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The Tile Calorimeter

Central hadronic calorimeter
(|η| < 1.7) in ATLAS detector

Used to measure the 4-vectors of
the jets and the missing transverse
energy and in the ATLAS Level-1
trigger

Sampling calorimeter:
steel and scintillating plastic tiles

Double photomultiplier readout
using wave length shifting fibers

9892 PMTs

2008 JINST 3 S08003

supplies which power the readout are mounted in an external steel box, which has the cross-section
of the support girder and which also contains the external connections for power and other services
for the electronics (see section 5.6.3.1). Finally, the calorimeter is equipped with three calibration
systems: charge injection, laser and a 137Cs radioactive source. These systems test the optical
and digitised signals at various stages and are used to set the PMT gains to a uniformity of ±3%
(see section 5.6.2).

5.3.1.2 Mechanical structure
Photomultiplier

Wavelength-shifting fibre

Scintillator Steel

Source

tubes

Figure 5.9: Schematic showing how the mechan-
ical assembly and the optical readout of the tile
calorimeter are integrated together. The vari-
ous components of the optical readout, namely
the tiles, the fibres and the photomultipliers, are
shown.

The mechanical structure of the tile calorime-
ter is designed as a self-supporting, segmented
structure comprising 64 modules, each sub-
tending 5.625 degrees in azimuth, for each of
the three sections of the calorimeter [112]. The
module sub-assembly is shown in figure 5.10.
Each module contains a precision-machined
strong-back steel girder, the edges of which
are used to establish a module-to-module gap
of 1.5 mm at the inner radius. To maximise
the use of radial space, the girder provides both
the volume in which the tile calorimeter read-
out electronics are contained and the flux return
for the solenoid field. The readout fibres, suit-
ably bundled, penetrate the edges of the gird-
ers through machined holes, into which plas-
tic rings have been precisely mounted. These
rings are matched to the position of photomul-
tipliers. The fundamental element of the ab-
sorber structure consists of a 5 mm thick mas-
ter plate, onto which 4 mm thick spacer plates
are glued in a staggered fashion to form the
pockets in which the scintillator tiles are lo-
cated [113]. The master plate was fabricated
by high-precision die stamping to obtain the dimensional tolerances required to meet the specifica-
tion for the module-to-module gap. At the module edges, the spacer plates are aligned into recessed
slots, in which the readout fibres run. Holes in the master and spacer plates allow the insertion of
stainless-steel tubes for the radioactive source calibration system.

Each module is constructed by gluing the structures described above into sub-modules on a
custom stacking fixture. These are then bolted onto the girder to form modules, with care being
taken to ensure that the azimuthal alignment meets the specifications. The calorimeter is assembled
by mounting and bolting modules to each other in sequence. Shims are inserted at the inner and
outer radius load-bearing surfaces to control the overall geometry and yield a nominal module-
to-module azimuthal gap of 1.5 mm and a radial envelope which is generally within 5 mm of the
nominal one [112, 114].
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to be close to zero. Nevertheless, this setting is accurate to 3 ns [55]. Iter-
ative OFL takes the time of the maximum sample as an initial value of the
phase. In next iterations, the phase is taken to be equal to tOFL calculated in
previous iteration. The algorithm converges to the actual phase value with
accuracy better than 0.5 ns in absence of pile-up pulses. At the end of re-
construction procedure, so called quality factor QFOFL is calculated in order
to verify the quality of the estimation:

QFOFL =

vuut
7X

i=1

(Si � AOFL · gi � POFL)2 (5.8)

where the gi are the values of the normalised pulse shape function computed
at the time of the 7 samples Si. When the deviation between the true shape
and pulse shape function used in reconstruction is large, then QFOFL also
takes large value. Therefore, quality factor can be used to detect problems
in the reconstruction procedure as developed in Chapter 6.

Non-iterative Optimal Filtering method

In the Non-iterative Optimal Filtering method the phase is taken to be equal
to the time of the maximum sample and no further iterations are performed.
Due to insu�cient processing time in the DSP the OFL reconstruction must
be performed without iterations if the trigger rate is above 50 Hz. Therefore,
the non-iterative Optimal Filtering method is now used online by the RODs.

