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The ATLAS Tile Calorimeter (TileCal) is a sampling hadronic calorimeter covering the central
region of the ATLAS detector at the Large Hadron Collider. It performs the precise measurement
of hadrons, jets, hadronically decaying tau-leptons, missing transverse momentum as well as
provides an input signal to the Level-1 Calo Trigger. The calorimeter consists of thin steel plates
and about 460,000 scintillating tiles configured into more than 4900 cells, each viewed by two
photomultipliers (PMTs). The calorimeter response is monitored using a radioactive source, laser
and charge injection systems. This proceedings presents the TileCal calibration systems as well
as the latest results on their performance in terms of calibration factors, linearity and stability.
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1. ATLAS Tile Calorimeter

The ATLAS Tile Calorimeter (TileCal) is the central hadronic calorimeter of the ATLAS
detector at the Large Hadron Collider (LHC) at CERN [1, 2]. It was designed to perform the
precise measurement of hadrons, jets, hadronically decaying tau-leptons, and missing transverse
momentum, as well as to provide input signals to the Level 1 Calorimeter trigger. As shown in
Figure 1, TileCal is divided into four main readout partitions: two halves of the central long barrel
(LBA and LBC) and two extended endcaps (EBA and EBC). Each of them is azimuthally segmented
into 64 modules, giving a total of 256 modules. The modules are composed of steel absorbers and
scintillating tiles. The light produced by a charged particle passing through a plastic scintillating
tile is transmitted to photomultiplier tubes (PMTs). Scintillating tiles are read out via wavelength
shifting (WLS) fibers coupled to around 10k PMTs. The readout of TileCal is grouped into pseudo-
projective geometry cells, where each cell is read out by two PMTs. The cells are grouped into the
three radial layers: A, B(C) and D. Figure 2 shows the structure of one TileCal module.

Wavelength shifting fibers

Scintillator Steel

5,90

Figure 1: The TileCal System Figure 2: Portion of a TileCal module

2. Calibration systems

The performance goal of the ATLAS physics program for hadronic jets measurements requires
a tolerance of 2% on the non-linearity of the detector response for jets up to 4 TeV [3]. This
goal requires the calibration of the TileCal response to be done with the same precision. Four
calibration systems are used: the caesium system, the laser system, the charge injection system,
and the integrator readout, as shown in Figure 3. Those calibration systems are used to monitor
the behavior of the different components during each step in the signal reconstruction of TileCal
cells: production and collection of light in scintillator tiles and WLS fibres, conversion of light to an
electrical signal in PMTs, and calibration of analogue to digital conversion. The goal is to maintain
a uniform and stable response of the measurements of the energy deposited in all TileCal cells.

2.1 Caesium system

The caesium system employs three '3’Cs radioactive y-sources: one for the LB, one for the
EBA, and one for the EBC modules [3]. A hydraulic system moves the source through TileCal
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Figure 3: Calibration systems of the TileCal System

using a network of stainless steel tubes running through small holes in each scintillator. It produces
0.662 MeV photons that generate scintillation light in each tile. The electrical readout is performed
using the integrator readout path to collect a sufficient signal. The caesium system is used to
calibrate the optical components and the PMTs. The scan is taken monthly using an 8-hour gap
between the physics data-taking. Figure 4 (left) shows the average response variation of TileCal
cells to the caesium source as a function of time [4].

2.2 Laser system

The laser system consists of a single laser source, located in the counting room 100 m away
from the detector [3]. It produces controlled short light pulses that are simultaneously distributed
by optical fibres to the photocathode of all 9852 PMTs. The laser system monitors the PMTs
and electronic components of the digital readout. The laser calibration is performed weekly or
bi-weekly. Figure 4 (right) shows a comparison of the response variation in the PMTs of TileCal as
a function of time between the legacy modules and the Demonstrator LBA14 [4]. A better stability
in time can be observed for the Demonstrator LBA14 as it is equipped with the newer PMT model
(Hamamatsu R11187-SEL).
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Figure 4: Average relative response variation of TileCal cells to the caesium source (left) and the laser
source (right)

2.3 Charge Injection system

The charge injection system calibrates the front-end electronics [3]. The calibration is per-
formed by injecting a full dynamic range of input charge signals to the readout electronics of all
channels. The magnitude of each injected charge is controlled by a 10-bit digital to analogue
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converter (DAC) with a conversion factor of 0.801 pC per DAC count. The DAC setting is increased
from O to 15 with a step size of 1 for the high gain (HG) readout, and from 32 to 992 with a step size
of 32 for the low gain. The two readouts test the electronics over the full range of energies expected
during the LHC operations. Figure 5 shows the calibration constant obtained by the charge injection
system averages of all the HG ADC counts [4].

2.4 Minimum Bias system

The minimum bias system integrates signals from the PMTs over an extended time period of
10-20 ms and reads out continuous currents from minimum bias collision events [3]. The current is
proportional to the LHC luminosity and varies with the position of the TileCal cell. The minimum
bias system is used to monitor beam conditions, optical components and PMTs by the minimum
bias system gains. Figure 6 shows the variation of the average response to the minimum bias system
for the E-cells which are special cells placed in the gap/crack region of the detector and cannot be
scanned with the caesium system, as a function of time [4].
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Figure 6: Average relative response variation of
Figure 5: Average of calibration constant obtained TileCal cells measured by the minimum bias system
by the charge injection system

3. Summary

The calibration of the ATLAS Tile Calorimeter is done using radioactive source, laser and
charge injection systems. Those calibration systems have good performance and demonstrated the
high precision of about 1%.
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