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Asymptotic behaviorsAsymptotic behaviors

fixed point g*
in the RGE flow

g* = 0

g* ≠ 0

g→∞

● Asymp. safety originally advocated by Weinberg for gravity (non-perturbative renormalizability)
● Applied to other field theories too, addresses triviality 
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Fixed pointsFixed points

Irrelevant couplings provide 
predictions

UV 
repulsive

IR 
attractive

IR 
repulsive

UV
attractive

stability matrix
critical exponents

Relevant couplings are 
free parameters of the theory

span the 
UV critical surface

from Wikipedia

They are determined by
experiment ...

can only deviate from
the FP along the
critical surface

… they are functions of
relevant pars
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fixed point



Reuter, Saueressig, hep-th/0110054 

Asymptotically safe gravityAsymptotically safe gravity
Quantum gravity might feature interactive UV fixed points

e.g. Einstein-Hilbert action 

FRG (Wetterich equation)

2 relevant fixed points
... fixed points persist under the addition
of gravity and matter interactions 

Reuter '96, Reuter, Saueressig '01, Litim '04, Codello, Percacci, Rahmede '06, Benedetti, Machado, Saueressig '09, Narain, Percacci '09, Manrique,
Rechenberger, Saueressig '11, Falls, Litim, Nikolakopoulos '13, Dona', Eichhorn, Percacci '13, Daum, Harst, Reuter '09, Folkerst, Litim, Pawlowski '11,
Harst, Reuter '11, Zanusso et al. '09  … many more

= 0

= 0
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Beta functions of grav. couplings



Christiansen, Eichhorn '17, Christiansen et al. '17, Shaposhnikov, Wetterich '09, Oda, Yamada '15, Eichhorn, Held, Pawlowski '16, Wetterich, Yamada
'16, Hamada, Yamada '17, Pawlowski et al. '18, Eichhorn, Versteegen '17, Eichhorn, Held '17-'18, Pastor-Gutiérrez, Pawlowski, Reichert '22, ...

– fg gY

– fg g2

– fg g3

– fy yt

– fy yb

Trans-Planckian corrections of matter RGEs

... same for other quarks and leptons 

Matter RGEs with quantum gravityMatter RGEs with quantum gravity

SM gauge couplings

SM Yukawa couplings
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...

universal corrections depend on gravity fixed points 

A. Eichhorn, A. Held, 1707.01107
A. Eichhorn, F. Versteegen, 1709.07252



Christiansen, Eichhorn '17, Christiansen et al. '17, Shaposhnikov, Wetterich '09, Oda, Yamada '15, Eichhorn, Held, Pawlowski '16, Wetterich, Yamada
'16, Hamada, Yamada '17, Pawlowski et al. '18, Eichhorn, Versteegen '17, Eichhorn, Held '17-'18, Pastor-Gutiérrez, Pawlowski, Reichert '22, ...

– fg gY

– fg g2

– fg g3

– fy yt

– fy yb

Trans-Planckian corrections of matter RGEs

Matter RGEs with quantum gravityMatter RGEs with quantum gravity

SM gauge couplings

SM Yukawa couplings
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= 0

= 0

= 0

= 0

= 0

get fixed points

universal corrections depend on gravity fixed points 

A. Eichhorn, A. Held, 1707.01107
A. Eichhorn, F. Versteegen, 1709.07252

... same for other quarks and leptons 



Christiansen, Eichhorn '17, Christiansen et al. '17, Shaposhnikov, Wetterich '09, Oda, Yamada '15, Eichhorn, Held, Pawlowski '16, Wetterich, Yamada
'16, Hamada, Yamada '17, Pawlowski et al. '18, Eichhorn, Versteegen '17, Eichhorn, Held '17-'18, Pastor-Gutiérrez, Pawlowski, Reichert '22, ...

– fg gY

Trans-Planckian corrections of matter RGEs

Matter RGEs with quantum gravityMatter RGEs with quantum gravity

SM gauge couplings
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= 0

A. Eichhorn, F. Versteegen, 1709.07252

… see
K.Kowalska's talk
on Sunday 

matches SM value

(hypercharge case)

IR / UV interplay has
consequences for the pheno of

many BSM models...  



NaturalnessNaturalness
with with 

asymptotic safetyasymptotic safety



NeutrinosNeutrinos  
   Neutrino masses are very small !  

