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The Standard Model works tremendously well, but we still have no 
indication what sets its mass scale.

Motivation

1 X

V (H) = �µ2H†H + �(H†H)2 (1)

1

Within the SM, 𝜇 receives quadratically divergent corrections 
⇒ the natural scale for 𝜇 is the cutoff  Λ of the SM.

Some known (but still unconfirmed) solutions: 
• Supersymmetry: “The divergence is not quadratic” (due to a symmetry) 
• Composite Higgs Models: “ The cutoff of the Higgs sector is a strong-

coupling scale (like ΛQCD but in the TeV regime)” 
… 
A different approach: Relaxion models attempt to couple the Higgs to a 
field which dynamically makes 𝜇 small.
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Relaxions
[Graham, Kaplan, Rajendran, PRL 115 (2015), 221801]

Motivation: a dynamical Higgs mass (see also Gustavo’s talk)

[Graham, Kaplan, Rajendran ’15]
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V (h,�) � h� : Measurable consequences of relaxion-Higgs mixing?
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[Graham, Kaplan, Rajendran, PRL 115 (2015), 221801]
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Relaxion - Higgs mixing
Mixing angle and mass eigenstate
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relaxion inherits Higgs couplings: g� ,�V = sin ✓gh ,hV
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Mixing term in the relaxion-Higgs potential
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I

45GeV  ˜M  100GeV
I see well-known axion bounds

j = 2: non-QCD relaxion
I mixing can be large
I collect applicable bounds
I translate to relaxion space
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Mixing angle and mass eigenstate
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Note: In UV embeddings of  relaxion models, additional couplings of  the 
relaxion to the SM will be present. [c.f. e.g. Choi etal, 1610.00680 ]  

In the following we focus on the “Higgs portal couplings” only.

(when expanding around the vacuum (𝜙0,v)
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Relaxion - Higgs mixing

Note: 
• The relaxion is typically thought of  as “axion-like” (and thus a pseudo-

scalar). The mixing with the Higgs shows that it has a scalar component. 
•  If  the relaxion couples dominantly to the SM through the mixing with the 

Higgs, all its couplings are inherited from the Higgs, and its 
phenomenology depends only on the relaxion mass and the mixing angle 
(it is a Higgs-portal model, then). 

• The mass and mixing angle are related to the relaxion model parameters f  
 
and  Λbr where                                   . The Higgs portal bounds on  
 
relaxion mass and mixing can thus be translated into bounds on  Λbr and f. 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Relaxion mass and lifetime in relation to relaxion parameters
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"Higgs portal" vs relaxion
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Relaxion parameters and bounds (schematically)
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Relaxion bounds for GeV scale masses (collider physics)
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Relaxion bounds for MeV - GeV  masses  
(collider physics, beam-dump, flavor physics, astro physics / cosmology)
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Light relaxions (astrophysics and cosmology)               
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very light relaxions (5th force and Eq. principle)               
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Translation to relaxion model parameters            
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Conclusions and Outlook

• Relaxions might be able to provide a new approach to the hierarchy 
problem. 

• Relaxions mix with the Higgs and can have interesting 
phenomenology in cosmology, astro physics and “low energy - high 
precision physics”. 

• Relaxions will have additional (pseudo-scalar) couplings to SM 
particles which are to be determined from the UV-completion of the 
relaxion model.  
These coupling can lead to additional bounds … or ways to discover 
relaxions.
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