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Introduction

Data compared to theory predictions at particle level.
Monte Carlo (MC) event generators based on matrix elements (ME) at low multiplicity
in LO approximation (2→ 2), eg. Pythia or Herwig, on multileg ME (up to 2→ 6), eg.
Alpgen+Herwig+Jimmy and Sherpa, or on NLO matrix elements, eg.
Mc@nlo+Herwig+Jimmy.
Parton level predictions available up to NNLO QCD, eg. Fewz, or at NLO with multileg
ME (up to 2→ 6) calculation, Blackhat+sherpa
What kind of theory prediction is preferred by the data?
Several parton distribution function (pdf) sets (eg. Ct10, Mstw2008...) used in theory
calculations.

What can we learn about parton distribution functions with the LHC data?

Detector level
Stable particles

Hadronization

pdf pdfProton
Beam

Matrix element

Matrix element, 
parton-shower

Energy deposit

Parton shower
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The underlying event in jet events
ATLAS-CONF-2012-164

Study the UE as function of jet pT (event hard scale).
Define different azimuthal regions with respect to
the leading jet.

Transverse region more sensitive to UE.
Separating further the transverse regions to improve
the sensitivity to different UE components:

more active transverse region “transv-max”;
less active transverse region “transv-min”;
“transv-diff”: difference between observables in
“transv-max” and “transv-min”

MC models (Pythia8, Herwig++, different tunes of
Pythia6 and Herwig) reproduce approximately
well the features observed in data.

�����

leading jet

towards
|��| < 60�

away
|��| > 120�

transverse
60� < |��| < 120�

transverse
60� < |��| < 120�

Figure 1: Definition of regions in the azimuthal angle with respect to the leading jet. The balancing parts
of the jet system are indicated with green arrows, compatible with the dominant dijet event topology.
Multijet topologies, encountered in the inclusive jet event selection, are expected to contribute more
substantially to the transverse regions than the geometry shown here.

in the ATLAS calorimeters, due to interactions with material upstream of the calorimeters and bending
in the magnetic field.

These detector-level objects have been identified [10] with true hadron-level quantities in terms of
primary particles, i.e. particles with a mean proper lifetime ⌧ & 0.3 ⇥ 10�10 s either directly produced
in the pp interactions or in the decay of particles with a shorter lifetime. The selected tracks correspond
to primary charged particles with pT > 0.5 GeV and |⌘| < 2.5, and ATLAS clusters are equivalent (when
summed over) to primary charged particles with momentum p > 0.5 GeV or primary neutral particles
with p > 0.2 GeV. Lower momentum particles are not included as they are unlikely to reach the ATLAS
calorimeters due to material interactions and bending in the magnetic eld.

The observables used in this study, defined in Table 1, employ the conventional UE azimuthal division
of events into regions relative to the direction of the “leading” object in the event. The leading object
in this case is defined by the calorimeter-based anti-kT [11] jet with a radius of R = 0.4 and having the
largest pT, after application of jet selection criteria as described in Section 4. The azimuthal regions used
are defined with respect to the � of the leading jet (i.e. the jet with the largest pT, which is denoted by
plead

T ): a 120� “towards” region surrounds the leading jet, an “away” region of the same size is azimuthally
opposed to it and two “transverse” regions each of 60� are defined orthogonal to the leading jet direction
[2]. This is illustrated in Figure 1, with the azimuthal angular di↵erence from the leading jet defined as
|��| = |� � �lead jet|.

As the towards region is dominated by the leading jet and in the dominant dijet configuration the away
region is dominated by the balancing jet, the transverse regions are the most sensitive to accompanying
particle flow, i.e. the UE. In addition, the transverse regions may be distinguished event-by-event based
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Dijet cross sections
ATLAS-CONF-2012-021

Data compared to NLO QCD calculations (Powheg, Nlojet++);
various pdf sets and parton shower (PS) models have been tested.

