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Brazil in ATLAS

Pioneered by UFRJ  Loteranen

(COPPE), Brazil has
contributed to ATLAS
since its conception in

1988* and is founding

* The birth of ATLAS
member Of ATLAS March 1992 — Summer 1992

Merging of ASCOT and EAGLE

Collaboration.

Cluster of 5 Universities: UFBA, UERJ, UFJF, UFRJ, USP |

(collaborating: UFRN and IFBA)

)
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ATLAS

Letter of Intent for a General-Purpose
pp Experiment at the LHC

URN

Introduction and overview

- general concept

- magnet systems

- integration and radiation
- costs

Detector subsystems, R&D and expected
performance

- calorimetry
- inner detector
- muon detector
- trigger and DAQ

Physics performance

ATLAS

Collaboration
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Athens, B-“bm.c e Bern, ingham,

(88 Institutions with about 850 authors on Lol)

Spokespersons: F. Dydak and P. Jenni



Brazil in ATLAS

85 members
15 researchers (M&O A)
23 PhD students

Funding agencies: CAPES,
CNPq,FAPESP, FAPERJ,FAPEMIG,
FAPESB, FINEP and MCTI

Active members
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A Toroidal LHC ApparatuS

Layered detector surrounding the interaction point: central tracker inside of a
solenoid, calorimeters and an independent muon spectrometer with
superconducting toroids

g N e i wreooamoe @ fast triggering on interesting
signatures
® precise reconstruction of
collision vertices
et e photons and electrons
muons
taus
jets
missing transverse momentum
o identification of heavy flavour

AT LAS barrel hadronic calorimeter J e tg

EXPERIMENT

endcap
muon chambers

endcap toroid
magnet
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Brazil in ATLAS: contributions

Physics analyses (3 ATLAS Physics Working Groups)

Software and computational algorithm development
Development of management applications (Glance, Tile DB)
Big data processing (ATLAS + ALICE SAMPA Tier-2)
Instrumentation for particle detection and associated systems

Contributions to detector upgrade and construction projects (Phase-| /
Phase-Il)
e Science outreach activities

M. Donadelli
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ATLAS Higgs and Di-Higgs Physics Working Group

ATLAS Standard Model Working Group

Recent Full Run 2 Physics Results

ATLAS Exotics Working Group



The Higgs potential and Di-Higgs searches

G. Salam’s sketch in Nature 607,41-47 (2022)

An alternative

potential

Standard Model
potential

Higgs field value

* Potential’s shape and origin are experimentally very
loosely unconstrained
¢ | ocal minimum established since 2012

in our Universe

Current
experimental
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Measure HH to probe the potential shape by determining the strength of Higgs boson
self-couplings, keeping a compromise between BR and clealingness of the final state
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https://www.nature.com/articles/s41586-022-04899-4
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.101801
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https://link.springer.com/article/10.1007/JHEP07(2025)026
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https://link.springer.com/article/10.1007/JHEP10(2025)054
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Main contributions

e Hardware that builds the trigger signal for the ATLAS hadronic calorimeter (Tilecal).
e Signal processing methods for energy reconstruction of calorimeter towers.
e First-level muon trigger assisted by calorimetry.

e New feature extraction and Machine Learning topologies for the ATLAS electron and photon
identification system.

e Simulation and Signal Processing for Future Developments in High Energy Calorimetry.

e Contributions to mitigating crossTalk effects in the Liquid Argon (LAr) calorimeter.

- | |
L)
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LAr calorimeter

Contribution to the development of the digital
trigger system for the LAv.
o Radiation testing of the main components
in the prototype phase.
o Especially important knowledge for
reading supercells (Run3).
Development of signal reconstruction methods.
Contributions to commissioning and operations.

M. Donadelli

LAr electromagnetic
end-cap (EMEC)

LAr electromagnetic

barrel b il
LAr forward (FCal) i

124 boards, each processing 320 channels =
~40,000 channels and 25,000 Gb/s
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LAr calorimeter 7

Liquid Argon Calorimeter (LAr) Operations <V k "
Phase-I Upgrade Liquid Argon Trigger Digital | endcar®ed- 2 |
Board (LTDB) Wi \

o Commissioning Studies.