NuFIT5.1 (2021)    2007.14792

Planck (2021)   1807.06209

… either Dirac neutrino ... 

Small Yukawa →  Higgs mechanism

small Yukawa
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   Neutrino masses are very small !  

NuFIT5.1 (2021)    2007.14792

Planck (2021)   1807.06209

… or Majorana neutrino ... 

see-saw mechanism

large Yukawa

NeutrinosNeutrinos  
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= 0

= 0

= 0

   fy > fcrit 

irrelevant

K.Kowalska, S.Pramanick, EMS, 2204.00866

Fixed points of SM + RHN:

relevant

relevant
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Small coupling implies
large fine tuning

relevant

Only large
coupling

arrows toward the UV



   fy < fcrit 

irrelevant

relevant

relevant

IR - attractivek = infinity

k = Planck
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Fixed points of SM + RHN:

= 0

= 0

= 0

K.Kowalska, S.Pramanick, EMS, 2204.00866

zero or small
coupling

arrows toward the UV



K.Kowalska, S.Pramanick, EMS, 2204.00866

… smallness of neutrino Yukawa due to “distance” of Planck scale from infinity
                                                            (no fine tuning)

 κ = “distance” in e-foldings
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A dynamical mechanism!A dynamical mechanism!  

Neutrinos can naturally be Dirac  

arbitrarily small



Couple of comments... Couple of comments... 
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1. Asymp. safe SM full fit works (with normal ordering) 
PMNS parametrization

PMNS fit

2. The mechanism is more generic than SM 

Can use it to justify freeze-in, feebly interacting models, etc...

(dark abelian charge)

e.g. dark gauge coupling gD + Yukawa interactions



In SM+QG low-scale pheno constrains gravity fixed points

Connections to quantum gravity Connections to quantum gravity 

to match SM value ...

FRG Einst.-
Hilbert

... It is a line in
fixed points of
gravity 

FRG calculation following
A. Eichhorn, F.Versteegen, 1709.07252  

neutrino crit. exponent < 0:
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Quantum gravity calculation should
eventually match the blue line

A. Chikkaballi, K.Kowalska, EMS, 2308.06114



Connections to quantum gravity Connections to quantum gravity 

Gauged U(1)B – L vs SM:

any

FRG calculation following
A. Eichhorn, F.Versteegen, 1709.07252  

Quantum gravity
calculation provides
predictions for gX, gε 
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dynamical
mechanism still
there!

extended gauge sector

gY role played here by

A. Chikkaballi, K.Kowalska, EMS, 2308.06114



Predictions Predictions B-LB-L  

Majorana

Majorana

Dirac

Dirac

(large kinetic mixing implies vS >> vH)
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fg, fy lead to predictive (irrel.) fixed points for gX, gε, yN :
(all BPs have              irrel.)

A. Chikkaballi, K.Kowalska, EMS, 2308.06114



… possible gravitational-wave (GW) signatures from FOPT?

illustration J. M. No, 2015

predictions have strong discriminating features... may show up in GW amplitude!  

...but, if C-W potential is “conformal”

NO GW SIGNAL! … nucleation/percolation T is too low

C.Marzo, L.Marzola, V.Vaskonen, 1811.11169  
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Majorana

Majorana

Dirac

Predictions Predictions B-LB-L  



Scale-invariant potential confronts asymptotic safety...

irrelevant 

implies predictive

… potential destabilized!

consistent with C-W

implies  

… tree-level mass is allowed

no conformal potential!
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viceversa...

relevant



… but all discriminating features washed-out by scalar potential masses  

A. Chikkaballi, K.Kowalska, EMS, 2308.06114Signal is now visible...
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To take home...To take home...  
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● We used AS to make the neutrino (or other) Yukawa coupling
arbitrarily small dynamically

● Mechanism relies on an irrelevant, Gaussian fixed point of the
trans-Planckian RG flow of Yukawa coupling

● In the SM + QG the UV calculation is expected to be very
constrained, but perhaps not so in gauged B-L

● AS extremely predictive in several BSM models ...
… other times predictivity is washed out by IR / UV consistency
(e.g. case gravitational waves from FOPTs in gauged B-L) 



BackupBackup



Lepton sector RGEs Lepton sector RGEs 
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Benchmark points of Benchmark points of B-L B-L 
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GWs at different scales  GWs at different scales  
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