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Approaches to Gauge Hierarchy Problem
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• The traditional approaches (SUSY, CH, GHU) to the problem either 
provide a symmetry reason for the Higgs mass to be small or 
lower the Higgs sector cutoff.

Cosmic Attractor, Dvali,Vilenkin[0304043]  
Cosmological Relaxation, Graham,Kaplan,Rajendran [1504.07551]

• One can also assume that the Higgs mass is allowed to take a 
large range of values during its cosmological evolution. The 
evolution stops when the current vev is reached.  

• Lesson from GKR: new solutions to the HP require highly 
non-“standard” physics



    - large cutoff,      - typical     coupling, breaking the shifts

Light Scalar from Kinetic Pole (a toy model)

⇤ 

• The Higgs mass is scanned by a field �

Vh � (�⇤2 + ⇤�)h2

2 

�

⇤/

m2
h

0

V�

�

�

(V� = �⇤3�)



Light Scalar from Kinetic Pole (a toy model)

• The scanning field evolution freezes close to            point due to 
exploding non-canonical kinetic term
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• Equivalent to stretching of the scanning field potential close to the 
attractor point h ⇠ 0
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• Integrating out the Higgs field
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• For                       the                point corresponds to                 and 
hence never reached
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Light Scalar from Kinetic Pole (a toy model)



• For                       the                point corresponds to                 and 
hence never reached
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• Higgs mass time evolution
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• For                       the                point corresponds to                 and 
hence never reached

n = 2, 3, . . .

• Higgs mass time evolution
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• It seems generally hard to generate a kinetic pole with the Higgs 
featuring all its SM charges 
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Light Scalar from Kinetic Pole (a toy model)
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• It seems generally hard to generate a kinetic pole with the Higgs 
featuring all its SM charges 

• The field evolution in fact happens in two dimensions. The actual 
trajectory can walk around the attractor 
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Light Scalar from Kinetic Pole (a toy model)
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• It seems generally hard to generate a kinetic pole with the Higgs 
featuring all its SM charges 

• The field evolution in fact happens in two dimensions. The actual 
trajectory can walk around the attractor 
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• Introduce a new SM singlet scalar giving a pole
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• It seems generally hard to generate a kinetic pole with the Higgs 
featuring all its SM charges 

• The field evolution in fact happens in two dimensions. The actual 
trajectory can walk around the attractor 
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• Introduce a new SM singlet scalar giving a pole
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Towards a Realistic Set-Up

• Again analogy with pole inflation, which can be generated in 
SUGRA e.g. by a Kahler potential

K = �3↵ log[T +

¯T ] Re[T ] ⇠ ⇢
Im[T ] ⇠ �



• Relations in the scalar sector 
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Towards a Realistic Set-Up
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• The      value has to shift to zero as the Higgs vev approaches the 
SM value.

10 

Towards a Realistic Set-Up: sensitivity to the Higgs 

⇢

• Simplest (?) but not unique (?) realisation:

V⇢ = �(h2 ��2)⇢+ ⇤2⇢2

⇢min ⇠ (h2 ��2)

• Not stable under quantum corrections

• UV completion at               : 2HDM
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• 2HDM with                 (inspired by Espinosa et al [1506.09217])
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Towards a Realistic Set-Up: sensitivity to the Higgs 

SU(2)R

⇤�h2 ! ⇤�(h2
1 + h2

2)

almost simultaneous scanning 

protected linear term

4

As one can see, the new field metric is close to canonical for � ⌧ h. Therefore we will study the system
locally, in the vicinity of a certain time t?, shifting the ⇢. As was checked numerically, the phi field

Two ways to proceed: shift phi, or shift h to the e.o.m. size plus a small fluctuation, and then approximately
diagonalise. The problem of the second way is that we need the quant fluct to be less than h-delta which goes
to zero.

