The smallx data tends to favour unordered parton emission models gbdnen
shower.

« Monte Carlo tunes of data can have large degrees of freedqmeciely when
including data from more than one centre of mass energy.

+ LHC measurements tend to be focused on central rapiditieéayh pr, limiting
the region in which they currently test QCD theory. The LHCbexpent with its
forward rapidity coverage has proven able to extend the Lkgeemental reach
in minimum bias events.

» Next-to-leading order QCD predictions in many cases incliagdge uncertainties
from the PDF as well as the scale choice, suggesting thattoexéxt-to leading
order (NNLO) QCD calculations and predictions are needed!

With these observations noted we look forward to next yeas results which promise
to test QCD even further.



JETS

Jet Cross Sections

Measurements of jet cross sections are fundamental measnote at the LHC. Both
ATLAS and CMS presented new jet measurements of proton-protdlisions at a
centre-of-mass energy of 7 TeV.

ATLAS (Ximo Poveda Torres) use the anti-kt algorithm with= 0.6 or 0.4, with a
minimum jetEr of 20 GeV and a maximum rapidity of 4.4, to identify jets. usive
single-jet differential cross sections as functions otj@hsverse momentum and rapid-
ity and di-jet cross sections as functions of di-jet mass @mgle were presented. The
measurements extend the previously measured kinematimreghigher rapidities, and
to both higher and lower values of transverse momentum. &figts were compared to
next-to-leading-order (NLO) QCD calculations matched tadieg-logarithmic parton
showers. Agreement between data and theory over severisoodl magnitude is ob-
served. A trend that measured cross sections are smallertileary at largept and
di-jet mass is noted.

ATLAS (Long Zhao) also presented measurements of multsess sections, the az-
imuthal correlation between di-jets, which are sensitiveigher order QCD effects, and
di-jets separated by large intervals of rapidity (“jet v@tevhich are sensitive to BFKL-
like dynamics. The measurements were compared to NLO QCD ighérdmultiplicity
LO QCD calculations matched to parton showers using lealtiggrithmic approxima-
tions. The large rapidity-interval distributions were@tsompared to calculations using
approximations based on resumming the leading-logargherms in rapidity. In gen-
eral, there is good agreement between theoretical predeand data.

CMS (Cosmin Dragoiu) have measured various jet cross secsoch as the inclu-
sive jet cross-section, the di-jet mass spectra and thet difgular distributions, using
the anti-kt algorithm wittR= 0.7 or 0.5, with a minimum jeEy of 18 GeV and a maxi-
mum rapidity of 3.0, to identify jets. Good agreement with Q@@dictions is observed.
CMS (Joanna Weng) have also measured hadronic event shapess aind thrust minor,
and the ratio of the 3 jet to 2 jet production cross-sectioasfronting QCD multi-jet dy-
namics in a previously unexplored kinematic regime. Tha @ae compared to various
QCD Monte Carlo models. For the event shapes PYTHIAG6, PYTHIAS Herwig++
are close to the data while Alpgen, MadGraph show discraparwith CMS parameter
choice) while the ratio is best described by Madgraph.

New theory predictions for event shapes are under developrdabao Li presented
the resummation effect on light quark and gluon jet functi@md jet energy profiles
based on first principles of perturbative QCD theory. The jetction provides a jet
mass distribution for a given jet transverse momentum. Zestsndistributions including
non-perturbative contributions agree with PYTHIAS forfdient jetpr and R, and with
CDF data. The jet energy profile gives important informatibouwt the jet substructure,
predictions for jet energy profile were found to agree with C&xtdl CMS data. The
method can be further extended to HERA and RHIC results, anddavy quark (top)
jet analyses.