In Paper IV comparison of iterative and non-iterative Optimal Filtering
phase reconstruction with presence of out-of-time pile-up is presented. Non-
iterative method shows better performance. This is due to the fact that
the phase needed to compute coe�cients is adjusted to be approximately
zero. The out-of-time pile up can lead to reconstructed phase values far from
nominal biasing the energy reconstruction when iterative method is used.
The non-iterative Optimal Filtering method reconstructs better the phase of
in-time-pulse in presence of out-of-time pile-up. This method is also more
robust against the electronic noise for very low signals.
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Calibration Systems

E [GeV] = A [ADC] · CADC→pC · CpC→GeV · CTileSize · CCs · CLas

Systems used for calibration in Tile calorimeter
Charge Injection System (CIS): Calibrates the response of ADCs: CADC→pC

Cesium system: Calibrates optical components and PMT gains: CCs

Laser System: Calibrates variations due to electronics and PMTs: CLas

Minimum Bias System (MB): Calibrates optical components and PMT gains

CpC→GeV EM scale constant measured during test beam campaigns
CTileSize correction addressing the different size of tiles in different layers

Cell response is not constant in time due to the PMT gain variation and
scintillator degradation due to the exposure to beam

137Cs source

Calorimeter
Tiles

Photomultiplier
Tubes

Integrator Readout
(Cs & Particles)

Charge injection (CIS)

Digital Readout
(Laser & Particles)

Particles

Laser light
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Cesium Calibration

A moveable radioactive source 137Cs passes through
the calorimeter body, 2-3 times per year in Run-2

The source emits γ-rays with well known energy
662 keV

It uses the independent integrator readout system
(τ = 10 ms) during source movement

Calibration of the complete optical chain
(scintillators, fibres, PMTs) and monitoring of the
detector response over time: CCs

Between Run I and Run II: Improvement of stability
and safety of Cesium system and procedure (new
water storage system, lower pressure, precise water
level metering)
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Cesium Calibration
Precision of the system in a single
typical cell is approximately 0.3%

Deviation of the cell response in time
is caused by the PMT gain variation
and scintillator degradation due to the
exposure to beam

Maximal drift is observed for layer A,
that is closest to the collision point

It allows to adjust PMT gain (changing
high voltage) to restore EM scale and
calorimeter response uniformity
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Laser Calibration

PMT gain drift affects the detector response
and calibration thus it is measured regularly

A controlled amount of light with wavelength
close to the one of physical signals (532 nm
light) creating a pulse with similar shape and
duration sent into each PMT

The gain variation is measured between two
Cesium scans: Laser measures the drift seen
in PMTs w.r.t the last Cesium scan. Also, it
allows to detect the HV changes

Performed during dedicated calibration runs.
Laser pulses also sent during collision runs
(empty bunches), used to calibrate timing.
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Figure 5: Scheme of the LaserII system

the photodiode box, and a charge injection splitter (CIS), a module dispatching a charge
that aims at monitoring the stability of the electronics,

• PHOCAL is an internal calibration system setup to monitor the stability of the ten pho-
todiodes located in the photodiode box. It is composed of a LED emitting a signal in a
light mixer that transmit the light to a set of eleven optics fibers, with ten connected to
the photodiode box, and one coupled to a reference photodiode. The stability of the ten
photodiodes is performed by monitoring the ratio of the LED signal seen by these photodi-
odes to the magnitude measured by the reference photodiode. The stability of the reference
photodiode is estimated with a static radioactive source,

• PMT box: two PhotoMultiplier Tubes (PMTs) are used to trigger the LaserII acquisition
when the laser is flashing. The PMT box also contains two electronic cards to drive the
PMT box (LicPMT) and the filter wheel (LicMot),

• Optical filters are used to attenuate the laser signal transmitted to the photodiodes and
the PMTs,

• VME crate: two boards located in the VME crate are used to drive the LaserII system:
a VME Single Board Computer (SBC); LASCAR, that incorporates on one mezzanine a
charge analog-to-digital converter (qADC), as well as LILAS, and HOLA card on another
mezzanine. LASCAR also includes the TTCrx chip,
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Laser Calibration

Precision better than 0.5%

Since 2016, updates of calibration
constants are done weekly in order
to track changes in PMT responses

The maximal drift is observed in A-
and E-cells which are the cells with
highest energy deposits

Deviations of any channel response
with respect to nominal is translated
into a calibration constant: CLas

Between Run I and Run II: upgraded
electronics and optical components,
better control of the emitted light
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Charge Injection Calibration

Calibrates the response of ADCs (electronics)
digital gains and linearities

Calibration performed weekly

The system injects a signal of known charge
and measures the electronic response

Spanning the full ADC range (0-800 pC)
and saturate both LG and HG for all channels

Also used to calibrate analog L1 calo trigger

Extract the conversion factors from ADC
counts to pC: CADC→pC

Precision of 0.7%, stability over time of 0.03%
Pawel Klimek (Northern Illinois University) CHEF 2019 November 27, 2019 8 / 21



Minimum Bias System
High energy proton-proton collisions are
dominated by soft parton interactions:
Minimum Bias (MB) events

The same integrator readout as in Cs system
measures integrated PMT signals over a
large time (∼10 ms)

As the Cesium system, the Minimum Bias
system monitors the full optical chain. Also
calibrates E-cells and MBTS.

