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This talk: 
The asymptotic safety paradigm 
may help with these challenges!
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<latexit sha1_base64="RDZCW7aXYiQqcOx9uAfyzrIGT/g="></latexit>

SEH[gµ⌫ ] =
1

16⇡GN

Z

x

p
|g|

�
2⇤�R

�



Asymptotically Safe Quantum Gravity

Gravity as a quantum field theory
<latexit sha1_base64="RDZCW7aXYiQqcOx9uAfyzrIGT/g="></latexit>

SEH[gµ⌫ ] =
1

16⇡GN

Z

x

p
|g|

�
2⇤�R

�
<latexit sha1_base64="imSKgnR7voMMkWRKgTeZ6zsKm3w="></latexit>

ZQG ⇠
Z

Dgµ⌫ e
iSEH[gµ⌫ ]



Asymptotically Safe Quantum Gravity

Gravity as a quantum field theory

’t Hooft and Veltman 1974 
Goroff and Sagnotti 1986✴ Perturbatively non-renormalizable!

➡ Loss of predictivity!
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Asymptotically Safe Quantum Gravity

Gravity as a quantum field theory

✴ Still works as an Effective Field Theory 
 (below the Planck scale)

Donoghue 1994
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Gravity as a quantum field theory

Going beyond perturbation theory…

Asymptotically Safe Quantum Gravity
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Gravity as a quantum field theory

Going beyond perturbation theory…

• Higher-order terms are part of the 
theory space
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Asymptotically Safe Quantum Gravity

Quantum scale symmetry and fixed points

• Quantum scale symmetry corresponds to fixed 
points in the renormalization group flow

<latexit sha1_base64="gnbBBxshPWgJh9KjOfN7T/qaFzA=">AAACGnicbVDLSsNAFJ3UV62vqks3g0VooZSkiLoRCm5cVrAPaEKYTKbpkMmDmRuhhH6HG3/FjQtF3Ikb/8bpY6GtBwbOPede7tzjpYIrMM1vo7C2vrG5Vdwu7ezu7R+UD4+6KskkZR2aiET2PaKY4DHrAAfB+qlkJPIE63nhzdTvPTCpeBLfwzhlTkSCmA85JaAlt2yFdkokcCLcEAcur4Y1fI1tjwFxc11PcDVwrXrgNus29RNQNbdcMRvmDHiVWAtSQQu03fKn7Sc0i1gMVBClBpaZgpNPt1LBJiU7UywlNCQBG2gak4gpJ5+dNsFnWvHxMJH6xYBn6u+JnERKjSNPd0YERmrZm4r/eYMMhldOzuM0AxbT+aJhJjAkeJoT9rlkFMRYE0Il13/FdEQkoaDTLOkQrOWTV0m32bAuGtbdeaVlLuIoohN0iqrIQpeohW5RG3UQRY/oGb2iN+PJeDHejY95a8FYzByjPzC+fgCNFJ8+</latexit>

k@kgi(k) = �gi(g1, g2, · · · )
<latexit sha1_base64="zJ4wRORfan1f05fTz+AwicZH2fg="></latexit>

�gi(g
⇤
1 , g

⇤
2 , · · · ) = 0 , 8�gi



Asymptotically Safe Quantum Gravity

Quantum scale symmetry and fixed points

• Quantum scale symmetry corresponds to fixed 
points in the renormalization group flow

<latexit sha1_base64="gnbBBxshPWgJh9KjOfN7T/qaFzA=">AAACGnicbVDLSsNAFJ3UV62vqks3g0VooZSkiLoRCm5cVrAPaEKYTKbpkMmDmRuhhH6HG3/FjQtF3Ikb/8bpY6GtBwbOPede7tzjpYIrMM1vo7C2vrG5Vdwu7ezu7R+UD4+6KskkZR2aiET2PaKY4DHrAAfB+qlkJPIE63nhzdTvPTCpeBLfwzhlTkSCmA85JaAlt2yFdkokcCLcEAcur4Y1fI1tjwFxc11PcDVwrXrgNus29RNQNbdcMRvmDHiVWAtSQQu03fKn7Sc0i1gMVBClBpaZgpNPt1LBJiU7UywlNCQBG2gak4gpJ5+dNsFnWvHxMJH6xYBn6u+JnERKjSNPd0YERmrZm4r/eYMMhldOzuM0AxbT+aJhJjAkeJoT9rlkFMRYE0Il13/FdEQkoaDTLOkQrOWTV0m32bAuGtbdeaVlLuIoohN0iqrIQpeohW5RG3UQRY/oGb2iN+PJeDHejY95a8FYzByjPzC+fgCNFJ8+</latexit>

