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ATLAS Detector

* General-purpose detector at the Large
Hadron Collider (LHC)

 Dimensions: 46 m long, 25 m high, around
7,000 tonnes.

e Records proton—proton and heavy-ion
collisions at up to 14 TeV.

* Physics goals:
* Higgs boson studies,

e Searches for supersymmetry, dark matter, and
new physics beyond the Standard Model,

* Precision measurements of Standard Model
processes,

e Studies of quark—gluon plasma in heavy-ion ATLAS Detector
collisions.
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ATLAS Tile Calorimeter

e The ATLAS Tile Calorimeter (TileCal) is a
sampling calorimeter constructed of steel and
plastic scintillator plates.

It is located at the central section of the
ATLAS detector (| n|<1.7).

* Approximately 460,000 scintillators are read
out on each of two sides by wavelength-
shifting (WLS) fibers.

* The WLS fibers are bundled to define cells,
and read out by photomultiplier tubes (PMT).

 Performs the precise measurement of
hadrons, hadronically decaying tau-leptons,
missing transverse energy as well as provides
input signal to the Level-1 Calorimeter Trigger
and assists in the identification of muons.

Pavle Tsotskolauri (TSU)

Tile barrel Tile extended barrel

LAr hadronic
end-cap (HEC)

LAr electromagnetic 5
end-cap (EMEC) —8M

LAr electromagnetic
barrel

ATLAS Tile Calorimeter Barrel

New Trends in High-Energy Physics 2025 4



EYETS 13.6 TeV

13 TeV

Diodes Consolidation

splice consolidation cryolimit LIU Installation
7 TeV 8 TeV button collimators interaction inner triplet
rieV e R2E project reglons Civil Eng. P1-P5 pilot beam radiation limjt
ATLAS -CMS
experiment upgrade phase 1
SRS . nominal Lumi w ALICE - LHCb } 2 x nominal Lumi

J
1
75% nominal Lumi | /_ upgrade K

* High Luminosity LHC Upgrade starts at 2026 up to 2041.
e HL-LHC will deliver 5 to 7,5 times integrated luminosity.
* 200 simultaneous proton-proton interactions per bunch crossing.

* Integrated luminosity goal: Around 4,000 fb~" by late 2030s
(10x more data than LHC Run 1-3 combined).
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Tile Calorimeter Phase-Il Upgrade Project

Full replacement of On- and Off- Detector
Electronics for HL-LHC.

Fully Digital Trigger readout at 40 MHz for all
channels.

Improved Radiation Hardness of electronics for
high luminosity environment.

New Mechanical Frames for mini-drawers.

Redesigned High Voltage System, with remote
regulation for individual PMT.

Low Voltage will be regulated locally using “Point
of Load” regulators with unified 10 V input.

Upgraded Cesium and Laser calibration systems.
Redundant Datalink.
Replacement of most exposed PMTs (10%)
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Tile Calorimeter Readout Chain for HL-LHC

On-Detector Electronics Off-Detector Electronics
4 40 MHz 4 Y ° N
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Front-end TilePP TDAQI
Detector o Mainboard Daughterboard %TA, s |beS ilePPr =
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Reco Trigger
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Current System Upgraded System
Level 1 Trigger Analog Sum Fully Digital
Pipeline memory On-Detector Off-Detector
Number of fibres 256 2048
Link bandwidth 800 Mbps 9.6 Gbps
Back-end Input bandwidth 6.4 Gbps 1 Tbps
Back-end output bandwidth to DAQ 3.2 Gbps 40 Gbps

Pavle Tsotskolauri (TSU) New Trends in High-Energy Physics 2025 7



Phase-ll Mechanics
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Super-Drawers & Mini-Drawer

* Tile Calorimeter Phase-Il Upgrade electronics
will be installed in upgraded mechanics.

* Super-drawer (SD) will consist four mini-
drawers (MD) in case of Long Barrel

* 3 mini-drawer + 2 micro-drawers in case of
extended barrel.

* Each mini-drawer will have: Long Barrel
* x12 PMT-Block
* x12 Front-end Board vy ™

-
* Mainboard

e Daughterboard
* High Voltage Distribution Board.

