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ATLAS Collaboration

= Truly global:
» 181 Institutes,

» 38 countries

Composed of:

Argentina Morocco

Armenia Netherlands
Australia Norway
SOOO b Austria Poland
" > mem ers Azerbaijan Portugal
Belarus Romania
. . Brazil Russia
» >3000 scientists
Chile Slovakia
China Slovenia

» ~1000 PhD students Crocn Republic Spain
Denmark Sweden g
France Switzerland AT LAs

Georgia Taiwan °
Germany Turkey c I I b t

Greece UK o a o ra I o n
::;fye' g:RAN 181 institutions (231 institutes) from 38 countries
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Portuguese ATLAS Team: national team
LIP (Lisbon, Coimbra, Minho), FCUL, FCTUC, U. Minho, CFNUL
CEFITEC/UNL, INESC, CFMC, AdI engineers training program




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




Comprehensive
Top quark properties programme of top

Portuguese contributions o ___ properties measurements
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From discovering the Higgs to measuring
its properties 2013 2018

Local P,

2015 » First observation » First observation of
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And now what?
Lsy =D, H'D,H + p*H'H — 4 (HTH)2 = (visHij +hc)

Couplings to Higgs Couplings to
EW gauge bosons self-couplings fermions
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Measure couplings even more precisely
= Spin/CP properties of the vertices

= Probe SM predictions

= Search for new physics

> Are they new particles in the loops? 13

> Other Higgses?



‘ Higgs coupling to W bosons

Normalized distribution

Spin/CP properties of the HWW vertex

‘proton

>~ Angular observables - Run 2 measurements - ongoing

> Machine Learning Inference methods — future?
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—-= Backgrounds (SM)
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R. Barrué, PhD thesis

M. Kholodenko, PhD thesis
M. Silva, Master thesis

B. Rosalino, Master thesis
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https://www.ecosia.org/search?q=ricardo+barru%C3%A9+arxiv&tts=st_asaf_macos

Measuring the Higgs coupling to the b-quarks

 H > bBy decay sensitive to anomalous couplingsinthe H — yyand H — bb interaction vertices

» How sensitive is the ATLAS experiment to measure this decay using jets in the final state?

7
b
7
b
+ v
------- b

b Carolina Costa, master thesis 15
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Searching for the
unknown...