DO (Zdenek Hubacek) presented analyses of inclusive dirdtthree-jet production



in a data set corresponding to an integrated luminosity. 86~ using the midpoint
cone algorithm. The inclusive di-jet production doublefeliéntial cross section as a
function of di-jet invariant mass and the largest absolafedity of the two leading jets
measurement was presented in six rapidifyrégions up tay| = 2.4 for the two jets
with the largest transverse momentum in an event. NLO peative QCD predictions
are found to be in agreement with the data. The measuremein¢ aficlusive three-jet
cross section was presented as a function of three-jetiamtamass in bins of softest
jet transverse momenta and in bins of jet rapidities. Themason of the data by NLO
QCD theory was found to be sensitive to the choice of prototopadensity function
(PDF), with the MSTW2008 and NNPDFv2.1 Pt’s giving the bestadi@tion. These
results were used in the DO extractionmf

ZEUS (Oleg Kuprash) presented new results of the di-jetsceextions in neutral
current deep-inelastic scattering and photoproduction tire di-jets the cross sections
are described by NLO QCD predictions. The results for phatdpction were presented
as a function of the average jet transverse energy and pssidity, as a function of the
fraction of the incoming photon momentum taken by the dsjettem, and as functions
of the di-jet invariant masdijj, and the scattering angle in the di-jet centre-of-mass
system. NLO QCD calculations give a good description of thasneements. The cross
sections have the potential to constrain the parton dessitithe proton and the photon
when included as input to fits to extract the parton distrdoufunctions.

For highpt forward processes at the Large Hadron Collider (LHC), QCD libigar
mic corrections in the hard transverse momentum and in tige kapidity interval may
both be quantitatively significant. Michal Deak presentatharical Monte Carlo appli-
cations of high-energy factorisation, which are able tane$®oth types of corrections to
final-state observables associated with production of ornvedrd and one central jet. By
computing jet correlations in rapidity and azimuth, theerof corrections to the parton-
showering chain from large-angle gluon radiation was stdgand was discussed in re-
lationship with Monte Carlo results modeling interaction®do multiple parton chains.
Proposal of observables which allow for discriminationvietn different approaches
were suggested such as measuthggin differentAn regions.

Christian Weiss presented a discussion on how the transmerdeon structure is a
key concept in the analysis of particle productionpp collision with hard processes
at the LHC. Using information on the transverse spatial ifistron of partons from
hard exclusive processes @p/yp scattering the impact parameter distributionpgf
events with a hard inclusive parton-parton process as diumof the pr and rapidity
of the produced jets was calculated. The avenagémpact parameters in such events
was found to depend only weakly on the jet kinematicsgpr> 2 GeV and are much
smaller than those in minimume-bias inelastic collisioneeTmpact parameter in turn
determines underlying event characteristics such as émsverse multiplicity, forward
energy flow and multi-jet rates. By measuring these eventacheristics as functions
of the “trigger” pt one can decode the role of thpp impact parameter and perform
detailed quantitative tests of the mechanism of particdpction. First results from
CMS and ATLAS fully support the proposed geometric picturee Bpproach exposes
model independent properties of the final state that shoerdesas benchmarks for
future detailed studies using MC generators.

Given the importance of double parton distributions forlidek phenomenology,



Jochen Bartels discussed the non-trivial issue of the &wolwof double parton dis-
tributions, which are central to the calculations discddsg C. Weiss. Approximating
this with a double DGLAP evolution may not be enough, espigaasmall parton frac-
tional momentum, where parton recombination leads to uariinds of reconnection
of the DGLAP chains, leading,g., to contributions to diffractive events. Several theo-
retical issues have been pointed out, including the mosvael evolution variable, and
the pressing need for further theoretical investigatidressed.

Precise predictions for jet production cross sectionsiregalculations through next-
to-next-to-leading order (NNLO) in QCD perturbation theddNLO computations re-
quire a systematic procedure to extract infrared singidgrfrom real radiation contribu-
tions. Radja Boughezal presented an overview of recent@ssdn subtraction methods
developed to allow high-precision perturbative calcalasi of jet observables at hadron
colliders. Results for a subset of the complete set of thdesketegrated antennae were
shown. In the near future the first physics applications khba available.

