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The premise of ASQG
• GR is perturbatively non-renormalisable…


• each loop order generates new counterterms that cannot be absorbed 
in couplings


• e.g. at two loops
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The premise of ASQG
• GR is perturbatively non-renormalisable…


• each loop order generates new counterterms that cannot be absorbed 
in couplings


• e.g. at two loops


• expected to continue to arbitrary order — predictivity lost
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• GR is perturbatively non-renormalisable…


• …but non-perturbatively renormalisable


• 2 conditions: 

• all dimensionless versions of (essential) couplings approach a finite 
value at high energies = fixed point


• only finitely many relevant operators = finitely many measurements 
needed to uniquely fix theory

finiteness

predictivity
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The premise of ASQG
• GR is perturbatively non-renormalisable…


• …but non-perturbatively renormalisable


• 2 conditions: finiteness and predictivity 

• tools: functional RG and lattice (CDT/EDT)

my focus today many interesting results

• quantum Ricci curvature Klitgaard, Loll 
• CDT meets YM Clemente, D’Elia, Németh, Simonetti 
• CDT meets FRG Ambjørn, Gizbert-Studnicki, Görlich, Németh 
• EDT meets dynamical DE Dai, Freeman, Laiho, Schiffer, Unmuth-Yockey
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Asymptotic Safety via FRG
• Wilsonian idea of integrating out modes shell by shell


• governed by exact non-perturbative RG equation:


• no free lunch: requires approximation

Ellwanger 
Morris 
Wetterich
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(how couplings depend on energy)

the non-perturbative RG flow 
(a fully-dressed one-loop Feynman diagram)

the regulator 
(making things finite)

the happy little challenges 
(what keeps me up at night)

[Dupuis, Canet, Eichhorn, Metzner, Pawlowski, Tissier, Wschebor ’20]
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•  relevant directions
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ASQG is maximally boring
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•  et al.


• almost-canonical scaling


• global solutions


• instability at low orders — potential problem for derivative expansion
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FP Existence
• derivative expansion —  (minimal essential) /  (standard)


•  et al.


• gauge/parameterisation/regulator 
dependence seems under reasonable control


• apparent convergence from fluctuation computations
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Morris, Nikolakopoulos, Ohta, Pawlowski, Percacci, 
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Gies, BK, Lippoldt

Christiansen, Denz, BK, Meibohm, 
Pawlowski, Reichert, Rodigast, 
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No ghosts
• momentum-dependent propagator / spectral function 

(Euclidean+Lorentzian) — no extra poles


• possible mechanism: residues of extra poles in DE go to zero


• elegant way to avoid spurious poles: minimal essential scheme

Bonanno, Christiansen, Denz, 
Fehre, BK, Litim, Pawlowski, 
Reichert, Rodigast, Schiffer

Platania, Wetterich

Baldazzi, Ben Alì Zinati, Falls, 
Kluth, BK
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Near-perturbative
• small corrections to scaling in 


• quantum corrections “small”


• expect good convergence properties


• diffeomorphism breaking limited (effective universality)


• seems necessary for ASQG to work effectively

f(R)

Eichhorn, Labus, Lippoldt, 
Pawlowski, Reichert, Schiffer
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Gravity pheno
• tool of choice (usually): RG improvement


• BH physics


• singularity resolution rather generic


• models of gravitational collapse


• inflation in all flavours


• bouncing geometries

Bonanno, Borissova, Bosma, 
Gionti, Gubitosi, Held, Henz, BK, 
Koch, Ooijer, Pawlowski, Percacci, 
Platania, Reuter, Ripken, Rodigast, 
Saueressig, Wetterich
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The Good — enter matter
• the UVFP persists for suitable matter (including SM)


• properties:


• effective universality


• bounds on allowed matter, non-minimal couplings, …


• SM and beyond

ASQG community 2013-2025+
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Effective universality
• (partial) restoration of full diffeomorphism invariance at the fixed point 

• some discrepancies left 
between background and 
fluctuation computations

Eichhorn, Labus, Lippoldt, 
Pawlowski, Reichert, Schiffer

[Eichhorn, Labus, Pawlowski, Reichert ’18]
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Bounds on matter
• minimal coupling


