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Outline

@ the ATLAS experiment and calorimeter system
€ Local Hadron Calibration schema
@ cluster level corrections
@ jet level corrections
® performance studies using GEANT4 information
@ truth cluster energy definition
@ cluster correction investigation
€ 900 GeV minimum bias data results
¥ DATA/MC comparison of cluster energy
¥ DATA/MC comparison of cluster corrections
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ATLAS Experiment
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ATLAS Experiment

_ 20 ET (GeV)

ATLAS is one of the LHC experiments
ATLAS is NOW taking data...!!

Some “history”:

[ December 2009 : collision at center of mass energy
\@ =900 GeV and \/s =2.36 TeV

d 30t March 2010: first collision at \/ S =7TeV

[ planning to collect data at \/ g =7 TeV until late 2011

Q}%ATLAS 2009-12-08, 03:45 CET
2L

EXPERIMENT run 141994, Event see3es
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ATLAS Calorimeter System
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[Local Hadron Calibration

3D Topological Clustering Algorithm creation of
groups cells in Clusters, suppressing noise calorimeter objects
o : =
classifies Clusters in em or had [
I
applies had weights (W) I
corrects non-compensation :
. . = callb.ratlon of f.lLL
applles Out Of ClusteI' (OOC) Welghts calorlmeter Objects
recovers for noise suppression of good cells :
applies Dead Material (DM) weights :
recovers for energy lost upstream and leakage I
|
runs jet finding on Calibrated Clusters jet and missing transverse energy
after all local corrections are applied reconstruction
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Jet Energy Scale

I CERN—OPEN—2008 -020

After the three cluster corrections £1.05
jet energy linearity is
not completely restored

A Kt6 LC/MC Jets 3.7 < |n|<39
0.95 + qﬁﬁ}ﬂﬂw ﬁiﬁ E
0.9 =

0.85/- ﬁ%}*ﬁ ++ l ++ -
Jet Level Corrections - «H*I’ lﬁ T ]

developed as function of 0'8§+ ATLAS T _

jet E, n and shape Ty —
10 10 Etruth (GeV)

®  Ki6 LOIMC Jets 0.2 < |n|<o4
0  Kt6 LC/MC Jets 2< n|<2.2

Ejet/ Etru

1

correct for particles that

@ leave no signal in the calorimeter performance with respect to truth -

for the three cluster corrections

“local level”

‘e NEED OF ATRUTH CLUSTER
1 %
restore Jet Energy Scale inside 3% ENERGY REFERENCE

with respect to the truth particle jet - e >
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Truth Energy for Clusters

“Calibration Hit”

GEANT4 simulation information
on the truth energy deposit
in each Calorimeter Cell

DEAD
MATERIAL CALORIMETER
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Reconstruct cluster
1in Monte Carlo simulation




Truth Energy for Clusters

“Calibration Hit”

GEANT4 simulation information
on the truth energy deposit
in each Calorimeter Cell

DEAD
MATERIAL CALORIMETER
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Reconstruct cluster
1in Monte Carlo simulation

Sum up the truth energy
of cells inside the cluster

truth reference for cluster Energy
after hadronic weights




Truth Energy for Clusters

Reconstruct cluster
“Calibration Hit” in Monte Carlo simulation
GEANT4 simulation information Sum up the truth energy
on the truth energy deposit of cells inside the cluster
in each Calorimeter Cell

truth reference for cluster Energy
after hadronic weights

Sum up the truth energy
of cells “near” to the cluster

truth reference for cluster Energy
after out of cluster weights

DEAD
MATERIAL CALORIMETER
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Truth Energy for Clusters

Reconstruct cluster
“Calibration Hit” in Monte Carlo simulation
GEANT4 simulation information Sum up the truth energy
on the truth energy deposit of cells inside the cluster
in each Calorimeter Cell

truth reference for cluster Energy
after hadronic weights

Sum up the truth energy
of cells “near” to the cluster

truth reference for cluster Energy
after out of cluster weights

Sum up the truth energy
deposited in dead material
“near” to the cluster

DEAD

MATERIAL CALORIMETER truth reference for cluster Energy

after dead material weights
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“Local Truth” for pions

Local Hadron Calibration is developed and validated on single pion simulation

all the Clusters are created by 5 the “local” truth energy of the pion is
the same particle —"" the sum of the “local” truth energy of all clusters
> 1.15_1 I T T LI B I R R ]
5 ATLAS Preliminary ] DIAGNOSTIC STUDY
@ 1_1:— e W scale Single Pion Simulation —: OF EACH CORRECTION EFFECT
g - «  00C scale Pion Energies e [1,2000] GeV
= B * DM scale €[0.2,0. 7
g 1oste ; Inl<[0.2,0.4] : . RecoEnergyy,
> - . _| . f— N—
g 1 i**.ii:jzz’:‘fgii-iyiii-;‘-t{ s LOC&I’I‘I'uthW
g SRR ’ T ¢ f
2 005 i by E Y. :@Energyooc LocalTruthw
© ] . * ocallruthwiooc
0.9 -
n . v ecoEnergm LocalTruthw.iooc
0‘85}'(')4 | .1.(|)5 | ]1I(|)6 — e I'U‘thW+OOC+DM

Truth Pion Energy (MeV)
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“Local Truth” for jets

In the jet case it’s the jet algorithm that chooses the clusters

_____

Jet == collecitlon of clusters valid only before any jet-level

“local” jet truth = sum of cluster “local” truth correction is applied

.....

