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ATLAS Tile Calorimeter (TileCal)

o TileCal is the central hadronic calorimeter of the
ATLAS experiment.

Dimensions

e Weight:2900T

e Length:12m

e External diameter: 8.5 m

o Sampling calorimeter consisting of passive
(steel) and active (scintillating plastic) material

o Consists of a Long Barrel (LB) and two Extended ~ Inner Detector

Barrels (EBs) LAr EM Barrel
o Readout is organized in four partitions

o barrel is split in two partitions called LBA for Tile Barrel Tile Extended Barrel
n>0 and LBC for n<0
o the extended barrel at >0 (n<0) is called EBA

Basic Principle:
Measure light produced by the charged particles in the

EB
(EBC) , plastic scintillating tiles
o They are segmented along ¢ into 64 modules
o Aim for single hadron energy resolution: TileCal purpose:
AE 50% . Measurements of hadrons, jets, missing transverse
E JE ® 3% energy as well as provide input signal to Level 1

calorimeter trigger
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Tile Calorimeter Readout

o Every scintillating tile in 11 rows is readout by wavelength shifting fibers
o Fibers go along both sides of every module to outer radius and are grouped together to obtain pseudo-

projective geometry cells in 3 layers
o Granularity An X Agp = 0.1 X 0.1 in first innermost two layers and 0.2 X 0.1 in outermost layer

o number of scintillating tiles in one cell varies from 16 to 300

o TileCal has a total of 5182 cells:
o each cell is readout by two Photomultiplier tubes (PMTs)

o each module hosts up to 45 PMTs
o total 9852 photomultipliers in 256 modules

Photomuiltiplier

Wave-length shifting fiber
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. .. . . . o o8- amplitude N
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o Optimal Filter (OF) algorithm reconstructs Amplitude (A), §o.4} ]
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o Deposited energy is evaluated based
on reconstructed amplitude in ADC
counts and calibration coefficients » E[GeV] = A[ADC] X Cypcopc X Ces X Cyp X Cigser X Cpcogev

provided by different calibration «—
systems measured with electrons at test beams (EM scale)

/ provided by calibration systems
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TileCal calibration

1. Charge Injection System (CIS) calibrates front-end ADCs by injecting pre-defined charge into readout chain

o performed twice per week
o monitors stability of electronic chain and measures the ADC/pC conversion factor
2. Cesium calibration is performed monthly using movable radioactive sources between physics runs
o monitors all optic components stability
o measures total drift in tiles/fibers/PMT, which allows to set correct EM scale

3. Laser calibration is performed by injecting monochromatic laser light into every PMT
o done in daily calibration runs as well as in empty bunches during physics runs

o allows to correct for PMT drift
o it is used also for monitoring of synchronization between LHC clock and digitization time
4. Minimum Bias System (MB) measures the response of inelastic interactions with low energy transfer

dominate LHC's collisions
o measures PMT current during data taking and gives information about instantaneous luminosity
o shares readout with the Cesium system and is used to calibrate E-cells, which can’t be calibrated with

Integrator Readout

Cesium
.- -) .
(Cs & Particles & MB)

Photomultiplier
Tubes
]
Digital Readout

o™ (Laser & Particles)

: -
Laser light Charge injection (CIS)

Calorimeter

Particles
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TileCal operation and Data quality

Run: 496908
vent: 17131827
2025-05-05 14:22:14 CEST

O Dedicated infrastructure controls and monitors
detector operations and parameters

o Daily acquisition and data quality monitoring
activities are performed

o Long technical stops of the LHC after each data-
taking year used to fix hardware issues

o Number of bad channels is kept below ~2%, impact
further reduced due to cell readout redundancy

