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Mass! We wouldn't be here without H
But the SM does not predict the mass of H...
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The Higgs boson and the vacuum
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Higgs field value
In our Universe

Attacking the Higgs boson self-coupling

An alternative
potential

Standard Model Shape pf potential —) Higgs self.—interaction
potential -> di-Higgs production (but not just)
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LHC timeline

Today

HL-LHC

LHC

13 TeV
Dlodes Consolidation
splice consolidation cryolimit LIU Installation _ _ HL-LHC
7 TeV 8 TeV button collimators interaction _ inner triple{ . .
— R2E project regions Civil Eng. P1-P5 pilot beam radiation lifpit installation
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2022 2023 2024 2025 2026 2027 2028 2030 IIII“I
ATLAS - CMS —
experiment upgrade phase 1 ATLAS - CMS X nomingd Lum
HL upgrade

beam plpes i : ) .
nominal Lumi 2 X nominal LU"L' ALICE - LHCb : 2 X nominal Lumi :

75% nominal Lumi I /— upgrade

integrated AUV
luminosity JELVE{ v

~90% of data still to be collected!

HL-LHC schedule



https://project-hl-lhc-industry.web.cern.ch/content/project-schedule

ATLAS & CMS

muon small wheel liquid-argon calorimeter
tile calorimeter

muon chambers
muon big wheels
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pixel detector

TRT tracker
toroid magnets

solenoid magnet  SCTtracker

ATLAS

In general:

Tracker (in magnetic field): to measure trajectories (+ energies) of charged particles

CMS DETECTOR

STEEL RETURN YOKE
Total weight : 14,000 tonnes 12,500 tonnes

Overall diameter :15.0m
Overall length ~ :28.7m
Magnetic field :3.8T

CRYSTAL ‘
ELECTROMAGNETIC

CALORIMETER (ECAL) A
~76,000 scintillating PbWO, crystals \ :

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels

L)

N\
A

Calorimeters: to measure energy of electromagnetic and hadronic particles

Muon detectors: trajectory/energy of muons

N
3

SILICON TRACKERS
Pixel (100x150 pm) ~1m? ~66M channels
Microstrips (80x180 ym) ~200m? ~9.6M channels

SUPERCONDUCTING SOLENOID

Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 540 Cathode Strip, 576 Resistive Plate Chamber:

PRESHOWER
Silicon strips ~16m? ~137,000 channel

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Chanr



The Higgs boson discovery
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The Higgs boson discovery
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What we learnt about the Higgs boson in Run 1
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What we learnt about the Higgs boson in Run 1
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What we Iearnt about the Higgs boson in Run 1

ATLAS and CMS o~ Observed +10
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What we Iearnt about the Higgs boson in Run 1
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LHC Run 1 Th. uncert.

YY »
LI_ B 1
> ZZ| +

o I\/Iass 125.09 GeV (0.1% precision)

e Spin (spin-0 particle)

-Are we done?

errective)
N Tt o
bb | |
YY —e
T ww| §
+ TT :
ob| 4

-6 -4 2 0 2 4 6 8 10
o - B norm. to SM prediction



JHEP 08 (2016) 045

What we Iearnt about the Higgs boson in Run 1
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Higgs boson mass measurements
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Mass measurements performed in H=>yy and H>ZZ->4l channels: good experimental resolution; small backgrounds (Z2)
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Higgs boson mass measurements

10260 (S202) L1 @ "An9Y "sAyd
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Mass measurements will soon become limited by systematic uncertainties
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Higgs boson cross sections and couplings
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Beyond inclusive rates
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Measurements of oB relative to SM expectation in different kinematic production regions = interpretations 13
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Beyond inclusive rates
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Beyond inclusive rates
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Di-Higgs production at the LHC
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Di-Higgs production at the LHC
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arxiv:2602.23991, sub'd to PRL

Di-Higgs status with data from Run 2
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Di-Higgs status with data from Run 2
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Di-Higgs in Run 3
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ATLAS+CMS input to European
Strategy Update 2026

Future prospects: HL-LHC...
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K, = 30 27 08 1.0 Higgs bpson couplings: measuremepts_ expected to
be dominated by theoretical uncertainties by the end
KZy ’ 7 | 6.8 59 1.6 3.0 of HL-LHC
0 0.02 0.04 0.06 0.08 0.1 0.12

Expected uncertainty
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ATLAS+CMS input to European
Strategy Update 2026

Future prospects: HL-LHC...

G I | 1 1 1 1 1
= ATLAS + CMS projections ESPPU 2026
;_13 20+ Vs =14 TeV, S3, 3 ab~! per experiment |
N All other couplings fixed to SM
' 68% CL k3 €[0.74, 1.29]
15 -
— Combination
—— bbTt*T"
—— bbyy
101 —— bbbb '
Multilepton
bbll
> ~~ NN\ S 95% CL |
_________ I N N L e o 68% CL
e
0 .

—-0.5 0.0 0.5 1.0 | 1:5 2.0 2.5 3:0 3.5
Ka expected to be measured to K3

within ~30%
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Future prospects: HL-LHC...

-2 Alog(L)
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‘ T T T T T T T
ATLAS + CMS pProjections ESPPU 2026
i Vs =14 TeV, S3, 3 ab~! per experiment |
All other couplings fixed to SM
68% CL k3 €[0.74, 1.29]
— Combination
—— bbTttT"
—— bbyy
i —— bbbb ]
~——— Multilepton
bbll
NN N S S 95% CL. |
68% CL
B N\ N i ===
-0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
Ka expected to be measured to K3

within ~30%

-
N

HH statistical significance

ATLAS+CMS input to European

Strategy Update 2026

=
o
I

(00)
T

ATLAS + CMS Pprojections ESPPU 2026

Vs =14 TeV, 3 ab~! per experiment
SM HH production (k) = 1)
Expected sensitivity improved due to

wsm bbbh Improvements being brought
mm bHyy U0 current analyses R
mam bbtT

B Combined

gsppU 2020

Or perhaps even better
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... and beyond

FCC input to European strategy
update 2026

4 MeV precision on my with FCC-ee

Sub per-cent level precision on many Higgs boson
branching fractions

New decay modes accessible

NG 240 GeV 365 GeV
channel ZH WW-—-H ZH WW — H
ZH — any  +0.31 +0.52

vH —any  £150

H — bb +0.21 +1.9 +0.38 +0.66
H — cc +1.6 +19 +2.9 +3.4

H — ss +120 +990 +350 +280
H— gg +0.80 +5.5 +2.1 +2.6
H— 77 4+0.58 +1.2 +5.6 *)
H— pp +11 +25

H— WW* 40.80 +1.8 (*) +2.1 *)
H — Z7Z* +2.5 +8.3 (%) +4.6 *)
H — vy +3.6 +13 +15

H — Zv +11.8 +929 +23
H—uvwvvvr +25 +77

H — inv. <55x10% <1.6x10"3

H — dd <12x10°3

H — uu <1.2x103

H — bs <3.1x10%

H — bu <2.2x1074
H — sd <2.0x107*
H — cu <6.5 x 1074
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Summary

 Much has been learned about
the Higgs boson since the
discovery in 2012

o Still a lot to explore with LHC
Run 3, HL-LHC, and beyond
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