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ATLAS Upgrade talks at this conference (WG6)

LJE ATLAS upgrades for High Luminosity LHC - Oleg Solovyanov

Expected performance of the ATLAS ITk detector for HL-LHC — Yassine El Ghazali

((({

Jo

ATLAS ITk Pixel Detector Overview - Ali Skaf

The ATLAS ITk Strip Detector System for the Phase-Il LHC Upgrade - Elizaveta Sitnikova

o

/’ Development of the ATLAS Liguid Argon Calorimeter Readout Electronics for the HL-LHC - Elena Mazzeo Milano

E Technical challenges and performance of the new ATLAS LAr Calorimeter Trigger - Emilien Chapon

~/ Upgrade of ATLAS Hadronic Tile Calorimeter for the High Luminosity LHC - Oleg Solovyanov

i% Upgraded Lucid and Zero Degree Calorimeter Detectors for ATLAS at the High Luminosity LHC - Antonio Sbrizzi
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HL-LHC timeline
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HL-LHC challenges for detectors
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« The HL-LHC programs challenges the detector and detector electronics
o Higher luminosity — from 2x1034 cm-2s-1 up to 7.5x1034 cm-2s-1, higher L1 trigger rates from 100 kHz to 1 MHz
« Higher pile-up conditions — from <u>=20 of LHC design up to <u>=200 for HL-LHC, large detector occupancies
» Increased radiation doses — about 20x increase up to a few MGy TID for 4000 fb-1
e Long term operation —about 15 additional years on top of the original 15

o ATLAS detector upgrades are now in the production stage to provide new detectors and electronics to ensure
the high efficiency and high-quality data taking in HL-LHC era
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ATLAS detector overview
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https://atlas.cern/colouring-book

ATLAS detector Phase-Il upgrades

~7000 tons

~110-> ~1500 million channels 44 m
~3000 km cables
~2T/3.5T solenoid/toroid magnet A
, Wssiem —[phaselupgrades
Tracker Completely new Inner Tracker
(ITk), comprised of Pixel and
Strip sub-detectors
7 Calorimetry On- and off-detector electronics
c Jo replacement for 40MHz
1 — \0 continuous readout
= K 4 Muons New muon chambers and
upgraded electronics for
continuous readout
Forward New luminosity and timing
% detector (HGTD), upgrades for
T HGTD . other detectors
Muon Spectrometer Inner Detector Calorimeters : : :
Magnets Trigger & New architecture, electronics
DAQ and software
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Inner tracker (ITk)

« Completely new all-silicon inner tracker with increased acceptance from |n|<2.5 (ID) to
I |[<4 (ITk), reduced material budget and increased pile-up rejection

e Inner part made from 5 barrel layers and end-cap rings of pixel detectors, outer part
made from 4 barrel layers and 6 end-cap disks of strip detectors

« 165 m2 of silicon strip and 13 m2 of silicon pixels

« Tracking performance comparable or better than before at much higher pile-up
conditions

o >13 hits/track in the barrel and > 9 hits / track in the forward region

« At the advanced stages for common mechanics and cooling
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and surveyed in LBNL
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Visit at LBNL in December 2023



https://cds.cern.ch/record/2776651

Inner tracker (ITk) Pixel

~13 m2 of silicon (1.2 m2 ID)
~9000 modules (200 ID)
~1400 Mpx (92 Mpx ID)
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« Sensor production is in progress

« ASIC production has been started

« Module production starts this year (2024)
o Many tests with pre-production items are

ongoing
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~165 m2 of silicon (61 m2 ID)

Inner tracker (ITk) Strip “iskmoduies (410
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o Silicon strip sensors with 70-80 um pitch
« Sensor and ASIC production is well underway
e Mechanical sub-structures in pre-production
« Many system tests are ongoing
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« Complete replacement of the on-detector electronics to meet new radiation,
trigger and readout performance criteria

« ASIC development, complex FPGA firmware, high-speed optical links

« New off-detector electronics, new power supplies
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Electromagnetic calorimeter (LAr)
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« New on- and off-detector electronics

e 40 MHz continuous readout E=ms

e Pre-production ASICs available Il =

« Irradiation tests ongoing T
 Preparation for slice-tests | ianl == f

e Large firmware effort Back end firmware scheme
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Hadron calorimeter (Tile)