Sizable experimental systematic uncertainties, ∼ 10%-60%, dominated by
jet-energy-scale uncertainty.

Outline QCD with jets Photon production Inclusive electroweak bosons Jets production in association with electroweak bosons

Dijet cross sections
ATLAS-CONF-2012-021

Data compared to NLO QCD calculations (Powheg, Nlojet++);
various pdf sets and parton shower (PS) models have been tested.

Sizable experimental systematic uncertainties, ⇠ 10%-60%, dominated by
jet-energy-scale uncertainty.
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Ratio of inclusive jet cross section at
√

s = 2.76 TeV and
√

s = 7 TeV
ATLAS-CONF-2012-128

Measuring ρ(y, pT) =
(

2.76 TeV
7 TeV

)3 · σ(2.76 TeV)(y,pT )
σ(7 TeV)(y,pT )

Exploiting the partial cancellation of correlated systematic uncertainties
(jet-energy-scale!) in cross section ratios.
Experimental uncertainties typically smaller than the theoretical uncertainties.

ATLAS data sensitive at intermediate-high Bjorken-x: reduced uncertainty almost in the
full x range.

G. Chiodini, N. Orlando, S. Spagnolo12-06-2012 2
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Event shapes at large momentum transfer
Eur. Phys. J. C 72 (2012) 2211

Study of multijet topology using event shapes: third-jet resolution parameter
(y23), event thrust (T⊥), thrust minor (Tm,⊥).

Dependence on the event hard scale (mean pT of the two leading jets, 1
2 HT,2) also

investigated.
Reasonable description of data provided by LO MC generators (Alpgen, Pythia6,
Herwig++).

7 / 32 Nicola Orlando QCD results from ATLAS

http://link.springer.com/article/10.1140%2Fepjc%2Fs10052-012-2211-y


Outline QCD with jets Photon production Inclusive electroweak bosons Jet production in association with electroweak bosons

More exclusive measurement: flavour composition of dijet events
Eur. Phys. J. C 73 (2013) 2301

Extract the flavor composition in di-jet events: bottom-bottom (BB), charm-charm
(CC), light-light (UU), bottom-charm (BC), bottom-light (BU), charm-light (CU);

no b-tagging requirements.
Compare data to LO generators (Pythia6, Herwig++) and NLO predictions
(Powheg);

significant data-MC disagreement in the BU fraction.
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Inclusive cross sections of isolated prompt photons
ATLAS-CONF-2013-022

Measured EγT and |ηγ| distributions for isolated photon production.

Distributions well described by LO (Pythia, Herwig) and NLO (Jetphox) QCD
predictions,

but cross section at low EγT , slightly underestimated by all the predictions.
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Dynamics of isolated-photon and jet production
ATLAS-CONF-2013-023

Several distributions have been measured, including γ-jet angular correlations.
Data is well described by NLO QCD calculation (Jetphox) but |∆φγj|, better
reproduced by LO Monte Carlo (Pythia).

G. Chiodini, N. Orlando, S. Spagnolo12-06-2012 2
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Measurement of isolated photon pairs cross section
JHEP 1301 (2013) 086

Isolated photon pair cross section as function of mγγ, pT,γγ, ∆φγγ, cos(θ∗γγ) (cosine
of polar angle of the photon pair in the Collins-Soper di-photon rest frame).
Data compared to NNLO (2γnnlo), NLO (Diphox) calculations and LO MC
generators (Pythia, Sherpa).

Good description of data is achieved with NNLO calculation.
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Measurement of the inclusive W± and Z/γ∗ cross sections
Phys. Rev. D 85 (2012) 072004 and Phys. Rev. D 85 (2012) 072004
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Precise measurement of W± and Z/γ∗
production;

experimental uncertainties at per-cent level.

Significant spread in NNLO (Fewz,Dynnlo)
theory predictions evaluated with different pdf
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High-mass Drell-Yan differential cross section
ATLAS-CONF-2012-159

Expected to increase the sensitivity to parton distribution functions in the high
Bjorken-x region with increasing mee.
Theory predictions, NNLO QCD (Fewz) corrected for NLO EW effects, match well
the data.