LAr electromagnetic o
end-cap (EMEC)

Trigger Towers

LAr electromagnetic

barrel D <
LAr forward (FCal) &

LATOME* boards receive digital data
from the calorimeter and perform
calculations on transverse energy and
timing to send to the next stage of the
trigger system

AnxA® = 0.1x0.1
ok
2

PhD student work:
o Baseline - corrections for performance studies of the LATOME* firmware with

offline data.
o Very important for Run 3 2023 (<u> = 60~70) - developed code being used for

14
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Tile Calorimeter Y

LAr hadronic

TileCal-assisted Muon Trigger: Pl

LAr electromagnetic

e The TMDB electronic module is the main component
responsible for merging muon information from TileCal
with TGC-Sector Logic.

LAr electromagnetic

e With 32 analog-to-digital conversion channels, a TMDB bore
module is capable of digitizing and processing the D5 and
D6 cells of 8 modules of the TileCal extended barrel. § T
= f ATLAS Intemal [J L1_MU20 (2016 & TILE-coincidence) ]
S O e s i

TMDB: TileMuon Digitizer Board. 3
L = ﬁ,/ i,
g |

200

AT T

150~
100F

50

e il

-2 -1 0 1 2
T-IL1_MU20
Developed at the end of Run1 and in operation during
Run2 and Run3, it was able to efficiently reduce the trigger
rate, with improved muon detection efficiency.

' 15
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Trigger system

NeuralRinger: Method for online electron identification.

e Algorithm that combines extraction of lateral and longitudinal features
of the shower, employing a set of neural networks for electron/photon
identification.

e Developed for triggering, enabling high background rejection in the
first stage of the HLT.

e Standard electron triggering algorithm since 2017 for E. >15 GeV, and
from 2022 covering the entire energy range E_ > 5 GeV.

e Greater resilience to high stacking compared to the cut-based method.

5 Most Energetic
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Ringer Algorithm

| Fast Calorimeter Reconstruction )
(shower shapes + rings) o
A 0O
NN Selection (Calo) %

Fast Track Reconstruction F

7]

=
Fast Electron Reconstruction m

(]

2

NN Selaction (Calo+track) o

=

Precise Calorimeter Reconstruction

= e

= = |

Energy Calibration =

&)

Q

Calibrated E o

Selection
Precise Electron Reconstruction
=
:

Fast

Precision (Offline-like)

L1Calo

J

Selection

Ringer algorithm uses as input energy sums of all
cells in 100 concentric rings centred around the
most energetic cell in each calorimeter sampling

16



Trigger system
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Efficiency of the lowest unprescaled single-electron trigger with respect to offline electron
candidates for each step of the online reconstruction.


https://iopscience.iop.org/article/10.1088/1748-0221/19/06/P06029
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The Glance Project

e Essential management software tool

e Main objective is to develop and
maintain automated web-based
solutions that are easy to learn and use
and allow collaboration members to
perform administrative tasks quickly

e Primarily involves undergraduate
students (part-time) - POLI / UFRJ

o Interns and Scholarship holders

e Two startups whose founders are
COPPE alumni with an ATLAS
background

e Contributions from other institutes
(mainly UDINE / Italy and LIP / Portugal)

M. Donadelli

e =
=
Membership Appointments SCAB Speakers CBM Thesis
PLOTs Analysis/Phase 0 Papers ”CONF notes PUB notes
L) L] a |
Equipment . Cables . Detector Pans- Rackwizard/
Position
ALICE: ITK:
- — re—m——t_ o
= — F'y
SAMS Membership Service Works
LHCB
Cables Membership
ATLAS LHCb ALICE ITK
Systems 15 4 3 1
Users 6k 1.5k 1.3k TBD
Requests 10 3 5 TBD
per week
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ATLAS Tier-2

Hosted by USP (HEPIC)

Shared between ATLAS and ALICE in the same cluster
o optimised use of resources

high efficiency (> 90%)

in operation in ATLAS since 2022

M. Donadelli

Slots of Running jobs by ADC activity ©

ol ATLAS JOBS - Cluster SAMPA
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LHC HL-LHC

T 13.6 TeV [_______ss _____ [ISSSVPNN
IS ATRV.

