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ATLAS Calorimeters
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LAr/Pb
|η| < 3.2

LAr/Cu (EM),
LAr/W (Had)

3.1 < |η| < 4.9

Scintillator/Fe
|η| < 1.7

LAr/Cu
1.5 < |η| < 3.2



Trigger and Vertexing
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Trigger:

minimum bias inclusive trigger
require ≥ 1 scintillator hit on 
either side above threshold
collision event: |t| < 7.5 ns

Vertex Requirement:

at least 1 vertex with |z| < 10 cm

- suppresses beam-related bkg 
and cosmic rays

negligible impact from pileup 
(< 0.2%)
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Minimum Bias Trigger Scintillator 
(MBTS), 2.09 < |!| < 3.84
(mounted on the LAr endcap cryostat)

ATLAS-CONF-2010-025

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2010-025
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2010-025


Jet Reconstruction: Constituents
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! Topological Clusters:
! seeded from cells with |Ecell| > 4"; “4-2-0 scheme”

(" = RMS of cell energy noise distribution)
! evolution in 3 dimensions
! excellent noise suppression
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physics in the simulation, but rather as an assessment of the general behaviour
of the detector and software chain (reconstruction and simulation).

Results are presented using clusters of calorimeter cells calibrated to cor-
rectly measure the energy deposited by electrons and photons in the calorime-
ter. This is known as the electromagnetic scale. There was, at this stage, no
allowance for energy loss in inert material. From this starting point jets were
reconstructed using the anti-kT algorithm [19], which is safe against infrared
and collinear divergences. The parameter R, which controls the size of jets in
the η − φ plane, was set to R=0.6.

7.1 Jets from Calorimeter Clusters

The inputs to the jet algorithm are topological clusters [16] which attempt to
reconstruct the three-dimensional shower topology of each particle. These clus-
ters were built starting from seed cells with energies |Ei| > 4σnoise, where σnoise

is the electronic noise measured by iteratively gathering neighbouring cells with
|Ej | > 2σnoise and, in a final step, adding all direct neighbours of these accumu-
lated secondary cells. The noise in the EM calorimeter, for example, was in the
range of 10-40 MeV per cell, depending upon the compartment and pseudorapid-
ity. Approximately 0.1% of all cells were classified as noisy and were removed.
Clusters built from the remaining cells were then used to create jets, which have
to satisfy: pjetT >7 GeV and |η| <2.6 where pjetT is the transverse jet momentum at
the electromagnetic scale. In order to remove cosmic muons and some residual
effects from cells in the calorimeter that exhibit large noise fluctuations the jets
are required to pass quality criteria. Furthermore, if the jet energy corrections
compensating for excluded calorimeter regions exceed 20%, the corresponding
candidates are not considered. Figure 31 presents example distributions of the
internal structure of the jets, namely the number of topological clusters, and
the fraction of the jet energy carried by each of them.
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Figure 31: Distributions of (a) the number of clusters per jet and (b) the fraction
of energy per cluster for jets reconstructed with topological clusters using the
anti-kT algorithm with R=0.6.

Figure 32 shows the jet pT in data and Monte Carlo simulation, normalized
to the number of jets in data. Figure 32(b) shows the difference of the azimuthal
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physics in the simulation, but rather as an assessment of the general behaviour
of the detector and software chain (reconstruction and simulation).
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ter. This is known as the electromagnetic scale. There was, at this stage, no
allowance for energy loss in inert material. From this starting point jets were
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to satisfy: pjetT >7 GeV and |η| <2.6 where pjetT is the transverse jet momentum at
the electromagnetic scale. In order to remove cosmic muons and some residual
effects from cells in the calorimeter that exhibit large noise fluctuations the jets
are required to pass quality criteria. Furthermore, if the jet energy corrections
compensating for excluded calorimeter regions exceed 20%, the corresponding
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Figure 31: Distributions of (a) the number of clusters per jet and (b) the fraction
of energy per cluster for jets reconstructed with topological clusters using the
anti-kT algorithm with R=0.6.

Figure 32 shows the jet pT in data and Monte Carlo simulation, normalized
to the number of jets in data. Figure 32(b) shows the difference of the azimuthal
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! anti-kT algorithm:
! sequential combination algorithm
! iterative procedure to combine proto-jets
! search for min(dij,dii):

! if dij is smaller, recombine (i,j)
! if dii is smaller, jet i is final

! theoretically clean (IR, collinear safe)
! FastJet implementation

Jet Reconstruction: Algorithm
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A priori it is not clear whether it is better to have regular (‘soft-resilient’) or less regular (soft-
adaptable) jets. In particular, regularity implies a certain rigidity in the jet algorithm’s ability to
adapt a jet to the successive branching nature of QCD radiation. On the other hand knowledge
of the typical shape of jets is often quoted as facilitating experimental calibration of jets, and
soft-resilience can simplify certain theoretical calculations, as well as eliminate some parts of the
momentum-resolution loss caused by underlying-event and pileup contamination.