Photon induced (PI) lepton pair production (γγ→ `+`−) is included.
Statistical uncertainties dominates above 400 GeV.
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Angular correlations in Drell-Yan lepton pairs to probe Z/γ∗ boson
transverse momentum

ArXiv:1211.6899 [hep-ex]

Exploit the lepton angular correlation to study QCD radiation in Drell-Yan
production.

Measure distribution of φ∗η angle: φ∗η = tan(φacop/2) sin(θ∗η) .

φacop = π − ∆φ(`+, `−) , cos(θ∗η) = tanh
[

(η(`−)−η(`+ ))
2

]
.

φ∗η is correlated to Z-pT but has better resolution at very low transverse
momentum (purity of & 85%).
Compare φ∗η spectrum to NLO+NNLL (ResBos, A. Banfi, et al. Phys. Lett. B 715
(2012) 152), NNLO (Fewz), and several MC generators.
Experimental uncertainties (dominated by statistic) typically one order of
magnitude smaller than theory uncertainties.
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Study of jets produced in association with a Z/γ∗ boson

Several particle level distributions analyzed.

Good agreement between data and LO
multileg (Alpgen, Sherpa) and NLO multileg
(Blackhat+sherpa) calculations is observed.

Vector-boson-fusion topologies also studied.
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kt splitting scales in W → `ν events
ArXiv:1302.1415 [hep-ex]

Define splitting scales using the distance between constituents i, j and the beam B
defined as:

di,j = min(p2
Ti, p

2
Tj) ∆R2

ij/R
2 , diB = p2

Ti , R = 0.6 algorithm radius parameter;

Paradigm: event with 3 kT splitting scales
Input momentum d2 = d23 d1 = d1B d0 = d(23)B

Data compared to NLO QCD (Mc@nlo, Powheg), LO and NLO multi-leg MC
event generators (Alpgen, Sherpa).
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Hard double-parton interactions in W (→ `ν) + 2 jets events
ArXiv:1301.6872

Testing double-parton-interactions, DPI, in W+2jets measuring the fraction of DPI
(f (D)

DPI) and the effective parameter area (σeff ).
The measurement procedure exploit the assumption of factorization of DPI dynamic.

f (D)
DPI =

NW(0j) + 2j(DPI)

NW+2j
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Extract from data f (D)
DPI by a fit to the distribution ∆n

jets =
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T +−→p j2
T
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T |+|
−→p j2

T |
.

∆n
jets proved to be robust against jet-related systematics.

No dependence on the CM energy has been observed for DPI.
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Cross-section for W boson production in association with b-jets
ArXiv:1302.2929 [hep-ex]

Differential measurement in jet multiplicities
and b-jet pT .

Significant contribution from DPI (35%-20%).

The single top contribution is treated
alternatively as background and included in
the signal definition.

Data compared to NLO QCD (Mcfm) and LO
multi-leg predictions (Alpgen).
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Conclusions

A plethora of measurements have been performed and detailed comparisons with
the most advanced theory predictions have been provided.

Significant work ongoing to fully exploit the 2011/2012 dataset; several interesting
results to come in next months.
To do with more data:

More detailed measurements of exclusive final states and exclusive topologies.
Measure gauge bosons and jets in extreme phase space regions.
Use the data for pdf fit and MC tunes.

Full list of Standard Model measurement: https://twiki.cern.ch/twiki/bin/
view/AtlasPublic/StandardModelPublicResults.

Most recent ATLAS papers:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic.

Full list of ATLAS papers:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/Publications.
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Conclusions

A plethora of measurements have been performed and detailed comparison with
most advanced theory predictions has been provided.