Jet production and particle correlationsin heavy ion collisions

In heavy ion collision, partons that have undergone a haatteschave to traverse
through a hot dense medium which could alter the parton éeoldeading to effects
such as jet quenching. Understanding and chartering tiéxtefs a hot topic and
results from ALICE, PHENIX and STAR were presented. The preseof a large soft
background in the heavy ion environment makes the use dfitadl jet reconstruction
algorithms non trivial.

The problem of jet reconstruction at heavy-ion colliderswi&gscussed by Juan Rojo
and the jet-area-based background subtraction tools asdpb by FastJet was pre-
sented. Monte Carlo simulations with and without quenchirgeaused to study the
performance of several jet algorithms, including the aptbfiltering, under conditions
corresponding to RHIC and LHC collisions. Most standardeatgms were shown to
perform well, though the anti-kt and filtered Cambridge/Aactalgorithms have clear
advantages in terms of the reconstructed transverse-ntamesffset and dispersion.

The status of full jet reconstruction in ALICE was presentédticia Cunqueiro
Mendez). In particular results on the inclusive chargeaijess section and the under-
standing of the underlying background and its fluctuatievtsich are the main source
of uncertainty in the measurement, were discussed.

An alternative method of full jet reconstruction pp and heavy-ion collisions was
presented by the PHENIX experiment (Ali Hanks). The dewelept of a new algorithm
applying a Gaussian filter in combination with a sophistddike jet rejection scheme
was shown to greatly improve the ability to measure realgeés in the high multiplicity
environment of centrahuAu collisions. Recent results using this new algorithm were
presented fopp andCuCu, including jet spectra and the nuclear modification factor,
di-jet correlations and thpp fragmentation function. Thpp inclusive jet cross-section
Is consistent with that from STAR using the midpoint coneoaltym. Jet yields are seen
to be strongly suppressed in central collision€utCu collisions compared to peripheral
collisions.



The STAR experiment (Hua Pei) presented results from 2+fetagions. Two back-
to-back highpr particles (charged hadrons or high energy photons) are aspdoxies
of di-jets to tag events. Then the distributions of low-paxde hadrons correlated with
these trigger pairs was studied. In contrast to the "ridgd™anmp" structures observed
in di-hadron correlations with a single high trigger, the correlation functions for 2+1,
with the similar associated hadrgr range, show clear peak structures even for central
AuAuU collisions in bothAg andAn. The asymmetry of the back-to-back triggers was
varied, and the associated yields and trigger rates fordujehs are studied as a function
of the number of particles and associafgd A comparative study of this usinguAu
anddAu systems has also been made. Results are compatible witbhrfaeesemission
model (core/corona medium). Path-length dependent emesgynodels are expected to
show a relative difference between near and away side doatiteof AuAu/dAu, this
was not observed in either symmetric or asymmetric triggesecand is under further
study.

Jet Cross Sectionsand ag

Jets measurements can be used to extract both an accurateremant ofas and
demonstrate the running of the strong coupling. Severalliesvere presented in a
session dedicated .

The DO experiment (Markus Wobisch) has determined the gtomupling constant
and its energy dependence from the dependence of the inclusive jet cross section.
The strong coupling constant is determined over the trasev@omentum range 59
pr < 145 GeV. Using perturbative QCD calculations to or@¥g) combined with
O(ag) contributions from threshold corrections, they obtaiogtMz) = 0.1161 95031
This is the most precise result obtained at a hadron-hadotider to date. DO also
presented the first measurement of ratios of multi-jet ceestions inpp collisions at
\/s=1.96 TeV at the Tevatron. The ratio of inclusive three-jet airfeticross sections
was measured as a function of transverse jet momentum. NLO €Elations give a
good description of the measurements.