= Despite our efforts, no new
particles have been
observed at the LHC

ATLAS SUSY Searches* - 95% C

L Lower Limits

ATLAS Preliminary

August 2023 V5=13TeV
Model Signature  [£dr '] Mass limit Reference
T
—_— 0. 26jets  EM
i en jets 140 10 1.85 201014263
2 W amats monojet  1-3jets LB® 140 | [8xDegen] 09 210210874
5 —qal) Ocp  26jets  £P™ 140 & N 23 201014293
5 ¥ Forbidden 1.15-1.95 201014293
3 leu  2-Bjets 140 |# 2.2 m(?})<600 GeV 210101628
[ ee,upt 2jets P 140 | & 22 m(P!)<700 GeV. 2204.13072
K Oep 7i1jets  EME a0 [ g 1.97 mp?”? <600 GeV' 2008.06032
§ SSew  Glets o |z 1.5 mig)-mi})-200 Gov 2307.01094
£ 0-teu 3hLp 140 [z 245 m(F})<500 Gev 2211.08028
SSeu Bets 140 & 125 miz)mie! 1909.08457
O 2b By 140 (B 1.255 m(i)<400 GoV 2101.12527
B 0.68 10GeV<Am(b; 11)<20 GeV 2101.12527
o5 Oep 6b o 140 B Forbidden 0.23-1.35 180808122
g8 27 2p BP0 |5 013085 210308189
§§ 1 i if] Otep  =zljet EP™ 140 | 125 200414060, 201203789
: S i iiwell tep  3ielslth EP® 140 | & Forbidden 1.05 2012.03799, ATLAS-CONF-2023.043
S5 Aoty TG 12r 2jetsdb EPM 140 | & Forbidden 14 210807665
S8 hifoetl s, ek Oeut 2c e sl | 160501649
®3s Qe monodet EP™ a0 |7 055 210210874
12ep 14b EPR 140 |F 0.067-1.18 2006.05880
Bep 1b Ef™ 140 | & Forbidden 0.86. 2006.05880
X5E via wz Muitiple ¢/jets Ep 140 i/i/“; 0.96 m{!)=0, wino-bino 2106.01676, 210807586
e zljet e o140 L 0.205 m{iT)-m{¥ )5 Gev, wino-bino 1911.12606
Fik] viaww 2ep Ep 140 R 0.42 m{#})=0, wino-bino 1908.08215
B viawh Multiple /jets EPS 140 | FE®)  Forbidden 1.06 0 GeV, wino-bino 2004.10894, 2108.07586
i 2ep EPR 40 | By 10 1808.08215
1 27 EP™ 140 0.48 ATLAS-CONF-2023-029
Frrlr g, E—E8) 2ep Olets £z 140 07 miE})=0 1908.08215
gyt zljet EPe 140 mi7)-miF})=10 Gov 191112608
i, fi—hGI2G Qe =3p Lm0 i 04 B — i)
dep  Ojetls LA a0 | 055 BRI, - 7 2103.11684
Qe =2lagejets EF™ 140 |71 0.45.0.93 BR(T! — £0 210807585
2ep z2jels EP 140 [ 077 BRUF, - 7G1-BR(T! — i 220413072
Direct ¥{¥; prod., long-lived ¥7 Disapp.trk  1jet — £p™ 140 | F] 0.66 Pure Wi 220102472
= i 021 Pure higgsino 220102472
@
£ 8 stable g Rehadron pixel dE/dx B 10 |z 205 220506013
g,§ Metastable § R-hadron, ggqf!  pixel dE/dx EBS 140 | g @ =tons] 22 220506013
S8 WG Displ. lep Ep 40 |&R 07 2011.07812
= 1 034 201107812
pixel dEfdx s 140 |z 036 220506013
T ozttt 3o 140 Pure Wino 201110543
dep Ojets  EPS 140 mi!)=200 GeV 210311684
28 jots 140 225 Large 1, To appear
~ Multiple 36.1 m(F})=200 GeV, bino-like. ATLAS-CONF-2018-003
& > 140 Forbidden m(¥i)500 GeV. 201001015
2jets+25h 367 061 171007171
2ep 25 36.1 04145 BR( —be/bu) 20% 171005544
i oV 136 1 BR(, —u)=100%, costi=1 200311956
T VR 1 y—otbs, X —bbs 12eu  26jets 140 Pure higgsino. 2106.08609
1
“Only a selection of the available mass limits on new states or 107! 1 Mass scale [TeV]

henomena is shown. Many of the limits are based on
simplified models, c.. refs. Tor the assumptions made.
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Searching for the
unknown...

= Despite our efforts, no new
particles have been
observed at the LHC

= ML Anomaly Detection
> Train deep learning models
to learn SM background

> Reconstruction erroris a x|
measurement of
anomaly

> Increases search generality

Inputs

Reconstruction




‘ Example:

—— Monotop Res mMed=1000 mX=10 GeV
40 4 Monotop Res mMed=2000 mX=10 GeV
L ——— Monotop Res mMed=2500 mX=1 GeV |b0p6 ypOp4d i
- MethOd: auto_encoder 12 —— Monotop Res mMed=3000 mX=1 GeV Ib0p6 yp0Op4 |
5 30 4 —— Monotop Res mMed=4000 mX=1 GeV Ib0p2 yp0p4d |
z —— Monotop Res mMed=4000 mX=1 GeV Ib0p6 yp0p4 |i
" BaCkground: Standard MOdeI = Monotop Res mMed=4000 mX=1 GeV Ibl ypOp4 |4
. g 20 4 —— Monotop Res mMed=5000 mX=1 GeV Ib0p6 ypOp4 j
» Top quark production = Monotop Res mMed=6000 mX=1 GeV 1b0p6 yp0p4 |
E background :
» Di-boson production 8 10 "
|
» Top quark + vector boson production
0 T S— —
> W+jets 04 05 pF.G 07 08
score i
» Z+jets
= Testing several signal models of dark matter production
X
d l. Pinto, Master thesis

q

o |. Moreira, Master thesis
" ' 7 A. Berti, PhD thesis (Minho U.)
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J ducti
The Quark Gluon el Highly energetic

