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● Asymptotic safety in gravity and matter – predictivity, symmetry,  

dynamics

● Secluding dark sectors with QSS

● SU(N=6) WIMP phenomenology

OutlineOutline
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QED

QCD

Fixed points of the RG flow Fixed points of the RG flow 

UV interactive FP
(asymptotic safety)

● Weinberg '79: improve UV behavior of GN (non-perturbative renormalizability)
● Advocated in QFT as solution to U(1)Y triviality problem etc. 
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Fixed points and critical surfaceFixed points and critical surface

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

can only deviate from 
the FP along the 
critical surface

→ Non-perturbative 
renormalizability
critical surface is 
finite-dimensional

→ Max predictivity 
max number 
of irrelevant couplings
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Quantum gravity likely features interactive UV fixed point
[ 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, Christiansen, Eichhorn '17, Eichhorn, Versteegen '17, Zanusso et al. '09, Oda, Yamada '15, Eichhorn, Held, Pawlowski '16, Pawlowski 
et al. '18 … many more ]

Prototype example: Einstein-Hilbert gravity

Functional renormalization group (Wetterich 
equation) lead to 2 fixed points

(gaussian)

(interactive)

Fixed point persists under the 
addition of new interactions

Critical surface has finite dimension 

M. Reuter, F. Saueressig , PRD 65, 065016 (2002)

Asymptotic safety in QGAsymptotic safety in QG
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Gravity FP  ==>  matter FPs (k > MPl)

Asymptotic safety in matterAsymptotic safety in matter
[Robinson, Wilczek '06, Pietrykowski '07, Toms '08-'10, Rodigast, Schuster '09, Zanusso et al. '09, Daum, Harst, Reuter '09, Folkerst, Litim, Pawlowski '11, 
Harst, Reuter '11, Christiansen, Eichhorn '17, Eichhorn, Versteegen '17, Zanusso et al. '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  …]

SM gauge couplings

– fg gY

– fg g2

– fg g3

SM Yukawa couplings

– fy yt

– fy yb

... same for other quarks and leptons 

universal corrections (depend on gravity fixed points) 
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Asymptotic safety in matterAsymptotic safety in matter
[Robinson, Wilczek '06, Pietrykowski '07, Toms '08-'10, Rodigast, Schuster '09, Zanusso et al. '09, Daum, Harst, Reuter '09, Folkerst, Litim, Pawlowski '11, 
Harst, Reuter '11, Christiansen, Eichhorn '17, Eichhorn, Versteegen '17, Zanusso et al. '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  …]

SM gauge couplings

– fg gY

– fg g2

– fg g3

SM Yukawa couplings

– fy yt

– fy yb

... same for other quarks and leptons 

= 0

= 0

= 0

= 0

= 0

→ matter fixed points

universal corrections (depend on gravity fixed points) 

Gravity FP  ==>  matter FPs (k > MPl)
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Asymptotic safety in matterAsymptotic safety in matter
[Robinson, Wilczek '06, Pietrykowski '07, Toms '08-'10, Rodigast, Schuster '09, Zanusso et al. '09, Daum, Harst, Reuter '09, Folkerst, Litim, Pawlowski '11, 
Harst, Reuter '11, Christiansen, Eichhorn '17, Eichhorn, Versteegen '17, Zanusso et al. '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  …]

SM gauge couplings

● FRG: S. Folkerts, D. Litim, J.M. Pawlowski 1101.5552

A. Pastor-Gutierrez, J.M. Pawlowski, M. Reichert, 2207.09817

G.P. de Brito, A. Eichhorn, 2201.11402

M. Riabokon, M. Schiffer, F. Wagner, 2508.03563

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

● Schwinger's “proper time:”

G. Giacometti, K. Kowalska, D. Rizzo, EMS, D. Zappala', 
to appear 

● Dim-reg 1 loop: 

D.J. Toms, 0809.3897

Gravity FP  ==>  matter FPs (k > MPl)

… and more
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Uncertainties due to 
truncation, scheme, background, gauge fix ...– fg gY

– fg g2

– fg g3

= 0

= 0

= 0



A. Eichhorn, F. Versteegen, 1709.07252

Asymptotic safety in matterAsymptotic safety in matter
[Robinson, Wilczek '06, Pietrykowski '07, Toms '08-'10, Rodigast, Schuster '09, Zanusso et al. '09, Daum, Harst, Reuter '09, Folkerst, Litim, Pawlowski '11, 
Harst, Reuter '11, Christiansen, Eichhorn '17, Eichhorn, Versteegen '17, Zanusso et al. '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  …]

SM gauge couplings

– fg gY

“size matters” for gy

Gravity FP  ==>  matter FPs (k > MPl)
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= 0

Uncertainties due to 
truncation, scheme, background, gauge ...



