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® Key idea of asymptotic safety:

Quantum realization of
scale symmetry

Asymptotic Freedom
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» imposes infinitely many In(k/ko)
conditions on theory space kO :—;a? n O(a4)
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» relevant directions: S

need measurement koG =eG — @GQ 4 0(03)
» irrelevant directions: 3
predictions of theory
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Evidence for AS from the lattice

® Discretization of spacetime in terms of

triangulations
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with Euclidean Einstein-Regge action

SE = —kaNa + kg Ny
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with Euclidean Einstein-Regge action
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SE 2N2 + kaNy Phase Region
D
® tune k4 to critical value, [Ambjorn, Glaser, Goerlich, Jurkiewicz, 2013]

i i Coumbe, Laiho, 2014
investigate 8 — ko plane [Coumbe, Laiho, 2014]
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triangulations:

Z(ka, rg) =y e TN f(Ny, wa),
Ny

with pseudo-critical value k:
k4 — K§ allows Ny — oo
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® Partition function after sum over
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[Ambjorn, Goerlich, Jurkiewicz, Loll, 2012]
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The Saddle point approximation in EDT |

® Partition function after sum over

triangulations:

[Ambjorn, Goerlich, Jurkiewicz, Loll, 2012]

. ® Power counting:
Z(ka, o) =y e TN f(Ny, i),
Ny

1 A VV
167rG/d TR~

k4 — K§ allows Ny — oo and therefore

with pseudo-critical value k:

® In continuum limit: volume term /NG
F(Na, rg) = 2l Vi,

corresponds to cosmological constant

. A
(/€4 — 54) N4 ~ %Nzl CL4,
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The Saddle point approximation in EDT Il

® Saddle point approximation:

[Ambjorn, Goerlich, Jurkiewicz, Loll, 2012]

2

(Nyg) ~ e

= k= |14 — K|/ Ny

Use finite-volume scaling of k4 to test recovery of semi-classical limit
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The Saddle point approximation in EDT Il

® Saddle point approximation:

[Ambjorn, Goerlich, Jurkiewicz, Loll, 2012]

2

k
Ny ———— k= — k5| Ny .
(Ny) o= = |ka — K5/ Ny

Use finite-volume scaling of k4 to test recovery of semi-classical limit

® Match lattice saddle point approximation with continuum calculation:

Z(ka, K1) GXp<M>

4(ky — KY)
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® Saddle point approximation:

[Ambjorn, Goerlich, Jurkiewicz, Loll, 2012]

k’2
Ny ———— k= — k5| Ny .
(Ny) o= = |ka — K5/ Ny

Use finite-volume scaling of k4 to test recovery of semi-classical limit

® Match lattice saddle point approximation with continuum calculation:

Z (K2, K4) =~ exp(m) _ eXp(g;;\)

Assumption: Continuum is dominated by de Sitter instanton [Hawking, Moss, 1087]
Extract G from lattice data:

Y2
DR
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Numerical result: finite volume scaling

Example at 8 = —0.6, ko = 2.245:
Best Fit
| X  Fit range _
0788 X ¥ Data
X

" X i
* 6786 - x 1
% |
6.784 i
* 4

0.000 0.005 0.010 0.015

1/\/ 17\[4

Extract slope s: k4(Ny) = A+ sﬁ
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Numerical result: finite volume scaling

Example at 8 = —0.6, ko = 2.245:
Best Fit
| X  Fit range _
0788 X ¥ Data
X

" X i
* 6786 - x 1
% |
6.784 i
* 4

0.000 0.005 0.010 0.015

1/\/ 17\[4

Extract slope s: k4(Ny) = A+ sﬁ
Fit result: s = —0.393 £+ 0.022
X2/d.o.f = 0.15, p-value: 0.96.
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Numerical result: the Newton coupling
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e Compute G for each of the
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Numerical result: the Newton coupling

® Extract slope for all ensembles

e Compute G for each of the b =1

ensembles G 10F ]

® Perform continuum, infinite - 

volume limit extrapolation:

/@

HG 0r, ) ) ) 1
G=—+ Igﬁrd + JG€§E| + Kg, 0.0 0.2 0.4 0.6

4 1V
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Numerical result: the Newton coupling

* e =1.59 * La=08
15k b =128 ¥ La=0 ]

e Compute G for each of the b =1

® Extract slope for all ensembles

ensembles G 10F ]

® Perform continuum, infinite - 

volume limit extrapolation:

/@

HG 0r, ) ) ) 1
G= v + Igﬁrd + JG€§E| + Kg, 0.0 0.2 0.4 0.6
v

Continuum, infinite volume limit: G = 14.3 £ 3.6
x%/d.o.f = 0.87, p-value: 0.46.
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Numerical result: the Newton coupling

*  la =159 + (a=08
15k b =128 ¥ lba=0 ]

® Compute G for each of the lra =1

® Extract slope for all ensembles

ensembles G 10F ]

® Perform continuum, infinite - 

volume limit extrapolation:

/ﬁ

Hg 0 :
G = 7 + Il + Jgtt, + Kq, 0.0 0.2 0.4 0.6
v

Continuum, infinite volume limit: G = 14.3 £ 3.6
From Newtonian binding: G =15+5
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*  la =159 + (a=08
15k b =128 ¥ lba=0 ]

® Compute G for each of the lra =1

® Extract slope for all ensembles

ensembles G 10F ]

® Perform continuum, infinite - 

volume limit extrapolation:

/ﬁ

Hg 0 :
G = 7 + Il + Jgtt, + Kq, 0.0 0.2 0.4 0.6
v

Continuum, infinite volume limit: G = 14.3 £ 3.6
From Newtonian binding: G =15+5

[ Thank you for your attention! ]
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Numerical result: finite volume scaling

lrel \% B8 Ko s x%/d.o.f.  p-value
1.59(10) 25.6(6.4) 15 0.5886 0.724(32) 1.4 0.24
1.28(9) 10.7(3.0) 08 1.032 0.6840(55)  0.35 0.79
1 000) 0 1.605 0.652(14) 0.60 0.62
1 (0) 0 1669 0.521(11) 1.4 0.24
1 8.0(0) 0 17024 0.502(12) 0.43 0.65
1 16.0(0) 0 1.7325  0.436(39) 0.76 0.38
0.80(4) 1.64(32) -0.6 245  0.393(22) 0.15 0.96
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