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The ATLAS Tile Calorimeter

 The Tile-Calorimeter (TileCal) is a sampling
calorimeter which forms the central region of the
Hadronic calorimeter of ATLAS;

« TileCal is responsible for the measurement of jet-
and missing-energy, jet substructure, and triggering
(including muon information);

« TileCAL is Modular and consists of 256 wedge
shaped modules arranged azimuthally around the
beam axis. An individual module consists of
alternating steel (absorber) tiles and plastic
scintillating (Active media) tiles and a Super Drawer
(SD) which houses the Front-End (FE) electronics.

» Particles produce light when passing through the
tiles. This light is then transmitted to Photo-Multiplier
Tubes (PMTs) located in SDs via wave-length shifting
fibers.
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HL-LHC TileCal Front-End

« PMTs convert light to electric signals.
* Front-End electroNICS(FENICS) boards perform signal shaping and amplification;
 Mainboards receives analogue data and convert it to digital data which is then sent to the

Daughterboard;

 Daughterboards are responsible for Data collection, formatting, transmission to the Back-End
as well as clock and command distribution to the Front-End.

 Low-Voltage Power Supply (LVPS) provides power to the FE electronics while also monitoring
critical values such as its operating temperature and output voltages;

« High-Voltage (HV) Power Supply supplies HV to the PMTs in the system, control the voltage
for each tube and monitors the applied voltage.
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TileCal and the HL-LHC
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« The start of the operation of HL-LHC — S
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A summary of the TileCal HL LHC upgrade: PR S

DEFINITION EXCAVATION BUILDINGS %

« Readout, Front and Back-end electronics are to be upgraded; §

» Active dividers are replacing passive dividers to provide better linearity for the HL-LHC,; 0y

« 10% of PMTs to be Replaced in the most ex-posed regions; >

« Mechanical alterations to the Super-Drawers structure; %

« The High Voltage system is being upgraded to provide HV to PMTs with greater temperature and voltage &

stability, as well as remote/internal control, S

« The Low-Voltage system is undergoing extensive upgrades; §

» The Calibration systems are being upgraded with improvements to the stability and safety of the Cesium ©
system as well as the Laser system receiving upgraded electronics and optical components

Q
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Legacy Low-Voltage System

+3DIG, +5DIG,
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Performance during Run-Il . e
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The ATLAS Tile Calorimeter performance
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The ATLAS Tile Calorimeter [l HL-LHC Tilecal Front-End TileCal and the HL-LHC

« The Tile Calorimeter (TileCal) & o sumpling
larimeter which forms the central region of the
calorimeter of ATLAS;

* Tileeal i rsponsible for the messurement of
and mising-energy, jeb substructure, amd Lriges
iny (including, muon information);

Modular 256 wedge shaped modules armugsd
azimathally aroud the beam axis make up Tile

Cal. An individunl medule consists of allermating
steed {aberber) tiles and plastic scntillating, (Ac

tive medi) tiles with 2 Super Drawer (SD) o
ing, L Froat End (FE) ehevtronics imside th
Modiske.

* Particles produce light whon pasing through
Uhe

Fig. | Top - The ATLAS detector, Dottom left - The inner
Narrel, Tottom right - A TileCal module

Legacy Low-Voltage System

* A Zestage systens in which Bulk 200VDC
power i converled to the voltages negquined
by the FE ddectronics by differcat types of
Brick{Transformer coupld buck comve

« Provides ON/OFF control (Via Aux-
busards) of thee bricks in two grougs which sdart
succossively.

LV System Upgrade

+ Conversion Lo a 3-slage - which makus:

of Point-ol load regulators (POLs).

i ion Lo step-cown the 10VDC received  from

an w Brick b the vollage requiresd by loal
This allows for Lhes use of a single Lype of

uth a standardized 10V outpat;

Ia

» Tristale functionalily s being  intro

duced  which  allows  for umlwulu.sl Bricks

! This L L)

: Lo the Aux I)lmnhi .dnht) Lo send 3
i

P
named o
different

campaign is underway
sysbem eomponenks ope
C exrvirumment.

An exter

in order Lo validal

G=p

o IMT5 convert light o «

* Frool-End eectroNICS (FENT:
fisem signal shaping and amplific

* Mainboard nocives analog, and comverls
it to digital data which is then sent to the Dangh
Lerboard;

* Daughterk 1 resy ble for Data collect
formadting  transmision W the Back-Fud and
chwck aml command distribulion Lo the Frool

Eud.
* Low-Voltage Power Supply (LVPS) provides

¢ FE electronics while also monilaring,
h as ils eperating Lemperatane

ctric igmals.

