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Outline:

• SM and BSM effective potentials                                   
with non-equivalent vacua 

• Domain walls and gravitational waves 
• Bumpy axion inflation 
• Non-minimal curvaton revisited 
• Summary 



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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SM Metastability

�e↵ < 0 =) Metastability

D. Buttazzo, et al. [arXiv:1307.3536].
G. Degrassi, et al. [arXiv:1205.6497].

See lectures by G. Degrassi Corfu 2014
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SM + dilaton

with D. Ghilencea, P. Olszewski, P. Michalak
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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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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

14

SM + dilaton



Summary cd

• 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 



Domain walls

T. Krajewski, M. Lewicki
Phys. Rev. D 104, 123522
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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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Generic potential
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<latexit sha1_base64="uYXnngPY7Uo4nB/jktPJTgee2Q4=">AAACHHicbZBLSwMxFIUz9VXrq+rSTbAILrTM1KIuC25cVrAPaIeSSTNtaB5DkhHL0B/ixr/ixoUiblwI/hvT6Sxq64HA4Tv3Eu4JIka1cd0fJ7eyura+kd8sbG3v7O4V9w+aWsYKkwaWTKp2gDRhVJCGoYaRdqQI4gEjrWB0M81bD0RpKsW9GUfE52ggaEgxMhb1ihfoDAbwHEZS0ynRUIaQU0G5DfBckHL0SHnMe8WSW3ZTwWXjZaYEMtV7xa9uX+KYE2EwQ1p3PDcyfoKUoZiRSaEbaxIhPEID0rFWIE60n6THTeCJJX0YSmWfMDCl8xsJ4lqPeWAnOTJDvZhN4X9ZJzbhtZ9QEcWGCDz7KIwZNBJOm4J9qgg2bGwNwsqWgCEeIoWwsX0WbAne4snLplkpe5fl6l2lVKtmdeTBETgGp8ADV6AGbkEdNAAGT+AFvIF359l5dT6cz9lozsl2DsEfOd+/N7+gOg==</latexit>

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

<latexit sha1_base64="//v8qM3wwqmO0Sng1YrUaM+62ts="></latexit>

✏̃GW e�ciency parameter between 0.7 and 1
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<latexit sha1_base64="bNhMhltK5KdH74Jr8OJBTbQE5zI=">AAACIHicbVBNSysxFM34/Kj1q+rSTbAVXGiZEVGXBTcufWBVaEu5k96poUlmSO4oZehPceNfeZu3eCK6e/4a09qFXwcCJ+fcQ3JPnCnpKAz/BzO/ZufmF0qL5aXlldW1yvrGpUtzK7ApUpXa6xgcKmmwSZIUXmcWQccKr+LB6di/ukXrZGouaJhhR0PfyEQKIC91K8e1tpN9Dd3iDpRyo9oer7WR/L2HYlTj+5xggIYnNtXcSZ2rSdB1K9WwHk7Av5NoSqpsivNu5aXdS0Wu0ZBQ4FwrCjPqFGBJCoWjcjt3mIEYQB9bnhrQ6DrFZMER3/FKjyep9ccQn6gfEwVo54Y69pMa6MZ99cbiT14rp+SkU0iT5YRGvD+U5IpTysdt8Z60KEgNPQFhpf8rFzdgQZDvtOxLiL6u/J1cHtSjo/rh74Nq42RaR4ltsW22yyJ2zBrsjJ2zJhPsnv1h/9hj8BD8DZ6C5/fRmWCa2WSfELy+Ae/OotY=</latexit>

�walls, ⌘dec - taken from simulations

<latexit sha1_base64="9M3rg9aMHkyDYCg0pTKL6fCPrqY=">AAACF3icbVDLSgNBEJz1bXxFPXoZTARPy66IBk8RPXhUMEZIQuiddJLB2dllplcIS/7Ci7/ixYMiXvXm3ziJOfgqGCiqqunpilIlLQXBhzc1PTM7N7+wWFhaXlldK65vXNkkMwJrIlGJuY7AopIaayRJ4XVqEOJIYT26ORn59Vs0Vib6kgYptmLoadmVAshJ7aJvCVyWn9aPeLkpQOXHwzKXmlMfuQHdQ14O/EozjXngh+V2sRT4wRj8LwknpMQmOG8X35udRGQxahIKrG2EQUqtHAxJoXBYaGYWUxA30MOGoxpitK18fNeQ7zilw7uJcU8TH6vfJ3KIrR3EkUvGQH372xuJ/3mNjLqVVi51mhFq8bWomylOCR+VxDvSoCA1cASEke6vXPTBgCBXZcGVEP4++S+52vPDA3//Yq9UrUzqWGBbbJvtspAdsio7Y+esxgS7Yw/siT17996j9+K9fkWnvMnMJvsB7+0TxricfA==</latexit>