On-detector Off-detector

Detector - cEEiEED  (Wianboar Daughter board 1 MHz
signals e -

Calibration & Control

DB6v4, Power brick

FENICS2

T
FENICS analog connector l‘ lﬂm X

« New on- and off-detector electronics

40 MHz continuous read-out
Improved radiation hardness and redundancy

New mechanical supports for front-end electronics

New power supplies for HV and LV

Production phase in many areas, some already completed and
delivered
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Muon spectrometer

e Upgrade of several types of ATL-TDR-026 o
muon chambers ok . | e - _eos
e Barrel Inner (BlI) RPC+sMDT BoS
« End-Cap Inner Layer (EIL) TGC ™ rece
. emg s
« Upgrade of readout electronics -
1
« Upgrade of power systems 1 2DD@B. J "
BEE Emmm=s
« Most of the projects in b
production phase
« Some chambers and ASICs . —

already fully produced 0o 2

MDT — Muon Drift Chambers, RPC — Resistive Plate Chambers, TGC — Thin Gap Chambers
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https://cds.cern.ch/record/2285580

Muon spectrometer chambers

e SMDT

o Production complete
« High precision and performance

« RPC

o Mechanics design validated
e Production is about to start

e TGC

e Production started
« Several chambers already done

Lol ? ! L L ! L L]
4600 4800 5000 5200 5400 5600 5800 6000

RPC chamber pre-production and test results ™" TGC EIL-4 chamber production
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Muon spectrometer electronics

MDT TDC ASIC tests RPC FE ASIC prototype

« MDT

o ASICs are fully produced

« Pre-production boards are being
validated

« RPC

« Moving towards production
o ASICs submitted for production
 Full validation of readout chain

o TGC

o ASIC production completed
« Moving towards board production

ATLAS_TGL

PP-ASIC.W
PSboard: 7L BE R
JATHub: &1
TAM : L1t
Sector Logic : S{1EM

LI

TGC joint integration test
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Muon spectrometer integration tests

« Complex multi-
component project

e Requires multiple
test and integration
facilities

« Underway at
multiple cites
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Forward and luminosity detectors

e HL-LHC program requires
stable and precise
luminosity measurement

Beam 1

—1 = » Rich forward physics and
T ) N - Heavy lon physics
: f é Beam 2 program

Q1 Q2 @3 D1 TAN D2 Q4 Q5 Q6 P Q7

e New luminosity and
timing detector — HGTD

> « Upgrade of
luminometers and
forward detectors

140 m

Too low acceptance w/

Run 4 change to e Beam Conditions
horizontal crossing End of physics Monitor (BCM')
angle. program with . .
Y DA cudelonioh Run 3 e Luminosity Cherenkov
I possibilities for a Run Integrating Detector
v 5++ upgrade (LUCID3)
LUCID-2 = LUCID-3 ZDC= HL-ZDC e Zero Degree

Calorimeter (ZDC’)
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High-granularity timing detector (HGTD
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« Read-out ASIC (ALTIROC3) shows good performance, pre-

production version (ALTIROC-A) to be submitted soon Bias Voltage [V]

JINST 19 (2024) 04, C04008

» Mechanics and cooling design progress
Full size Peripheral Electronics Board (PEB) prototype
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Other forward detectors upgrade

Front View

RPD section

BCM’ ring new design

e Apart from the new detector (HGTD), existing forward detectors will undergo
upgrades to withstand HL-LHC conditions and provide forward physics and
luminosity measurements

e Luminosity Cherenkov Integrating Detector (LUCID3), High-Lumi Zero Degree
Calorimeter (HL-ZDC), Beam Conditions Monitor (BCM’)
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Trigger and DAQ (TDAQ)
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e The HL-LHC programs challenges the detector and detector electronics in many
aspects, including high radiation doses and high pile-up

« Upgrades are underway to provide new detectors and read-out electronics to
ensure the high efficiency and high-quality data taking in HL-LHC era

« Many projects entering pre-production or production phase

« Some components already produced and delivered to CERN

« New electronics with large FPGAs requires significant firmware effort
 Early integration and vertical slice tests are crucial for success

« Ambitious and extremely complex project with more that 800 FTE/year (full-
time equivalent effort)

« Moving forward thanks to a very dedicated community
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