Extended Barrel
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PMT-Block & High Voltage Active Dividers
N\ _

PMT-Blocks consists of PMT, High Voltage
Active Divider (HVAD), front-end board, iron
and mu-metal cylinders.

PMTs are responsible for converting light
coming from cells into analog signal.

During Long shutdown 3, 10% of PMTs will be
replaced from most exposed areas, with
Hamamatsu R11187 model.

Every PMT is equipped with HVAD

The function of HVAD is to divide high voltage
coming from high voltage system to 8 PMT
dynodes.

HVAD is also responsible for linear PMT
response.

Average PMT relative response
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Front-end board: FENICS

* Front End board for the New Infrastructure
with Calibration and signal Shaping (FENICS) is
responsible for shaping, amplification and
integration of signal coming from the PMTs and
sending them to Mainboard.

40 MHz
DATA, RBK, DCS
()

Front-end TDAQI

Mainboard Daughterboard

Detector
signals

-
Trigger | ~1-4 MHz

Objects
0O Level0
Trigger

40 MHz

Backplane

) PMT pulse A
== i(t)dt
* |t features 16-bit dynamic range. |
* Fast readout channels with tw-o gains z.and High Gain Low Bain
one slow readout channel for integration. : (x16) g (x0.4)
 Charge injection circuit for signal
calibration.

0w 2 0
Time [rs] Time [ns]

FENICS Card
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Mainboard & Daughterboard

e The Mainboard is responsible for digitizing
analog data from FENICS and transmitting to . o
Daughterboard. petector (Fortendffiainioard| /~ baugretoond Yy

signals car

Trigger
QObjects

* Each Mainboard controls 12 PMT-Blocks. 4 FPGA PMT | Frr= g
chips are controlling 3 PMT-Blocks. ’

* Mainboard is split into two sides: A and B. Each
side has independent power supply.

* Daughterboard is an interface board between
on-detector and off-detector electronics.

* |t sends data, Detector Control System (DCS)
and detector readout data to PreProcessor over
multi-gigabit optical links.

.....

* Like Mainboard, Daughterboard is also split into Eles. .
A and B sides with independent power supply. It TS
also has redundant optical links in case of LI - e L
failure. JARSI ‘ :

* CERN Developed GBTx chips are used for remote . .
FPGA and Flash memory configuration. Also is Daughterboard
provides global 40 MHz clock.

Pavle Tsotskolauri (TSU) New Trends in High-Energy Physics 2025 13



Low Voltage Power Supply (LVPS) provides power to all ==
on-detector electronics and provides control and
feedback to the monitoring system.

Phase-II LVPS will only provide 10 V to all electronics. & \ 77
J/ N 2 e
It consists of 8 Bricks which converts 200V to 10 V.

For redundancy eight bricks are grouped into four sets
of two bricks.

Low Voltage Power Supply
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PreProcessor & TDAQ

 The PreProcessor (PPr) is the core element of betsctor ([P0 (Waboara| / aughiooas M
the off-detector readout electronics.

signals

ATCA

\ Backplane

» Single PreProcessor consists of four Compact
Processing Module (CPM).

* The PPr has bi-directional communication with
on-detector electronics. It provides DCS
commands, timing, trigger and control
information and the LHC clock to the front-end
electronics.

» After receiving PMT data PPr stores them in
temporary memory (buffer) and waits for
central trigger decision. Based on the trigger, it
either stores the data permanently or discards
it.

e Trigger and Data AcQuisition (TDAQ) is interface
between TileCal and Phase-Il Trigger system.

* |t manages clock distribution, configuration, and

builds trigger primitives per bunch crossing. Tile PreProcessor
(CPM + Carrier)
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High Voltage Power Supply

* High Voltage Power Supply (HVPS) provides
high voltage (up to 950 V DC) to PMTs.

* In Phase-Il, the high voltage will be supplied
remotely.

e 256 HV Remote Boards provide regulated HV
to PMTs.

* Itis controlled by DCS System.

* High Voltage distribution board will distribute
voltage to the PMTs.

