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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. 
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in the Sub-Planckian regime
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Source: Kamila Kowalska
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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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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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Renormalization 
Group 
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1 loop Higher loops

Known from experiments
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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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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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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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