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1. Introduction

The ATLAS and CMS collaborations have carried out a number of measnts involving
jets and photons using the data accumulated in proton-proton collisions Bathtd 2012. In
2010 and 2011 both collaborations have collected approximately 37aiul 5 fbo-? of integrated
luminosity at a center of mass energy of 7 TeV. At the start of the 2011 deitegtperiod of
the LHC, both experiments also collected pp collision datgst 2.76 TeV corresponding to an
integrated luminosity of 0.20 pB3. In 2012, approximately 21 fi of data were acquired at a
center of mass energy of 8 TeV. In the following sections we will brieflyawthe main available
measurements which are performed mainly using 2010 and 2011 data and po#gible future
developments.

2. Jet measurements

On the jet side the inclusive double differential jet cross sections harereasured by both
experiments covering a rapidity range up to 4.4 and extending up to jets withsvérae mo-
mentum of 1 TeV (Ref.[J1] and Ref[][2]). The di-jet double-differehtieoss sections have been
studied as a function of the di-jet invariant mass and jet rapidity. Morgbeget activity between
the two highest Bt jets has been studied in di-jet events (REf. [3]). The data are compaes to
pectations based on next-to-leading order (NLO) QCD calculations (EI®4 [f]) corrected for
non-perturbative effects, as well as to next-to-leading order Montie Ganerators (POWHEG][5]
interfaced with PYTHIA [p] or HERWIG[J7]). In general a good agmeent is found between data
and the various predictions. In several cases the experimental untestare of the same order
or smaller than the corresponding theoretical ones. In the di-jet with ragdpyanalysis, the
POWHEG NLO + Parton Shower di-jet Monte Carlo generator gives argiyngood description
of data, no stricking evidence that BFKL inspired description of HEJ 8] improve significantly
the agreement. Some tensions between data and theoretical predictiorevedlis the inclusive
jet cross sections ratios between 2.76 and 7 TeV center-of-mass daf@)(Fig

In this measurement the main experimental systematic uncertatinies canceltioatratio,
thus giving great sensitivity to the gluon PDF. Discrepancies betweerataeadd predictions are
visible mainly in the central regiony| < 0.8) for pjTet < 50 GeV and in the forward region for
pjTEt > 50 GeV. While the prediction from NLO + Parton Shower Monte Carlo genesaeem to
agree with data in the forward region, the origin of the disagreement in titeateegions is still
unclear. An attempt to use these data to re-fit the PDF leads to a slightly lgauderspectrum at
highx and to a reduced uncertainty (Fig. 2). However the harder gluon speetrnot sufficient
to explain the disagreement in the central region.

The measurement afs has also been performed by both the CMS (Hel. [12]) and the ATLAS
(Ref. [13]) collaborations. The measured values, extrapolatity tare

asMS(Mz) = 0.114840.0014exp) +0.0018 PDF) 3355 (scalg
afT*(Mz) = 0.111+0.006(exp) "-925(theory)



Photon and Jet measurements in pp collisions at the LHC P. Lenzi

§ 1.4:—M<03 E § 21<ly|<28 7 ATLAS

G 12F == 1 G 1'2:_-—1. — E J'L dt = 0.20 pb™

a Tpm—gy— T = S, =B 3 [a) ﬂﬂg—@— T e =

O E ] (6] = 1 - Gz.?sTev | g7Tev

Q osf 3 g osf 3 P O

o i o L 3 ik R=

2 12 F 03<lyl<0s8 i 2 28<pl<ss | ant-keR=04

z 2F 3 z ] Data with

H 1 WE‘W 4 = - —e— statistical

2 E ] 2 uncertainty

s o0s8fF + 4 B ‘

= E E ~ r A Systematic

o 0.6F — a 05 E E |:| uncertainties

> F < 3 > F < 3

2 1.of-08sbI<12 i 3 15F — 3.6_|y\<4.4_: NLO pQCD 0

C L E 1:_- ----- ey E non-pert. corr.

E _ﬂ==g=f§f E (CT10, p=p]™)
E 0.5 :-_\—\_I E POWHEG [ PYTHIA
3 E J —— tneAUET2B
3 30 40 102 2x10° (CT10, p=p?™")
] p. [GeV] POWHEG [ PYTHIA
= T —&—  tune Perugia 2011
E (CT10, u=p$‘"”)

30 40 10> 2x10?
P, [GeV]

Figure 1: Ratio of the inclusive jet cross-section @8=2.76 TeV to the one a{ﬂs)z? TeV (Ref. [})]),
shown as double ratio to the theoretical prediction catedlavith the CT10 PDFs as a function of pT in
bins of jet rapidity, for anti-kt jets with R=0.4. Also shovame POWHEG predictions using PYTHIA for
the simulation of the parton shower and hadronisation wihAUET2B tune (Ref.|EO]) and the Perugia
2011 tune (Ref.@l]). Only the statistical uncertaintylimwn on the POWHEG predictions. Statistically
insignificant data points at large @re omitted. The 4.3% uncertainty from the luminosity measients is
not shown.

