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Asymptotic Safety & Background Independence

Asymptotic Safety (UV)

Non-perturbative renormalizability : <
e Existenz of a (non-trivial) UV-fixed point of FRGE ...

Evidence for topology-, field-, gauge group-, constraints changes v

e ... with finite dimensional critical hypersurface Ayv

Tests: f(R)-truncations v’
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Introduction
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Asymptotic Safety & Background Independence

Background Independence

In quantum gravity spacetime is dynamical = Background Independence

In practice two different approaches:
@ No background at all = CDT, LQG, ...

Construct spacetime out of ‘Nothing’

® Generic background = EAA

Choose arbitrary background g,,,, on which dynamical field g,,,, propagate
Physical sector, I';—( should be independent on specific g!

= Split-symmetry condition:  T$20[g, 9+ 0g] = T'520 (9, 9]
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Asymptotic Safety & Background Independence

A Global Requirement

Requirements on the FRGE flow for quantum gravity:
e In the UV: Asymptotic Safety (NGFP, dim .“y < o0)
e In the IR: Restoration of split-symmetry I'y—o

Question:

Existence of RG trajectories satisfying both conditions (global issue!)
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Asymptotic Safety & Background Independence

Single-Metric & Bi-Metric
Approximations
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Single-Metric & Bi-Metric Approximations

Functional Renormalization Group Equation

Nonlinear functional differential equation:

OiTilg.9] = %STr{(F?) 0.9+ Baldl) atRk[yl}

Evaluation steps:
@ Functional: Reduction to ODE for couplings (LHS & RHS)

® Hessian F;Q): w.r.t dynamical fields, g,., &, 5 (RHS)
© Nonlinear: Invert operator (RHS)

O Trace STr: heat kernel techniques, ... (RHS)
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Single-Metric & Bi-Metric Approximations

The Bi-Metric Einstein-Hilbert Truncation

@ Effective Average Action T'x[g, g]:

(Invariants up to second order in the derivatives)

0iTg, 9] = O /\/5 (ARZR + ZRR+ ZiR) + /9 (Vi + ZiR + Z}.R)

+00 m/( ) )+ 0T g 9] + 0.5 (9, 9,6, €]

n#0

® Hessian 1"22) lg, g]:

©® Inversion:

O Trace STr:
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Single-Metric & Bi-Metric Approximations

The Bi-Metric Einstein-Hilbert Truncation

@ Effective Average Action T'x[g, g]:

(Invariants up to second order in the derivatives)
0iTg, 9] = O /ﬁ (ARZR + ZRR+ ZiR) + /9 (Vi + ZiR + Z}.R)
O ‘”)/( ) )+ 010,91+ 0P(9.5.6.€
n#0

® Hessian 1"(2)[ aql:

o T e
Pinacd- (M (X

©® Inversion:

O Trace STr:
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Single-Metric & Bi-Metric Approximations

The Bi-Metric Einstein-Hilbert Truncation

@ Effective Average Action T'x[g, g]:

(Invariants up to second order in the derivatives)

0iTg, 9] = O /\/5 (ARZR + ZRR+ ZiR) + /9 (Vi + ZiR + Z}.R)

+0: 3 W/( > )+ 0159, 9) + 0.8 7€ €]
n#0
® Hessian 1"22) lg, g]:
@ - . [TE () == (TP 0
Fk [gvgvgag]_ <( _k,g)gg () - %gg ()

© Inversion: FRGE|s_o_¢ = F%h — 88" (new truncation)
O Trace STr:
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Single-Metric & Bi-Metric Approximations

The Bi-Metric Einstein-Hilbert Truncation

@ Effective Average Action T'x[g, g]:

(Invariants up to second order in the derivatives)

0iTg, 9] = O /ﬁ (ARZR + ZER+ ZiR) + /g (i + ZiR + Z}R)

+ 00D m/( ) )+ 0T g, 9]

n#0
® Hessian Fgf) l9, 9]
F(Q)[ ] ( )D[LD + ( )D/1D1/+ ()D/1D1/+ ()Dﬂl—)y

© Inversion: FRGE|e_o_¢ = F%h — 88" (new truncation)

