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ATLAS Collaboration

= Truly global:
» 181 Institutes,

» 38 countries
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National group:
LIP (Lisbon, Coimbra, Minho), FCUL, FCTUC, U. Minho, CFNUL
CEFITEC/UNL, INESC, CFMC, AdI engineers training program




Portuguese contributions
to ATLAS construction

TileCal hadronic calorimeter

600 k WLS fibres
aluminjzed

A

Detector Control
System

16 17
13141 S8,

Fibres insertion with robot
N in 15 k plastic profiles

Design of the cells
and fibres routing

control, instrumentation of the modules, calibration,
certification and commissioning

Forward detectors

Trigger/DAQ
L1_J75 & AFP_L1xxx
TrigJetRec
@ Tools:
AFP_RawDataProviderTool
Calls]
HLT::FexAlgo | Trig_AFPSiTrkReco AFP_Raw2DigTool |
AFP_SidLocRecoTool

HLT::Hypo

TrigAFPJetAlITE

EFBtagFexSplit_EFID

rigAFPToFHypo

AFP_ProtonTransportTool

HLT::FexAlgo

AFP_TofRecoTool

HLT::Hypo

In addition: scintillators, laser calibration, PMT quality



Current Portuguese Responsibilities

in ATLAS

TileCal
Calibration,
DCS

16 17,
PR 18 48 9 "

Distributed computing

:

Info
Slotsof R bs (per
e dihy Al

Iberian Cloud Coordination
TileCal Upgrade
HV distribution system

~100m long cables, 32 or 48 pairs

HV Remote System

Des Tibbo EM1206
“box”
2
T ) finger |

HV Out to Mini Drawers

ATLAS Roman Pot DCS

and HLT

Resolver | 6.720 RMO.00  Resolver 6529
Motor | 5.720 Motor | 6.529

LVDT | 5703

1-M-0.02 LVDT | 6.473

Jets HLT

L1_J75 & AFP_L1xxx

TrigJetRec

—ALUETHypo

Calls]

Tools:

AFP_RawDataProviderTool

AFP_Raw2DigTool |

AFP_SidLocRecoTool

HLT::FexAlgo ‘ Trig_AFPSiTrkReco VDT -5.024 L-M-0.03 LVDT -6.535

Trigger Upgrade: HTT

DCS, simulation, mezzanine production

53 1
5251 50 45 48 47 46 ©°

HV remote
board
256

Leading TileCal DCS

Mini
Drawer

TileCal Module - Electronics Dra

Mini Mini
Drawer | [Drawer
wer

USALS Modules

256 . HV Out to Mini Drawers

|

Full responsibility

TileCal Module — Electronics Drawer |

Track Processor (TP)

R-M0.00

L-M-0.06

Motor | -5.989 Motor -6.474
HLT:Hypo TrigAFPJetAIITE AFP_ProtonTransportTool Resolver -5.989 RM0.00 Resolver -6.474 R-M0.00
HLT:Fexdigo | EFBtagFexSplit_EFID Co-leading ARP DCS
HLT::Hypo rigAFPToFHypo AFP_TofRecoTool
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Comprehensive
Top quark properties programme of top

Portuguese contributions o ___ properties measurements
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Physics
n N;Ce\e‘a\o v * W \%
e \(on 2 r\‘\', V
topics e\ -
= \ \. 8 o e B
‘ﬁv_ - \_,q v S ~ 3 :
» Higgs couplings to Inflation gq q %q il 5 e 2 @
L il ¥ 3 @
quarks and W's - =0 °© & B
_ _ v RzF3 o s R E
> Spin/CP properties f el B v e E VV
> Search for new physics ,,%ggr%a & %" &
— | IERRRAC N % @
> Anomaly detection X e &

= Study of the Quark
Gluon Plasma

. B—Jets Key: W, Z bosons f_\(\,photon
q quark %) meson # oalaxy

. . g gluon e eb
> Time evolution D RSt
Wmuon Ttau @9 ‘on

black
V neutrino C@atom hole




From discovering the Higgs to measuring
its properties 2013 2018

Local P,

2015 » First observation » First observation of
" D|scover\/ (201 2) = First observation of of H—bb ttH production
ATLAS 2011-12 \s= 7-8TeV ~ e
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102 g 1800F ATLAS W, @ e 1 2 243 jets, 2 b-tags Y Uncertainty @yl -
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,CSM = DMHTDMH—I—/LQHTH — % (HTH)z — (yZJH&,w] +hC)

Couplings to Higgs Couplings to
‘ And I'IOW What? EW gauge bosons self-couplings fermions
(3 W W+ 20028) - (14 8)° = Jobd — Akt =D (1+2)
/, \\
/ \
. _ ----q 31—& c( 3z—§L (Q
Measure couplings even more precisely NS
\ /
= Spin/CP properties of the vertices mu = V2 = VA (v = vacuum expectation value)
» Angular observables
[z %2 i rity signal region, > e
= Probe SM predictions g N T S s
0.16[— 0 baclrgfgzc}s
= Search for new physics oraf
0.12—
> Are they new particles A o [ ai s S o e
in the loops? T :
OAOG:—
> Other Higgses? oo ||
002~ [T
ob| 1 ! ! 4

-1 -0.5 0 0.5 1
cos 0"




Searching for the unknown...