Egg%utdgnzcg Masked Channels and Cells #i'll'é_églgrr%ig&iar;ary
o Run 3 TileCal Data quality efficiency is better than g . _
99.3% in proton-proton collisions ?‘;; * e
st - L (oﬁ;ﬁ cels
) - . . - g 4 Mamenance |
Data Quality efficiencies in pp collisions, % 2
2022 2023 2024 2 , _/
. Af-;g - . L7 #/
TileCal 99.7 99.6 99.3 S : - -—......-/ ‘j
(eE——— Rt g
ATLAS 93.1 94.6-96.5 93.8 0 — = —~
Mar-22  Sep-22 Feb-23 Aug-23 Feb-24 Aug-24 Jan-25  Jul-25

month-year
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TileCal Performance: Single particle
response
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E - calorimeter energy at EM scale; p - track momentum measured by ATLAS inner detector system
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The TileCal HL-LHC upgrade

o The High-Luminosity LHC will start after Long Shutdown 3 (2026 - 2030)

o HL-LHC aims to deliver up to 4000 fb™" of integrated luminosity

o Instantaneous luminosity will increase by a factor of 5 to 7.5 (up to 200 proton-proton collisions per bunch
crossing)

LHC HL-LHC

EYETS 13.6 TeV I ey
13 TeV — CNOTQY
Diodes Consolidation
splice consolidation cryolimit LIU Installation HL-LHC
7 TeV 8 TeV_ putton collimators interaction inner triplet installati
e — R2E project reglons Civil Eng. P1-P5 pilot beam radlatnon limit nstallation
2020 H# 2028 | 209 | 2000 IIIIIII@
ATLAS - CMS
:xperiment upgrade phase 1 A.LLLAuigrSlﬁns X nommsal Luml
eam pipes
nominal Lumil 2 x nominal Lumi ALICE - LHCb b 2 x nominal Lumi :
75% nominal Lumi /_ upgrade
luminosity EEOIE {8

—> Significant challenges for detectors: higher radiation doses, increased data rates, stricter timing and trigger
requirements

—> Full electronics replacement, both the on- and off-detector

— 10% of the PMTs replacement associated to the most exposed cells

—> Data readout redundancy to improve system stability

— New low voltage and high voltage power supplies systems due to higher radiation requirements

—> Three-stage low voltage power system for improved noise performance, reliability, and radiation tolerance

—> Improved radiation tolerance, simplified maintenance and easier access for high voltage power system

—> Upgrade of the calibration systems
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Readout architecture of HL-LHC TileCal

o New modular mechanics : 4 mini-drawers
for LB or 3 mini-drawers + 2 micro-drawers
for EB

o The on- and off-detector electronics
replacement allows the signal
reconstruction at 40 MHz for all cells

o HL-LHC face higher radiation levels. Existing
readout electronics is ageing and not
designed for such radiation levels

o Current architecture incompatible with
fully digital Trigger and Data Acquisition
(TDAQ) system, operating at 40 MHz
readout rate

o In the new architecture, data need to be
reconstructed at 40 MHz, and will be sent to
the trigger systems. New front-end must
match timing and data flow requirements

New modular mechanics

Long Barrel

Extended Barrel

microD4

New readout

On-detector Off-detector

Detector ‘ _ _ 40 MHz
signals S DATA
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Electronics layout of the HL-LHC TileCal

Mini-drawer

O Mini-drawer hosts 12 PMTs, 12 Front-End Boards
named FENICS, 1 MainBoard and 1 Daughterboard

o FENICS card performs signal shaping and amplification
(2 gains, Low Gain (x0.4) and High Gain (x16). Dynamic
range: 0.2 pC to 1000 pC)

o MainBoard digitizes signals from up to 12 FENICS two-
gain outputs at 40 MHz with 12bit ADCs

o Daughterboard transfers bi-gain output from 6-12
PMTs every 25 ns to the back-end via 4 x 9.6 Gbps
links, distributes LHC clock settings, liaise the on- and
off-detector electronics

o Tile Preprocessor (Tile PPr): real time data processing
and signal reconstruction at the full 40 MHz rate;
storage of up to 10 us of data samples in pipelines;
distributes the sampling clock and detector control
information