3) bosards per

sanel output vol

+ High-Voliage (HV) Power Supply The Tile
high voltage p airal system supplics BV to
e system, control the volt

T
e for cach ube and monitor Uhe applicd vollsge.

SR —

Fig. 2 HL-LIC Tilecal Front-cnd clectranics

Performance during Run-IT

ios af the calorimeter wengy al
trnck momentuen (Efp) of sugle
& wed 0 evalite both uniformity and linerity
cluring dat Laking;

* Cuood agreement between Data and MC sim,

rons

o R e -
b 5 e s e
et eraea et K
oa

oa

oa

oa

L e B R A | BB

Fig. 4 Ratios of the truncated means of the distributions of
the energy deposited in the layer colls by cosmic ray muons
per unit of path length di fdx.

v Tsaliaterd muons from cosmic rays are used Lo study
the EM e inwitn EM s well as the colls inter
calibristion;

exl s Al ey deposites]

gt dE/dx;

o Cell response is evaly
by the muen path

* Noonu

formity i et (1) below 5

P - .

5 anasrwinay e pmonun |

0 T ey o vt |
[t

0
07,
nu__h\\_‘,‘_o.__._.—'—_._.___
st
0 =
HE:
3 ng_—-—._..“*,_._.__k *
e
LUIV
Fig. & Calorimeter response to single isolated charged
hadranz.

Cal £ 308 Be | Bvert

Fig. & Deposition of energy
TV 2015 collision data, M
triggered

Ryan McKenzie

of HL-LHC i
alegrated lumi

» The starl of the operali
planned for 2027 with fonee
nexsity of 4000 fb-1;

& TileCal must be upgraded Lo
ued high performance in (he new HL LHC envi
ronment

lerwr foar conlin:

A swmsmary of the TileCal HL LHC upgrade:
+ Readout, Front and Back
are Lo be upgraded;

* Active dividers s replacing pasive dividers to
providle bitter linearity for the HL LHC;

* 10% of PMTE o be Replaced in th
przsend regioees;

nel electronics

ol ax

s Mechanical alterations Lo te Super Drawers
shructu

« The High Voltage system is being upgradel
10 provide HV 1o PMTs with greater
and vultage stability, s well as remoe/internal

contral;
 The Low-Voltage system is undengoing exten
[ ——
» The Calibration systems are being upgraded
with improvements Lo bility and safely of
Liva
mg, upgriaded dectronics and op
Pl

Test-Beam Performanc

» Seven Lest beam campaigns were carried out
2016 — 2018 with prolotype FE electronies as well
s preolype ek of the Lo fligh villiage oy
Lo,

The Lest beams show good performance of e

new Front-Ead electromnics,

il
Epes
fons. of the total encrgy depasited in the
calorimeter obtained using cloctrons beams.

Figh

Vi fE
Fig. ¥ Fractional reselution and predicesd by Monte Carlo
simulation obtained in the case of protons

D

o
Fig. & Experimental and simulated moon data as a
fanction of the cell number

» [ ApprovedPlotsTile

» [ ApprovedPlots TileEloctronics

Interactive session

Additional slides will be provided to enable discussion of the

topics introduced.

Session 1: 13th of April (Tuesday) afternoon, from 14:15 to

15:45 (US EDT)

Session 2: 15th of April (Thursday) morning from 6:45 to 7:45

(US EDT
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Front-end electronics for TileCal at HL-LHC

FENICS

* Fast Readout: two gain amplification for physics;
e PMT Current Integrating Readout for 137Cs calibration & Luminosity measurements; __
* Integrator Readout has 6 gains to cover 7-8 orders of magnitudes in luminosity;

* Improved precision and better noise performance than legacy; >
* Charge injection system for precise calibration. i
Mainboard 5
* Fast readout: 24 12-bit ADCs @40 Msps ; o
* Integrator Readout: 12 16-bit SAR ADCs § Routes the digitized data to the Daughter S
Board ; g
* Digital control of the front-end boards (configure for calibration or Physics). S
— o
Daughterboard o
* High Speed communication 4.8/9.6 Gbps; o g O 5 ’ °
» Send detector data to off-detector electronics; ’ A4 B
* Receive, distribute LHC clocks, configurations and control ; | o 2
2 FPGAs Kintex Ultrascale (KU); :
* Recent redesign due to single event latch-ups observed in previous FPGA ' ;
(KU+) B O .
Ryan McKenzie DIS2021 7