The ZEUS experiment (Inna Makarenko) has measured theretiffi@l inclusive-
jet cross sections in photoproduction for boson virtuedit)®> < 1 Ge\2. Jets were
identified in the laboratory using the cluster algorithm in the longitudinally inclusive
mode. Cross sections were presented as functions of thegetpsapidity, and the jet
transverse energy. NLO QCD calculations give a good desaniptf the measurements.
The value ofas(M;) extracted from the measurements was found toab@Mz) =
0.1206 %02 exp) 2% 1h) | o

The ZEUS experiment (Denys Lontkovskyi) also measurecefitial inclusive-
jet cross sections in neutral current DIS for boson virtiegiQ? > 125 Ge\?. Jets
were identified in the Breit frame using thke cluster algorithm in the longitudinally
inclusive mode. Single-differential cross sections weespnted as functions QF, the
jet pseudorapidity and the jet transverse energy. In amditneasurements of double-
differential inclusive-jet cross sections were preserdsdfunctions of jet transverse
energy in different regions of?. NLO QCD calculations give a good description of



the measurements. A value af(Mz) was extracted from the measurements of the
single-differential cross-sectiato /dQ? for Q% > 500Ge\f and found to bexs(Mz) =
0.12074 5554 exp) §spe4th.). The dependency of the results on the choice of jet
algorithm was by checked by repeating the measurementg tieranti-kt and SIScone
algorithms. The values were in general found to be condistgh each other and have
similar precision for both DIS and photoproduction.

The H1 Experiment (Roman Kogler) has measured the inclystyeli-jet and tri-jet
differential cross sections in neutral current DIS for exahed boson virtualities 150
Q? < 15000 GeV . Jet cross sections as well as ratios of jet cross sectionsutal
current DIS cross sections have been measured. The cragmsegere presented as a
function ofQ? and the transverse momentum of the jet (the mean transvensenium
for di-jets and tri-jets) and were compared to NLO QCD caltates and found to agree.
The measurements were used to determine value of the stoapdireg as(Mz). The
most precise experimental result came from the tri-jet€gextion and was found to be
as(Mz) = 0.1196+ 0.0016exp.) +0.0010pdf.) Jooe2(th.).

PARTICLE PRODUCTION

Semi Inclusive with Protons

The LHCb experiment presented results on baryon numbermtosin@iarco Adinolfi)
and strangeness production studies (Jesko Merkel). Dug large pseudorapidity cov-
erage, excellent tracking capabilities and the possjtitextending the measurements
to low transverse momenta the LHCb experiment provides w@hyquseful results for
the study of particle production. Measurements of the pctido cross-section of par-
ticles with strangenessKg, @), the production ratios oA\ /A and/\/Kg and the pro-
ton/antiproton production ratio as a function of rapiditycenter-of-mass energies of
0.9 and 7 TeV were presented. The results are sensitive yotvaumber transport from
the beam to the final state particles, and to the various th@€D model predictions.
Preliminary results compared to current models indicata tas a: hardepy distribu-
tions; higher baryon number transport; lower baryon/mesgpression than predicted.

The ATLAS experiment presented results on particle digtidns and correlations
in minimum bias and underlying event distributions and Mo@arlo generator tun-
ing (Holger Schulz, Cristina Oropeza Barrera). Particledpigiion in proton-proton
collisions are a sensitive probe of non- and semi-pertiud&CD. Measurements of
charged particle distributions were presented from prgimion collisions at centre-of-
mass energies of/(s) = 0.9, 2.36 and 7 TeV. Inclusive "minimum bias" distributions
as well as measurements in regions defined with respect tughest transverse energy
particle in an event, which are sensitive to the underlyingng were presented. The
data were compared to several Monte Carlo models, includiodets with parameters
tuned to ATLAS data. New tunes of the general purpose MC geoer PYTHIAG6 and
Herwig which improve upon previous ATLAS tunes, using a widariety of measure-
ments and higher precision data, were presented. It is akedmpossible to describe
all measurements at all energies at the same time, and coriga® must be made al-



though more distributions are described in this set of tuthas previously. Inclusive
two-particle correlations between charged particdes,andAg, was also presented for
pr inclusive minimum bias events. None of the models reprodheestrength of the
correlations seen in data.

The CDF experiment (Seog Oh) reported on an extensive resemaaduction study
with minimum bias events up or = 10 GeV and in association with a high jet. They
measured the inclusive invariant transverse momenturardifitial cross sections of cen-
trally produced hyperons (lambdas, cascades, and omega$iyht strange resonances
(K2, K**+(892) andg®(1020)). Neither PYTHIA nor HERWIG is able to describe the
data using the LEP tunes. The slopes of the differentialscsestions of particles in the
high transverse momentum region are very similar to eackratidicating a universality
in the particle production processes as the transverse momeancreases.

