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Introduction

● HL-LHC = the next collider

● Here: update of ATLAS + CMS physics reach in a few key areas

● … in which we will dominate the state-of-the-art for decades to come

● A long list…

● 𝐻 → 𝜇𝜇, 𝐻 → 𝑍𝛾, charm Yukawa coupling, HH production, trilinear & quartic Higgs coupling, Higgs potential, 𝑊𝐿𝑊𝐿

scattering, rare processes, anomalous interactions…

● only a few highlights of the highlights shown in these slides

● All projections are very conservative

➔Status of Higgs boson physics prior to the next collider
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Higgs boson couplings

● Sizable 

improvements for 

two more elusive 

couplings

● Theory

uncertainties 

dominant for most 

couplings
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Based on 𝜿 framework

improved mass resolution 

(detector upgrades)
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Di-Higgs boson physics

● Last ESPPU projected a ATLAS+CMS combined 

statistical significance of 4  for HH production

● based on state-of-the-art with 2016 data

● Much improved techniques already applied for full 

Run 2 analysis

● graph-based architectures, deep-learning

● Further improvements in Run 3

● triggers, b-tagging, 𝜏ℎ reco → S3 scenario

● At HL-LHC (assuming SM):

● 5  discovery already with 2 ab-1 (S2)

● combined significance at 3 ab-1: 7.6  (S3)

● 𝜅3 ∈ 0.6,1.4 (ATLAS), 𝜅3 ∈ 0.6,1.5 (CMS)

● combined uncertainty −26% / +29%
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Access to triple Higgs coupling

7.6  !
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Triple and quartic Higgs boson couplings

● If 𝜅3 ≠ 1, measurement precision will depend on its actual value 𝜅3
𝑡𝑟𝑢𝑒 (destructive interference!)  

● HHH production is sensitive to the quartic coupling 𝜆4 (currently studied in 6b decay mode)

● 𝜎 𝑝𝑝 → 𝐻𝐻𝐻 < 86 × 𝑆𝑀 @ 95% (S3, 3 ab-1)

● sensitive to anomalous values of 𝜅4 → exclude part of parameter space allowed by unitarity constraints
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SM excluded
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Shape of the BEH potential + 1st-order phase transition

● Four non-SM BEH potential shapes studied in context of SM effective field theory

● predict strong 1st-order phase transition in early universe (→ baryogenesis) for sufficiently large values of 𝜅3 and 𝜅4

● not realized in the SM

● At 3 ab-1 and assuming the

SM, ATLAS+CMS 

combination should be able

to exclude as good as all

possible strong-FOPT 

scenarios across the four

alternative hypotheses

● Important measurement

for understanding the

origin of the universe
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FOPT excluded!
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Summary: ATLAS+CMS Higgs Highlights for HL-LHC

With a physics-grade integrated luminosity of 3 ab-1 each, ATLAS and CMS can achieve many goals:

● Observation of 𝐻 → 𝜇𝜇 and 𝐻 → 𝑍𝛾 → measure couplings with 3% (7%) precision

● Measurement of other main H couplings with a precision of 1.6-3.6%

● Sensitivity to charm Yukawa coupling of 1.5 × 𝑆𝑀 @ 95% CL

● Observation of SM HH production at > 7𝜎 significance

● Measurement of the Higgs trilinear coupling with a precision better than 30%

● Sensitivity to fully exclude generic high-scale new physics models enabling a strong first-order electroweak

phase transition in the early universe

→ the state-of-the-art in these topics for decades to come
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ATL-PHYS-PUB-2025-018, CMS-HIG-25-002
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Triple and quartic Higgs boson couplings

●
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