Significant work ongoing to fully exploit the 2011/2012 dataset; several interesting
results to come in next months.
To do with more data:

More detailed measurements of exclusive final states and exclusive topologies.
Measure gauge bosons and jets in extreme phase space regions.
Use the data for pdf fit and MC tunes.

Full list of Standard Model measurement: https://twiki.cern.ch/twiki/bin/
view/AtlasPublic/StandardModelPublicResults.

Most recent ATLAS papers:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic.

Full list of ATLAS papers:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/Publications.

G. Chiodini, N. Orlando, S. Spagnolo12-06-2012 3

Thank you!
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Backup
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More exclusive measurement: dijet production with jet veto
JHEP 1109 (2011) 053

Gap fraction in dijets events: define the leading jets based on their rapidity gap
(“forward/backward selection”) or pT (“leading pT dijet selection”).
Compare data to NLO QCD calculation Powheg and effective all order
resummation (Hej).
Uncertainty on data typically below the theory uncertainties.

Significant spread among various theory predictions.
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Proprierties of large-R anti-kt jets
Phys. Rev. D 86 (2012) 072006 and JHEP 1205 (2012) 128

Measured several proprierties of anti-kt jets
with radius R = 0.4-0.6-1.0 in boosted regime.
Studied pile-up dependence.

Jet mass most sensitive to pile-up.
Correct for pile-up and UE.

Compare data to Monte-Carlo with different
parton showers and tunes (here shown Pythia6
and Pythia8).
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Properties of large-R Cambridge-Aachen jets
JHEP 1205 (2012) 128

Studied jet-substructure in Cambridge-Aachen
jets with R = 1.2 measuring N-subjettiness, kt
splitting scales and jet mass.
Splitting/Filtering procedure
(J. M. Butterworth, et al., Phys. Rev. Lett. 100
(2008) 242001) reduce significantly pile-up
effects,

and is well modeled by LO MC generators
(Pythia6, Herwig++).
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Study of jets produced in association with a W boson
Phys. Rev. D 85 (2012) 092002

Detailed study of jet production in association
to W boson.
Theory predictions: LO multileg (Alpgen,
Sherpa) NLO multileg (Blackhat+sherpa)
QCD calculation.

Need multileg calculation to properly describe
the data.

Dijet distributions shapes well predicted by
theory.
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Ratio of the W and Z cross sections with exactly one associated jet
Phys. Lett. B 708 (2012) 221

Measured ratio of cross sections to minimize the experimental and theoretical
uncertainties.

Systematic uncertainty down to 5%→will improve further (better detector knowledge,
larger control samples, etc...)

Using LO (Pythia) and LO multileg (Alpgen) MC generators and NLO QCD
(Mcfm) predictions.

Data well described, also by LO Monte Carlo.

G. Chiodini, N. Orlando, S. Spagnolo12-06-2012 5

Outline QCD with jets QCD with electroweak bosons

Ratio of the W and Z cross sections with exactly one associated jet
Phys. Lett. B 708 (2012) 221

Reduced experimental and theoetical uncertainties.
Systematic uncertainty down to 5%!will improve further (better detector knowledge,
larger control samples, etc...)

Data compared to LO and LO multileg MC generators and NLO predictions.
LO Monte Carlo able to reproduce reasonably well the data.
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Dominated by 
statistic above 60 GeV
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Inclusive jet and dijet cross sections
Phys. Rev. D 86 (2012) 014022
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Inclusive jet cross section in pp collisions at
√

s = 2.76 TeV and
comparison to the inclusive jet cross section at

√
s = 7 TeV

ATLAS-CONF-2012-128
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Flavour composition of dijet events: extra
ArXiv:1210.0441 [hep-ex]
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Angular correlations in Drell-Yan lepton pairs to probe Z/γ∗ boson
transverse momentum

ArXiv:1211.6899 [hep-ex]
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Angular correlations in Drell-Yan lepton pairs to probe Z/γ∗ boson
transverse momentum

Phys. Lett. B 720 (2013) 32-51
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Measurement of isolated photon pairs cross section
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