13 TeV
Diodes Consolidation
HL-LHC

cryolimit LIU Installation
interaction inner triplet 5
pilot beam radiation limit installation

8 Tov [fEcomee
776V — s regions Civil Eng. P1-PS
201 2013 2014 2015 2017 2013 zow zuzc 2022 2023 2024 2025 | 2028 2027 mmm“l“"w

ATLAS - CMS /_”“

75

ATLAS - CMS x nominal Lumi

splice consolidation

experiment upgrade phase 1
beam pipes X HL upgrade
rominal Lumi 2 X nominal Lumi | ALICE - LHCb ; 2x nominal Lumi ’
upgrade

190 1 |
LHC today HL-LHC
2:2:x 10> tcm“s: 5-7x 1034 cm2s?!
1.6 x 10 ppb 2.2 x 10 ppb
110-120 fb/year 300 fb/year

LHC design
1x10* cm?st
1.15 x 10! ppb

30 fb/year

New and upgraded forward

and luminosity detectors
EXPERIMENT

Trigger & DAQ upgrades
New muon
chambers & HL-LHC ti event in ATLAS ITK
electronics at <y>=200
New High
~ Granularity
Timing Detectc
(HGTD)

Calorimeter 8
electronics —
upgrade

New all silicon Inner Tracker (ITk)
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The ngh Granularity Timing Detector (HGTD) -

most of LHC data are expected to come from HL-LHC phase (~4ab™)
unprecedented 200 simultaneous p+p collisions at every 25 nanoseconds
pile-up dominated environment

very challenging track-vertex association during event reconstruction
impossible for the central semiconductor tracker to achieve the necessary spatial
resolution in forward region crucial for the precision measurements in the Higgs sector
(egVBF) hard

y scatter

pileup

Ultra-fast timing is a key
method for exploring

HL-LHC physics o

e 8 layers of ultrafast semiconductor HGTD @

introduce a 4™ dimension (time) in the spatial track reconstruction
must be capable of < 30 picosecond timing resolution
high segmentation for track association

sensors

e 16000 15x15 sensor arrays in 3 rings
(3.4M channels)

Total thickness ~ 12cm

Total radius ~ 1.1m

very radiation hard

Needs very thin, very high timing
resolution sensors !

Brazilian contribution to sensors (US$ 172,000 - FAPESP) constructlon and commissioning
M. Donadelli



HGTD facility @ USP

e Hosted by USP (HEPIC)
USP and CERN are the two main institutions for evaluating
the performance of sensors produced for the HGTD

e Probe Station MPI TS2000-HP

o Same as CERN

o No temperature control, but capable of operation up
to 10kV

o Installed and commissioned

e Already measured 120 test structures from 24
pre-production wafers for HGTD

e HGTD sensors production first delivery as of May 2025

S T 7 -

AAAAAAAAA
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3D 3D+ forwurd hmlng

4D tracking for pile up mitigation

R x sign(y) [mm]

e Forjets (and many other objects), it is essential to reconstruct the
primary vertex position z

0
o But the high number of interactions increase the z, uncertainty
o Solution: add time information t, from HGTD (2.5 < | n | < 4.0)! Credits: ESF Sorvinar 22 ,
i ) ) Reconstruction, by Lorenzo de Santi
oz, resolution is especially low for tracks that go to the frontal
region

o  Still need to devise reconstruction methods that better incorporate
the time measurements

The a&g project Hé‘ﬁ
Graph based Neural Network approach for ATLAS HL-LHC (ITk+HGTD) - =
e Evaluate using new framework - ACTS with ATLAS geometry
e Exa.trk: HEP advanced tracking algorithms at the Exascale T

=0
el 1
e Studies with particle gun and ttbar events ‘ I | ‘H Il

i 1000

n=1
1]