O Trace STr: D, — l_)ﬂ + extra informations
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Single-Metric & Bi-Metric Approximations

The Single-Metric Approximation FRGE\g:g

RHS: STr{(--- )} g—g =STr{(--- ) DD, }
LHS:

OiTklg= 9,9] = 0, /ﬁ (ARZR + ZRR+ ZiR) + /9 (vi, + ZiR + Z{R)

oz [(7) ¢ ast

n#0
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Single-Metric & Bi-Metric Approximations

The Single-Metric Approximation FRGE|,_;

RHS: STr{(--)}g—g = STr{(---)D,D,}
LHS:

0. Lklg= g,9] = 0, /\/E (J\EZE+7¢Z+ZTLA',](€")) +/\/§R (ZB+ 20+ ZE+ Z3+ ()

=AM/ Gom =1/G5m

Huge loss of information:

= 0o number of couplings degenerates to only 2, A;™ and G;™
= Bi-metric character is lost! (split-symmetry enforced for all k)

Daniel Becker Mainz, Germany
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Single-Metric & Bi-Metric Approximations

The Conformal Projection Technique FRGE|,_ .20

RHS: STr{(- )} ,—c205 = STr{(---)D.D, + Q(-- - ) D, D, + O(Q*)}
LHS:

0, Tylg= ¢*"g,9] = 0, /ﬁ (ARZR+ ZRR+ Z}e *R) +(--+)

+ 0, / e /g (Ae+ Z¢R + ZEe 2 R) + 0,0¥ 227
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Single-Metric & Bi-Metric Approximations

The Conformal Projection Technique FRGE|,_ .20
RHS: STr{(- )} y=c205 = STr{(---)D,D, + Q(-- - ) D, D, + O(Q*)}

LHS:
O Tk[g= 62529, gl =0, /\/E (Agzgﬂt /\/_R 284 20N T+ 24 ()
AL AR D ==t o
5 N
+ Q0 /\/_( +Z (") /\/_R ZA+Ze+ ZE+ ()
E/—/ —/_/
n n +Dyn
=AD"/ G =1/GY

e Absorb co number of couplings in 4, Agy", G,?y", A;O)/B, and G,go)/B
e 1/GB, AB £ 0 break split-symmetry (O(Q")# O(Q7) p > 1)

Daniel Becker Mainz, Germany
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Single-Metric & Bi-Metric Approximations

The Hessian simplified
327 G5 TP (223, gl = —a! [gpﬂgf’” + (2w? — 1)@“”@”’} D?
—a7M 1 = 2)[¢? DD + g D DY)
+ (n:_l - 1)(- ) DD¥

49 (¥71 |:§VO'R/,LP 4 Rpp,uoj| 4 Urvre [g]
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O000e0

Single-Metric & Bi-Metric Approximations

The Hessian simplified

327 G5 TP (223, gl = —a! [gpﬂg"” + (2w? — 1)@“"@”’} D?
—a7M 1 = 2)[¢? DD + g D DY)
+ (n:_l - 1) (...)D"DY

49 (¥71 [gVO’RMp 4 Rpp,uoj| 4 Urvre [g]

Single-Metric
w=1/2

a=1

= STr{(---)D?}

Daniel Becker Mainz, Germany
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Single-Metric & Bi-Metric Approximations

The Hessian simplified

321 GDyn F(Q)[ QQg g];;;/po' —a 1|:§pp,§0'l/ + (2@ _ 1) Q- pa:| D2

—a7M(1 - 2)[g? DD + g D7 D)

+ ((}‘1 . )< ) DD¥
) (¥71 [gVO’RMp 4 RPNVU:| 4 Urvre [g]
Single-Metric Bi-Metric |
w=1/2 w=1/d, a— 0
a=1 Iy = /1,”, + /)// Xv +
= STr{(---)D?} TT-decomposition

Daniel Becker Mainz, Germany
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Single-Metric & Bi-Metric Approximations

