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Asymptotic Safety
Reuter, Bonanno ‘99

Loop Quantum Gravity
Gambini, Pullin ‘08; Rovelli, Vidotto ‘14

any singularity-free spacetime
Bardeen ‘67, Dymnikova ‘92

Hayward ‘06, Visser et.Al, ‘19
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regular
non-local
Kerr

Schwarzschild

regular
Schwarzschild

Newman-Janis algorithm

Newman-Janis algorithm

● Algebraically special (Killing tensor)
● Geodesic motion separable
● Hidden symmetry (Carter constant)

Newman, Janis ‘65
Drake, Szekeres ‘00
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● distinct invariants imply non-unique scale identification

scale identification with a
weighted average

cf. Lake ‘03; Overduin et.Al ‘19 for Kerr
and Zakhary, McIntosh ‘97 for general set of invariants

Eichhorn, Held, ‘21
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● distinct invariants imply non-unique scale identification
cf. Lake ‘03; Overduin et.Al ‘19 for Kerr
and Zakhary, McIntosh ‘97 for general set of invariants

scale identification with an
envelope to the maximum

Eichhorn, Held, ‘21
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Zakhary-McIntosh invariants
Weyl invariants

Ricci invariants

Mixed invariants 5 real invariants

6 complex
invariants

Zakhary, McIntosh ‘97
Carminati, McLenaghan ‘91

● polynomially complete 
basis of Riemann 
invariants

● usually sufficient
to fully characterize
spacetimes 

● otherwise:
Cartan-Karlhede
algorithm Cartan ‘28

Karlhede ‘80
MacCallum, Skea, McLenaghan, McCrea

● spacetimes are 
inequivalent if 
polynomial relations 
(syzygies) among the 
ZM-invariants disagreeKerr spacetime
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Coulomb-potential
is a scalar quantity✔ Schwarzschild metric

is a tensorial quantity✗do
coordinates

matter?
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Metric RG-improvement ...

… is coordinate dependent.

The two Ricci syzygies ... … which distinguish metric-RG improved
    Schwarzschild spacetime rooted in ... 

● Schwarzschild or
Eddington-Finkelstein 
coordinates

● from modified
horizon-penetrating
coordinates.



  

Metric RG-improvement ...

… is coordinate dependent.

The two Ricci syzygies ... … which distinguish metric-RG improved
                     Kerr spacetime rooted in ... 

● ingoing Kerr
coordinates

● from Boyer-Lindquist 
coordinates



  

2nd key result:
Invariant RG-improvement 
is coordinate independent



  

Invariant RG-improvement ...

… is coordinate independent.



  

Invariant RG-improvement ...

… is coordinate independent.

Schwarzschild
spacetime and



  

Invariant RG-improvement ...

… is coordinate independent.

Schwarzschild
spacetime

I:
Scale
dependence

II:
Scale
identification

and



  

Invariant RG-improvement ...

… is coordinate independent.

Schwarzschild
spacetime

I:
Scale
dependence

II:
Scale
identification

Invariant-RG-improved
Schwarzschild
spacetime

and



  

Birkhoff’s
theorem

requires
some of the

Invariant RG-improvement ...

… is coordinate independent.

Schwarzschild
spacetime

I:
Scale
dependence

II:
Scale
identification

Invariant-RG-improved
Schwarzschild
spacetime

and



  

Invariant RG-improvement ...

… is coordinate independent.

Schwarzschild
spacetime

I:
Scale
dependence

II:
Scale
identification

Invariant-RG-improved
Schwarzschild
spacetime

and

Can we reconstruct the metric?

Birkhoff’s
theorem

requires
some of the



  

Invariant RG-improvement ...

… is coordinate independent.

Schwarzschild
spacetime

I:
Scale
dependence

II:
Scale
identification

Invariant-RG-improved
Schwarzschild
spacetime

and

Can we reconstruct the metric?

simplifying
assumption

Birkhoff’s
theorem

requires
some of the



  

Invariant RG-improvement ...

… is coordinate independent.

Schwarzschild
spacetime

I:
Scale
dependence

II:
Scale
identification

Invariant-RG-improved
Schwarzschild
spacetime

and

Can we reconstruct the metric?

simplifying
assumption



  

Invariant RG-improvement ...

… is coordinate independent.

Schwarzschild
spacetime

I:
Scale
dependence

II:
Scale
identification

Invariant-RG-improved
Schwarzschild
spacetime



  

Invariant RG-improvement ...

… is coordinate independent.

Schwarzschild
spacetime

I:
Scale
dependence

II:
Scale
identification

Invariant-RG-improved
Schwarzschild
spacetime



  

Supernova
SN 1994 D

M87*

RG-improvement 
could give qualitative insights 
into a more complete
(asymptotically safe) 
description of black holes.

Is RG-improvement 
coordinate 
independent?

Metric RG-improvement is 
coordinate dependent

Invariant RG-improvement 
is coordinate independent

Key Results:Key Question:Motivation:

Methodology:

How to tell two
spacetimes apart?

Zakhary, McIntosh ‘97
Carminati, McLenaghan ‘91
Karlhede ‘80
Cartan ‘28


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59