The ATLAS and CMS measurements are obtained from data samples cowéspto 37pb?t
and to 5 flo'! of integrated luminosity respectively. The larger data sample used for th® CM
measurement not only results in a smaller statistical uncertainty, but it alsertisrio apply higher
pjTEt thresholds allowing to extraats from a phase space region which is likely less sensitive to
scale variations. The scale sensitivity of the various observables ydbé bwo collaborations is
a point that would highly benefit from more studies and from discussionthitbrists. Given the
present experimental and theoretical uncertainties the ATLAS and CMSumegaent agree and no
deviation is observed of the evolution of the strong coupling constanttineraxpected theoretical
behaviour.

Recent studies (Ref. [IL4]) have highlighted the potential of jet sulisteitechniques to iden-
tify the hadronic decays of boosted heavy particles. These studiedyailpen the assumption
that the internal substructure of jets generated by QCD radiation is wedrstodd. Jet invariant
mass k; splitting scales and N-subjettiness have been studied together with groonfimgotezs
by both experiments (Ref[ JIL5] and_]16]). Leading-order (LO) pashower Monte Carlo pre-
dictions for these variables are found to be broadly in agreement with@ateerally these results
show that jet mass and substructure quantities can be successfullguepdoby leading-order
parton-shower Monte Carlo. This result bodes well for future analgs®ing to exploit the jet
substructure techniques.
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Figure 2. Momentum distributions of the gluon xg(x) together withithelative experimental uncertainty
as a function of x for &=1.9Ge\? (Ref. [9]). The filled area indicates a fit to HERA data only.€Téands
show fits to HERA data in combination with both ATLAS jet datss and with the individual ATLAS jet
datasets separately, each for jets of R=0.6 size. For edble fincertainty in the PDF is centred on unity.

3. Photon measurements

Inclusive isolated photon production cross sections have been meédsut®oth collabora-
tions (Ref. [1F], [1B] and[[19]) and the data have been compared wit® Nredictions from
JETPHOX [29] and LO MC generators like PYTHIA and HERWIG. Theesgment with the pre-
dictions has been found to be good except in the lpwamge for ATLAS where some tension is
observed. PYTHIA and HERWIG are found to be in agreement with daenwie QED radiation
photons are taken into account. Isolated photon cross section data frbASAave been used
as additional inputs in the NNPDF fit (Ref_]21]): the central value is filgcged while the un-
certainty on the gluon PDF is slightly decreased showing a potential usage photon data to
constrain the gluon PDF.

Differential cross sections as a function c¥ff[mr photon plus jets production were measured
by both experiments (Ref[ [R2] and_]23]) and compared with JETPHOKHRA, HERWIG
and SHERPA[[28] predictions. Diphoton production has been meassredfinction of M,,
Pryy, 0@y and co$), (Ref. [24] and [2b]) and compared with NLO DIPHOK]26] and NNLO
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(Next-to-Next-to-leading order) 2gNNLQ [27] predictions : the agreenie fairly good, except
in the regions dominated by fragmentation contribution which is not implementedNNRQ.
Among the MC generators SHERPA is showing the best agreement with data lardgest part
of the phase space tested in the analyses. The CMS collaboration has shedossibility to
discriminate between different Matrix Elements -Parton Shower matchingnashby looking at
the rapidity measurements in Z or photon+jet events (Ref. [29]). While thet Zreasurement
shows some discriminating power, the photon+jet channel suffers ftmrrlarge error bars and
does not yet allow yet to draw quantitative conclusions.

4. Summary

The results discussed above show that the capability of the NLO/NNLOIlatéms and the
NLO + Parton Showers Monte Carlo generators to describe the data &ldaerwith the excep-
tion of a few regions of the phase space. Actually this is true for the velysive quantities which
have been measured up to now, namely tﬁbamdy distributions of all jets for example. One of
the primary goal for the next run of the LHC will be to analyze more exctuival states, trying
to understand what are the limits of the accuracy of the calculations we Adgesecond key
point will be the comparison with the new NNLO calculations which have beesnity released
(Ref. [B0]). Understandig the details of jet physics is a mandatory task@tto be able to detect
unexpected signals of new physics. An intense round of discussitmedieexperimentalists and
theorists is considered crucial in order to define a set of new measuetndre addressed with
new data and using the most recents calculations and generators. Piggs jis currently miss-
ing any NLO + PS generators which would be desireable, but the agréentiethe SHERPA and
PYTHIA (when including radiation photons) is averall fair. NNLO calculagavork nicely except
in the fragmentation enanched regions since they are not including thisociiotn.

Precise measurement of the photon+jet events is both useful to undeostarf the largest
background to the measurement of the Higgs decaying to two photons aadstvain the gluon
PDF in the mediunx region allowing to reduce the theoretical uncertainty on the Higgs production
Cross sections.

As a conclusion it turns clearly out that jets and photons measurementsrulayila play
a central role in understanding LHC pp collisions data and in benchmarkenguvilable MC
generators. This will be the key to be ready to understand signals of hgsice which might
manifest in an unexpected way.
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