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  ATLAS (A Toroidal LHC ApparatuS)ATLAS (A Toroidal LHC ApparatuS)

The Large Hadron Collider (LHC) is the 
world's largest and highest energy particle 

accelerator. It holds the new world record for 
the highest-energy man-made particle 

collisions with 3.5 TeV per beam.

ATLAS characteristics: 
 Overall length = 42 m
 Diameter = 22 m
 Weight = 7000 tons

 ATLAS is one of the six detectors at LHC. It 
consists of a series of concentric cylinders 

around the interaction point.

 Divided into 4 major parts: the Inner 
Detector, the calorimeters, the muon 

spectrometer and the magnet systems.

 It is in the calorimeters where the collision 
particles deposit their energy. We consider in 

this study only calorimeter jets.
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  But...What is a jet?But...What is a jet?

p p

g p“Parton jet”

Underlying 
event

  Initial p-p collision produces outgoing partons 
(quarks and gluons).
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  But...What is a jet?But...What is a jet?

  Initial p-p collision produces outgoing partons 
(quarks and gluons). 

 Fragmentation, hadronization and decay 
produce neutral and charged particles. The 
particles in this bunch have correlated kinematic 
properties.

e, γ, K, π, 
etc

“Particle jet”

p p

g p“Parton jet”

Underlying 
event
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  Initial p-p collision produces outgoing partons 
(quarks and gluons).

 Fragmentation, hadronization and decay 
produce neutral and charged particles. The 
particles in this bunch have correlated kinematic 
properties.

 Resulting interacting particles: electrons, 
photons, and hadrons (and their antiparticles) 
deposit energy in the calorimeter. The non-
interacting particles (mostly neutrinos) do not 
generate an observable signal.

p p

g p“Parton jet”

Underlying 
event

  But...What is a jet?But...What is a jet?

“Calorimeter jet”

Had. cal

e, γ, K, π, 
etc

“Particle jet”

EM cal
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  But...What is a jet?But...What is a jet?

  Initial p-p collision produces outgoing partons 
(quarks and gluons). 

 Fragmentation, hadronization and decay 
produce neutral and charged particles. The 
particles in this bunch have correlated kinematic 
properties.

 Resulting interacting particles: electrons, 
photons, and hadrons (and their antiparticles) 
deposit energy in the calorimeter. The non-
interacting particles (mostly neutrinos) do not 
generate an observable signal.

 A jet is the combination of these 
elements. This combination is made using 
different jet algorithms of reconstruction (kT , 
Anti kT (default), Cone algorithms). A jet 

algorithm can be applied at both levels: 

- Particle level: generator particles as input.

- Calorimeter level: calorimeter towers and 
3D topological clusters as input.

p p

g p“Parton jet”

Underlying 
event

“Calorimeter jet”

Had. cal

e, γ, K, π, 
etc

“Particle jet”

EM cal
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  But...What is a jet?But...What is a jet?

Jet production cross section is very large at LHC, and many 
analysis depend on them:
 Top quark physics, Higgs, susy ...
 QCD jets are the background for many analysis.
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The ATLAS CalorimetersThe ATLAS Calorimeters

η=1.375

η=1.7

η=3.2

η=0

y

z
x

 X: center of the tunnel. 
 Y: to the surface.
 Z: beam direction 

y

z

xproton

proton

Particle with 
momentum p

y

z

p

θ

Pseudorapidity:

x p
T

φ

y

Azimuthal angle

Transverse momentum:
p

T
=pSin(θ)

y-z plane: y-x plane:
But first, some useful 
definitions:
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The ATLAS CalorimetersThe ATLAS Calorimeters

η=1.375

η=1.7

η=3.2

Electromagnetic (EM) 
calorimeters |η| < 3.2
 Pb/LAr
 3 longitudinal sections

Hadronic Tile 
calorimeters |η| < 1.7
 Fe/scintillator
 3 longitudinal sections 

Hadronic EndCap 
1.5 < η < 3.2
 Cu/LAr
 4 longitudinal sections

Forward calorimeter 
3.2 < η < 4.9
 EM Cu/LAr – HAD W/Lar
 3 longitudinal sections

η=0

 Divided in layers
 Varied granularities
 Varied technologies
 Overlap/crack regions

y

z

x

 X: center of the tunnel. 
 Y: to the surface.
 Z: beam direction 

And now the calorimeters:
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Why do we need to calibrate the Why do we need to calibrate the 
jets in ATLAS?jets in ATLAS?

