Imperial College
London

Stavros Mallios, PhD

Electronics Engineer, Imperial College London
Based at CERN




Imperial College

London

Ntuyio ®uoikng (MavemoTipio lwavvivwy)

METOTITUXIOKO AITTAWPO OTIG TNAETIIKOIVWVIEG EQOPUOYES

(NovemoThpio lwavvivwy)
- Avamrtuén kwbdikomotnTr/amokwdikomonTn Ywvng PCM

PCM voice
encoder/decoder

AdakTopIkd AiTMAwpa (Suyxpoveg HAEKTPOVIKEG TeXVOAOYiEG

- MavemoTpio lwovvivwy)
- Based at CERN
- TitAog AlaTpIPng: AvaBaduioeglg Tou UOTAPATOG SKAVOAAIGHOU
Mioviwv otnv KuAivépikn Neptloxn Tou Nelpapoatog CMS oto CERN yia
Tov LHC kat Tov HL-LHC

Senior Fellow (CERN)

- Firmware/Hardware development for the Back-end Data Acquisition,
Control and Monitoring system of the CMS High Granularity Endcap

Calorimeter project

Electronics engineer (Imperial College London) ) i i

- Firmware/Hardware for the triggering system of the CMS High CMS Muon detector
Granularity Endcap Calorimeter project
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CMS High Granularity

calorimeter
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O Meydrog Emtayvvtng Adpoviov (LHC - Large Hadron Collider) emtayvvet

TPOTOHVIO Kat fopéa 1OVTOL.

O LHC o€ ap1Bpovg

[Tepipetpoc: 26.7 km

Mey. evépyewa: 7 TeV
Tay. tpotoviov (% of ¢): 99.9999991

PoOpog svykpovecowv: 40x10° ava sec
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PS Proton Synchrotron
SPS Super Proton Synchrotron
LHC Large Hadron Collider

n-TOF Neutron Time Of Flight
AWAKE Advanced Wakefield Experiment
CTF3  CLIC Test Facility 3
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IR0 OET I peTpdel pe akpifsia Ty evépysio niekTpoviov,
Calorimeter ToQITPOVIOV Kol QMTOVIOV

Hadron neTPa pe axpifera Tnv evépyero adpoviov

Calorimeter (rpoToviov, veTpovimv, Toviov KTA)

f— - = s
12500 tonnes

21m long e YDG) WIS THr ) Sl AV VEVOVV HLOVLD, KO PHETPAVE TV OPT| TOVG
15m diameter

Sol id Yraepoyaywpog payviytiys 4T (~100 000 @opég peyorvtepo, amd to medio TS YNns). Kapmviover
olenol TIG TPOYLES POPTICUEVOV COUATIOIMV - HETPN O TI|S OPUNS TOVG

Simulated 250 GeV Higgs
decaying to 4 muons

Silicon
Tracker

Events /2 GeV

Electromagnetic
Calorimeter
Hadron
Calorimeter  Supe

Iron return yoke interspersed
with Muon chambers
Oom 4 5m

Key:

—— Muon Electron Charged Hadron (e.g. Pion)

Neutral Hadron (e.g. Neutron) Photon
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Sample rate 40 MHz

The CMS detector

vacuum chamber

— = central detector
I — e el \ electromagnetic
= . \ calorimeter
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hadronic
calorimeter

CMS detector readout
data rate = 26 Pb/s

S. MALLIOS, Imperial College London

The Level-1 Trigger (L1T)

Phase-2 trigger project

LIT readout
data rate = 65 Tb/s

Amlot adyoprOpo,

Custom design electronics
FPGAs

High Speed optical links

Med Fast

Slow ‘l'} LHC

Huepida “IHT”, 03/06/2024

Sample (trigger) rate 750 KHz Sample (trigger) rate 7.5 KHz

High Level Trigger (HLT)

TN

HLT readout
data rate = 650 Gb/s

m Advanced selection

algorithms
m Commercial PCs
m CPUs

B AVOKOTOOKEV] YEYOVOTMV
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To FPGA 1 Field Programmable Gate Array eivon évag 10mog mpoypappotilOLEVOL OAOKANPOUEVOD KUKAMDUOTOS YEVIKNG
ypPnone. Mmopovue va enavanpoypoppaticoope ta FPGAs, avdroya pe tnv epapuoyn, 66eg popég 0 ovpE.