ZEUS (Ryuma Hori) have measured the scaled momentum disoiis of identified
particles,Kgand/\, using an integrated luminosity of 290 phin the kinematic region
10 < Q? < 40000 Ge\ . The distributions have been measured in the current regfion
the Breit frame. NLO QCD calculations including hadron-me#fects are compared
to the data. Scaled momentum distributions clearly shovirggaiolations. Monte
Carlo predictions (LEPTO and ARIADNE) give a good descriptaf the data. NLO
QCD calculations with 2 different theoretical approacheKKACYCLOPS and DSS)
reproduce the data reasonably well in the infrared saf@nsgi

ki-factorization together with unintegrated parton disttions (TMD distributions)
are very important theoretical tool for the analysis of sémsiusive data and hadronic
final states at the LHC. Emil Avsar presented a review of thecephof unintegrated
gluon distributions which are widely used in phenomenolaggmall-x. Emphasis was
placed on whether we actually understand what exactly théTd&tributions are,
examining the used distributions in the literature, untarding their exact meanings
and comparing these to novel definitions given for the TMDritistions which follows
from TMD factorization theorems. The importance of obtagiexact and coherent
definitions for these quantities, especially given thatdpelications to less inclusive
hadronic data are numerous and widespread, was made.

Charge separated multiplicities fart and K* production in semi-inclusive DIS
were presented by the HERMES experiment (Sylvester Jopsng the 27.6 GeV
HERA electron/positron beam scattered off a hydrogen otedaum gas target. The
results were presented as a function of Bjorkef)?, z and transverse momentupg.
Comparison to NLO predictions, obtained from fitsetbe™ data only, show there is
room for improvement. The results represent a unique datafselentified hadrons
which will significantly enhance our understanding of thegimentation of quarks into
final state hadrons in DIS.

Semi Inclusive with Nuclei
Nuclei in DIS can be used as femtometer scale detectors q@irtpagation and frag-

mentation of the quark struck by the virtual photon. CLAS §iya Mineeva) presented
results on a series of SIDIS measurements off D, C, Fe and Réimalken in Hall B at



JLab. This data set provides insights on parton fragmemtagtrocesses and the space-
time development of in-medium hadronisation, respectjwed measurements of trans-
verse momentum broadening and the hadron attenuationfferatit types of hadrons.
In particular the high luminosity available at CLAS allows foultidimensional distribu-
tions in the hadron fractional energyscaleQ?, photon energy and hadron transverse
momentumpr to be measured. Several examples for charged and neutrs, @ind the
first world data on neutral kaon multiplicities have beercdssed. The full interpreta-
tion of this preliminary data is in progress.

Jian Zhou presented theoretical results on nuclear motigitaof azimuthal asym-
metries in semi-inclusive DIS, which is yet another obskleaensitive to parton propa-
gation and hadronisation in nuclei. Taking into accounttipld scatterings of the struck
quark, he showed that at small Bjorkenxg), the cosb asymmetry, where is the an-
gle between the hadron production plane and the leptoniosaafane, sensitive to the
gluon saturation scal@s; specifically it is increasingly suppressed compared tagoro
targets af)s increases. At largeg, the cosb asymmetry is suppressed by transverse
momentum broadening, and is thus a sensitive probe of intmegarton dynamics.

Another way of addressing color confinement is by studyirggtthdronic spectrum.
In particular, the number of nucleon resonances predicteddveral theory models
exceeds what is experimentally observed, indicating tleel fier a deeper understanding
of the relevant effective degrees of freedom, and indiyeaitlQCD confinement. Sergio
Anefalos Pereira presented a comprehensive set of dataeospictrum of photo-
production of excited nucleon states decaying in kaon-toypparticles taken with the
CLAS detector at JLab. He also showed preliminary data oredentargets, which will
be useful to estimate hyperon-nucleon interactions.

