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1Motivation

» Higgs discovery in 2012 [ATLAS,CMS 2012]  → Metastability [Buttazzo et al, 2013]

Outline

» Stability in the SM – An update
» BSM solutions

» Guidance for building SM extensions?
» Not necessarily a problem – But why so close to stability?

» Can Stability be excluded?
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– Higgs mass

– Top mass

– Strong coupling 

– Z mass

– Fermi constant
– Fine structure & hadronic    
threshold

– Lepton masses

– Light quark MS masses

PDG 2024 

→  running couplings at a referce scale 

4. Compute Decay Rate for Metastability

only interested in absolute stability

→  minima 
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RG

How to compute vacuum stability

→ use RG for resummation

3
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4Effective Potential
– pontential of classical field h & quantum effects, RG invariant, physical extrema

– match at field value                    against fixed-order computations at 3L + 4L QCD 
[Ford, Jack, Jones, 1992] [Martin, 2013-17]

– use RG-invariance: resum    around        by defining effective couplings

– evolve         to    4L gauge (+ 5L QCD)

 
[Chetyrkin, Zoller, 2013-16] 

[Davies,Herren,Poole,Steinhauser,Thomsen, 2019]
[Baikov et al., 2016][Herzog et al. 2017][Luthe et al. 2017]

[Bednyakov et al., 2012-14] 

→ completely resum all logs  

→ stability:
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 3L Yukawa, Quartic ( + 4L QCD & 4L top)

[TS, 2025] 
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5What Observables impact vacuum stability?

1. Observables
– Higgs mass

– Top mass

– Strong coupling 

– Z mass

– Fermi constant
– Fine structure & hadronic    
threshold

– Lepton masses

– Light quark MS masses

PDG 2024 

Impact small 

Uncertainty small

Uncertainty small

which one?

MC modeling

pole mass: non-
perturbative effects 

interpretation?
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MC
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How to stabilise the Higgs potential?

» Gauge Portal
» Yukawa Portal

[Hiller, Höhne, Litim, TS 2022]

[Hiller, Höhne, Litim, TS 2022]

Stability is still within reach / not excluded!
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» BSM vev: mixing with SM Higgs
→  signal strength measurement  [ATLAS 1909.02845]

 [CMS PAS HIG-19-005]
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» VLF searches, oblique corrections
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15Yukawa Portal?

» new Yukawa with SM Higgs and VLF

←  walking regime

» requires higher loops to confirm

» destabilising for small BSM Yukawas
» intermediate BSM Yukawas: opportunity beyond gauge portals Landau poles
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» evidence for metastability of SM persists

Summary

» more precision measurements   of                 and         necessary to exlude stability at      

» instability is RG dominated 

» many BSM approaches to address SM instability 
» can be valid until Planck scale
» testable at current and future colliders

» understanding of MC Top mass required  
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