The AS Standard Model The AS Standard Model 
at the Gaussian FP

A. Pastor-Gutierrez, J.M. Pawlowski, M. Reichert, 2207.09817

M. Riabokon, M. Schiffer, F. Wagner, 2508.03563 G.P. de Brito, M. Reichert, M. Schiffer, 2510.09572

 ϴ gauge:  ϴ Yukawa:

Critical exponents are rather large
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Asymptotic safety in matterAsymptotic safety in matter

State of the art



Asymptotic safety in matterAsymptotic safety in matter

Bypassing the calculation to get predictions (k << MPl)
[Wetterich, Shaposhnikov '09, Eichhorn, Held '18, Reichert, Smirnov '19, Alkofer et al. '20, Kowalska, EMS et al. '20-'23, Eichhorn, Gyftopoulos, Held '25 ]   
 

… as the set of irrelevant couplings is overconstrained: 

>> 2 eqs (gY, yt, yb, ye, ...)

2 unknowns (fg, fy)

get fy

predict yX (in SM or BSM)

(e.g. from top quark Yukawa)

Testable signatures ... 
eg. b→ s anomalies: Kowalska, EMS, Yamamoto, Eur.Phys.J.C 81 (2021) 4, 272
                                  Chikkaballi, Kotlarski, Kowalska, Rizzo, EMS, JHEP 01 (2023) 164
    b→ c anomalies: Kowalska, EMS, Yamamoto, Eur.Phys.J.C 81 (2021) 4, 272
                         g - 2: Kowalska, EMS, Phys. Rev. D 103, 115032 (2021)

… with small residual uncertainties 
Kowalska, Kotlarski, Rizzo, EMS, Eur.Phys.J.C 83 (2023) 7, 644  

● Predictivity

● Symmetry

● Dynamics
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   fy > fcrit 

… implies yZ > 0 

irrelevant

relevant

relevant
relevant

Asymptotic safety in matterAsymptotic safety in matter

Pairs of Yukawa couplings:

top quark requires

K. Kowalska, S. Pramanick, EMS '22

AS AS 
Standard Standard 

ModelModel Predictivity
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   fy < fcrit 
… implies yZ = 0 

Asymptotic safety in matterAsymptotic safety in matter

Pairs of Yukawa couplings:

relevant

relevant irrelevant

yZ = 0    (at all k) 

K. Kowalska, S. Pramanick, EMS '22

Symmetry

Enrico Maria Sessolo                                              AS vs PP DESY 2025                                                       11



Asymptotic safety in matterAsymptotic safety in matter

Pairs of Yukawa couplings:

relevant

relevant irrelevant

K. Kowalska, S. Pramanick, EMS '22

Dynamics

● yν dynamically small
● Emergent scale MUV

     (kinda like see-saw) 

2204.00866

e.g. neutrino
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   fy < fcrit 
… implies yZ = 0 

Asymptotic safety in matterAsymptotic safety in matter

Pairs of Yukawa couplings:

relevant

relevant irrelevant

K. Kowalska, S. Pramanick, EMS '22

neutrinos
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2204.00866



   fy < fcrit 
… implies yZ = 0 

Asymptotic safety in matterAsymptotic safety in matter

Pairs of Yukawa couplings:

relevant

relevant irrelevant

K. Kowalska, S. Pramanick, EMS '22

        bottom quark

see Z. Gyftopoulos's talk!!
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2204.00866



Stabilizing dark sectors Stabilizing dark sectors 



Coma (Zwicky, 1933) 

Galaxy / cluster 
rotation curves 

Gravitational lensing 

CMB

Footprints of dark matterFootprints of dark matter
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The little we know ...The little we know ...