The Hessian simplified

327TG,?yn F;Q)[emg,g]lgigpd - o [gpugw +(20? — 1)§*3 p(r:| D2

—a7M(1 - 2)[g? DD + g D7 D)

+(a_1— )(...)Dubv

+2a7t [Z]””R“p + RP“””} 4 Uu*ra[g]
Single-Metric Bi-Metric | Bi-Metric Il
w= 1/2 w= ]_/d a— 0 o= 1/2' ' e (d—6)Q
a=1 Iy = /1,/,, + l),/ Xu + - I, »Tp+T S'mpllfy
= STr{(---)D?} TT-decomposition = STr{(---)D?}

Daniel Becker Mainz, Germany
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Single-Metric & Bi-Metric Approximations

Summary: Introduction

A quantum theory of gravity is described by:
Split-symmetry =Y RG trajectory Fo0, NGFP (with dim Ay < o0)

Evaluation of the FRGE needs approximation techniques:
° Single-metric approximation: FRGE|g:g (Background Independence Xx)
e Conformal projection: FRGE|g:(32sz!:7 (Background Independence (v'))

e New bi-metric method with @ = 1/2 and

e Close analogy to single-metric calculation
e Simplifies trace evaluation
o Justification: Ty, — T'j, + T3

Daniel Becker Mainz, Germany
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Bi-Metric Einstein-Hilbert Truncation: Results
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Asymptotic Safety & Background Independence

Bi-Metric Einstein-Hilbert

Truncation

Daniel Becker Mainz, Germany
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Bi-Metric Einstein-Hilbert Truncation: Results
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Asymptotic Safety & Background Independence

A Bi-Metric Einstein-Hilbert Truncation

rav — ]- — D 1 n
14 [Q,Q]Z—TG%/\/E(R—ZABk)—m/\/?(R—QADY k)

e Asymptotic Safety condition
e Split-symmetry, i.e. I'¥"[g, g] . % (g, g+ d9]

1 AB
= —= =0, —L=0
Gy

e Explore Background Independence k£ — 0
o Test single-metric reliability V &

Daniel Becker Mainz, Germany
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Bi-Metric Einstein-Hilbert Truncation: Results
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Asymptotic Safety & Background Independence

Structure of the Beta-Functions

0.GD™ = P (GRM AP GO AR = BRm(GEm, AR
9,G2 =nB(a", AP, 6B g8 =nB(GB: k) GB
QAR = BR(G", ALY, G, AR) = BR(GE AR B)

For fixed k > (G, AP™):
e Non-autonomous system: 35(gB: k) and 85 (P, A k)
« Fixed points: B2(s8(k): ) = 0 = A8 (gB(k), e (k): })
= (GE(k), A3(k)) defines running UV-attractor in B-sector

Daniel Becker Mainz, Germany
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Bi-Metric Einstein-Hilbert Truncation: Results
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Asymptotic Safety & Background Independence

Asymptotic Safety Condition UV

Non-Gaussian

Gaussian

gEy",/\Ey”):(Uﬁ) H%‘ (ﬂEy"=)‘Ey"):<°'7‘°'2)TT@ ‘

Dynanical

Gaussian

(6% 22)=(0,0) lT%

Y\ \\,
(B 2By=(1.4,—0.1) ﬁ%’\\é (gE,)E):(S.Q,*0.0l)ﬁ%‘

Non-Gaussian Non-Gaussian

Background

UV-condition fulfilled: 3 NGFP with dim (HAyv) =4 J

Daniel Becker Mainz, Germany
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Bi-Metric Einstein-Hilbert Truncation: Results
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Asymptotic Safety & Background Independence

Split-Symmetry in the IR

k
1/GE=1/G8 — : di K2 BB(K') = 0

For every (GEY",A?“) trajectory exists one, and only one, full RG
trajectory satisfying the ‘final condition’,

1/GE, (k=0) = lim 1/GE(GX", AP k) =0
o t—0 '

Fulfills global requirement: limy_o I'y = TP and G§, >0

{(GEV",AQY",GE,AEH (GPE > 0) | (GB = A AB = )}

ETtrunc: 4-dim. Asym. Safety: 4-dim. Back. Ind.: 2-dim

Daniel Becker Mainz, Germany
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Bi-Metric Einstein-Hilbert Truncation: Results
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The running UV-attractor

The Background Sector (here k = 0)

LA bt
\ ‘

| |
s bat

* RG-‘time’ k

ks (GEY",A?") fixed =  k-dependent background vector field!