PHYSICSWITH PHOTONSAND MEDIUM EFFECTS

Prompt photons in hadron colliders are mainly produced ingpahard scattering.
They provide a test of perturbative QCD predictions withosing jets. The dominant
production process at the LHC involves gluons in the ingitalte and thus are a probe
of the gluon content of the proton. They are also a possilkd&draund to new physics
searches (e.¢d — yy).

CMS (Andre David) made the first measurement of the diffeatrdross section
for the inclusive production of isolated prompt photons afiraction of the photon
transverse energy at the LHC. Shower shape and isolatioireaggnts are applied and a
minimum photorEr > 15 GeV is required. Results are compared with NLO pertuvbati
QCD calculations which are in good agreement with the data.

ATLAS (Giovanni Marchiori) have measured the cross sectarthe inclusive pro-
duction of isolated prompt photons. Photon candidatesdmmetified by combining in-
formation from the calorimeters and from the inner tracked are required to have
a minimumEr > 15 GeV. Residual background in the selected sample wasastim
from data based on the observed distribution of the trassveplation energy in a nar-
row cone around the photon candidate. The results when aeahpa predictions from
NLO perturbative QCD are generally in agreement but theresarall discrepancies
below 35 GeV.



Both ATLAS and CMS are extending these measurements to iaghigets and di-
photons measurements in the near future.

DO (Dmitri Bandurin) have measured the single differentialss sections as a func-
tion of the di-photon mass, the transverse momentum of thghdion system, the az-
imuthal angle between the two photons, and the polar socaitangle of the photons, as
well as the double differential cross sections in threettbtpn mass bins. Measurements
were compared with latest theory predictions using RESBQIBHOX and PYTHIA.
None of the packages was able to describe data in the whaodenlatic region. Most
problematic are regions of small masses, lgogg, and smallA®,,. RESBOS predic-
tions are closest to data, with excellent agreement at digghMass> 80 GeV, which
is the important phase space fér— yy searches.

ZEUS (Nataliia Zhmak) have made measurements of prompisph@et cross sec-
tions as functions of the photon transverse energy and psapidity and as a func-
tion of the jet transverse energy and pseudorapidity inmaégtrrent DIS events us-
ing the full HERA data set ( 330 pB). The photon transverse energy is in the range
4 < Et < 15 GeV. Monte Carlo models (PYTHIA), after appropriate sugiof theQQ
component (where a photon is radiated from a quark), is abtkescribe the data. The
next step will be to compare to NLO perturbative QCD calcoladi

Direct photon tagged jets are an excellent probe of the qglrin plasma, since
photons do not interact via the strong force, they escapeng@ium unmodified. The
PHENIX experiment (Megan Connors) measured the direct phbé&alron correlations
in pp andAuAu collisions. By studying the yield opposite the photon iredirphoton-
hadron correlations, the quark fragmentation functioppnand AuAu collisions was
obtained. It is then possible to quantify the effective nfigdtion to the fragmentation
function in AuAu collisions due to energy loss and medium response. A statisiub-
traction method, to remove the large contribution of dechgtpns from the inclusive
photon sample, was used in theAu measurement, while for thgp collisions an event
by event technique was also applied. The results were cadpardata fromete™ an-
nihilation events, medium modified MLLA predictions andgraentation functions. At
low ¢ the yield inAuAuis suppressed but the shape of the fragmentation functioeeap
to be unmodified. Moving towards highthe shape does change and an enhancement in
particle production is observed.

DO (Alexander Verkheev) have used a sampley#8-jet events to determine the
fraction of events with double parton scatterirfgp. The double parton fraction and
effective cross sectiodesf, a process-independent scale parameter related to tlenpart
density inside the nucleon, was measured in three intenfathe second (ordered
in pr) jet transverse momentuipr j¢2 Within the range 15< pr je2 < 30 GeV. In
this range,fpp varies between .@3 < fpp < 0.47, while ge;¢ has the average value
ogf = 164+ 0.3(stat) + 2.3(syst) mb. The data indicate a contribution from events
with double parton interactions that is described by pitaas from the PYTHIA MPI
model with Perugia PO or SO tunes apgtordered showers and by SHERPA with the
default MPI model.