= Train deep learning models to learn SM
background and provide an anomaly score
for New Physics

> Increases search generality

» Reconstruction error is a measurement of

Latent Layer
(Encoding) Reconstruction

X A e <\ < A0
L D B
RSt a— /A R

00
2%

anomaly

Inputs

]

TP




The Quark- ATLAS
Gluon e 1ES§EEERIMSE?§L
Plasma Tine 2010-11-09 08:55:48 CET
Heavy lon

Collisions

» First observation
in 2010

= Probe of Quark-
Gluon Plasma




b-jet suppression to
probe the QGP

= Distinguish the nature of the energy loss

> Collisional?

> Radiation?

Quark-gluon
plasma

Low energy jet
(subleading jet)

Jet production

Highly energetic
jet (leading jet)

Strong interactions with the medium

s

= 35F

25F

15F

05F

35 ¢

IIIIIIIIlIIIIIIIIIIIIIIlIIIIIIIIIIIIII
| 100<p_ <126 GeV 0-10 %)

[ EPb+Pb

Blop ;
L =t [
— % E : —
- e |

[ ATLAS 10 - 20 %
anti-k, R =0.4 jets
=
==

IIIIH:IIIIIIIIIIIllllllllllllllllllll!

PR I w PR IR A i (i il

I [
%] | YS\w=276TeV

1 [ 2013 pp data, 4.0 pb™*

2011 Pb+Pb data, 0.14 nb™

03 04 05 06 0.7 08 09 |

Xy

Wik u R RRRRI RRRTE ARRTE RARRE ARRTE FRAT
03 04 05 06 07 08 09 1
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HiLuMI

LARGE HADRON COLLIDER

LHC HL-LHC
i1 =
| Run 3 l Run 4 -5...
Run | (EYETS| 2 eversjil  tss |
EYETS E=e 13.6 Tev 123N e 13.6 - 14 TeV
13 TeV energy
Diodes Consolidation
splice consolidation limit LIU Installati -
7 TeV 8 TeV button collimators %rtyeorggtlion neeteen inner triplet : i LH(-:
—_— R2E project reg|ons Civil Eng. P1-P5 pilot beam radiation limit installation

2013 2014 2015 2017 2018 2019 2020 # 2024 2025 2026 2027 2028 2029 |IIIIII

5 to 7.5 x nominal Lumi

ATLAS - CMS
experiment upgrade phase 1 ATLAS - CMS 4
beam pipes

2 inal Lumi L HL upgrade
nominal Lumi e ALICE - LHCb | nominal Lumi

75% nominal Lumi | /_ upgrade )
: -1
m 190 fb™' 450 fb™! |ntegt¢d 3000 fb

HL-LHC TECHNICAL EQUIPMENT:

lumiglosity R R{

DESIGN STUDY € PROTOTYPES / CONSTRUCTION | INSTALLATION & COMM. |||| PHYSICS
Here we are "
HL-LHC CIVIL ENGINEERING: 2040
DEFINITION EXCAVATION BUILDINGS
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Date: 2011-09-14 02:47:14 CEST

Run Number: 189280, Event Number: 1705325
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TLAS

EXPERIMENT

On

‘ Run Number: 336852, Event Number: 8839662

Date: 2017-09-29 09:19:23 CEST

challenges

= Huge detector occupancy

» Evento com um

toZ—uu e

imen

deca

isoes
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TileCal
hadronic
calorimeter

Calibration
> Optimize
performance
Study radiation hardness
with pp collisions
HV distribution system
Detector Control System

TileCal calibration

ML to study TileCal ageing
Impact in FCC detector design!

0.0 01

02 03 04 05 06 07 08 09 1.0 11 eta
13
D0 DI 'm2 D3 D4 J e
-34 ]-.31 -26 -1.26 216
Zoo e 14
€1 [c2 €3 ca /cs c6 ‘c1 ‘c8 £ = - ) ~ -
.70 [-1.73-166 -181 -182 -1.72 -1.89 -252 / 254
BI [B2 B3 B4 /BS /B6_ ‘BT /BS  /BY 1| B11_ BI2 ‘B13 ‘B14 “BIS
-1.70(-1.73/-1.66/-1.81 -1.82 -1.72 -1.89 252 -2.31 -461| 287 270  -1.97 1.31 .94 18
L s o LS AST 2 o g8
e e o 5.93

<50% 25% 0%
[

DCS
Leading TileCal DCS

16 17
131472 )

ILVPS MI

-

HY Drawer

2561 50 49 45 47 96

LAr forward calorimeter (FCAL)

Upgrade HV distribution system
Full responsibility

~100m long cables, 32 or 48 pairs

HV Remote System
bCS " 'l Tibbo EM1205| HV Out to Mini Drawers
HV remot
TEFFF
1 board ,
[ = Mini - -
1 U HIBIBIBIBIE
! Mini Mini Mini
y P: ard Drawer Drawer | |Drawer
.
.
— - N
TileCal Module - Electronics Drawer
256 M HV Out to Mini Drawers
USA15 Modules l