Mainly to correct for calorimeter effects:

 Non compensation (e/h >1)
   - Hadrons generate smaller signal than 
electrons and photons.

 Dead material
 -  Particles lose energy in dead material 

before reaching the EM calorimeter, or 
end up in non instrumented regions.

 Magnetic field bending
 -  Some particles are bent out of the 

reconstructed jet by the tracker magnetic 
field.

Other effects are also implied:

 Energy lost due to jet algorithm 
efficiency.

 Energy added by underlying event 
and/or pile up.

 Energy lost due to calorimeter 
signal definition.
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Why do we need to calibrate the Why do we need to calibrate the 
jets in ATLAS?jets in ATLAS?

- We need to calibrate to bring the 
calorimeter response
E

calorimeter
/E

particle
=1 (Jet Energy Scale)

- Another goal of the jet calibration 
is to achieve an optimal jet energy 
resolution.

p p

g p“Parton jet”

Underlying 
event

“Calorimeter jet”

Had. cal

e, γ, K, π, 
etc

“Particle jet”

EM cal

As a consequence:

- The energy deposited (E
calorimeter

) does not 

correspond to the initial energy carried by 
the particles (E

particle
), i.e. the response 

(R=E
calorimeter

/E
particle

) of the calorimeter is 

different from one. 
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From uncalibrated to calibrated jetsFrom uncalibrated to calibrated jets

There is no universal model for jet calibration. 
ATLAS has developed several schemes of 
calibration basically at two levels:

 Jet level: First find jet, then calibrate, then 
other corrections required are applied.

Global Cell Weighting (GCW) or H1-
Style.

EM+JES: It's the default in ATLAS.

 Cluster level: Calibrate calorimeter signals, 
then find jet, then other corrections required are 
applied.
 

Local Cell Weighting (LCW).

The calibration schemes mentioned above are 
MC based, but there are other “data only” 
calibration methods under development and 
validation rigth now.

Uncalibrated
jets

Jet Level 
Calibration

Jet Energy Scale
corrections

Particle level
Calibrated jets

Jet properties, track-based
and/or JVF corrections

Jet reconstruction
algorithm

Cluster level
calibration

Calorimeter 
signals
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Global Sequential (GS) CalibrationGlobal Sequential (GS) Calibration

Uncalibrated
jets

Monte Carlo based
p

T
 and η dependent

Jet Energy Scale
correction

Particle level
Calibrated jets

Jet properties
corrections

Jet reconstruction
algorithm

Calorimeter 
signals

First step: Jet Energy Scale correction:

 We use the EM+JES calibration (default in ATLAS) which 
parametrize the response as a function of p

T
reco and η.

 The application of EM+JES coefficients brings the response 
equal to 1.

GS Calibration is a jet level Monte Carlo based 
calibration, divided in two steps:

E
M

+
JE

S

G
S

 C
a
li
b

ra
ti

o
n
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Global Sequential (GS) CalibrationGlobal Sequential (GS) Calibration

Second step: Improvement of jet resolution (σR/R):
 GS parametrize the response as a function of  p

T

reco and η and 

one jet property (in the example below: fraction of jet energy 
deposited in 1st layer of tile calorimeter).

  
 The application of GS coefficients improve the resolution, but 

keeping the response to 1.