PHYSICSWITH BOSONS

The DO collaboration has introduced new variables (cadiedand ¢*) to accurately
probe the low transverse momentum regiorZdfoson production at hadron colliders.
The comparison of this data to perturbative QCD predicti@xsected to give important
information on the size of non-perturbative effects. Siedharzani presented a state-
of-the-art analytical calculation of these new variables tontains the resummation of
large logarithms up to next-to-next-to leading logaritbraccuracy, matched to a full
next-to leading order calculation. The theoretical remufierformed accounting for the
experimental cuts introduced by the DO collaboration, &edheory prediction has been
compared to data, however theoretical uncertainties havybe calculated.

Vector boson production in association with jets is an dro¢lprobe of QCD and
constitutes the main background to many small cross segiiocesses, such as as-
sociated Higgs production. These measurements are ctasial of the predictions of
perturbative QCD and current event generators, which hawed/auccess in describing
the data. Using these measurements as inputs in tuning geaetators will increase
the experimental sensitivity to rare signals.

ATLAS (Stefan Ask) have Measured the inclusi¥tjets andZ+jets cross sections,
in both the electron and muon decay modes of the bosons. Bhoégevere presented
as a function of jet multiplicity, the transverse momentuiihe leading and next-to-
leading jets in the event and as ratios of cross sectionstedudts show good agreement
with NLO predictions, obtained from MCFM and Blackhat-Srerglulti-jet results also
show good agreement with predictions from multi-partonnra&iement MC programs,
Alpgen and Sherpa.

DO (Darren Price) presented and extensive overview of firerise results relating to
boson+jets measurements. They presented: the first measoieat a hadron collider of
differential cross sections fat/y* + jet + X production inAg(Z, jet) and|Ay(Z, jet)|;
The ratio of the cross section f@ boson and at least one b-quark jet to the inclusive
Z+jet cross section ; and measurement8of- |v production in association with 1, 2,
3 or 4 jets. The shape of thAy(Z, jet)| distributions are described by NLO pQCD
and Sherpa, some tunes of PYTHIA also do a reasonable jobeveni¢(Z, j) is
badly described by all. Th& — e"e~ candidate events with at least one b-jet are
discriminated fromZ+charm and light jet events by a novel technique that exploit
the properties of the tracks associated to the jet. The medsatio is 0019+ 0.0027
for events having a jet with transverse momentpm> 20 GeV and pseudorapidity
|n| < 2.5, which is the most precise to date and is consistent witbréteal predictions.
W+1 and 2 jets distributions are described by NLO QCD predistjoN+3 jets show
some disagreement in shape, although normalisation isdestiribed, while W+4 jets
predictions are only leading order and suffer from very éamcertainties. A variety of
W/Z+jets measurements is expected to be published by DO inghefuture.

Anna Stasto pointed out that calculations of di-lepton paaduction at forward ra-
pidity at the LHC in the dipole model consistently undemastie their collinear fac-
torization counterparts. Furthermore, the effects of posugpressed terms iQ@2/M?
cannot be neglected for di-lepton mads< 6 GeV due to the large saturation sc&le
in this kinematics. It would be interesting to perform maasoents inpA collisions to
test this approach through the impact parametéy dependence of the saturation scale.



SMALL X AND RAPIDITY GAPS (JOINT WITH THE SMALL-X
WORKING GROUP)

At HERA studies of DIS at very small Bjorkexn{down to about 10°) have been
made. At such smakg, new parton dynamics beyond DGLAP are expected to become
important. The LHC can access even smalgrmrocesses, and an understanding of
parton dynamics at smatk is even more important if QCD predictions at the LHC are
to be constrained.