Catatas a0y (o atats (odatads €ty Tt
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HV Remote board HV Distribution Board
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Upgraded Laser and Cesium System

* Laser Calibration System Mirror spiitter  FilterWheel  gpiiter
* High-intensity laser pulses distributed via
optical fibers to all PMTs

* Monitors PMT gain variations and linearity
with high precision

* Fast system: can operate between LHC fills
and even during empty bunch crossings

e Complements Cesium calibration by
tracking short-term gain drifts.

e Cesium Calibration System
* Uses a movable ’Cs radioactive y-source.

* Provides an absolute calibration of - Laser System
scintillator + WLS fibers + PMTs + i NR—
electronics chain e o) i T TE

* Equalizes response of individual cells and
monitors long-term stability.

* Frequency: typically every few months
during technical stops.

~— Mixers —

Fiber bundle

Power LED array

Monitor photo-diode

Cesium Electronics
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PROMETEO
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PROMETEQO Purpose

* Portable ReadOut ModulE for Tile ElectrOnics
(PROMETEO) is a mobile test-bench for the
certification of the TileCal on-detector
electronics at the HL-LHC. /

* It represents an independent and completely
autonomous system that includes all
necessary components to verify the correct

functionality of on-detector electronics during ol IR B |
assembly, installation and maintenance. | Bl = OP”CLA‘;;'{E_C;O:S' .}
* PROMETEO can test all function of on- ¥ &= Sgg e
detector electronics such us: Connection, |- I Ve ' _
- w 2 S S PROMETEO

Pedestal, ADC Linearity, Charge Injection,
Integrator, LED light injection etc.

* PROMETEO can test and certify mini-drawers
and super-drawers. Also, it can be used with \ e
specialized test stands like: PMT-Block Tests Mobile PROMETEO Box
Stand, Test Beam setup, etc
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PMT-Block Test Stand

e PMT-Block Test Stand is reduced version of mini-
drawer.

* Purpose of this specialized test stand is to check
correct functionality of the PMT-Blocks with LED
and charge injection tests, therefor checking
entire readout chain of upgrade electronics.

e The PMT-Block teststand consists of:

e A black box with the light-tight routing of
HV and LV cables, readout fibers and
dedicated fibers for transmission of test LED
pulses to the PMTs.

e A tray that holds the 12 PMT-Blocks and
one dedicated Mainboard, Daughterboard
and HV bus. _

PMT-Block Test Stand with

* During the Long Shutdown 3, all 10,000 PMT- Vobile PROMETED Box
Blocks will be dismounted, reassembled and
retested with new high voltage active divider
and FENICS cards.
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PROMETEO & PMT-Block Test Stand Diagra

Mobile PROMETEO Box

PMT-Block Test Stand

Light

Distribution

Daughterboard

Light guide
<Fibers (X12)

Optical Links
N ———

| G——
LVPS Cable

HVPS Cable
<

LED
Driver

PPr/CPM

LVPS — Low Voltage Power Supply
HVPS — High Voltage Power Supply
GUIl - Graphical User Interface
PPr —PreProcessor

CPM — Compact Processing Module

PC

(PROMETEO GUI)

Mobile PROMETEO box connects to PMT-Block test stand with optical links, LVPS and HVPS cables and

optical fibers for light injection.

Commands are sent from PC via PPr/CPM for various tests.

Daughterboard receives commands PPr/CPM and configures on-board electronics for requested test.

Finally results are sent back from Daughterboard to PC via PPr/CPM.
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PROMETEO Components

e LED Driver is a component of PROMETEO
system, for testing the proper functionality of
PMT-Blocks. LED Driver is physically
connected to PPr/CPM and is controlled by
PROMETEO software from PC.

« A portable HVPS has been designed for
PROMETEO to provide up to 950 V power to
PMT-Blocks.

* PPr/CPM is core module for PROMETEO. It
controls LED and Portable HVPS. Also, it
configure on-detector electronics to perform
above mention tests.

i o -

Portable High Voltage Power Supply

* Portable low voltage power supply provides
10 V power to on-detector electronics. Can
power each mini-drawer independently for
specific tests. PPr/CPM
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PROMETEO Software

e PROMETEO software can test and verify
correct functionality of the upgraded on-
detector electronics subsystems.