o Trigger and Data Acquisition interface (TDAQi)
compute trigger objects, send them to trigger system,
sends accepted data to the Front End LiInkeXchange
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o TileCal test beam aims at validating upgraded electronics and readout system with beam data as well as
performing other physics studies

o Last campaign has successfully finished in July 2025

o Three layers stack with 2 barrel modules and an extended barrel module

o Modules are partially equipped with prototypes of Phase-Il electronics

o The set-up was exposed to electron, muon, and hadron beams over a wide energy range from H8 beam
line of the CERN SPS North Area

o Different module orientations used to study performance across configurations
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Test Beam selected results
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Test Beam results: hadronic shower profile

o The test beam setup, when used in the 90° configuration, provides containment for approximately 20
interaction lengths and offers unique opportunities for longitudinal developmental studies

o Protons and pions in hadronic beam were selected using Cherenkov counters

o A corresponds to effective nuclear interaction length counted for pions in sampling calorimeter with 14 mm
thick iron and 3 mm thick scintillator. A equals to 20.55 cm

o Total uncertainty includes statistical and systematic effects. Systematic uncertainties dominate over
statistical

S D A R R A A A A T - B R R A AR AR AR AR AR A

FP e NN B B O oon ]

. T - omew 3 W F - 080Gy
Observations: s 0 >, ewor 138 L ~_ csooer ]
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2. Difference found between proton - F ecusmm e K S T ]
and pion modeling: Data/Monte- F TestBoam 2023 F Test Beam 2023
Carlo ratio behavior is similar for A R R I U I “z'o'XI‘;; I R R A [ "15“‘25';([‘12]2
pions at different energies, but for S S e ot I
protons high energy showers are e o E I E
modeled better than low energy P e E R 3
showers i R A B e —

s S L U T R eig 1 I

0 2 4 6 8 10 12 14 16 18 20 2z
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New results, never Eresented bei_‘ore
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Conclusions

o TileCal is performing very well during RUN-3 (2022-2026)
o Calorimeter routinely calibrated

o Response to single particles and jets agrees with Monte-Carlo simulation
based on GEANT4

o TileCal will undergo an upgrade for HL-LHC

o HL-LHC aim: collecting up to 4000 fb™" of integrated luminosity by the end
of HL-LHC data-taking

o Main challenges: higher radiation levels, increased readout rates,
challenging pile-up conditions.

o All on- and off-detector electronics will be replaced with radiation-hard
and fully digital electronics, and fully digital electronics, respectively
o Around 10% of PMTs will be replaced with newer, more stable models

o New mechanical structure and modular services, easier to handle and
maintain

o Test beam campaigns are performed regularly to validate the system,
calorimeter performance and carry out other analyses of calorimeter physics

(e.g. shower shape studies, measurement of photonuclear interactions of
muons in iron)

22TH LOMONOSOV CONFERENCE ON ELEMENTARY PARTICLE PHYSICS 15
| AUGUST 2025 | A. TROPINA




Back-Up
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Reference links to public plots

[1] Readiness of the ATLAS Tile Calorimeter for LHC collisions

[2] Charge Injection System (CIS) Calibration Plots

[3] Run 3 Cesium public plots

[4] Run 3 Laser public plots

[5] Single Particle Response public plots

[6] Run 3 Timing calibration

[7] TileCal TestBeam public plots

[8] TDR for the Phase-Il Upgrade of the ATLAS TileCal
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https://arxiv.org/pdf/1007.5423
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ApprovedPlotsTileCalibrationCIS
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ApprovedPlotsTileCalibrationCesium
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ApprovedPlotsTileCalibrationLaser
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ApprovedPlotsTileSingleParticleResponse
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TileCaloPublicResultsTiming
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ApprovedPlotsTileTestBeamResults
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2017-019/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2017-019/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2017-019/

TestBeam results: hadronic response

o Analysis performed at TileCal TestBeam in 20° configuration, beam enters
LB module

o Separation of particles of different types is possible thanks to upstream
Cherenkov counters

o MC simulations agree well with experimental data
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