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Asymptotic Safety
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Asymptotic Safety in Quantum Gravity

Renormalization Group Equations 
in the Trans-Planckian regime

In our project are determined by 
matching the low-energy data. 

Reuter, Saueressig, hep-th/0110054 
Picture: Wikipedia

Einstein-Hilbert Gravity

Large uncertainties when 
computed analytically.

Renormalization Group Equations 
in the Sub-Planckian regime

1803.04027
1810.08461
1911.00012
2003.08401
2005.03661
2007.03567
2012.15200
2112.08972
2204.00866
2206.02686
2204.09008
2209.07971
2209.14268

A list of paper
exploring such
possibility for 
different BSM
scenarios:
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Gauge couplings Yukawa couplings
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Predict
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cf. e.g. Chikkaballi, Kotlarski, Kowalska, DR, Sessolo JHEP (2023).

Phenomenology! 

Asymptotic Safety in Quantum Gravity
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How robust are particle physics 
predictions in asymptotic safety?

    daniele.rizzo@ncbj.gov.pl Daniele Rizzo

EPJC: 10.1140

Gauge couplings Yukawa couplings

Predict

Get f g

Predict

Get f y

1 - Computations of the beta functions are performed at 1-loop level.

3 - Gravity decouples instantaneously at the Planck scale.

2 - Planck scale is set arbitrarily at         GeV.1019Sources of uncertainties    →   
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Gauge-Yukawa Theory
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Litim, Sannino (2014)



Gauge-Yukawa Theory
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Gauge Fermions

Scalars

Litim, Sannino (2014)
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Conformal Window
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Bond et al. 1710.07615
Litim et al. 2307.08747

Under perturbative expansion, the theory has an Ultra Violet Fixed Point:
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Conformal Window
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Let us be a little bit more quantitative and ask the questions:

● For what values of the Veneziano parameter do we actually have a fixed point?
● What can cause a fixed point to disappear?

The values of the Veneziano parameter for which the fixed point exist is called

CONFORMAL WINDOW

Under perturbative expansion, the theory has an Ultra Violet Fixed Point:
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Conformal Window & Vacuum Stability
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The conformal window can close because of:

● Vacuum Stability
● A Fixed Point merger
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I thank Zaan for the plot.

The conformal window can close because of:

● Vacuum Stability
● A Fixed Point merger

Disclaimer: Fixed Point merger



Beyond marginal operators
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Functional Renormalization Group
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Wetterich equation
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Functional Renormalization Group
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Wetterich equation

Regulator
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Flow
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We define dimension-less couplings:
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Quantum corrections
from the scalar potential
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We define dimension-less couplings:

And compute the flow:

Canonical
dimension

Anomalous
dimension

Quantum corrections
from the scalar potential

Quantum corrections
from the yukawa
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Flow

    daniele.rizzo@ncbj.gov.pl Daniele Rizzo

Tuğba Büyükbeşe, PhD Thesis

Tuğba Büyükbeşe, PhD Thesis
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Fixed Point
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Fixed Point & Power Counting in ε
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Dim 4:
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Fixed Point & Power Counting in ε
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...

...

...
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Vacuum stability at the UV fixed point

    daniele.rizzo@ncbj.gov.pl Daniele Rizzo14



Vacuum stability at the UV fixed point

    daniele.rizzo@ncbj.gov.pl Daniele Rizzo

At leading order in ε a re-summation of the couplings can be performed:
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At leading order in ε a re-summation of the couplings can be performed:
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Scalar potential close to the FP
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Stability Matrix
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Scalar potential close to the FP

    daniele.rizzo@ncbj.gov.pl Daniele Rizzo

Stability Matrix

Couplings

15

Eigenvalues of M Critical 
Exponents



Scalar potential close to the FP

    daniele.rizzo@ncbj.gov.pl Daniele Rizzo

Stability Matrix

Critical ExponentsCouplings

15

Eigenvalues of M Critical 
Exponents



Scalar potential close to the FP

    daniele.rizzo@ncbj.gov.pl Daniele Rizzo

Stability Matrix

Critical ExponentsCouplings

15

Eigenvalues of M Critical 
Exponents



Scalar potential close to the FP

    daniele.rizzo@ncbj.gov.pl Daniele Rizzo

Stability Matrix

Critical ExponentsCouplings

15

Eigenvalues of M Critical 
Exponents



Conclusion
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