File Edit Verbose

[ IPbus SewerI PPr Demonstrater T System TestsT Diagnostics | Credits

* This is performed using software panels,  oiommoo i ommmpm
d e d i Cate d to d iffe r‘e nt te Sts : Algorithm to find BC with charge for L1 trigger B;e;g%csts Ul 1550 DE FPGA Side: |Eroadeast [»] [ MD Broadcast  |ep yoltage vl | 25|

BC ch ! BC disch: e e
charge: 500 isch: | 2200 DACyn: | 2261 ] onvoff [ orvoff (] on/off (] onsoff oltage Step [V]: 1

° P d t I Find BC | | Stop |  stopped et ADC 0c aes i} I L LK) Start Run Stop Run | processir...
edesta 3 pedesta : Everts
BC t d: Gain: | LG
) oread: 2233 Gain: (LG 7] EEE .

* ADC Linearity,

MD1 Ch 0 (LG) MD1 Ch 1 (LG) MD1 Ch 2 (LG) MD1 Ch 3 (LG) MD1 Ch 4 (LG) MD1 Ch 5 (LG)
. . 4, 4 & 4, 4 4, a,
* Charge Injection, oo 1 ; . oo . .
2, - 2 - 2, 2 - 2, - 2,
° LE D I H H 1,000-fisws s 1 st 1000-frist s 1,000-fsiss=rimris]| 1000t T L,000-Fioes i
njection, ; ; ; : ; D
0 5 10 15 1] 5 10 15 o 5 10 15 o 5 10 15 0 5 10 15 0 5 10 15
Sample Sample Sample sample Sample Sample
* Integrato
n r r, MD1 Ch 6 (LG) MD1 Ch 7 (LG) MD1 Ch 8 (LG) MD1 Ch 9 (LG) MD1 Ch 10 (LG) MD1 Ch 11 (LG)
4, 4, 4, 4, 4, 4,
3, - 3 3, 3 3, 3,
* Etc . : : .
. 2, 2 2. - 2 - 2. 2,
1,000-foss 1 ez 1000-fiie e 1000-fiie s L000-fiia s 1,000-toie
0 0 0 0 0 0
0 5 10 15 0 5 10 15 o 5 10 15 o 5 10 15 0 5 10 15 0 5 10 15
Sample Sample Sample sample Sample Sample
Sawe As Defaults Load Defaults Show Defaults Min V-scale: 0 Maxv-scale: 4065 Reset Flots
Settings settings settings : : {—J

PROMETEO Software
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PMT-Block Test Stand

(Top View)
* During PROMETEO development, it become apparent that, since only =10% of PMTs are being
replaced, monitoring optical performance of the remaining tubes is important.

» Existing test stands measure optical characteristics (quantum efficiency, relative QE, dark current,
etc.) but require several days per PMT.

* To address this, as part of my PhD project, PROMETEO + PMT-Block test stand will be upgraded to
measure relative quantum efficiency, enabling us to track efficiency changes of existing PMTs over

time.
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Measurement of Relative Quantum Efficienc

BS Coatin
/‘ g

* Goal is to create practical method to measure
relative quantum efficiency (QE) without any
moving mechanical part.

* |deais to inject light to the PMT-Block and the
photodiode at the same time from single
Optical ﬁber. Source: Thorlabs

* To accomplish this, Beam splitter cubes will
be used and installed at the back of PMT-
Block Test Stand in the “Cable Bar”.

—

* From here we will be able to “Split” the light ———
into two beams: one for the PMT and second f——
to the Photodiode, which will enable us to =

calculate relative QE for each individual PMT.

Assembled Beam Splitter cube with
optical Fiber, and Photodiode.

PMT-Block Test Stand

25
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Summary

e During the Long Shutdown 3 ATLAS Tile Calorimeter will undergo major upgrade:
* Complete replacement of on- and off- detector electronics.
* 10% of the PMTs will be replace from most affected areas.
* New mechanics to support upgraded on-detector electronics.

e Deployment of the PROMETEO mobile test stand to test and certify all
Phase-ll electronics modules.

* As a part of PhD project, PROMETEO will be upgraded to measure optical characteristics of PMT-
Blocks.

* ATLAS Tile Calorimeter is on track for Phase-Il upgrade.
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