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Electroweak symmetry breaking

u A priori many ways to break electroweak symmetry!

u But tension between simplicity and naturalness

Simplicity Naturalness

ÅTechnicolor

ÅFundamental Scalar 
(SM Higgs)

ÅHiggs + SUSY

ÅComposite Higgs

ÅNMSSM

ÅLittle Higgs

ÅComposite 2HDM

ÅWalking 
Technicolor

ÅExtra 
Dimensions

Å2HDM
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The Hierarchy Problem

ÅHierarchy problem is still a problem: (mh)
2
tree + (mh)

2
radiative= (mh)

2
v

ÅEarliest example of an unnatural, arbitrary feature of a fundamental 
theory: 

minertial = qgravity

ÅClassical electromagnetism fine-tuning:

ÅPions, GIM mechanism, etc.

ÅHiggs? Expect new physics close to weak ǎŎŀƭŜΧ
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Lots of 
misconceptions 
about this lately



Understanding the origin of EWSB

ÅThe SM has many arbitrary features put in by hand which hint at underlying structure

ÅPattern of Yukawa couplings, CKM
ÅQCD Theta term
ÅNeutrino mass
ÅHiggs potential
ÅΧ

ÅMaybe it just is what it is ̄\_(Б)_/¯

Åbut we would like a deeper understanding i.e. an explanationfor why things are the way they are

Åe.g. PQ axion for Theta term, see-saw for neutrino mass, Froggat-Nielsen for YukawasΧ

ÅIn SM, no understanding of Higgs sector: Higgs potential and couplings put in by hand and unexplained

ÅJust like in condensed matter systems, we feel there must be some underlying system that explains 
the origin of EWSB

ÅIn any such theory in which the Higgs potential is calculable, there is a UV sensitivity to the Higgs mass 
(that is no longer a free parameter) which requires fine-tuned cancellations

ÅUnlike solutions to other arbitrary features, this one points to weak-scale new physics
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No new physics at the weak scale?

ÅPossibly implies decouplednew physics

ÅCould cosmological dynamics be responsible for naturally decoupling 
BSM Higgs sector?

http://resonaances.blogspot.com.es/2016/01/do-or-die-year.html
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Cosmological Relaxation

ÅHiggs mass is naturally at large cut-off M

ÅAxion -like particle a protected by shift symmetry, explicitly 
broken through technically -small parameter g

ÅScans an effective Higgs mass

ÅBarriers switch on after EWSB
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L. F. Abbott, Phys. Lett. B 150 
(1985) 427

P. W. Graham, D. E. Kaplan and S. Rajendran, 
[arXiv:1504.07551]
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Cosmological Relaxation

ÅTrapped when barrier height = slow -roll slope

ÅTechnically natural v << M  
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Cosmological Relaxation

ÅTrapped when barrier height = slow -roll slope

ÅTechnically-natural for v << M  
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L. F. Abbott, Phys. Lett. B 150 
(1985) 427

P. W. Graham, D. E. Kaplan and S. Rajendran, 
[arXiv:1504.07551]

Constraints: H < v, classical rolling vs quantum, inflaton energy density 
dominates relaxion, etc. 

Very small g and natural scanning range lead to super-planckianfield 
excursions, exponential e-foldingsΧ
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Relaxation Models

Ån=1 models
ÅG=QCD: Need additional ingredients to overcome strong -CP 

problem 

ÅNew gauge group G: new physics at weak scale + coincidence 
problem

Ån=2 models
ÅG can be at higher scales, raises M cut -off too

ÅRequires second scalar to relax relaxion barriers: double -
scanning mechanism  

Ån=0 models
ÅMore promising, make use of axial gauge coupling

Tevong You (University of Cambridge) 18
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Particle production also used in n=1 
models for side-effects: 

Choi, Kim, Sekiguchi[1611.08569]

Tangarife, Tobioka, Ubaldi, Volansky 
[1706.03072]



Relaxation backreaction on inflation

ÅMinimal relaxion setup, no v-dependence in relaxion sector

ÅBackreaction instead ends inflation
Åe.g. Inflation supported by electroweak dissipation

ÅHubble falls

ÅDark dissipation increases  

ÅRelaxion loses KE and is trapped

Tevong You (University of Cambridge) 20

TY[arXiv:1701.09167]

See e.g. Anberand Sorbo0908.4089
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Relaxation backreaction on particle 
production

Åv-dependence in gauge particle production

ÅFor M ~ 10-100 TeV sub-Planckian field excursions, no tiny 
parameters

ÅModel can be realised before, during, or after inflation
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Leptogenesis in Cosmological Relaxation 
with Particle Production

ÅDifficult to accommodate naturally in original GKR approach

ÅLow -scale inflation, low reheating temperatures, and no new 
physics below cut-off

ÅIn relaxation after inflation, relaxion particle production can 
reheat universe (plus, inflation can be at high scale)

ÅLeptogenesis during reheating: L and CP violation by higher -
dimensional operators parametrising decoupled new physics
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Hamada & Kawana[arXiv:1510.05186]

Minho Son, Fang Ye, TY[1804.06599]



Leptogenesis in Cosmological Relaxation 
with Particle Production

ÅMinimal EFT setup for naturally decoupled new physics

ÅOut-of-equilibrium leptons produced by relaxion scatter with leptons 
in thermal bath

ÅDim -7 LNV operators + CP-violation from interference including dim -
6 operators

ÅGenerates sufficient baryon asymmetry

Tevong You (University of Cambridge) 25

Minho Son, Fang Ye, TY[1804.06599]



Leptogenesis in Cosmological Relaxation 
with Particle Production

ÅMinimal EFT setup for naturally decoupled new physics

ÅFor O(100) TeV cut-off, achieve naturalness and baryon 
asymmetry with no new physics below cut -off and sub-
planckian field range

ÅConceptually attractive: tying relaxion to leptogenesis 
combines òcensorshipó and òdynamicaló selection mechanisms 
of weak scale hierarchy explanations
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Many directions to pursue…

ÅCosmological relaxation is not a solution to the full hierarchy problem

ÅExpect a UV completion e.g. supersymmetry, composite Higgs, extra-
dimensions

ÅRescue original QCD relaxion?

ÅOther scanning or trapping backreaction mechanisms?

ÅPhenomenology
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Conclusion

ÅHierarchy problem is even more of a problem now than before

ÅCosmological relaxation a natural way of decoupling new physics

ÅOriginal model a proof of concept

ÅMany other implementations possible; variety of Higgs-dependent 
phenomena in early universe can be used as a weak-scale backreaction

ÅRelaxation with particle production a step closer to a realistic model
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Conclusion

ÅA SM-like Higgs boson and no direct signs of new physics may turn out to be 
a significant experimental null result

ÅNull results may still lead to deeper understanding

ÅNo new physics at the TeVǎŎŀƭŜ ŎƻǳƭŘ ōŜ ƻǳǊ άaƛŎƘŜƭǎƻƴ-aƻǊƭŜȅέ ƳƻƳŜƴǘ
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Backups
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