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This is a journey that | have not done alone.

| have had the pleasure of collaborating with
brilliant and creative colleagues within the ATLAS
collaboration,
without whom the achievements | will describe
today would have not been possible.
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From the movie Particle Fever
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THE POST-HIGGS BOSON ERA
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https://www.nature.com/articles/s41586-022-04893-w
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THE HIGGS
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SELF-COUPLING
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The Higgs self-coupling A determines the shape of the
energy potential of the Higgs field

V.MM.CAIRO

5



~
HIGGS PAIRS AT THE LHC
WITH THE ATLAS EXPERIMENT

—m——

| | p AN Tile calorimeters
\ \ B
} \ 3 LAr hadronic end-cap and
| ) forward calorimeters
Pixel detector

LAr electromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiation fracker

Semiconductor fracker

~ 1in 1 billion proton-profton collisions @LHC produces a Higgs boson
~ 1in 1 trillion proton-proton collisions @ L HC produces a Higgs boson pair
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ATLAS ~ _  HH - bbyy -

EXPERIMENT - " BR ~ 0.26%

Run: 329964
Event: 796155578

2017-07-17 23:58:15 CEST HH - bEtt

_ BR ~ 7.4%
HH - bbbb -7 -
ATLAS :

EXPERIMENT -

ATLAS

EXPERIMENT

Run: 362619 ! . Run: 351223
Event: 524614423 / ., ! Event: 133858(.)00.1
2018-10-03 08:06:34 CEST . 2018-05-26 17:36:20 CEST
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HIGGS PAIRS
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L 104 HH-bbT*T~ +bbyy+bbbb == Expectedlimittic -
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> B E== Theory prediction ]
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Phys. Lett. B 843 (2023) 137745 AfAsmu= K)
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https://www.sciencedirect.com/science/article/pii/S0370269323000795?via=ihub
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The
uildin
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HL-LHC: USING GIGANTIC CAMERAS

FOR RARE & COMPLEX EVENTS!

ATLAS Inner
Tracker
(ITk) in

preparation

1{o]§
HL-LHC
(2029)
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200 simultaneous interactions
per bunch crossing (pile-up)
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BUILDING THE ATLAS ITK

Fall 2019

Bare
local support
meets
specifications

GaussianFitResults : 1 = 40505, 0 =0.342

T = —40.5%+0.3°C
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WHAT'S NEXT? e .

A MIP Timing Detector
for the CMS Phase-2 Upgrade

« Addifion of fiming layers to HEP detectors
growing area of inferest

Technical Design Report

CMS Collaboration
FLAVOUR PHYSICS | FEATURE

* Next step in advancing technologies are real 4-dimensional LHCb looks forward to the 2030s
silicon trackers (resolution of O(10 um) & O(10 ps)) March 202 ’

« Excellent opportunity during HL-LHC and, in particular, for future energy frontier trackers
» First exploratory studies in ATLAS
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-023/
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4-DIMENSIONAL TRACKING

~60% of the times
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I-jet rejection
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10 F

—— GNT 30ps
GNT 60ps -
GNT 90ps

5 F ATLAS Simulation Preliminary—— GN1
VS =14 TeV, (u) = 200
tt, 20 < pr < 250 GeV
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ATL-PHYS-PUB-2023-023

Interesting potential HH sensitivity increase!

1.0
b-jet efficiency

3D
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-023/
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CONCLUSIONS

« Exciting science ahead to track down the Higgs boson properties and
solve some of the yet-to-be answered questions in Particle Physics

 Interplay between detector design, performance, measurements and
searches is of paramount importance for LHC physics

2009 2015 2022 2029 ...and beyond?
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/A HEARTFELT THANKS TO...

...the EPS High Energy Particle Physics Division for this recognition
and to the very many special people, groups, and institutes who share this award with me.
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