k@kgi(k) = �gi(g1, g2, · · · )
<latexit sha1_base64="zJ4wRORfan1f05fTz+AwicZH2fg="></latexit>

�gi(g
⇤
1 , g

⇤
2 , · · · ) = 0 , 8�gi

Asymptotic freedom Asymptotic safety



Asymptotically Safe Quantum Gravity

Quantum scale symmetry and fixed points

• Quantum scale symmetry corresponds to fixed 
points in the renormalization group flow

<latexit sha1_base64="gnbBBxshPWgJh9KjOfN7T/qaFzA=">AAACGnicbVDLSsNAFJ3UV62vqks3g0VooZSkiLoRCm5cVrAPaEKYTKbpkMmDmRuhhH6HG3/FjQtF3Ikb/8bpY6GtBwbOPede7tzjpYIrMM1vo7C2vrG5Vdwu7ezu7R+UD4+6KskkZR2aiET2PaKY4DHrAAfB+qlkJPIE63nhzdTvPTCpeBLfwzhlTkSCmA85JaAlt2yFdkokcCLcEAcur4Y1fI1tjwFxc11PcDVwrXrgNus29RNQNbdcMRvmDHiVWAtSQQu03fKn7Sc0i1gMVBClBpaZgpNPt1LBJiU7UywlNCQBG2gak4gpJ5+dNsFnWvHxMJH6xYBn6u+JnERKjSNPd0YERmrZm4r/eYMMhldOzuM0AxbT+aJhJjAkeJoT9rlkFMRYE0Il13/FdEQkoaDTLOkQrOWTV0m32bAuGtbdeaVlLuIoohN0iqrIQpeohW5RG3UQRY/oGb2iN+PJeDHejY95a8FYzByjPzC+fgCNFJ8+</latexit>

k@kgi(k) = �gi(g1, g2, · · · )
<latexit sha1_base64="zJ4wRORfan1f05fTz+AwicZH2fg="></latexit>

�gi(g
⇤
1 , g

⇤
2 , · · · ) = 0 , 8�gi

Scale invariant regime

Asymptotic freedom Asymptotic safety



Quantum scale symmetry and fixed points

Asymptotically Safe Quantum Gravity

• Quantum scale symmetry corresponds to fixed 
points in the renormalization group flow
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Functional Renormalization Group
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➡ The Einstein-Hilbert truncation Reuter 1998
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➡ Truncated flow
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➡ Truncated flow
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➡ There are further indications from 
more sophisticate truncations

➡ The Einstein-Hilbert truncation Reuter 1998
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Functional RG and Asymptotically Safe Quantum Gravity

For more details on ASQG, see:

• Roberto Percacci’s mini-course  
on Quantum Gravity

• Asymptotically Safe Quantum Gravity at GravBR (Youtube channel) 
[GPB and A. Tomaz]
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• UG is classically equivalent to GR  
(for conserved energy-momentum tensor)
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Alvarenga, Fabris, Velten 2023 
for explorations on non-conservative UG
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➡ Different perspective on the C.C. problem

• Cosmological constant arises as an integration constant Weinberg 1989 
Percacci 2018

• UG is symmetric under TDiff. rather than Diff.
➡ Symmetry group in the bottom-up approach
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Basics of Unimodular Quantum Gravity

Quantizing Unimodular Gravity
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Basics of Unimodular Quantum Gravity
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• How to implement the unimodularity in the path integral?

➡ Field redefinition?

➡ Lagrange multipliers?

