
Energy Reconstruction Algorithms Energy Reconstruction Algorithms 
for the ATLAS Tile Calorimeterfor the ATLAS Tile Calorimeter

Esteban Fullana Esteban Fullana 
Tilecal subsystem of ATLAS Tilecal subsystem of ATLAS 
collaboration.collaboration.



SummarySummary

nn Tile CalorimeterTile Calorimeter
nn Test beam calibrationTest beam calibration
nn Energy reconstruction algorithmsEnergy reconstruction algorithms
nn Energy resolution under PionsEnergy resolution under Pions
nn Energy resolution under electronsEnergy resolution under electrons
nn LinearityLinearity
nn ConclusionsConclusions



Tile CalorimeterTile Calorimeter



Tile Calorimeter inside ATLASTile Calorimeter inside ATLAS

3 Barrels: 64 modules / barrel3 Barrels: 64 modules / barrel

RRii: 2280 mm: 2280 mm RRoo: 4320 mm: 4320 mm

L: 5640 mm + 2910 mmL: 5640 mm + 2910 mm

Passive Medium: IronPassive Medium: Iron

Active Medium: Active Medium: ScintillatorsScintillators

Weight: 2900 TWeight: 2900 T



Tilecal Tilecal 

•Staggered in Scintillator Tiles and iron
•Tiles perpendicular to beam direction 
and read out by two WLS fibres
•Segmented in cells defined as groups of 
fibres.
•Each cell is read by two photomultiplier
•Front-End electronics placed inside the 
module.
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Test Beam CalibrationTest Beam Calibration



Test beam setupTest beam setup

Beam Beam 
incoming incoming 
directiondirection

Movable tableMovable table



Test beam featuresTest beam features

nn 8% of the modules calibrated under 8% of the modules calibrated under 
particles of known energyparticles of known energy

nn PionPion, electron and , electron and muonmuon responseresponse
nn Energies from 350 Energies from 350 GeVGeV to 1 to 1 GeVGeV
nn Three angles of incidence:Three angles of incidence:

90º90º 20º20º EtaEta projectiveprojective



Energy reconstruction Energy reconstruction 
algorithmsalgorithms



IntroductionIntroduction

Light OutputLight Output

WLS FiberWLS Fiber PMPM

ShaperShaper

DigitizerDigitizer SamplesSamplesParticleParticle

??
EnergyEnergy



Most simple algorithmsMost simple algorithms

nn Area Based AlgorithmsArea Based Algorithms
–– Flat FilteringFlat Filtering

nn Amplitude Based AlgorithmsAmplitude Based Algorithms
–– Maximum SampleMaximum Sample
–– Optimal FilteringOptimal Filtering



Flat Filtering (FF)Flat Filtering (FF)
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Maximum SampleMaximum Sample
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Optimal Filtering (OF)Optimal Filtering (OF)
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Weights calculationWeights calculation
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Energy resolution under Energy resolution under 
pionspions



Pions Pions etaeta projective 0.35projective 0.35
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Pions ResolutionPions Resolution
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Pions Pions etaeta projective 0.35 Fit 2projective 0.35 Fit 2
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Pions Pions etaeta projective 0.35 Fit 1projective 0.35 Fit 1
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Pions Pions etaeta projective 0.35 Fit 3projective 0.35 Fit 3
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Pions Pions etaeta projective 0.35 Fit 4projective 0.35 Fit 4
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Energy resolution under Energy resolution under 
ElectronsElectrons



Electrons 90º Electrons 90º 
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e Resolutione Resolution
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e Resolution Fit 2e Resolution Fit 2
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e Resolution Fit 1e Resolution Fit 1

FFFF

OFOF

E/σ

)(
1
GeVE

11

028.0
271.23.0 ⊕⊕=
EEE

σ

002.0
007.26.0

⊕⊕=
EEE

σ

FFFF

OFOF



e Resolution Fit 3e Resolution Fit 3
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e Resolution Fit 4e Resolution Fit 4
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LinearityLinearity



LinearityLinearity
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LinearityLinearity
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ConclusionsConclusions



ConclusionsConclusions

nn Energy reconstruction algorithms can change Energy reconstruction algorithms can change 
significantly the resolution in energy regions where significantly the resolution in energy regions where 
sampling fluctuations are not dominantsampling fluctuations are not dominant

nn Respecting FF vs. OF, OF improves the Respecting FF vs. OF, OF improves the 
resolution in energy regions when the ratio resolution in energy regions when the ratio 
(electronic noise)/(PM signal) is important(electronic noise)/(PM signal) is important

nn Using FF or OF does not affect compensationUsing FF or OF does not affect compensation