stable DW: A in the range 0.8± 0.1



Quanties of interest: energy density and peak frequency

<latexit sha1_base64="2dOeWP6xlrtyN6U+d4SbrkWahX4=">AAACI3icbVDLSgMxFM34tr6qLt0EO4KrYUZEiyvBjcsKVoW2lDvpnTGYx5BkhFL6L278FTcuFHHjwn8xfSx8HQgczr0nyTlpIbh1cfwRzMzOzS8sLi1XVlbX1jeqm1tXVpeGYZNpoc1NChYFV9h03Am8KQyCTAVep3dno/n1PRrLtbp0/QI7EnLFM87AealbPbEMvDenBnMu8YTq1IG/q0fDtipDakDlaGlmtKRhHNWTkDpNwySKw261FkfxGPQvSaakRqZodKtv7Z5mpUTlmABrW0lcuM4AjONM4LDSLi0WwO4gx5anCiTazmCccUj3vNKjmTb+KEfH6nfHAKS1fZn6TQnu1v6ejcT/Zq3SZfXOgKuidKjY5KGsFKOYo8JojxtkTvQ9AWa4/ytlt2CAOV9rxZeQ/I78l1wdRMlRdHhxUDutT+tYIjtkl+yThByTU3JOGqRJGHkgT+SFvAaPwXPwFrxPVmeCqWeb/EDw+QUOjaFK</latexit>

scaling regime: obtained ⌫ ranges from 0.81 to 1.0

<latexit sha1_base64="NlgjzNUFcrErcXOHw/WdQFI6JWM=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKewG0RwDXjxGMImQrGF20psMmccyM6ssIf/hxYMiXv0Xb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jUo1hRZVXOn7iBjgTELLMsvhPtFARMShE42vZ37nEbRhSt7ZLIFQkKFkMaPEOulBKA14CBI04Tzrlyt+1Z8Dr5IgJxWUo9kvf/UGiqYCpKWcGNMN/MSGE6ItoxympV5qICF0TIbQdVQSASaczK+e4jOnDHCstCtp8Vz9PTEhwphMRK5TEDsyy95M/M/rpjauhxMmk9SCpItFccqxVXgWAR4wDdTyzBFCNXO3YjoimlDrgiq5EILll1dJu1YNLqsXt7VKo57HUUQn6BSdowBdoQa6QU3UQhRp9Ixe0Zv35L14797HorXg5TPH6A+8zx+rL5KZ</latexit>

more generally
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<latexit sha1_base64="qcSCJT/YjeKm9GqTo0lpkjCGa7k=">AAACG3icbVDLSgMxFM34tr6qLt0EW8GNZaaKFleKLlwqWCu0pdxJb9tgJjMkd4Qy9D/c+CtuXCjiSnDh35jWLnwdCJyccw/JPWGipCXf//AmJqemZ2bn5nMLi0vLK/nVtSsbp0ZgVcQqNtchWFRSY5UkKbxODEIUKqyFNydDv3aLxspYX1I/wWYEXS07UgA5qZUvR0iwYwlcgJ/WDnmxIUBlx4Mil5pTD7kB3UVe9Et+Zccv7e4VW/mCu4zA/5JgTApsjPNW/q3RjkUaoSahwNp64CfUzMCQFAoHuUZqMQFxA12sO6ohQtvMRrsN+JZT2rwTG3c08ZH6PZFBZG0/Ct1kBNSzv72h+J9XT6lTaWZSJymhFl8PdVLFKebDonhbGhSk+o6AMNL9lYseGBDk6sy5EoLfK/8lV+VSsF/auygXjirjOubYBttk2yxgB+yInbFzVmWC3bEH9sSevXvv0XvxXr9GJ7xxZp39gPf+CTsMnbI=</latexit>

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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Partial Summary 

• 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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Bumpy axion inflation

With Ogan Ozsoy
JCAP 01 (2021) 040 







Note the vector modes
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Non-minimal curvaton
- revisited

A, Ghoshal, C. Chen, Y. Luo, A. Naskar JCAP (2023)
D. Langlois, S. Pokorski, K. Turzyński JCAP 07 (2007) 014
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Summary 

• We have identified the role of the nontrivial metric in field 
space  

• It plays a role of an effective friction term for curvaton 
perturbations 

• Curvaton perturbations grow due to the presence of nontrivial 
kinetic coupling 

• Case study - Gaussian-like dip in the field metric 
• We have obtained analytically and numerically full spectrum of 

curvature fluctuations for axion-like curvaton potential 
• Current PBH abundance in this model is sufficient to explain 

whole DM and concomitant SIGW signals are detectable
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