• Our approach:
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�
eh
�↵

⌫ with

<latexit sha1_base64="Bg2bXYdvUbGI5tBqrSvfgBbwFV0=">AAACFHicbVA9SwNBEN3z2/gVtbRZDEJECHdB1EYQbCwVjAnkYtjbTOLi7t6xOyeG436EjX/FxkIRWws7/42bmEITHww83pthZl6USGHR97+8qemZ2bn5hcXC0vLK6lpxfePKxqnhUOOxjE0jYhak0FBDgRIaiQGmIgn16PZ04NfvwFgR60vsJ9BSrKdFV3CGTmoX90KEe8w6gDkthxEzWS9vZ6FKQ53mu/SYhrGCHruulu9328WSX/GHoJMkGJESGeG8XfwMOzFPFWjkklnbDPwEWxkzKLiEvBCmFhLGb1kPmo5qpsC2suFTOd1xSod2Y+NKIx2qvycypqztq8h1KoY3dtwbiP95zRS7R61M6CRF0PxnUTeVFGM6SIh2hAGOsu8I40a4Wym/YYZxdDkWXAjB+MuT5KpaCQ4qwcV+6cQfxbFAtsg2KZOAHJITckbOSY1w8kCeyAt59R69Z+/Ne/9pnfJGM5vkD7yPbwUGnhM=</latexit>
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Basics of Unimodular Quantum Gravity

Quantizing Unimodular Gravity
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Basics of Unimodular Quantum Gravity

Quantizing Unimodular Gravity
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• Unimodular quantum gravity is also perturbatively non-renormalizable!

• Can we achieve UV completion via asymptotic safety?

• Can we distinguish asymptotically safe unimodular gravity from the 
standard scenario based on GR?



Novel indications for asymptotic safety in unimodular gravity
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Measure contribution
Flow equation in Unimodular Gravity
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Novel indications for asymptotic safety in unimodular gravity

Unimodular      -truncation
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• Number of relevant directions stabilizes at two

• Near-canonical scaling (for negative crit. exp)
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Novel indications for asymptotic safety in unimodular gravity

Unimodular truncations beyond Ricci scalar
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Unimodular truncations beyond Ricci scalar
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Novel indications for asymptotic safety in unimodular gravity

Steps Beyond Background Field Approximation

Motivated by 
mSTIs and mNIs
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Novel indications for asymptotic safety in unimodular gravity

Steps Beyond Background Field Approximation
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Connecting quantum gravity to particle physics

Energy scale
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** See also Eichhorn, Schiffer 2022 for an overview on gravity+matter in AS
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• Quantum gravity effects on Yukawa couplings

‣ Possible anti-screening contributions from graviton fluctuations

‣Quantum-gravity induced UV completion in the Yukawa sector

‣ Top-bottom mass difference from asymptotically safe gravity
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Gravity-Matter Systems in Unimodular Setting

Setup:
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Gravity-Matter Systems in Unimodular Setting

Yukawa and abelian gauge couplings:
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Quantum gravity anti-screening contributions:

• Regions for UV completion and 
predictivity are available!

•                and 
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Gravity-Matter Systems in Unimodular Setting

Scalar sector

In UG, the gravitational contribution to the scalar potential flow 
comes exclusively from the scalar anomalous dimension
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An RG-predictive scalar potential requires a 
positive contribution to the anomalous dimension



Gravity-Matter Systems in Unimodular Setting

Combined SM-like couplings

• Small overlap region

• The results are quite similar in comparison 
with the standard case (with vanishing C.C.)

• Non-vanishing C.C. increases the overlap 
region in the standard case

• Symmetry-breaking masses can increase 
the overlap region for UG
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•  Asymptotic safety as a road to quantum gravity

➡ UV completion via quantum scale symmetry

➡ Compelling evidences from FRG methods for the viability of ASQG

➡ Many challenges on the way 
(Lorentzian, unitarity, control of non-pert. results, observables, etc… )

•  Asymptotic safety also seems to provide a viable scenario for UV  
completion in unimodular quantum gravity

•  Unimodular gravity-matter systems

➡ Phenomenological selection of different candidates for ASQG?

➡ Quite similar results in comparison with standard ASQG with vanishing C.C.

➡ Quantum UG seems less predictive than standard ASQG with C.C.



Thank you!