H1 (Izabela Milcewicz) have measured DIS events at @wwith a high transverse
momentum jet. ThAg dependence in events with a forward jet and an additionalgst
measured in the central region of the laboratory frame.dpgffitial cross sections and
normalised distributions were presented as a functionefttimuthal angle difference,
A@, between the forward jet and the scattered electron. Thesunements were then
compared to predictions from Monte Carlo generators baseifi@nent QCD evolution
schemes. At smaks, models where the parton emission is not orderggrire.g. CCFM
and CDM, describe the data better, while standard LO DGLAPeiso@il. Normalised
shape distributions were found to be insensitive to difie@CD evolution schemes and
best described by the CDM model.

H1 (Anastasia Grebenyuk) also presented results from dgsasaf charged particle
spectra, measured at lo@7, in different regions of pseudorapidity. Compared to previ-
ous analyses the measurement extends the coverage in pmaddy into the forward
region (towards the proton remnant), where deviations froatdels based on DGLAP
evolution are expected to be more pronounced. The measotemwere compared to
different Monte Carlo models based on different QCD evolutiohemes. At low trans-
verse momenta the results are primarily sensitive to hasation, whereas at large
transverse momenta the results are sensitive to the dif €D evolution schemes.

Paolo Bolzoni presented smalkesummation for partonic cross sections in time-like
kinematics,i.e., for thee™e~ — gluon process at NLO, relevant to the calculation of
single inclusive hadron production cross sections for baslwith small fractional mo-
mentumz. His results are expected to enable accurate NLO fits of pdragmentation
functions at smalk. In particular he presented a simple rederivation of a férraécu-
lation of double logarithmic singularities he previoushtained with his collaborators
in the MS regularization scheme. These are the largest logaritppgaring at small
X, and determine all other partonic cross sections. Theylaceaakey ingredient in the
calculation of the subleading single logarithmic singities, which he will tackle next.

Christophe Royon presented a model able to describe diffeaetents in hadron-
hadron collisions where a rapidity gap is surrounded by ®s.jThe hard color-singlet
object exchanged in the t-channel, and responsible fordpality gap, is described
by the pQCD Balitsky-Fadin-Kuraev-Lipatov Pomeron, inghgdcorrections due to
next-to-leading logarithms. When the rapidity gap is smahan the inter-jet rapidity
interval, the corresponding soft radiation is modeled g$ive HERWIG Monte Carlo.
The model is able to reproduce all Tevatron data, and plieditwere made for the
jet-gap-jet cross section at the LHC.

Simone Marzani presented progress of understanding ghysiche di-jet cross-
section with a jet veto as presented by ATLAS at this worksHdpderstanding jet



vetoing in this context, with its large cross-section, igdat importance if in the future
we want to successfully measure processesdikgus two jets and eventually Higgs
plus two jets with a jet veto. Progress on matching the resatiom to tree level matrix
elements and including the experimental cuts chosen by ThéA& collaboration, so
that we can compare to their results, were presented. Ireprents to the parton shower
modeling of HERWIG++ were implemented as a part of the studmetertaken.

HADRONIC FINAL STATES

A wide selection of other topics were also discussed.

CDF (Arie Bodek) presented the first measurement of the angakfficients of DY
ete pairs in theZ mass region fronpp collisions, which provides a detailed test of the
production mechanism of gauge bosons with IgogeThe measurement is sensitive to
the relative contribution of annihilation and Compton prsses, and validates the gluon
as a spin-1 boson.

ZEUS at HERA (Aharon Levy) presented measurements of theggreependence
of the total photon-proton cross section, which allows tpes¥mentally constrain the
transition from soft to hard degrees of freedom in DIS stefunctions ag? increases
above 1 GeV.

The NA48 experiment at CERN (Sergio Giudici) presented geeoieasurements of
K+ — mPmfetv by the NA48 experiment CERN (Sergio Giudici) which allow dleta
comparisons with predictions from chiral perturbationahe

Nikolaos Kidonakis presented recent results for thresheddmmation of soft gluon
divergences at next-to-next-to leading logarithm acourble presented the complete
two-loop results fott production, single top production in the s and t channelgatli
photon and W production at lar@@r, among others. He demonstrated that the Tevatron
and LHC single top results are consistent with the NNLO datoons.
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