Daniel Becker Mainz, Germany
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Bi-Metric Einstein-Hilbert Truncation: Results
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The running UV-attractor

\‘ls>‘1]5¢“

\| * RG-‘time’ k | * RG-'time’ k
N*® B 4B |/ *® B B "
Y8176 - +YB1 7B -

ST 7/

- % RG-‘time’ k
I* B B
+UB.17B1)

Daniel Becker

Mainz, Germany
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Bi-Metric Einstein-Hilbert Truncation: Results
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The running UV-attractor

The running UV-attractor

The dual role of the running UV-attractor:
e guarantees non-perturbative renormalizability for £ — oo

e guarantees Background Independence for & — 0

Daniel Becker Mainz, Germany

fety & Background Independence 19| A



Bi-Metric Einstein-Hilbert Truncation: Results
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The running UV-attractor

The running UV attractor (Attr)B,

Mrs. UV

st.

st
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Bi-Metric Einstein-Hilbert Truncati Results

oooe

The running UV-attractor

The running UV attractor (Attr)B,

Mrs. UV

st.

st

PPN
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oo
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Bi-Metric Einstein-Hilbert Truncation: Results

oooe

The running UV-attractor

The running UV attractor (Attr)B,

Mrs. UV

st

st

St
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Bi-Metric Einstein-Hilbert Truncati Results
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The running UV-attractor

The running UV attractor (Attr)B,

Mrs. UV

st

st

Mr. IR
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Bi-Metric Einstein-Hilbert Truncation: Results

oooe

The running UV-attractor

The running UV attractor (Attr)B,

st

st

St
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Bi-Metric Einstein-Hilbert Truncation: Results

Single-Metric vs. Bi-Metric: a comparison

Single-Metric vs. Bi-Metric: a
comparison

Daniel Becker Mainz, Germany
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Bi-Metric Einstein-Hilbert Truncation: Results

(o] 1o

Single-Metric vs. Bi-Metric: a comparison

Test of (intermediate) Split-symmetry

V trajectories 3 only isolated points of intact split-symmetry

= Single and bi-metric results differ significantly for almost all &
(especially in the semi-classical regime)

The miraculous reliability near the NGFP:
Fixed point region approximately
split-symmetric

Single-metric reliability

IR by construction and UV
In between (semi-classical, ...) x

Daniel Becker Mainz, Germany
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Bi-Metric Einstein-Hilbert Truncation: Results

Single-Metric vs. Bi-Metric: a comparison

A suitable RG trajectory

I=sm I=Dyn I1=(0) =B
——  — —— - —
~ e
>
“oos
om0 H
: EI‘S J‘O 1‘5 20 2‘5 3‘0 3‘5 -
k /mpi
»
= T
& £
— ~ e
-
e o,
~
> 3
<
= n 5 % 5 £ 5 i
k /mp

15 20 25 20
k /mp
Daniel Becker

Mainz, Germany
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Conclusion

Summary

Asymptotic Safety & Background Independence

o A global requirement that needs bi-metric truncations
Bi-EH-truncation: trajectories exists satisfying both conditions

B.I & running UV-attractor W AS.

(Number of free parameter reduces from 4 to 2)

e Split-symmetry for0 < k< o0
= Single-metric trajectories at best qualitatively correct

e UV Miracle: Split-symmetry approximately intact near the NGFP
= Single-metric truncation correspondingly reliable
Conclusion
e Background Independence and A. S. simultaneously satisfied

e Generalize truncations to bi-metric ones (single-metric check)

Daniel Becker

Mainz, Germany
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Conclusion

Thank You!
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