Coordinate system used in LHC experiments

 The Z axis is oriented along
the beam plpe’ Ly

n=20
 The azimuthal angle (&) is 1 n = 0.55
defined with respect to the / n=0.88
f = 90°
X-y plane; — 60° / n=1.32
* The pseudorapidity (n) is LHC Ring ! o150 A
defined to exploit the e~ o
cylindrical geometry. 0= 10°
\\_ 7 9_00_)7}:00

Experimental Particle Physics, Understanding the measurements and searches at the Large Hadron Collider, Deepak Kar, School of Physics, University of
Witwatersrand, Johannesburg, South Africa, ISBN 978-0-7503-2112-9, Pg. 2-10.
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Map of Tile cells, showing tower structure
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Calorimeter response to single isolated charged hadrons

Characterized by the mean of the energy over momentum
(E/p) as a function of momentum, integrated over the
pseudo-rapidity and ¢ coverage of the calorimeter, as
measured by the ATLAS Tile Calorimeter using 1.6 fb-! of
proton-proton collision data at 13 TeV collected in 2015.

The fraction of events with additional simultaneous proton-
proton collisions (pile-up) was negligible. The data is
compared to simulated events generated using PYTHIA
8.186, with the A2 tune, and the MSTW2008 LO parton
distribution function set.

The energy is reconstructed from topological clusters
matched to a track in a cone of AR < 0.2. Tracks are required
to pass minimum quality criteria and p > 2 GeV. To reduce
contamination from neutral hadrons and muons, the energy
deposited in the electromagnetic calorimeter is required to be
less than 1 GeV, and the fraction of energy deposited in the
Tile Calorimeter at least 70%.

Black dots represent data and the blue line represents
simulation. Statistical uncertainties are shown for data and
simulation. The lower plot shows the ratio of data to

simulation.

(Elp)

Data/MC
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TeV
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/GeV
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/GeV

Tile Calorimeter Cell Energy Deposition Plot

* To ensure exactly one interaction has occurred per
bunch crossing, only events having a single
reconstructed primary vertex are selected.

Each distribution is normalized to unit area.

« Distributions of the energy deposited in the TileCal = 10j et e e
cells from collision data at sqrt{s}=13 and 0.9 TeV T :03 ATLAitaP;f:::nT;nary 52
superimposed with Pythia minimum bias Monte % 132 b .,m: o 137ev §§
Carlo and randomly triggered events from filled and g 10 |  Random Filled Bunch Crossing é §
empty bunch crossings. = 1 random Empty Buneh Grossing 5 E
* A Level 1 minimum bias trigger scintillator (MBTS) o 107" ] Minimum Bias MC, (5 = 13 TeV 25
trigger is required for the 13 TeV data. @ % é
3+

80_0;1' Itl)llII<||||||2|||||:|3IIIIJ_-|I_IIII5
Tile Cell Energy [GeV]
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Test-Beam setup

 The beams were produced by extracting 400 GeV protons from the Super Proton Synchrotron (SPS) machine.

* The primary target made of beryllium, had a length of 300 mm. The produced secondary beams can have energies from 10 to
350 GeV.

* A secondary target of 1000 mm of polyethylene (T4)plus an absorber of lead can be placed in the beam to produce tertiary
beams;

 Bending magnets were used to determine the beam momentum and charge;

* The transverse beam profile is monitored by four wire chambers (BC-1 to BC2). Two scintillators (S1/52), with an active
surface of 5 x5 cm2, were used in coincidence to trigger the data acquisition (Physics trigger) and to provide the trigger
timing. These two detectors were used to reject beam particles interacting upstream of the detectors. The Cherenkov
counters (Ch1, Ch2 and Ch3) allowed the beam particle identification.

|_ _________________________________
: =
| Lz
567m 93m 38m : 18.43m 18.4m 18m 17.3m 4.4m : il
- 1 ] O
I Scanning I =
4 ( Ch3 hl ) I o
T & >:<::>:<: ch1 ) 1 ] Table 5
Secondary Target ! $1S2 BC1l BC2 | oE
| o
Not drawn to scale | Experimental area L2
_________________________________ S

Fig. Schematic layout of the H8 beam line. The distances of the components of the beam line from the Scanning Table are reported.
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Test-Beam setup

* The calorimeter setup in the H8 beam of the CERN SPS North Area consists of two long-barrels and one extended-barrel.

* The super-drawer of the long barrel LBC 65 is equipped with the 3-in-1 front-end upgrade option.

* The other option, FATALIC, alternative to the 3-in-1 and based on ASICs (An Application Specific Integrated Circuit), has been
mounted in the super-drawer LBA 65.

* The super-drawers MO C and EBC 65 were equipped with the Legacy SD system.

* Multi-Anode (MA) Photo-Multipliers (PMs) were installed in the MO A super-drawer.