Plasma

ﬂ jet (leading jet)

» New state of matter created in
PbPb collisions

= Jets are suppressed as they Quark-gluon
cross the QGP plasma

= Study jets to understand the Low energy jet | | | :
way particles interact with (subleading jet) Strong interactions with the medium

the QGP

= b-quark jets particularly

interesting
19




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 ¢

= 35F

25F

15

0.5F

IIIIIIIIlIIIIIIIIIIIIIIlIIIIIIIIIIIIII
F 100 < p, <126 GeV

[ EPb+Pb

0-10%] f

Blop ;
b =t [
— % E : —
- e |

ATLAS 10 - 20 %
anti-k, B = 0.4 jets
=
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1 [ 2013 pp data, 4.0 pb™*
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B-tagging algorithms

Secondaql

Master thesis proposal for 2024
= Development of b-tagging algorithms for Heavy lon el
Collisions in ATLAS
= GN2 flavour-tagging algorithm (2nd generation '
Graphical Neural Learning)
» New approach using Graph Neural Nets

> The focus is to evaluate the ability of the GN2 tagger
to differentiate and consequently identify the
flavour of the jets produced in Pb+Pb collisions.

Arbitrary units

Tracks associated

to Jet

Jet axis
L

T .-°o>°

| TR R R S T e i

=~ Tracks in b-jets

Tracks in c-jets

Tracks in light jetls

| S W -

1
20
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30

a,<0

I40 22

Signed transverse impact parameter significance



Portuguese Responsibilities

in ATLAS

ATLAS
Forward
Protor

tagging |
detectors

TileCal Hadronic Calorimeter

High Granularity'Timing Detector

Detector Control System

Resolver  5.720 R-M0.00 Resolver 6.529 R-M0.00
Motor  5.720 Motor | 6.529
VDT 5703 L-M-0.02 LVDT 6.473 L-M-0.06

LvDT -6.024 L-M-0.03 LVDT 6535
Motor -5.989 Motor -6.474
Resolver -5.989 R-M0.00 Resolver -6.474

Level Trigger
Y WYAAA




HiLuMI

LARGE HADRON COLLIDER

LHC HL-LHC
i1 ==
| Run 3 l Run 4-5...
Run | (EYETS 2 Eversi  ss
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 . neeEen . inner triplet . L LH(.:
—— R2E project regions Civil Eng. P1-P5 pilot beam radiation limit installation

2013 2014 2015 2017 2018 2019 2020 2023 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

> s > — . HL upgrade
nominal Lumi xnominal.um ALICE - LHCb } xinominal Fumi

75% nominal Lumi /_ upgrade )
: -1
EXrd 190 b e -1 3000 b

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

tras 65 col

mais ou

PP



High Precision

Timing Detector

» Improve primary

vertex _ﬂl-giﬁpmqamm@mmaw _
® - HGTD-Si e Tatr

B Truth vertex with tracks in the HGTD

identification =500}-Zee event, <u>= 200 T

400 __Nomlna:l‘t:x:a:a:l:rq::sl;:)t:)lt] e =45mm R T

= 30 ps resolution 300
200

timing 100

-100
-200
=300 | SRR
_40q R e R R AR R A R R IR o7

-100 80 60 40 -20 0O 20 40 60 80 100
z[mm]

IllllllllllllllIIJIllIIllIIIIIIIIIIIIII‘
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LGAD sensor 1 MIP

‘ High Precision Timing Detector  13xt3mm "\ /o

Thickness = 50 um
Cd=4pF 15.20A

Cathode
Ring

>

= 30 ps resolution timing using Silicon Low Gain Avalanche Diodes (LGAD)