Examples of jet algorithms with a soft-resilient boundary are the plain “iterative cone” algo-
rithm, as used for example in the CMS collaboration [6], and fixed-cone algorithms such as Pythia’s
[7] CellJet. The CMS iterative cone takes the hardest object (particle, calorimeter tower) in the
event, uses it to seed an iterative process of looking for a stable cone, which is then called a jet.
It then removes all the particles contained in that jet from the event and repeats the procedure
with the hardest available remaining seed, again and again until no seeds remain. The fixed-cone
algorithms are similar, but simply define a jet as the cone around the hardest seed, skipping the
iterative search for a stable cone. Though simple experimentally, both kinds of algorithm have the
crucial drawback that if applied at particle level they are collinear unsafe, since the hardest particle
is easily changed by a quasi-collinear splitting, leading to divergences in higher-order perturbative
calculations.1

In this paper it is not our intention to advocate one or other type of algorithm in the debate
concerning soft-resilient versus soft-adaptable algorithms. Rather, we feel that this debate can be
more fruitfully served by proposing a simple, IRC safe, soft-resilient jet algorithm, one that leads
to jets whose shape is not influenced by soft radiation. To do so, we take a quite non-obvious route,
because instead of making use of the concept of a stable cone, we start by generalising the existing
sequential recombination algorithms, kt [1] and Cambridge/Aachen [2].

As usual, one introduces distances dij between entities (particles, pseudojets) i and j and diB

between entity i and the beam (B). The (inclusive) clustering proceeds by identifying the smallest
of the distances and if it is a dij recombining entities i and j, while if it is diB calling i a jet and
removing it from the list of entities. The distances are recalculated and the procedure repeated
until no entities are left.

The extension relative to the kt and Cambridge/Aachen algorithms lies in our definition of the
distance measures:

dij = min(k2p
ti , k2p

tj )
∆2

ij

R2
, (1a)

diB = k2p
ti , (1b)

where ∆2
ij = (yi − yj)2 + (φi − φj)2 and kti, yi and φi are respectively the transverse momentum,

rapidity and azimuth of particle i. In addition to the usual radius parameter R, we have added a
parameter p to govern the relative power of the energy versus geometrical (∆ij) scales.

For p = 1 one recovers the inclusive kt algorithm. It can be shown in general that for p > 0
the behaviour of the jet algorithm with respect to soft radiation is rather similar to that observed
for the kt algorithm, because what matters is the ordering between particles and for finite ∆ this
is maintained for all positive values of p. The case of p = 0 is special and it corresponds to the
inclusive Cambridge/Aachen algorithm.

1This is discussed in the appendix in detail for the iterative cone, and there we also introduce the terminology
iterative cone with split–merge steps (IC-SM) and iterative cone with progressive removal (IC-PR), so as to distinguish
the two broad classes of iterative cone algorithms.
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dij = min
�
p−2

T,i, p
−2
T,j

� ∆2
ij

R2

R = {0.4, 0.6} typically

Figure 1: A sample parton-level event (generated with Herwig [8]), together with many random soft
“ghosts”, clustered with four different jets algorithms, illustrating the “active” catchment areas of
the resulting hard jets. For kt and Cam/Aachen the detailed shapes are in part determined by the
specific set of ghosts used, and change when the ghosts are modified.

the jets roughly midway between them. Anti-kt instead generates a circular hard jet, which clips a
lens-shaped region out of the soft one, leaving behind a crescent.

The above properties of the anti-kt algorithm translate into concrete results for various quanti-
tative properties of jets, as we outline below.

2.2 Area-related properties

The most concrete context in which to quantitatively discuss the properties of jet boundaries for
different algorithms is in the calculation of jet areas.

Two definitions were given for jet areas in [4]: the passive area (a) which measures a jet’s
susceptibility to point-like radiation, and the active area (A) which measures its susceptibility to
diffuse radiation. The simplest place to observe the impact of soft resilience is in the passive area for
a jet consisting of a hard particle p1 and a soft one p2, separated by a y − φ distance ∆12. In usual
IRC safe jet algorithms (JA), the passive area aJA,R(∆12) is πR2 when ∆12 = 0, but changes when
∆12 is increased. In contrast, since the boundaries of anti-kt jets are unaffected by soft radiation,
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! Jet pT corrected on average from EM scale to hadronic scale using a 
MC-based calibration (pT, !)