VI. PARTIAL UV COMPLETIONS

We will not aim at presenting a complete UV description which gives rise to the pole in the kinetic term of
the scanning field, based e.g. on some string theory construction. Instead, we will present an intermediate UV
model, whose embedding in a more complete UV setup may be simpler than a straightforward implementation
of the model (III.1). The potential di�culty with the model (III.1) concerns the fact that the SM Higgs field
has to possess a number of very specific features, which may make it impossible to generate directly a kinetic
term pole of the 1/h2n type. Our partial UV completion will instead require the poles determined by some
relatively unconstrained SM-neutral scalar field �. The only relevant constraint on it will follow from the
requirement to have a tadpole term sensitive to the Higgs vev. Thus we assume that the kinetic term (III.1)
arises from

Lkin =
1
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where the � evolution is defined by the potential

V = µ3�nhn�+ ⇤2�2 (VI.2)

and �’s kinetic term is (@µ�)2 or ⇠ 1
�l (@µ�)2 1. The minimum of the potential is achieved for � = µ3�nhn/2⇤2.

With this mechanism we generate the ⇢ kinetic term pole at � ⇠ h ⇠ ⇢ ⇠ 0.
This type of intermediate UV completions can only be natural in the presence of some mechanism ensuring

the absence of large quantum corrections to the � tadpole. For the sake of example we will specify one of
such possible mechanisms, inspired by the two Higgs doublet model realisation of the cosmological relaxation
mechanism presented in [1]. In this case we write down a tadpole contribution to the � potential as ⇠ h1h

†
2�,

which allows for a certain degree of protection from large quantum corrections. The whole scenario needs
to be extended to incorporate two Higgs doublets, which however does not bring qualitative changes. As we
will justify in the end, we need both Higgs doublets to be not too far above the electroweak scale. Therefore
we require ⇢ to scan both Higgs masses in a symmetric way, which is ensured by an approximate SU(2)R
symmetry acting as

(h̃1, h2) ! gL(h̃1, h2)g
†
R (VI.3)

with gL and gR – SU(2)L and SU(2)R transformations respectively and the usual convention h̃1 = ✏h?
1. We

defined the Higgs doublets such that the hypercharge of h1 is equal to that of h2, hence the symmetry (VI.3)
is not respected by hypercharge interactions. To protect the SU(2)R symmetry from even larger breaking we
promote the third generation quark Yukawa interaction to the SU(2)R-invariant form

LYuk = y q̄L.(h̃1, h2).(tR, bR)
t (VI.4)

The scanning potential is

V⇢ = ⇤⇢(h2
1 + h2
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1 + h2

2)
2 +�hh

2
2 (VI.5)
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We thank Alexander Westphal for pointing out this second possibility.

provided by approx symmetry 
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• 2HDM with                 (inspired by Espinosa et al [1506.09217])
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Towards a Realistic Set-Up: sensitivity to the Higgs 
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- e.o.m. of canonically normalized field

•       behaviour
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Towards a Realistic Set-Up

- as       potential stretches rho stops following its minimum

-       kinetic energy term drives     to zero at low Hubble friction 
independently of the Higgs vev
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• The Higgs vev is given by                               when one starts with a 
positive (negative) Higgs mass
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Cosmological Evolution

h2 ' �2 ± (⇤)2

• To complete the scan during inflation we require (neg init mass)

- inflation unaffected

- enough time for the full scan

- quantum displacement unimportant 

• After inflation due to a low Hubble scale the rho field is pushed to 
the origin, the scan is automatically blocked (result of rho kin term)

- Higgs in the minimum
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• Benchmark parameter set

⇤ �  Hi↵ Ne(= �)

106GeV 10�4 (103GeV)2 10210 GeV102GeV

Cosmological Evolution



Summary

Searches for traditional NP solving the hierarchy problem do not give 
results, hence still place for new approaches.

We present a model aiming at addressing the HP and belonging to 
the class of scenarios with a dynamically scanned Higgs mass.  

The minimal implementation contains new scalars in a few-TeV range 
and light but very weakly interacting scanning fields. 

The UV completions for the model, as well as alternative realizations 
of the main idea need further investigation.