> Improves pileup vertex separation and luminosity measurements

» LIP contributes to several areas

> Electronics: readout ASIC tests, High Voltage filtering L

> Detector control system and safety Interlocks

> Monitoring

Capacitors  Resistors Wire bonding
for HV

/ Connector
Wire bonding ~,_ B ==  Connector,

> Cable production in Portuguese industry F'expc:enso,

000000000000 00 O sumphonding

» Other possibilities being followed

Assembling with
insulating glue

» Mechanical design and production at LIP
28



Electronics and
High-Voltage

HV patch panels

Routing the High Voltage to HGTD
detector

HV brought to low pass filters in
the patch panels to filter AC
noise

LIP responsability - Master student
Antonio Caramelo (U. Coimbra)
developed this project

PEB

HV pigtail Type Il HV cable

56-conductors

Type lll HV cable

~100m

56-conductors




‘ ALTIROC ASIC tests at LIP

Wire bonding ~,

Capacitors ~ Resistors Wire bonding

for ry
| ]  connector|
Flex PCB

Sensor
00000000000 O®O®O® O 5umphonding

Assembling with
insulating glue

HV_RING

f a 18
I 2x2 cm? M

o
o

Efficiency

°
>

o
[N

0.0

Qmin~3 fC
Noise~ 0,47 fC

w

Jitter [DACU]
N

Row
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‘ Detector Control System (DCS)

= DCS architecture design

» Readout of DCS environment data through ELMB2 communication board

monitoring of the CO; cooling

system via Pt10k sensors

s Temperature range: from -450C

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

s Precision of sensor: +0.50C

Pl same ELMB board as ITk

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

31



The Interlock of the High Granularity Timing Detector

» LIP responsibility

» Master students Rui Vieira and Alexandre Parreira (FCUL) configure the

FPGAs

ADC EEREPYS o Monitoring
NTC sensors :
on modules

External signals
- DSS: CO2 and water

cooling plants, Nz plant, FPGA B
ke, : -
smoke, magnet vacuum Interlock

and cryogenics, ATLAS
Emergency STOP Matrix

Interlock crate

The ILK-FPGA is the central
decision unit

External systems

Gocling, BSS The MON-FPGA is
responsible for the
monitoring of all

w parameters which are
required to debug an
interlock event.

HV

32



The Interlock of the High Granularity Timing Detector

= LIP responsibility

» The Transfer Module in the Main interlock Crate propagates the signals from ATLAS Detector Safety
System to the FPGA Interlock Matrix

0000000 5 3
1000000008
0 ) T

-

©

000000015
1000000008
O y

0

» Prototype under tests Master student Maria Miguel Cruz (U. Coimbra) developed this project

33



Tile barrel Tile extended barrel

LAr hadronic

TileCal Hadronic “"
Calorimeter Upgrade

» (Calibration

> Optimize performance .
= Study radiation hardness with pp ™
collisions | / / / / / // /////
» Development of scintillators for N /
future colliders S0 S5 Tes Sor 'Tee ‘S22 'ﬁ’.as '.Cz'?sg / 254
gl Yo Yo S 2

LT

|'3-2 -3.34

<-50% -25% 0% 2.5% >5.0%
I} I




TiIeCaI-Iike Future Circular Collider

= 100 km ring!
CalorimEter » Two possible colliders:
> First: e+e- collisions for precision electroweak physics
for FCC > Next: pp collisions @ 100 TeV to explore the energy

=~ - Sl o

» Simulation studies of a
TileCal-like
calorimeter

€

= Development of new etk it

= Circular

e

. Collider ~

=%
oo
T Ay

scintillators materials

to meet the
challenges of the
future collider

oogle Earth



Development of
new scintillators

» Collaboration with IPC (Minho)

» Using PEN and PET

» Study
> Light output
> Emission spectra
» Transmittance spectra
> Pure PEN/PET and mixtures

> Future:

> Optimize light output, transparency

2]
o
o
IS
<
w
o
4
%
©
=
o
@
2
©
S
—
S
=z

> Increase size of the scintillators
> Industrialize process
> Study radiation hardness

10 20 30 40 50 60 70 80 90
PEN proportion [%]




| 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

Block (1,0,0)

Shared Memory | | ||  Shared Memory |

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

:

read (1,0,0)|

| Registers |

y

»|  ConstantMemory |

RAM
] PCle bus l

Y L]

Global Memory

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

= 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



More

iInformation:

» PhD & Master students

= atlasinfo@lip.pt
= 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



The ATLAS
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