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Quantum scale symmetric effective lagrangian 

No scale anomaly in

renormalizable,
classicaly scale-invariant

go to broken phase

compute loop corrections (in momentum expansion) & RGE functions  β, γ  

● Homogenous function (no mass-parameters, only vev’s)

●                 sym.

● Satisfies Callan-Symanzik eq.

„dynamical” 
regulator
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Quantum scale symmetric effective lagrangian 

RG-improvement:

to avoid large logs.

Choose

Spontanous scale-symmetry breaking:

flat direction in u
n
b
ro

ke
n

u
n
st

a
b
le

renormalization condition,
similar to choosing C.C.

● Hierarchy of scales via aligning the flat direction             

● New perspective on naturalness: is this alignement stable wrt. embedding in a UV completion?
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Symmetry breaking at finite 
temperature 



Scale symmetric Lagrangian - minimal vn

hierarchy of small couplings

leads to the hierarchy of vets



Scale symmetric Lagrangian - minimal vn

hierarchy of scales
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hierarchy of vevs

Scale symmetric Lagrangian - non-minimal



Scale symmetric Lagrangian - minimal vn
thermal corrections



mismatch between eoms gives tree-level tuning



Thermal fluctuations force the dilation vev away from the origin

thermal fluctuations in Higgs direction

result in the negative mass squared term for the dilation

and in the repulsive force





Thermal equilibrium for the dilation







Conclusions I

• Scale symmetry as the underlying symmetry offers a way 
to understand the origin of scales  as expected 

• Scale symmetry is broken at finite T with thermal dilaton 
vev proportional to T  

• Cosmologicl evolution can easily lead to large dilaton 
vev needed to model hierarchy 
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Quantum scale symmetric SM +    

(electroweak vacuum electroweak flat direction)

EW
flat-dir.

● unstable

(c
a
rt
o
o
n
)

● unbounded below

V
eff

 is:
Tunneling via 2-dim instanton 
(Coleman’s bounce), in the 
presence of nonrerm. terms.

(Even stronger) motivation to 
stabilise the V

eff
 completely:
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FIG. 2. Contour plots of the e↵ective potentials �VSM+�(�,�) for various choices of h�i. Lower green dashed line marks the
electroweak vacuum-direction, higher green dashed line marks the direction of greatest instability. Red continuous line is a plot
of the bounce configuration (�B ,�B). (Note that, mainly due to varying contribution of the nonrenormalizable interaction
from one plot to another, the plots present di↵ering potentials and it would be misleading to plot the bounce configurations in
a single frame.)
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Summary

1) You may use a field as the scale μ

  in Dim-Reg to preserve scale symmetry at the quantum level.

2) The price to pay: infinitely many nonpolynomial       operators

  and corresponding couplings: nonrenormalizability.

3) Minimal subtraction scheme involves evanescent interactions.

4) Presence of a flat direction ← tuning.

5) Naturalness: aligning the flat direction perpendicular to Higgs

6) Instability = unboundedness below
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SM + dilaton



Domain walls

T. Krajewski, M. Lewicki
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Network of walls prefers the true vacuum!



Models of interest

• Radiatively generated minima (eg SM at large field 
strength)                                                                           

 
• Run-away potentials (moduli of stringy models), 

Quantum Scale Symmetric SM                             

• Models of strong first-order phase transitions - colliding 
bubbles (thermal effects play a role)
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Models of interest

• Monodromy axion models, relaxion 
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Generic potential

31
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a, b - positions of minima, c - position of maximum
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Quanties of interest: energy density and peak frequency



Quanties of interest: energy density and peak frequency
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✏̃GW e�ciency parameter between 0.7 and 1
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�walls, ⌘dec - taken from simulations
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stable DW: A in the range 0.8± 0.1



Quanties of interest: energy density and peak frequency
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scaling regime: obtained ⌫ ranges from 0.81 to 1.0
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more generally
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meta-stable DW: A in the range 0.08� 0.34



Scaling regime
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Quanties of interest: energy density and peak frequency
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Quanties of interest: energy density and peak frequency
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Summary II

• For a strong signal and a low frequency peak a period of 
stable evolution is needed 

• Bias of the initial distribution easily destabilises the 
network 

• Asymmetry of the potential destabilises the network for 
symmetric distributions 

• Short living networks may give a strong signal if the 
energy scale is very large - but this produces a high 
frequency peak, beyond current sensitivity 

• Decaying networks of domain walls produce a signal in 
the form of gravitational waves - too weak to be detected 
anytime soon - if a signal is detected then either fine-
tuning or non-standard cosmology have occurred
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Thanks 
Graham! 
 