* Modules were stacked on a scanning table capable of placing modules at any desired position and angle with respect to the incoming
particles.

* Data was collected with beams incident at the center of the front face of each A-cell at 8 = 20° from the normal and incident on the
ends of the modules, into the center of each tile-row (referred to as 90° incidence).

positive side negative side

+90°

LB -90°
DEMONSTRATOR ‘{

MY | EGACY SD

¥t pue ¢ 3d ‘820-4A1-SV11V

Fig. Schematic front view of the Tile modules as stacked on the scanning table at the H8 beam.
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Test-Beam selection criteria

With all particle beams, two sets of selection criteria were usually applied:

* For all particle types, single-particle events were selected, using beam detectors upstream of the Tile.
Signals in the upstream scintillator counters were required to arise from single minimum ionizing
particles. This cut, especially useful for electrons, removed particles that initiated a shower upstream of
the calorimeter, as well as two-particle events.

Events where the beam chambers indicated tracks far from the beam axis and/or not parallel to it were
rejected because they might have scattered upstream and therefore be off-energy;

¥ pue €1 8d ‘8Z0-4AL-SV1LV

 The second set of selection criteria was specific to the type of particles being studied. Particles with
different energies were identified mainly by the calorimeter response, however, the three beam-line
Cherenkov counters further assisted in particle identification,

Ryan McKenzie DIS2021 7




Electron data MC comparison

m — - - - - —
e The distributions obtained using % 0.25 ATLAS Preliminary Tile Calorimeter -
. . . o . 5__Ebeam=20 GeV: (19.72+0.01) GeV, 6 = (1.79 + 0.01) GeV — Electron Data ]
experimental and simulated data in the L N MC: (20.1620.02) GeV, o = (1.712 0.01) GaV i
.. . o B o e - - -
case of beams incident in the A-4 cell at 8 0ol Simulation S
o ﬁ F _ 7
20° are shown. e n 1@
* Foragiven beam energy the experimental Q 0.15 : iEbeam=50 GeV: (50.02+0.02) GeV, ¢ = (3.30 + 0.01) GeV ] ;IDU
. .. 7 S MC: (50.58+0.03) GeV, 6 = (3.14 % 0.02) GeV 4 2
and the simulated shapes are very similar o n 1 &
- - 41 ©
: ; c L Epoorn = 100 GeV: (101.28£0.02) GeV, 6 = (4.66+ 0.01) GeM 00
provn?g the purity of the selected L 0.1— MC: (100.98+0.05) GeV, o = (4.69 + 0.02) GeV.| 3
experimental electron samples. - :
0.05F =
0_ 1 L : | 1 | '-l 1 1 L | 1 |. | | 1 1 I L | 1 | | B
0 20 40 60 80 100 120 140
E [GeV]
Fig. Distributions of the total energy deposited in the calorimeter obtained using electrons
beams of 20, 50 and 100 GeV incident in the cell A4 of the middle layer of the stack.
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Fractional resolutions vs 1/y/Epeam

The fractional resolution is definedas: R? =

Epeam
A quantitative comparison between g RAW
experimental and simulated resultsis ~ AgRAW = Y
described as OMmc
The range of AdR4W js:

* Protons- 3%

The resolution can be parameterized according to

RAW a

vV Epeam @ b

* a-the stochastic term,
* b -the cell response non-uniformity,

* The symbol @ indicates the sum in quadrature.
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Results with muons: dE/dI VS cell

* The response of the detector has been
studied determining the ratio between
the energy deposited in a calorimeter cell

(dE) and the track path-length in the cell s o 44 . . | | . — >
(dl) using 165GeV muons at an incident C’%:‘ S ATLAS Preliminary N R
o = | W — Tile Calorimeter i )
angle of -90°; L S 1050 B CZD
* The ratio (R) of experimental and Tr A layer - T
simulated dE/dl values was defined for N ° ] —
each calorimeter cell - = o ¢ * = o
- *— ° . J
| — N
R — <dE/dl>; 0.95— e .—_ S
 <dE/d1>MC - ® ] ®
: 18
0.9— , | 1 ! ! | | ! | L N
* The red horizontal lines - the mean values A1 A2 A3 A4 A5 A6 A7 A8 A9 A-10

of dE/dI for each layer. Cell

. . 0
* The data show a Iayer unlformlty at 1%. Fig. Ratios of the truncated means of the distributions of the energy deposited in the layer

An offset of max 4% is observed for cells per unit of path length obtained using 900 experimental and simulated muon data as
Data/MC a function of the cell number. The horizontal lines correspond to the mean values of the

determinations.
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