TileCal Module — Electronics Drawer |




TileCal
hadronic

calorimeter

Calibration
> Optimize
performance
= Study radiation hardness
with pp collisions
= HV distribution system
> Test beam
performance
studies

Full responsibility

HV Remote System

Tibbo EM1206

HV remote
board

[

“box”

~100m long cables, 32 or 48 pairs

HV Out to Mini Drawers

at

finger

256
1 Units
4

Bulk
HV
Module

USA15

HV
Out

'v o
—< =

Passive Distribution Board

|
»— »— »—
m a

Mini
Drawer

Mini
Drawer

Mini
Drawer

Mini
Drawer

TileCal Module — Electronics Drawer

On 256
Detector Modules
]

HV Out to Mini Drawers

|

l

l

HV

TileCal Module — Electronics Drawer

Out
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‘ High Precision Timing Detector (HGTD)
o SOOE{A TS T SIPURHO PIBIMINAN. 1 s

o -
—_— ~edD—~ Truth vertex with tracks in the HGTD
— 500 :_Zee event, <u> = 200 —&— Truth ::nzmmm:u:-l

oo Nominalbeam spot -, = 4Smm, .+ Mt

300
200
100
0
-100
-200
-300
_4(29
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HGTD - DCS and Interlock

Detector Control System (DCS)
— Contributing to DCS architecture definition
— Readout of DCS environment data through ELMB2 communication board

monitoring of the C02 cooling
system via Pt10k sensors

* Temperature range: from
—-450C to +200C

* Maximal tolerable offset
(accuracy) of sensor: +0.20C

* Precision of sensor: +0.50C

e same ELMB board as ITk

« Signal Conditioning board,
backplane of both boards and
power supply to be designed

4th Workshop LIP-IGFAE 2023, 13, 14 April, Lisbon



HGTD - DCS and Interlock

Interlock

* Mostly re-use the ITk one
Contributing to module production
Safety algorithms to be built
Passed PDR (Preliminary Design Review)
LIP responsability

Interlock crate

* On the left are detectors that recognize threats from which protection is necessary.
* On the right are the devices that should be switched off.

* The central part is the interlock crate, which contains FPGA to define interlock matrix.

4th Workshop LIP-IGFAE 2023, 13, 14 April, Lisbon



| LHC Upgrade Challenges

Fermilab SSC

CERN | B | = Interesting processes have small cross-sections
I I I I IT
- Sy A R » Need to process & select interesting events in real time
B CJets $ X
 mol- =L x 107 » 40 MHz event rate
I ~ = \ery large number of interactions/event
L =}
8 i
g8 r 5 Energy (V/s) 13TeV 14 TeV 14 TeV
©1nb |- »
. £ Max. Luminosity (cm-2s-1) 1-2x1034 2-3x1034 5-7x1034
- - rsaey N Interactions/event 40 55-80 140-200
1pb [~ nw=c1’05'<3e
. R Bunch crossing rate 40 MHz 40 MHz 40 MHz
= 500 Gov Offline storage rate 1000 Hz 1500 Hz 10 kHz
0.001 0.01 O©.1 1.0 10 100 .
Vs Tev Bunch spacing 25 ns 25 ns 25ns




» Exploit parallelism

ML {JdAccelerating Jet Trigger Algorithms

= New paradigm: single instruction-multiple data

» Calorimeter clustering on GPUs

ongoing

Block (1,0,0)

Shared Memory | | ||  Shared Memory |

i
(2,0,0)| [Thread (0,0,0)
| Registers | | Registers |

:

read (1,0,0)|

| Registers |

y

RAM
] PCle bus l

»|  ConstantMemory |

Y L]

Global Memory

> 1st prototype demonstrated great potential
> New framework update and optimisation

= Study also FPGAs

as alternative
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Topo-Automaton Clustering (TAC)

= TopoClustering:

Groups neighbours L]
according to signal/noise
« TAC = Maximimize parallelism:

= Data organised in cell pairs
= Use cellular automaton

N
—l///

= Propagate flag on a grid of elements (cell pair)

= Cells get the largest flag on each iteration

) 2 4 6 8 10 12 1“ ) 2 4 6 8 10 12 1“ ) 2 4 6 8 10 12 *©

Seed (S/N>4)
Growing (S/N>2)
Terminal (S/N>0)

Not enough S/N
Not evaluated



= atlasinfo@lip.pt = PhD students
= www.lip.pt/atlas

= pconde(@lip.pt
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TileCal current HV regulation system

DCS

Interface [

1 1
R E B EIEIE BB EEIEE
; Micro
00 HVIn
o :q HV Opto & Distribution Board l Drawer

Located inside the

|
* 1
detector o
HV e« outputs < M =l HEHEHEH:EE
Module b Per
. [ Modul TileCal Module — Electronics Super Drawer
16 O
« Will become old and
0 256
. . Modules

USA15 Detector

difficult to maintair o
TileCal Module — Electronics Super Drawer

Not expected to survive
to Phase Il radiation
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