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What is shaping the Higgs 
potential?
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Disclaimer
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Classical (thermal) phase transitions

Typically:

Quantum phase transitions

This talk:

Thermodynamical parameters varied Theory parameters varied 
(transitions for T=0)
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The Higgs Potential
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Most of the problems of the Standard Model originate from the Higgs interactions 

<latexit sha1_base64="FZoK/izvY12dwjRdsI2N5bNSpYI="></latexit>

Lint = (yijΨ̄iψj H + h.c.)→ V(H)

<latexit sha1_base64="Xc8uwV4Flba0lWiqZxuXNNZp3+o="></latexit>

V(H) = Λ4
CC

→ m
2|H|2 + λ|H|4

Flavour puzzle

Cosmological constant problem

Hierarchy problem Stability of the potential
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The Natural Spectrum
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The Natural Spectrum
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Criticality — A New Paradigm?
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Characterising the “fine-tuning” as a criticality condition

Broken EW symmetry Unbroken EW symmetry

<latexit sha1_base64="k/bqTMtG4jl4sy/Obb+gYDkmhwY=">AAAB/3icbVDLTgIxFO3gC/GFunTTSExckRli1J0kunCJUR4JjKRTOtDQx6TtmOCEhR/gVqM/4M649RP8BL/A37ADLAQ8SZOTc+6rJ4gY1cZ1v53MwuLS8kp2Nbe2vrG5ld/eqWkZK0yqWDKpGgHShFFBqoYaRhqRIogHjNSD/nnq1++I0lSKGzOIiM9RV9CQYmSsdM1vS+18wS26I8B54k1I4ezrJcVrpZ3/aXUkjjkRBjOkddNzI+MnSBmKGRnmWrEmEcJ91CVNSwXiRPvJ6NQhPLBKB4ZS2ScMHKl/OxLEtR7wwFZyZHp61kvF/7xmbMJTP6Eiig0ReLwojBk0Eqb/hh2qCDZsYAnCitpbIe4hhbCx6UxtSWdH6F4ObTLebA7zpFYqesfFoyuvUL4AY2TBHtgHh8ADJ6AMLkEFVAEGXfAInsCz8+C8Oe/Ox7g040x6dsEUnM9frkObiw==</latexit>

m2
0

SM

’06 Giudice, Rattazzi 
’15 Giudice
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Stability of the Higgs potential
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<latexit sha1_base64="nRg+1wGD5dWU8JZtXNuDldySAqY="></latexit>

µI → 1011GeV

2412.03542 2412.03542

’13 Buttazzo, Degrassi, Giardino, Guidice 
’12 Degrassi, Di Vita, Elias-Miro, Espinosa, Giudice

Assumption: SM
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Criticality
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Why does the Universe appear to be critical?

Could these tunings be related?

An indication for an underlying phenomenon?
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Possible Explanations — Mechanisms
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Self-organised localisation
[’21 Guidice, McCullough, You]

• Higgs mass promoted to 
effective parameter 
depending on background 
scalar field 

• statistical evolution during 
inflation localises effective 
Higgs mass at near-critical 
values

m2H2 → (m2 + gϕ)H2

Landscape Transition 
Dynamics

[’19 Khoury, Parrikar]

• Transition dynamics on 
string landscape

• preferential selection of 
metastable vacua

Higgs-driven crunching
[’25 Benevedes,, Ismail, Steingasser]

• landscape where the Higgs 
mass is scanned across 
different patches of the 
universe

• patches with a large, 
natural value of the Higgs 
mass “crunch” and 
disappear

• patches with small enough 
Higss mass develop 
metastable EW vacuum
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Higgs Criticality
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H

V
(H

)

mH < mcrit
mH º mcrit

mH > mcrit

mechanisms relevant for first-order 
(quantum) phase transitions 

Unfortunately, both tunings 
may not be related in the SM …

… but in extensions thereof!

<latexit sha1_base64="sz9RbZOAYCm/xyfDhQGtI1EezIM="></latexit>

m2
h ↭ |βλ(µI)|µ2

Iuniversal metastability bound:

’23 Kaiser, Steingasser 
’24 Steingasser 
’25 Detering, Enguita, Gavela, Steingasser, You 
…
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Criticality — A Natural Expectation?
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’25 Detering, Steingasser, You
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Critical Footprints
Dark Matter — An Example: The Singlet-Doublet Model
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Consider SU(2) singlet and vector-like doublet

 can give rise to dark matter 
     within the celebrated WIMP miracle
⇒

 requires a small Higgs mass for 
     existence of EW symmetry broken in IR
⇒

ℒint = − mSψcψ − mD χd ⋅ χu − y1χuH†ψ − y2 χd ⋅ Hψ + h . c .
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Critical Footprints
Dark Matter — An Example: The Singlet-Doublet Model

12

Consider SU(2) singlet and vector-like doublet

 can give rise to dark matter 
     within the celebrated WIMP miracle
⇒

 requires a small Higgs mass for 
     existence of EW symmetry broken in IR
⇒

ℒint = − mSψcψ − mD χd ⋅ χu − y1χuH†ψ − y2 χd ⋅ Hψ + h . c .

Many other models, see e.g.
ALPs [2412.03542] 
Majoron [2503.03825] 
RHN [2408.10297]
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Conclusion
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Thanks !

Problem
• Higgs mass unnaturally small
• (Meta-)Stability of Higgs potential 

determined by Higgs self-coupling
     What is dictating the phase structure 
         of the Higgs potential?

→

Mechanisms
• Self-organised localisation, living 

dangerously in the multiverse, or Higgs 
crunching

• placing us close to the critical surface of 
a quantum phase transition

Concept of Higgs Criticality
• Phase structure allows coexistence of 

IR and UV vacuum
• Universal implication: Metastability 

bound m2
h ≲ |β(μI) |μ2

I

Concept of Higgs Criticality
• New Physics required to resolve the 

hierarchy problem, e.g.
- fermions with large Yukawas
- light or heavy scalars



Backups
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Dynamical Pathways to the Weak Scale
Other dynamical solutions to the hierarchy 
problem exist, such as for example the 
Relaxion [’15 Graham, Kaplan, Rajendran]
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Common idea: Triggering operator

See e.g. 
[’20 Arkani-Hamed, D’Agnolo, Kim] 
[’25 Catinari, D’Agnolo, Sesma]

In the SM: 𝒪T = G̃G

Beyond the SM,  
for example: 𝒪T = (m2 + gϕ) |H |2


