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The Large Hadron Collider

Largest of the accelerators

at CERN

Currently highest energy

in the world

Four main experiments:

ATLAS

CMS

ALICE

LHCb
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The ATLAS experiment

General purpose experiment

Consists of several sub-detectors:

Tracker

EM calorimeter

Hadronic calorimeter

Muon spectrometer
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Tile Calorimeter

One of two hadronic calorimeters in ATLAS

Scintillating sampling hadron calorimeter

Covers |η| < 1.7
Key detector in the measurement of hadron and jet properties

and missing ET; assists in muon identi�cation

5182 cells in total

Cells read out by wavelength shifting �bers on both sides for

redundancy
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Performance Evaluation

Calibration Systems

Collision data taking

Cosmic muons
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Calibration
Overview

Three independent systems with partial overlap for

complementarity:

Movable radioactive Cs source system

Laser

Charge injection system

E [GeV ] = Aopt [ADC ] · CCIS · Cl · CCs · Ce
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Calibration
Cesium Decay System

Monthly calibrations of optics and PMTs.

Tubes with 137 Cs pushed through the scintillators using

hydraulics.

Calibration precision: 0.3%.

Used for transferring test beam electron em scale calibration to

all cells.
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Calibration
Laser System

Pulses laser corresponding to known particle energy into PMT

Monitor gains of PMTs weekly and interpolates to account for

PMT gain drifts between Cs calibrations.

Precision: better than 1%.
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Calibration
Charge Injection System

Injects known charge into electronics

Weekly calibration of front end electronics

Precision: 0.7 %

Determines the conversion factor from the pulse amplitude in

ADC counts to charge in pC.

Constants updated twice a year.
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Signal Reconstruction

Pulses modulated to FWHM 50 ns.

Pulse sampled at 7 time stamps every 25 ns.

Amplitude reconstructed using optimal �ltering.

Out-of-time pile-up biasing the pulse amplitude calculation.
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The ATLAS Tile Calorimeter
• Part of the ATLAS detector at LHC
• Scintillating sampling hadron calorimeter
• Covers |η| < 1.7

• Plastic scintillator tiles of 3 mm embedded
in steel absorber structure of 18 mm peri-
odicity
• Read out on two sides of each scintillator

with wavelength shifting fibres connected
to photomultipliers
• Pulses modulated to 50 ns FWHM
• Total length: 12 m, diameter: 8.5 m
• Divided into one long barrel and two ex-

tended barrels. ~10k readout channels.

Schematic overview of one
slice of the detector. The

beam runs perpendicular to
the fibers

Overview of the Tile and
Liquid Argon calorimeters
of the ATLAS experiment

Calibration

Overview of the different calibration systems
Channel energy estimation:

E[GeV ] = Aopt[ADC] · CCIS · Cl · CCs · Ce

Aopt Reconstructed amplitude
CCIS ADC to pC conversion factor as deter-

mined by the Charge Injection System
Cl relative PMT gain as measured by laser sys-

tem
CCs Cell response as measured by the Cesium

system
Ce Electromagnetic scale as defined from the

response to electrons in beam tests 2001-
2004. The precision of the absolute EM
scale for a cell is 3% and it is preserved
throughout the data-taking with the very
precise and redundant calibration sys-
tems.

Average cesium drift, every
data point is 64 cells

Mean gain variation as
measured by the laser

system. Average of 64 cells

CIS calibration constant as
function of time

Gain variation of a cell
compared to the integrated

luminosity in 2011

Signal reconstruction
Optimal filtering

Illustration of pulse shape with sam-
ples marked as dots. The optimal filter-
ing method has better stability against
phase shifts than the amplitude of the
highest sample.

Derives characteristics from 7
samples spaced by 25 ns:

Aopt =
7∑

i=1

ai · si

Topt =
1

Aopt

7∑

i=1

bi · si

Popt =
7∑

i=1

ci · si

Qopt =

√√√√
7∑

i=1

(si −Aopt · gi − Popt)
2Deviation of collision data from ideal

pulse shape.
Out-of-time Pile-up

Two pulses in the same read-out win-
dow originating from two neighbor-
ing bunch crossings. The result-
ing waveform is hard to reconstruct

An iterative optimal filtering
method can be applied to find the
peak. This results in better sta-
bility against phase shifts, but
worse against out-of-time pile-up

A non-iterative optimal filtering
method is more resistant to out-of-
time pile-up, but less against phase
shifts for other reasons

Performance

Uniformity of the cell response to
cosmic muons as a function of

pseudorapidity for the middle radial
layer. Data are shown with closed
circles, open circles indicate MC

predictions. Statistical uncertainties
only. Horizontal lines limiting a ±3%

band are shown.

Calorimeter Response characterised by
energy over momentum (E/p) for

isolated tracks using proton-proton
collision data from 2011. The plot
shows the mean of the E/p ratio for

hadronic tracks as a function of
momentum, integrated over the phi
coverage of Tile Calorimeter. The

lower plot shows the ratio of data to
simulation in the same momentum

bins. The largest disagreement is 12%
for 11 < p < 12 GeV.

Calorimeter Response characterised by
energy over momentum (E/p) for

isolated tracks using proton-proton
collision data from 2011 in the

Minimum Bias stream. The plot
shows the mean of the E/p ratio for
hadronic tracks as a function of phi,

integrated over the |η| < 0.7.

Electronic noise

Noise level compared to sig-
nal. The signal is from the
response of Tile Calorime-
ter cells to cosmic muons.

New and more reliable low
voltage power supplies were
installed during a mainte-
nance period. They im-
proved the cells’ noise as
shown by the red line (new)
as compared to the blue line
(old). Cells with a new
power supply have a lower
mean noise and a Gaussian
distribution.

1

Calibrations performance

Signal reconstruction properties

In situ performance validation

with single particles

Thank you, and see you there!

Simon Molander (Stockholm University) Physics In Collision XXXIII 11 / 11