Measured currents are linearly dependent on
the instantaneous luminosity

Monitors the instantaneous luminosity and
provides an independent measurement given
an initial calibration (luminosity coefficient)
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Combined Calibration
Comparison of cell response variation between
Cesium/MB and Laser measurements

Cesium and Minimum Bias access PMT gain
drift and scintillator aging
Laser only monitor PMT gain drifts

Down drifts observed during collisions. Up
drifts during maintenance periods

Differences between Cesium/MB and Laser
measurements interpreted as a scintillator
aging due to irradiation

In 2015, a good agreement observed

In 2016 - 2018 this effect was clearly observed
for some of the most irradiated cells in the A-
and E-cells
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Time Calibration

A precise time calibration is important for the
cell energy reconstruction

It adjusts a digitizer sampling clock to the peak
of signal produced by the particle traveling
from the interaction point at the speed of light
through the cell. Large phases result in
underestimated reconstructed amplitude.

Can also be exploited in TOF measurements,
e.g. in search for heavy R-hadrons

Time calibration calculated using jets and
monitored during physics data taking with laser

Resolution is better than 1 ns for
Ecell > 4 GeV
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Noise

The total noise per cell in the calorimeter
comes from two sources:

Electronic noise - measured in dedicated
runs with no signal in the detector
Pile-up contribution - originates from
multiple interactions occurring at the
same bunch crossing or from the events
from previous/following bunch crossings

Electronics noise stays at the level below
20 MeV for most of the cells. Noise is
measured regularly with calibration runs.

Total noise is increasing with pile-up

The largest noise values are in the regions
with the highest exposure (A-cells, E-cells)
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Detector Status and Data Quality

TileCal monitoring includes identifying
and masking problematic channels
correcting for miscalibrations,
monitoring data corruption or other
hardware issues

During maintenance periods there is a
campaign to fix all issues, allowing for
a good recovery of the system

Redundancy of cell readout system
reduces the impact of masked channels

Tile had 99.7% DQ efficiency in Run-2

2015: 100%, 2016: 99.3%,
2017: 99.4%, 2018: 100%

TileCal status at the end of Run-2
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Single Particle Response

The ratio of the calorimeter energy
at EM scale to the track
momentum 〈E/p〉 of single hadrons
is used to evaluate uniformity and
linearity during data taking

Measured in Minimum Bias events

Expect 〈E/p〉 < 1 due to the
sampling non-compensating
calorimeter

Data and Monte Carlo simulation
(Pythia8) agree within 5%

Jets are further calibrated to jet
energy scale
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Muons

Muons from cosmic rays are used to
study in situ the electromagnetic
energy scale and intercalibration of
Tile cells

A good energy response uniformity
between calorimeter cells

< 5% response non-uniformity in η
with cosmic muons
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Jet Performance

A good description of the cell energy
distribution and of the noise in the
calorimeter is crucial for the building
of topoclusters which are used for jet
and missing transverse energy
reconstruction

Good agreement in Tile cell energy
distribution

Aim for jet energy resolution:
σE

E = 0.5√
E
⊕ 0.03

Jet energy resolution is better than 10%
at pT > 100 GeV

Constant term is within expected 3%

Jet	performance	

•  Good	agreement	in	Tile	cell	energy	distribuGon	
•  Consistent	overall	jet	energy	scale	
•  Jet	energy	resoluGon	is	below	10%	at	pT>100	GeV		
•  Constant	term	is	within	expected	3%	
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Conclusions

Tile Calorimeter is an important part of ATLAS detector at LHC

It is a key detector to measure the 4-vectors of the jets and missing energy

A set of calibration systems is used to calibrate and monitor the calorimeter
response

Intercalibration and uniformity are monitored with isolated charged hadrons
and cosmic muons

The stability of the absolute energy scale at the cell level was maintained
to be better than 1% during Run 2 data taking

In Run-3: New crack scintillators (E3-4), covering a larger |η| < 1.72 range,
will result in a significant improvement in the energy resolution for electrons,
photons and jets in this region
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The Di-jet Event Produced in 2017
Two jest with pT = 2.9 TeV and mjj = 9.3 TeV
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The Di-jet Event Produced in 2017
Two jest with pT = 2.9 TeV and mjj = 9.3 TeV
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Back-up

Back-up
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Back-up

Calibration System
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