● Invisible 

● Non baryonic 

● Weakly interacting (or less) 

● Stable (on cosmological timescales)  

No (or micro) U(1)em charge 

No SU(3)c charge 

SU(2)L charge alright  

Question is... How?
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Consider SU(6)

minimal anomaly free setup: 

A. Chikkaballi, K. Kowalska, R.R. Lino dos Santos, EMS, 2505.02803

Yukawa couplings: 

cf. also 

E. Ma, Phys. Rev. D 103, 051704 (2021)

A GUT model with no DMA GUT model with no DM

SM dark sector ?

scalar sector:

vevs break U(1)X 
give mass to Z'

SU(6) → SU(5) x U(1)X  →  SU(3) x SU(2) x U(1) x U(1)X

Extended 
2HDM

+ certain number of scalars: 

x generation
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Consider SU(6)

minimal anomaly free setup: 

A GUT model with no DMA GUT model with no DM

SM dark sector ?

SU(6) → SU(5) x U(1)X  →  SU(3) x SU(2) x U(1) x U(1)X

+ certain number of scalars: 

DM not stable

5 neutral Majorana fermions:

x generation

A. Chikkaballi, K. Kowalska, R.R. Lino dos Santos, EMS, 2505.02803
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DM stability from FPsDM stability from FPs

same gauge quantum numbers

symmetric FP

stability matrix

critical exponents

relevant

irrelevant

the same scaling behavior

A. Chikkaballi, K. Kowalska, R.R. Lino dos Santos, EMS, 2505.02803
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DM stability from FPsDM stability from FPs

same gauge quantum numbers

asymmetric FP

stability matrix

critical exponents

relevant

irrelevant

irrelevant 

relevant 
different scaling behavior from 

FP selection

A. Chikkaballi, K. Kowalska, R.R. Lino dos Santos, EMS, 2505.02803
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… find the FPs

Full SU(6) system ...
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DM stability from FPsDM stability from FPs

irrelevant
 = predictions 

trans-Planckian FP

irrelevant
 = forbidden! 

secluded dark sector

two-component DM

DM is stable (actually, metastable)

relevant
 = free parameter

A. Chikkaballi, K. Kowalska, R.R. Lino dos Santos, EMS, 2505.02803

cf. E. Ma, '21
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Theory uncertaintiesTheory uncertainties

predictions to very large extent independent of UV See also W. Kotlarski, K. Kowalska, D. Rizzo, EMS, '23

A. Chikkaballi, K. Kowalska, R.R. Lino dos Santos, EMS, 2505.02803
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Turn on the small couplings Turn on the small couplings 

B → symmetry 

K. Kowalska, S. Pramanick, EMS, 2204.00866Back to ...

… but A, C → dynamics ... 
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Turn on the small couplings Turn on the small couplings 

dynamical suppression at work in SU(6)

● Neutrino mass via (light) see-saw (      )    

● Controllable decays in dark sector (      ) → DM can be 1-component
   

C: UV 
relevant 

FP 

  “forbidden’’ couplings now appear

dynamical suppression
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Predictions for DMPredictions for DM

SM

SM

Yukawa and gauge couplings predicted (fixed) by AS 

The only free (relevant) parameters are in the scalar potential

singlet DM

doublet DM

CMS bound
JHEP 07 (2021) 208

excluded by 
direct detection

constraints on 
relevant 

parameters
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To take homeTo take home  

● Some couplings can be made arbitrarily small dynamically

● QSS: a means to control DM decays and stabilize it 
(UV complete, no discrete and/or global symmetries required)

● Predictive (IR attractive) UV completions to matter interactions 
are worth considering

● QSS can forbid the appearance of unwanted/dangerous couplings
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Backup slidesBackup slides



Scalar potential (GUT scale)Scalar potential (GUT scale)
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Scalar potential (DM scale)Scalar potential (DM scale)

Example scalar masses:
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More SU(6) fixed pointsMore SU(6) fixed points
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UncertaintiesUncertainties

←  loops

Planck scale → 

←  gravity threshold

Kowalska, Kotlarski, Rizzo, EMS, Eur.Phys.J.C 83 (2023) 7, 644  
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