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In the Standard Model we see two possible asymptotic behavior:
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In the Standard Model we see two possible asymptotic behavior:

In a generic QFT a 
third asymptotic 
behaviour can be 
found:
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Present in models 
of quantum 
gravity.
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Renormalization Group Equations 
in the Trans-Planckian regime

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

Renormalization Group Equations 
in the Sub-Planckian regime

Reuter, Saueressig, hep-th/0110054 
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Fixed Point Analysis
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Source: Kamila Kowalska
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The heuristic approach
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Gauge couplings Yukawa couplings

Predict

Get f g

Predict

Get f y

cf. e.g. Chikkaballi, Kotlarski, Kowalska, DR, Sessolo JHEP (2023).

Phenomenology! 
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Lepton anomalies in b → s transition
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Altmannshofer, Stangl arXiv: 2103.13370

JHEP (2023)



Minimal Z’ models for flavor anomalies
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Particle content

Interaction

Couplings in WET

Kowalska, Kumar, Sessolo.
arXiv: 1903.10932

JHEP (2023)



Predictions

    daniele.rizzo@ncbj.gov.pl Daniele Rizzo

Couplings 
at the FP

JHEP (2023)



The heuristic approach

    daniele.rizzo@ncbj.gov.pl Daniele Rizzo

Gauge couplings Yukawa couplings

Predict

Get f g

Predict

Get f y



Predictions
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Couplings 
at the FP

Couplings 
at 2 TeV
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Experimental constraints:
Kinetic Mixing
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Simulations performed 
with MadGraph
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Experimental constraints:
Production of VL fermions and Z’
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SARAH → SPheno → Herwig → CheckMATE

JHEP (2023)
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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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Higher loops computations:
Gauge Sector
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Higher loops computations:
Gauge Sector
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Renormalization Group Equations: 

At the fixed point, the ratio of gauge couplings does not depend on     : f g

Known from experiments

Uncertainties:
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At the fixed point, solve the first equation for the gravity parameter       and insert it in the 
second equation to get:

Higher loops computations:
Yukawa Sector
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Renormalization 
Group 
Equations:

f y

1 loop Higher loops

Known from experiments
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Higher loops computations:
Yukawa Sector - Large Yukawa 
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Focusing in the infrared → uncertainties are reduced.

Higher loops are negligible → predictions are very stable.

Small

9
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Higher loops computations:
Yukawa Sector - Small Yukawa 
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Focusing in the infrared → uncertainties are reduced.

Higher loops are important → predictions are unstable.

Cancel out
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Dependence on the position 
of the Planck scale
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Gauge sector Yukawa sector

The ratio does not depend on     : f g

3-18%
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The uncertainty depends on 
the size of the couplings:
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Scale-dependence of the 
gravitational corrections
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Gauge sector Yukawa sector
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Conclusions
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● The heuristic approach to asymptotic safety is able to give predictions for the 
coupling constants of BSM models.

● Predictions might be affected by the simplifying assumptions: loop 
approximation, position of the Planck scale, functional dependence of the 
gravitational parameters.

● We have relaxed such assumptions to understand the robustness of the 
predictions in both the high and the low energy scale regime.

● Our main findings are that the gauge sector is extremely robust, while in the 
Yukawa sector the magnitude of the coupling we want to predict plays an 
important role in the determination of the robustness of the predictions.

● The infrared focusing of the RGEs reduces the uncertainties in the predictions, 
so that the analytical formula obtained at the fixed point can be read as an 
upper bound.
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Backup

    daniele.rizzo@ncbj.gov.pl Daniele Rizzo



Models
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Gauged  B - L Leptoquark

By matching the SM at 1-loop we get:

The predictions for the BSM couplings are:

By matching the SM at 1-loop we get:

The predictions for the BSM coupling are:
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Gauged  B – L   -   Gauge Sector
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Renormalization group equations
Gauged  B – L   -   1 Loop
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Higher loops computations
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Dependence on the position of the 
Planck scale
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Scalar Sector

    daniele.rizzo@ncbj.gov.pl Daniele Rizzo



Experimental constraints:
Scalar Sector
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RGEs Model 1B
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Example:
Gauge Sector U(1)’ extension
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Beta functions equations

Plot from A. Chikkaballi’s talk at DESY



Example:
Gauge Sector U(1)’ extension
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Beta functions equations

Eigenvalues

Linearized CC 
at the FP

Values FP

Eigenvectors
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