   Once one correction is applied, start procedure over
again with new variables to achieve optimal performance

GS Calibration is a jet level Monte Carlo based 
calibration, divided in two steps:

Uncalibrated
jets

Monte Carlo based
p

T
 and η dependent

Jet Energy Scale
correction

Particle level
Calibrated jets

Jet properties
corrections

Jet reconstruction
algorithm

Calorimeter 
signals

E
M

+
JE

S

G
S

 C
a
li
b

ra
ti

o
n

Before correction After correction
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Global Sequential (GS) CalibrationGlobal Sequential (GS) Calibration

Second step: Improvement of jet resolution (σ
R
/R):

 Corrections are not very sensitive to pile-up.

 Corrections can be calculated/validated using data.

 Corrections are applied sequentially and their number depends 
on the jet η.

* f correspond to the fractional jet energy deposited in the corresponding 
calorimeter layer. Width refers to the jet width.

GS Calibration is a jet level Monte Carlo based 
calibration, divided in two steps:

Uncalibrated
jets

Monte Carlo based
p

T
 and η dependent

Jet Energy Scale
correction

Particle level
Calibrated jets

Jet properties
corrections

Jet reconstruction
algorithm

Calorimeter 
signals

E
M

+
JE

S

G
S

 C
a
li
b

ra
ti

o
n
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GSC performance Anti-kGSC performance Anti-k
TT
 R=0.6 Topo R=0.6 Topo

Corrections keep the response close to 1, at the level of 0.5%.

The jet energy resolution improves after each correction.

Resolution is comparable to the Global Cell Weighting (GCW or H1-Style) 
calibration (one of the calibration schemes existent in ATLAS).

Anti-kT R=0.6 Topo

H1 Style

GS

Anti-kT R=0.6 Topo

H1 Style

GS

Response=E
calorimeter

/E
particle
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GS Validation with DataGS Validation with Data

In Monte Carlo:

Response=E
calorimeter

/E
particle

In Data:

 We do not have particle level 
information.
 We need to use di-jet balance 

techniques in order to calculate 
the calorimeter response.
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GS Validation with DataGS Validation with Data

 

 Di­jet are events used to determine the GS calibration
 response functions  R(xi )  (xi : input variables).

 

 Asymmetry of di-jet system
can be directly related with
the response (R): 

 Imbalance in the event mainly due to:
   - Calorimeter effects
   - Imbalance at the truth level jet

  It can be shown that  the two effects can be decoupled for small asymmetries: 
                          

A -> A(x) - A
truth

(x) where

Jet probe

Jet tag
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GS Validation with DataGS Validation with Data

 Reminder
 

 So far good 
MC/Data 
agreement in 
asymmetry vs f

Tile0
, 

f
EM3

 and f
HEC0

 (also 

in others η and p
T
 

regions).

 WIDTH and 
f
Presampler

 not well 

described by MC.

 Validation has 
been made up to 
800 GeV in pT in 
the central region 
of the detector.
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GS Validation with DataGS Validation with Data

 Reminder

 

- Using A(data)
- Using 
A(data)-A

truth
(MC)

  Good MC/Data 
agreement in the 
Response vs f

Tile0
, f

EM3
 

and f
HEC0

.

 Statistics 
accumulated by 
ATLAS in the last 
month will allow us to 
calculate the GS 
coefficients in some 
p

T
 and η regions 

using only data. 
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Monte Carlo based systematics in GSMonte Carlo based systematics in GS

 The figure shows the Monte Carlo (MC) based derived systematics. Those were calculated 
using MC samples with different description of the interactions and the detector geometry 
than the sample used to derive the GC corrections. 
 Similar results where obtained in other η regions.
 Systematics due to MC/Data differences in corrections and due to imbalance at the truth 

level are under study.
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Conclusions and future workConclusions and future work

  The Global Sequential (GS) Calibration uses few properties of the jet to 
achieve good performance.

 The GS corrections are applied sequentially (then if one of them is not well 
understood it can be eliminated). A systematic uncertainty can be assigned to 
each one of the corrections.

