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Naturalness has a long history as a guiding principle.

Invoked to motivate solutions of the hierarchy problem

Examples: MSSM, Technicolor, …

Basic prediction: new states accessible around terascale

After results from LHC: 
most models ruled out/ heavily constrained
(many remain viable.)

Is naturalness a good model building dogma ?

Related concepts: technical naturalness, fine-tuning, beauty



The naturalness problem: 

Statement of the problem
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Consider a toy model: scalar and a fermion

Case 1: heavy scalar, 

Effective low energy theory: 

Fermion mass parameter: 

Remains small. 

This is an example of technical naturalness: 
chiral symmetry @        forbids large radiative corrections. M ! 0

The naturalness problem: 
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Sensitivity to the large mass scales.

Scalar mass parameter: 

Consider a toy model: scalar and a fermion

Case 2: heavy fermion, 

Effective low energy theory: 

The naturalness problem: 



Technical naturalness is too limited:

In particular:

Gives a sufficient condition for naturalness.

Fails to characterise naturalness of the QCD scale…

Technical naturalness and fine-tuning



Naturalness as a fine-tuning:

This is too broad as there are many fine-tuning problems.

Not all in the same category as the Higgs mass.

Technical naturalness and fine-tuning

Borsanyi et al. Science (2015)
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naturalness as aesthetic criterion

let’s not go down this road…

Maybe physics is bit like poetry.
We’ll discuss this later.



The naturalness problem: 
Sensitivity of low energy observable on large mass scales.

Some ways to address…



 Example 1: Technicolor (natural)
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We will not consider refinements of these models here.

Di Chiara, Heikinheimo, Tuominen JHEP (2017); 1611.09094

The naturalness problem: 
Sensitivity of low energy observables on large mass scales.

ATLAS, JHEP (2017); 1707.02424
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The naturalness problem: 
Sensitivity of low energy observables on large mass scales.

Example 2: Reinterpreting naturalness.

…see talks Wed. afternoon
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Generate a scale e.g.
-dynamically,
-radiatively,

Transmit to SM via a portal.

Bardeen (1995), Hill hep-th/0510177,
Farina, Pappadopulo, Strumia, 1303.7244,
Heikinheimo et al. 1304.7006,…

Problem becomes a UV boundary condition.

No scales in tree level action



Suppose EW scale is emergent in some SM-like effective theory,

which has naturalness problem at 

The naturalness problem: 
Sensitivity of low energy observables on large mass scales.

⇤NP ⇠ 100 . . . 104 TeV

Example 3: Higgs as a pseudo-Goldstone boson (pGB)

(natural/ unnatural like the SM)



We would like to still understand the origin of EW scale,

its insensitivity to some new physics scale, i.e. why vw ⌧ ⇤NP

… and obtain dark matter, mechanism for baryogenesis, etc

and why Higgs is light while no other similarly light states exist.



Elementary pGB-Higgs: a model for a light scalar 

 Real symmetry breaking scale

 EW scale generated radiatively

 Higgs a pGB related to the symmetry breaking

 Other states of the order of  

v � vw = 245GeV

v



Elementary pGB-Higgs: a model for a light scalar 

Minimal realisation: SO(5)/SO(4)
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Determine the vacuum angle by radiative corrections.



Elementary pGB-Higgs: a model for a light scalar 

EW gauge + top corrections: 

Determine the vacuum angle by radiative corrections.

✓ = 0

Add scalar or fermion matter.

Alanne, Gertov, Meroni, Sannino 
1608.07442

Alanne, Tenkanen, KT. 1611.04932

Alanne, Meroni, KT. 1706.10128

All Higgs couplings SM-like. Except �h ⌧ �SM
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Gertov, Gregersen, Sannino KT. 1801.10893



Concretely, with R-handed neutrinos:

�L⌫ = MDNR⌫L +
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Constrained by the correct EW vacuum. 
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Example: 2 R-N’s

Baryons via leptogenesis.

3 R-N’s: also dark matter.

Alanne, Meroni, KT 1706.10128
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Dark matter needed, 
unseen in direct searches

SM works, 
the Higgs is light.

Assume SM + very weakly coupled hidden sector of DM.

The naturalness problem: 
Sensitivity of low energy observables on large mass scales.

Example 4:



Feebly coupled singlet sectors
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FIMP DM

•Abundance produced via freeze-in.
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•S self-interactions can be large.
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J. McDonald, PRL 88 (2002)
A. Kusenko, PRL 97 (2008),
L.J. Hall et al. JHEP 1003 (2010)

•Can feebly interacting be observed?
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See M. Heikinheimo’s talk on Tue.

 Self interactions may lead to observable consequences.
 Perhaps nontrivial hidden sector thermo.
 Freeze-in/ Freeze-out interplay

Constraints from self interactions and isocurvature fluctuations:

Enqvist et al. 1407.0659
Kainulainen et al. 1601.07733
Heikinheimo et al. 1604.02401



Conclusions

Naturalness is dead,  
                                    long live naturalness. 

Reinterpret in SM-like eff. theories: 
          - classically conformal, 
          - Higgs as an elementary pGB, 
          - SM + feebly coupled hidden sector   
“A perfect naturalness in poetry is impossible.  
Like all other forms of art, poetry presents a  
distorted or enhanced version of the world to  
match the poet’s subjective understanding.” 
                                  - T. Skinner, Agora 19 (2010). 

Fate of models: experiments/ observations. 