! Preliminary studies show an absolute jet energy scale uncertainty of ± 7%
! calorimeter pT response in 

different rapidity regions 
known to ± 5%

! E/p from in situ isolated 
tracks matched to topological
clusters

! calorimeter measurements 
and test beam results 
establish absolute scale

Jet Calibration
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ATLAS-CONF-2010-017

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2010-017
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2010-017


Data Quality and Preselection
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! Run and Event Requirements:
! stable beam flag from the LHC
! calorimeter fully operational with 

nominal performance
! event timing consistent 

with collisions

! Jet Veto:
! single noisy cells in the 

hadronic endcap region 
(largest effect)

! jets from bad quality 
calorimeter pulses

! out-of-time deposits

S. Majewski QCD@Work 2010

ATLAS-CONF-2010-038

events with ≥ 1 “bad” jet, 
pT > 10 GeV (EM scale) 

are removed

also important 
for missing ET

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2010-038
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2010-038


Event Displays
• Jet events at √s = 7 TeV





Highest pT Dijet Event
Jet 1 pT = 455 GeV
Jet 2 pT = 392 GeV

mJJ = 800 GeV
#! = 0.98π



4-Jet Event in 7 TeV Collisions

Jet 1 pT = 144 GeV
4 Jets with pT > 50 GeV



30 > Jet pT > 50 GeV



Results
• Inclusive jet production
• Dijet distributions
• Internal jet structure
• Charged particle flow



Comparison of Data with MC
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! Pythia dijet Monte Carlo sample (LO matrix element + parton shower),
! ATLAS MC09 tune, MRST LO* PDFs, full GEANT4 simulation

! All kinematic distributions normalized to unity
! comparisons are sensitive to shape differences

! Data/MC distributions compared at reconstruction level 
(not unfolded)

! Only statistical uncertainties are shown

S. Majewski QCD@Work 2010

pjet
T > 30 GeV and

��yjet
�� < 2.8



Inclusive Jet 
Production
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MC provides a reasonable 
description of the data

ATLAS-CONF-2010-043

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2010-043
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2010-043


! ~20% of the selected jet events are dijet events 

Dijet Mass and !! Distribution
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#! ~ π, back-to-back jetslimited phase space

ATLAS-CONF-2010-043

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2010-043
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2010-043


Differential Jet Shape
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! ρ(r) is the average fraction of jet pT within an annulus 
! pT = $ topocluster |pT| in that annulus
! relatively insensitive to jet energy scale

jets in the MC are slightly 
narrower than in data

#r = 0.1R = 0.6

ATLAS-CONF-2010-043

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2010-043
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2010-043


Charged Particle Flow
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hadronic activity out 
of the jet cone 

! independent information (from tracks) 
on the final state topology

! |yjet| < 1.9, so tracks are within the 
inner detector acceptance (|y| < 2.5)

plateau of remaining 
hadronic activity

ATLAS-CONF-2010-043
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Figure 6: Sketch of the particle flow as a function of the distance to the jet axis in the azimuthal direction.

where pT (|! −"!/2|, |! +"!/2|) is the scalar sum of the transverse momentum of the tracks at a given
distance ! to the jet, and bins of "! = 0.2 have been considered. Only tracks within the rapidity range
occupied by the jet cone are employed. The measurements are carried out for jets with p jetT > 30 GeV
and |y jet | < 1.9, as determined by a maximal tracking coverage of |# track| < 2.5, and performed as a
function of the rapidity separation between the two leading jets |"y j j|. Figure 7 shows the observed
charged particle flow compared to Monte Carlo simulations. As expected, for |"y j j| < 0.6 the presence
of two collimated jets of tracks at |! | ∼ 0 and |! | ∼ $ are observed. For |"y j j| > 1.2 the jet structure
for |! | < 0.6 is followed by a plateau of remaining hadronic activity as |! | increases. The Monte Carlo
simulated samples provide a reasonable description of the data, although tend to slightly underestimate
the hadronic activity away from the jet direction.
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Figure 7: Observed charged particle flow in inclusive dijet events for jets with p jetT > 30 GeV and |y jet | < 1.9,
as a function of |! | with respect to the jet direction and the rapidity separation between the two leading jets. The
measurements are compared to Monte Carlo simulations.
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Summary
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! High-pT jets have been observed in the ATLAS detector with the 
first 1 nb-1 of 7 TeV p p collisions from the LHC

! pT up to ~500 GeV and mJJ up to ~900 GeV 
! Shapes of jet kinematic distributions reasonably described by the 

fully-simulated Pythia dijet MC sample
! Jet internal structure studied through differential jet shapes
! Charged particle flow confirms calorimeter-based results

! The LHC continues to deliver...

"  Jet cross-section measurements will be reported later this summer

jet