S| = n=
a =
1l

- IIEI - L

%

R x sign(y) [mm]
¥ (mm)
°

71000’[|§|I————-—-——-—Il|l|

=3000 =2000 ~1000 0 1000 2000 3000 -1000 =500 500 1000
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https://indico.cern.ch/event/1465929/
https://indico.cern.ch/event/1465929/

Phase Il Tile Calorimeter T [arias vowmergwss Tioreecimteer
g‘ 10° Tile Calorimeter Minimum Bias Stream |
New Energy Reconstruction Methods for Calorimetry: g E i §
The new digital event selection system of Phase Il of ATLAS g i DE%& T i
requires the calorimeter to estimate energy every 25 ns. g Ly > .
. . | g | lefEimmmmannanai.y -
e New strategies proposed by Brazilian groups are being B . i -:3«:}0{)@3@45%%%# o 5 ]
evaluated (linear method with non-linear correction that allows b W kT o
mitigating the stacking effect). - i
e A linear filter (least squares) was designed and the correction ; i +++ +++ g
shows a significant improvement in the performance of all § e + _ﬁ#*#,* .+++ii'*+ ++ E
calorimeter cells for the operating conditions of the HL-LHC. - + ol : il :## ] -
-1.5 -1 -0.5 0 0.5 1 1.5 N
® Results show that depending on the channel level On-detectr Of-detector
occupancy, an improvement of up to 20% can be achieved ~ swas ((HE) [Sie) £
when the optimized version of the OF method is used. iallivg) M3

LG

.
Calibration & Control 40 MHz | Digital Trigger
Primitives
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LO Global EGamma Trigger: NeuralRinger in FPGA

NeuralRinger being developed for operation in FPGA, for the HL-LHC (LO Global Trigger)

e Qualification Task in progress - UFBA PhD student.

O

Integration and development of firmware in the
Global Event Processor (GEP) framework.
Development in collaboration with IF-UNLP (La
Plata, Argentina).

e Qualification Task completed - UFRJ PhD student.

(@)

M. Donadelli

Proof of concept in software with emulation of part
of the operating conditions in Run4.

Performance of neural network architectures
evaluated in software to guide developments in
hardware.
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Particle Physics Masterclasses
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ATLAS - Virtual Visits @ COPPE

Since 2014, virtual visits have been part of the visits
made by schools to COPPE-UFRJ.

They take place from 1:30 PM to 5:00 PM.

Schools register at www.espaco.coppe.ufrj.br
Wednesdays ==> public schools
Day to be arranged ==> private schools
COPPE offers a bus (46 seats) to transport students
and their teachers from school to COPPE (round trip).
Snacks are provided.

"Tent" is a small auditorium with video conference
infrastructure dedicated to virtual visits.

Frequency: every 15 days (or less)

28



http://www.espaco.coppe.ufrj.br

ATLAS - Virtual Visits organised by the Cluster

Since 2012, more
than 6000
participants and
counting!

M. Donadelli
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2024- 2025 ATLAS - Masterclasses - Hands on Particle Physics

= ”H\”MWW e |ocation: UFLA (Lavras - MQG)
. | L/ e Participants: 320 high-school students,

15 teachers, 11 staff members

e |ocation: State Secretariat of Education,
Culture, Sport and Leisure of Rio
Grande do Norte State (RN)

e Participants: 27 high school teachers

e |ocation: USP (Sdo Paulo SP)
e Participants: 120 high-school students, 2 teachers

CERN Official Masterclasses (once a year):

° UERJ since 2008
° USP since 2015 20
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Final remarks

e Brazil has contributed to ATLAS since its conception in 1988;
e Our cluster is present in different areas with responsibilities built up
throughout Run 1, Run 2 and Run 3 mainly in:
o Flagship Physics Analysis in the Electroweak Sector;
o |nstrumentation:;
o Trigger and Calorimetry;
o Computing;
o OQutreach.
e Phase-2 projects for the HL-LHC include:
o HGTD: dedicated facility for evaluating the performance of sensors;
o Pile up mitigation studies (ITk+HGTD) using GNNs and new framework;
o LO Global EGamma Trigger;
o New Energy Reconstruction Methods for Calorimetry.
Thanks for your attention!!! i