• scalars and fermions screen gravity


• gauge fields anti-screen gravity


• non-minimal couplings


• some couplings cannot be free at the FP


• case-by-case study necessary

Alkofer, Biemans, Christiansen, 
Daas, Donà, Eichhorn, Hamada, 
BK, Labus, Laporte, Lippoldt, 
Litim, Meibohm, Narain, Oda, 
Oosters, Pawlowski, Pedersen, 
Percacci, Pereira, Platania, 
Reichert, Saueressig, Schiffer, 
Skrinjar, Vacca, Wang, Wetterich, 
Yamada

[Eichhorn ’12]
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SM physics…
• key ingredient: light fermions — chiral symmetry


• connect to “high”-energy physics


• Higgs/top/bottom mass within reach


• dynamical chiral symmetry breaking


• CKM matrix elements


•  physics — upper critical dimension, upper bound for coupling, …U(1)
Christiansen, Eichhorn, Schiffer, Versteegen
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…and beyond
• dark matter


• scalar: Higgs portal


• additional dark sector, e.g. fermions


• ALPs potentially not compatible with ASQG


• neutrino masses

de Brito, Eichhorn, Hamada, Kowalska, Lino 
dos Santos, Lumma, Pauly, Ray, Reichert, 
Sessolo, Smirnov, Yamada

de Brito, Domènech, Eichhorn, Goodsell, 
Hamada, Held, Kowalska, Pereira, Pramanick, 
Sessolo, Wetterich, Yamada
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Systematic error control
• “uncontrolled approximations”


• systematically improve approximation


• take inspiration from condensed matter physics:


• derivative expansion in Ising model has finite radius of convergence


• e.g. relevant critical exponent

Balog, Chaté, Delamotte, Marohnic, Wschebor

<latexit sha1_base64="NDYwz6NZCgTV1okouwmcGL9jT4w="></latexit>

ω6 : 1/ε = 0.63012(5)

CBS : 1/ε = 0.629971(4)
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Donkin, Labus, Litim, 
Manrique, Morris, Nieto, 
Pawlowski,  Percacci, 
Preston, Reuter, Safari, 
Saueressig, Skrinjar, 
Slade, Vacca

Becker, Bonanno, 
Christiansen, Codello, de 
Brito, Denz, D’Odorico, 
Eichhorn, Falls, Fehre, 
Held, BK, Litim, Lippoldt, 
Manrique, Meibohm, 
Pagani, Pastor-Gutiérrez, 
Pawlowski, Reichert, 
Reuter, Rodigast, Ruisi, 
Saueressig, Schiffer

[BK, Ripken, Saueressig ’19]



Scattering amplitudes & the pesky minus sign

• “something something observables” — scattering amplitudes are useful [citation missing]

BK, Ripken, Saueressig



Scattering amplitudes & the pesky minus sign

• “something something observables” — scattering amplitudes are useful


• momentum dependence & Lorentzian signature strictly needed

[citation missing]

BK, Ripken, Saueressig



Scattering amplitudes & the pesky minus sign

• “something something observables” — scattering amplitudes are useful


• momentum dependence & Lorentzian signature strictly needed


• foliated flows

[citation missing]

BK, Ripken, Saueressig

Biemans, Eichhorn, Houthoff, BK, Korver,

Kurov, Platania, Saueressig, Schiffer, Wang



Scattering amplitudes & the pesky minus sign

• “something something observables” — scattering amplitudes are useful
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• foliated flows

[citation missing]

BK, Ripken, Saueressig

Biemans, Eichhorn, Houthoff, BK, Korver,

Kurov, Platania, Saueressig, Schiffer, Wang

[Pastor-Gutiérrez, Pawlowski, Reichert, Ruisi ’24]
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• dimension = number of relevant directions minus one


• direct connection to EFT positivity bounds — indirect handle on unitarity 
of fixed point

Basile, Platania

[Eichhorn, Pedersen, 
 Schiffer ’24]

[BK, Platania ’24]
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ASQG on math
• mathematically rigorous definition of flow


• state dependence important (choice of Green’s function not unique on 
globally hyperbolic spacetime)


• path to Lorentzian signature


• opportunity for a proof of the fixed point?


• could the conformal bootstrap be of any help?

D’Angelo, Drago, Pinamonti, Rejzner 
Banerjee, Niedermaier
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• we HAVE to become more serious about things


• we say we are QFT people, but we often only do RG improvement — krunning vs 
prunning


• commit more strongly to Lorentzian signature computations


• EH is not enough — you miss a relevant operator and don’t have any prunning — 
 can be done on a consumer grade laptop these days 

• the tools are there, many are happy to share code/collaborate 

• real progress comes through pain and interaction with other communities
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