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Many quantum-gravity models incorporate this idea: 
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Is asymptotic safety irreconcilable with these ideas?

Quantum gravity should/could have a ``minimal length”:
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Converging to quantum gravity from 
different directions?

Different approaches to quantum gravity are based 
on different assumptions

-> maybe difference only on mathematical level 
(cf. Schrödinger’s and Heisenberg’s formulations of 

Quantum Mechanics)

-> physics of quantum spacetime encoded in 
different models might (partially) agree 

(e.g. question of minimal length can be subtle)

-> if different QG models agree on some property 
of quantum spacetime, this might be ``true property 

of nature”?
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(beyond truncation: this scaling follows directly from fixed point)
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[Modesto ‘05]

[Ambjorn, Jurkiewicz, Loll ‘05]

[Horava ’09; Sotiriou, Visser, Weinfurtner ‘11]

[Carlip ‘09]

[Benedetti ’08; Arzano, Trześniewski ‘14]
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Horava-Lifshitz gravity

Wheeler -deWitt equation

Models of non-commutative spacetime
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Different choices for Rk(p) possible
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-> Which result to trust?
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Universality
-> fixed-point values in asymptotic safety are non- universal

However: critical exponents are universal �@�g

@g
= �@�g̃

@g̃

-> physical observables must be universal 
(but couplings are not directly physical observables)

Critical exponents are universal, but truncating removes 
contributions

-> can test quality of truncations by considering scheme 
dependence of universal quantities
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Einstein-Hilbert truncation

[Lauscher, Reuter ‘02]

G⇤�⇤ Re[✓1,2] ↵ �cutoff

1exp. I 10.35 0.27 1.55

[Codello, Percacci, 
Rahmede ’07]

opt. I 10.710.19 1.48

Im[✓1,2]�⇤G⇤

opt. II

opt. III

10.14 3.04

1 1

1 1

0.560.09

0.330.27

0.05

0.09

2.43 1.27

1.75 2.07

0.25 1.17 0.30 1.67 4.31 opt. I 0 1 [Litim ‘04]

[Reuter, Saueressig ‘02]0.33 0.40 0.13 1.94 3.15 sharp I 1 1

0.10 3.84

see also [Gies, Knorr, Lippoldt ’15]…strong scheme 
dependence

weaker scheme 
dependence

fixed point exists in different schemes



Einstein-Hilbert truncation

[Lauscher, Reuter ‘02]

G⇤�⇤ Re[✓1,2] ↵ �cutoff

1exp. I 10.35 0.27 1.55

[Codello, Percacci, 
Rahmede ’07]

opt. I 10.710.19 1.48

Im[✓1,2]�⇤G⇤

opt. II

opt. III

10.14 3.04

1 1

1 1

0.560.09

0.330.27

0.05

0.09

2.43 1.27

1.75 2.07

0.25 1.17 0.30 1.67 4.31 opt. I 0 1 [Litim ‘04]

[Reuter, Saueressig ‘02]0.33 0.40 0.13 1.94 3.15 sharp I 1 1

0.10 3.84

see also [Gies, Knorr, Lippoldt ’15]…

-> larger truncations required

strong scheme 
dependence

weaker scheme 
dependence
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Is this the same as Einstein-Hilbert plus a scalar?

gµ⌫ = f 0(R)g̃µ⌫
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classical equivalence

But: not on the quantum levelZ
Dgµ⌫ !

Z
Dg̃µ⌫f

0(R) see also [Benedetti, Guarnieri ’14]…
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f(R) truncations

[Lauscher, Reuter ‘02]

G⇤�⇤ a2 ⇤ a3 ⇤ Re[✓1,2] ✓3 ✓4 cutoff

exp.0.330 0.292 0.005 - 2.15 28.8 -

[Codello, Percacci, 
Rahmede ’07] imax=2

opt.1.57 0.00150.13 - 1.38 26.9 -

see also: [Machado, Saueressig ’07; Codello, Percacci, Rahmede ’08;  
Falls, Litim, Nikolakopoulos, Rahmede ’13; AE ‘15]
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f(R) truncations

[Lauscher, Reuter ‘02]

G⇤�⇤ a2 ⇤ a3 ⇤ Re[✓1,2] ✓3 ✓4 ↵ �cutoff

Fµ = D̄⌫hµ⌫ � 1 + �

4
D̄µh

⌫
⌫

1exp. 10.330 0.292 0.005 - 2.15 28.8 -

[Codello, Percacci, 
Rahmede ’07] imax=2

opt. 001.57 0.00150.13 - 1.38 26.9 -

see also: [Machado, Saueressig ’07; Codello, Percacci, Rahmede ’08;  
Falls, Litim, Nikolakopoulos, Rahmede ’13; Eichhorn ‘15][Rechenberger, Saueressig ‘12]
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Figure 4: RG flow in the g-λ−plane. The arrows point in the direction of increasing coarse
graining, i.e., of decreasing k. (From [14].)

constant, non-zero values then implies that the dimensionful quantities run according to

Gk = g∗k2−d , λ̄k = λ∗ k2 . (5.1)

Hence for k → ∞ and d > 2 the dimensionful Newton constant vanishes while the cosmo-

logical constant diverges.

Thus the Einstein-Hilbert truncation does indeed predict the existence of a NGFP with

exactly the properties needed for the Asymptotic Safety construction. Clearly the crucial

question now is whether this NGFP is the projection of a fixed point in the exact theory or

whether it is merely the artifact of an insufficient approximation. We now summarize the

properties of the NGFP established within the Einstein-Hilbert truncation. All findings

mentioned below are independent pieces of evidence pointing in the direction that QEG

is indeed asymptotically safe in four dimensions. Except for point (5) all results refer to

d = 4.

(1) Universal existence: The non-Gaussian fixed point exists for all cutoff schemes and

36

GN (k)k2

⇤(k)/k2

Saueressig, Reuter, 2002



f(R) truncations

[Lauscher, Reuter ‘02]

G⇤�⇤ a2 ⇤ a3 ⇤ Re[✓1,2] ✓3 ✓4 cutoff

exp.0.330 0.292 0.005 - 2.15 28.8 -

[Codello, Percacci, 
Rahmede ’07] imax=2

opt.1.57 0.00150.13 - 1.38 26.9 -

[R2] = 4  
-> da2=0

Huge departures from canonical scaling? 
-> Which couplings can become relevant? 
-> What is a good truncation?
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see also: [Machado, Saueressig ’07; Codello, Percacci, Rahmede ’08;  
Falls, Litim, Nikolakopoulos, Rahmede ’13; AE ‘15]
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f(R) truncations

[Lauscher, Reuter ‘02]

G⇤�⇤ a2 ⇤ a3 ⇤ Re[✓1,2] ✓3 ✓4 cutoff

exp.0.330 0.292 0.005 - 2.15 28.8 -

[Codello, Percacci, 
Rahmede ’07] imax=2

opt.

[Codello, Percacci, 
Rahmede ’07] imax=6

opt.

1.57 0.00150.13 - 1.38 26.9
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-
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Falls, Litim, Nikolakopoulos, Rahmede ’13; AE ‘15]
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f(R) truncations

- three relevant directions
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- near-Gaussian scaling for 
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f(R) truncations

- three relevant directions
- near-Gaussian scaling for 

irrelevant directions:
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f(R) truncations

[Falls, Litim, Nikolakopoulos, Rahmede ’14]

- three relevant directions
- near-Gaussian scaling for 

irrelevant directions:
[Rn]= 2 n -> dn = 4-2n

-> canonical dimensionality useful 
guide for further truncations
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