Etvat 1davikd yio epyacieg mov amattovy mopdiinin eneepyacio 0£00UEVOV, KADMES LTOPOVV V. EKTEAOVV TOAAES
Aertovpyieg ToTOYPOVA, Kt £XOVV TOAD YoLLUNAN KOOLGTEPT O EMEDN O1 AEITOVPYIEG EKTEAOVVTOUL AUEGH KO OYL LECM
Aoytoukov (v mapaderypa oto CPUs, o1 eviodéc mpémetl va mepdcovy and Tov enelepyastr) Kot TO AEITOVPYIKO CLOTN A,

KT TOL TPOoGOETEL KOBLGTEPNOMY).
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FPGA Epappoyéc:

Emomuovikn épevva: Particle physics experiments, Data
acquisition systems, Real-time data analysis etc.
Tniemcowvovieg: Signal processing, Data packet processing,
Error correction coding etc.

Avtokwnrofounyavio: Real-time processing for autonomous
driving, Radar and lidar data processing etc.

latpwr): MRI and CT scan image processing, DNA sequencing
etc.

Aepovavnnyiki: Radar and sonar systems, Satellite
communication etc.

Data Centers: Hardware acceleration for artificial
intelligence (AI) and machine learning (ML), Data
encryption and decryption, High-frequency trading systems
etc.
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Ot aAy6p10pot oKavOAG LoD OA®V TOV VTOGLGTNUAT®V oKAVIOMGHOV (trigger) tov CMS ektelovvTol oe TEAEVTOLNG
teyvoloyiog FPGAs.

H dtachvoeon petabd Twv VTOGLGTNUATOV TPAYLATOTOLEITE e OTtTiKeG tveg Kat high speed omtikd links.

Calorimeter trigger Muon trigger Track trigger
[ )

Detector Backend systems

INROvTIKO pEPOS TGS O10UKTOPIKNS LoV ortaTpific ftav n

avamTTLEN Kol VAOTOIN 6N EVOG VEOL TPMOTOKOALOV

emkowvovios wov 0a avrareCéldel 6TIC OVAYKES TOV

High-Luminosity LHC.

Global Calorimeter
Trigger

To tpmToOKOALO OVOpdoTNKE Opyka “Hermes” kot otnv

OUVEYELD, NE KATOLES TPOTOTOMGELS Kal BEATIDGELS

petrovopdotnke og CMS Standard Protocol (CSP).

IMpoPrémeTon vo ypnorpomon0el ekteEVvOS KOOOAN TNV
owapkera Tov HL-LHC.

Phase-2 trigger project

Ta dlapopa uocuoTrHpATa TOu cUCTHHATOG okavdaAlopou (trigger) Tou CMS.
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High Granularity
Endcap calorimeter Back-End

40MHz _(TPG) Decision making
Trigger Processing

Boards |OgiC

- «<—  TPG data processingin <5us ——

750 KHz (DAQ) Event Storage

Data Acquisition
Boards

Y Y
HGCAL-specific electronics CMS common electronics

To véo KaAopileTpo LYNANG O1OKPITOTNTOC TPOPAETETAL VO AVTIKATOGTOEL TOL KAAOPIUETPO OTO “Kordkio”

tov CMS :
o [l avbextikd oto vyNAa enimeda padievépyetoc tov HL-LHC.
e  Meyolvtepn akpifeia otn p€Tpnon g HEomc, Tov ¥POVOL Kol TNG EVEPYELNS TOS COUATIOIWV.

Q¢ CERN fellow avéntvéa alyoprOpovg yio 10 cOotnpa oo ivar vrevOvvo Yo TV 0001 Kevon TOV 0€d0PUEVOV
7OV £Y0VV EMAEYEL VO 0T0ONKEVTOVV UTO TO GVGTNA CKAVOUAMGHOD Yo TEPpOITEP® avoivon offline (Data
Acquisition System).

Ao Tig apyés Tov 2023 gpydlopan o o Imperial College London ¢ FPGA firmware engineer kot avoantocoo
aAyopifpovg Yo To cuotnro okavooiispov Tov HGCAL.
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