  Direct validation of corrections in data can help cross-check the calibration:

- It has shown good MC/Data agreement for f
EM3

 and f
Tile0

 in the central region 

and for f
HEC0

 in the EndCap region of the detector. 

- On the other hand, f
Presampler

 and WIDTH are not well described by MC.

 We are now concentrated on the calculation of the systematic uncertainties 
associated to MC/Data differences in corrections and to the imbalance at the 
truth level.
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Inputs to Jets and ETmissInputs to Jets and ETmiss

Taked from Silvia Resconi, HCP2009 Evian November 2009
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Jet AlgorithmsJet Algorithms

Taked from Silvia Resconi, HCP2009 Evian November 2009



  27

Jo
u

rn
é
e
s
 J

e
u

n
e
s
 C

h
e
rc

h
e
u

rs
 2

0
1
0

A
n

g
e
rs

, 
F
ra

n
c
e
. 

2
1
-2

7
th
 N

o
v
e
m

b
re

 2
0
1
0
 

Jet AlgorithmsJet Algorithms

Taked from Peter Loch, Mexican School of Particles and Fields 2008
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From uncalibrated to calibrated jetsFrom uncalibrated to calibrated jets

There is no universal model for jet calibration. ATLAS has 
developed several schemes of calibration basically at two 
levels:

 Jet level: First find jet, then calibrate, then other corrections 
required are applied.

Global Cell Weighting (GCW) or H1-Style: calibrate 
using weights applied to cell signals in the jet. Weights are 
function of cell location and cell signal density.

EM+JES: calibrate using constants applied as a function of 
p

T 
and η of the jet. It's the default in ATLAS.

 Cluster level: Calibrate calorimeter signals, then find jet, 
then other corrections required are applied.

 
Local Cell Weighting (LCW): calibrate the topological 
cluster using weights calculated depending on the type of 
topological cluster it is (an electromagnetic or an hadronic 
cluster).

There are other “data only” calibration methods under 
development and validation rigth now.

Uncalibrated
jets

Monte Carlo
Global cell 
weighting

Jet Energy Scale
corrections

Particle level
Calibrated jets

Jet properties, track-based
and/or JVF corrections

Jet reconstruction
algorithm

Monte Carlo Local 
Cell weighting

Monte Carlo
layer 

weighting

Calorimeter 
signals
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Response as function of the Response as function of the 
properties after EM+JESproperties after EM+JES

 For Anti-kT R=0.6 Topo jets in |η|<0.8 region
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Response as function of the Response as function of the 
properties after GS 1properties after GS 1stst level level

 For Anti-kT R=0.6 Topo jets in |η|<0.8 region
 Response ~1, within 2%
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Response as function of the Response as function of the 
properties after GS 2properties after GS 2ndnd level level

 For Anti-kT R=0.6 Topo jets in |η|<0.8 region
 Response ~1, within 2%
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Response as function of the Response as function of the 
properties after GS 3properties after GS 3rdrd level level

 For Anti-kT R=0.6 Topo jets in |η|<0.8 region
 Response ~1, within 2%
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Response as function of the Response as function of the 
properties after GS 4properties after GS 4thth level level

 For Anti-kT R=0.6 Topo jets in |η|<0.8 region
 Response ~1, within 2%



  34

Jo
u

rn
é
e
s
 J

e
u

n
e
s
 C

h
e
rc

h
e
u

rs
 2

0
1
0

A
n

g
e
rs

, 
F
ra

n
c
e
. 

2
1
-2

7
th
 N

o
v
e
m

b
re

 2
0
1
0
 

MC Response (E
reco

/E
truth

) vs p
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0.0<|η|<0.8  

- Up to second correction          
  (f

Tile0
 and f

EM3
)

- The difference is a 
contribution to the systematic 
uncertainty coming from 
MC/Data differences.

 Applying MC derived correction to MC
 Applying Data derived correction to MC
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