> 1.15¢ —— ]
S - ATLAS Preliminary DIAGNOSTIC STUDY
S 11 . w scale Pythia MCVE=10TeV ] OF EACH CORRECTION EFFECT:
% - « 00C scale anti-k, R=0.4 TopoJets
§ 1-05:_ ¢ DM scale Il € [0.1,0.5] _: ReCOEnergy
= - ] Y. ... = — 3
D Me———————— e ¥ LocalTruthw
£ e Al e e .
8 0.951 f - V.. :@Energ}’ooc LocalTruthw
= :J.n-‘::::". § s ocallruthwiooc
0.9 —
E . v ecoEnergm LocalTruthw.iooc
0.850 ' 0 ~axis =

1 |102 1 1 1 1 L1 1 uthW+OOC+DM
Truth Jet Energy (GeV)
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“Local Truth” for jets

In the jet case it’s the jet algorithm that chooses the clusters

_____

Jet == COHeC:UOH of clusters valid only before any jet-level

“local” jet truth = sum of cluster “local” truth correction is applied

_____

S, 1.15r ————

S ATLAS Preliminary ] DIAGNOSTIC STUDY

S 11h . w s PytiaMCNE10TeY OF EACH CORRECTION EFFECT:

% B * OOC scale anti-k; R=0.4 TopoJets ]

% 1-05—_ « DM scale Il € [0.1,0.5] ]

< 1 lack of linearity at low JET energies:

TR SRR P e e R , o o

S 005 #..o""" ____________________ 7 < due to inclusion into truth definition

€ o r Pt 1 of cell energy from lost particles
0Bl < 3 < developed a particle-cell assignment

E | 4 to make further quantitative studies
0.850———

Truth Jet Energy (GeV)
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L.ocal Calibration with data

DATA: \/g = 900 GeV collision data collected in December 2009

Event Selection:

v level 1 minimum bias trigger scintillators (MBTS)

v’ calorimeter and MBTS timing cuts (rejection of beam-halo events)
v" Inner Detector, Calorimeter and Solenoid fully operational

v 330810 events are selected

Monte Carlo : double-diffractive, single-diffractive and non-diffractive
processes generated with PYTHIA 6.4.21

Study based on Cluster properties:
O high statistics in minimum bias events
O calibrated Clusters are input to jets
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900 GeV data results
ATLAS-CONF-2010-016
mean enerqy of clusters versus n un-calibrated scale
QEJ 1_2:llllllllllllIIIIIIIIIIIIlllllIIIIIIIIIIIIIIIII: theOverallagreementbemeen
1150 ATLAS Preliminary - DATA and MC'is very good :
|<T: ; Data 2009 \'s = 900 GeV g barrel region + 2%
/D\ 1_1:_ ............................................................................................................................................ E end—cap/forwardregion :|:50/0
B.05 E differences have to be understood
- | S a8 e with more statistics and MC tuning
B -o- +* -0--0- _._+++-0- -o- -t:
095;_ .................... @i G _;
0.9 = DATA/MC comparison
: E; >0.5 GeV ] are possible for the calibrated
0.85F T =1 (1) (= = scale as well
- All Clusters -
08_|||||||||||||||||||||||||||||||||||||||||||||||||_ ---------------------- )
5 4 32 10 1 2 3 4 5
TlcIuster
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900 GeV data results

ATLAS-CONF-2010-016

for clusters E> 0.5 GeV
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n

cluster

ratio between calibrated energy
and un-calibrated energy:

v reduces dependence to energy
difference in DATA and MC

v allows first investigation of

cluster properties on which
local calibration weights are based

for the hadronic weights
the agreement is very good + 4 %




900 GeV data results

ATLAS-CONF-2010-016

hadronic and out of cluster corrections
Data/MC + 4 %
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Conclusions

Local Hadron Calibration is a complete and modular approach to jet calibration

» a diagnostic method to evaluate the performance of each cluster correction
at a jet level has been developed using GEANT 4 truth information

» further improvements are expected connecting GEANT 4 information
to the primary particles of the simulation

» preliminary comparison of cluster energies in data and Monte Carlo shows
very good agreement for the calibration weights, inside + 5%

> first in-situ comparisons of Jet Energy Scale between data and Monte Carlo
need more jet statistics and are foreseen for 7 TeV runs

THANKS
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Jet Calibration
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“Local Truth” for jets

I “Working Example” I

two sets of corrections are tested:
different normalization factors

in the tables for weight calculation
> one cluster == 1 entry

» one event == 1 entry

;_H 1 .1_ T T T L — ]
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=5 C Pythia MC\/s=10 TeV ]
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AR ——————— g -t
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0.96 3
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0.92F- 4

0.9 C 1 L R | .

10

Truth Jet Energy (GeV)
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LLocal Truth Versus Particle truth
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