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Abstract: <span>In thistalk | present recent work on complete UV-IR flows for the fully momentum-dependent propagator, RG-consistent vertices,
Newtons coupling and the cosmological constant. For the first time, a global phase diagram is obtained where the non-Gaussian ultraviolet fixed
point of asymptotic safety is connected via smooth trgectories to an infrared fixed point with classical scaling. Physics implications as well as the
extension to gauge-matter-gravity systems are discussed.<br></span>
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Phase diagram of quantum gravity
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Functional approach to quantum gravity
and
diffeomorphism invariance
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Functional approach to quantum gravity

Einstein-Hilbert action
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Functional approach to quantum gravity

reparameterisation invariance

reparameterisation invariant path integral h average of tangent vectors

Space of all Hiunmnniy/ﬁwm(f, yd

linear split (reminder)

g=g+h
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Functional approach to quantum gravity

reparameterisation invariance

reparameterisation invariant path integral
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Geodesic normal fields
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Functional approach to quantum gravity

reparameterisation invariance

reparameterisation invariant path integral h average of tangent vectors

/ dp(g.h)e Sla R+ In-h h(z) = (h(x))

Space of all Hiumanniy/ﬁwm(f, /

geometrical effective action

[ = I[g, h"]

Dh = 1+ O(h?)

| V-covariant derivative

Vilkovisky connection
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Functional approach to quantum gravity

reparameterisation invariance

reparameterisation invariant path integral h average of tangent vectors

Space of all Hiunmnniy/ﬁwm(f, yd

geometrical effective action
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Dh = 1+ O(h?)

| V-covariant derivative

background independence
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Functional approach to quantum gravity

reparameterisation invariance

reparameterisation invariant path integral h average of tangent vectors

/ dp(g.h)e Slahl+ [ In-h h(z) = (h(x))

Space of all Hir'mnnniyxﬁwtmf, yd

geometrical effective action

[ l";“[r;.h 1:

Branchina, Meissner, Veneziano '03
IMP '03

background independence
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IMP ‘03
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Functional approach to quantum gravity

reparameterisation invariance

reparameterisation invariant path integral h average of tangent vectors

Space of all Hir'm‘umiy/ﬁwm(f, v

geometrical effective action

[ l";‘"r;.h 1:

Branchina, Meissner, Veneziano ‘03
IMP '03

background independence

0Tk 0% [ 8(Sgr + Sghost)

: . - Ry, terms
aq oh aqg

9/ 1PI
linear split (reminder)

see talk of 1. Morris
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Functional approach to quantum gravity

reparameterisation invariance

reparameterisation invariant path integral

/vf;f(;;.h)f S(g.h)+ [, Jn-h

geometrical effective action

I.A' |';‘.|r,‘.f.f 'l:

Branchina, Meissner, Veneziano '03
IMP 03

background independence

5Ty 5T
— = (Dh) ¥ — + I}, — terms
0 oh

Nielsen identity

IMP ‘03

h average of tangent vectors
h(x) = (h(x))

symmetries and all that in the Wetterich RG
QED/QCD:
Reuter, Wetterich '04
Ellwanger ‘04
D'Attanasio, Morris 06
Reuter, Wetterich '07
Litim, IMP '08
Igarashi, Itoh, So 00
Freire, Litim, JMP '00
IMP ‘02, ‘03
Litim, JMP ‘02
Braun, Gies, JIMP '07
Lavrov, Shapiro ‘12
Fister, JMP 13

Gravity:

Reuter '06

IMP ‘03

Folkerts, Litim, JMP "11

Wetterich '03
Ellwanger ‘04
Morris ‘04
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Functional approach to quantum gravity

reparameterisation invariance

reparameterisation invariant path integral /i average of tangent vectors

/ (ff'f(‘f[./i){ Hj-”"”“.i‘:. Jn-h /J[.J") <h(l]>

symmetries and all that in the Wetterich RG

QED/QCD: Wetterich '03

ap 'C
Reuter, Wetterich '04 Ellwanger ‘04

1 ’ " - Morris '04
geometrical effective action Ellwanger ‘04

D'Attanasio, Morris 06

Ik

v 11 Reuter, Wetterich '07
' (g, I
Litim, JMP '98

Branchina, Meissner, Veneziano ‘03 Igarashi, Itoh, So 00
IMP 03

Used in non-perturbative QCD

since "06
Freire, Litim, JMP '00

IMP ‘02, '03
Litim, JMP ‘02

Ellwanger, Hirsch, Weber

background independence Sy e, JMe-0F
Lavrov, Shapiro ‘12

Fister, JMP "13

51 6Tk
— = (Dh) * — + R} — terms
0 oh

Gravity: Used in non-perturbative QG
Reuter '06 since '12

Nielsen identity IMP ‘03 Donkin, IMP
Folkerts, Litim, JMP "11

IMP ‘03
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Functional approach to quantum gravity

background independence

What is at stake?

background approximation

aka split symmetry in the linear approx,
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Functional approach to quantum gravity

What is at stake?

background approximation

aka split symmetry in the linear approx.

scalar theories
Litim, JMP ‘02
Bridle, Dietz, Morris 13

at finite cutoff: change of universal quantities in the FRG even at one loop

Litim, JMP ‘02
IMP '02
cured by use of Nielsen identity

e.9. loop, YM

e.g. hilL:II(.-A )’gl‘.‘u'it\‘."l.\] ) Folkerts, Litim, JIMP '11
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Functional approach to quantum gravity

What is at stake?

background approximation

aka split symmetry in the linear approx,

scalar theories
Litim, JMP ‘02
Bridle, Dietz, Morris 13

at finite cutoff: change of universal quantities in the FRG even at one loop

Litim, JMP ‘02
IMP '02
cured by use of Nielsen identity

e.9. 7lloop,YM

e.g. hilL:II(.-A )’l,;l‘.‘u'it\‘."l.\] ) Folkerts, Litim, JMP '11

at vanishing cutoff: loss of the confining property of the order parameter potential

’)‘.’ I N 52 I Braun, Gies, JMP '07

(= ) ox p* =(p — ) o< mass gap Braun, Eichhorn, Gies, JMP 10
y U ! 572

dA* ¢a Fister, JMP '13
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Functional approach to quantum gravity

What is at stake?

background approximation

aka split symmetry in the linear approx,

relevance for gravit
9 Y Folkerts, Litim, JMP '11
Donkin, JMP '12
Christiansen, Litim, JMP, Rodigast 12

the simpler the merrier Christiansen, Knorr, JMP, Rodigast ‘14
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Functional approach to quantum gravity

What is at stake?

background approximation

aka split symmetry in the linear approx.

relevance for gravity

Folkerts, Litim, JMP '11

Donkin, JMP '12

Christiansen, Litim, JMP, Rodigast 12
Christiansen, Knorr, JMP, Rodigast '14

power counting

the more relevant the un-merrier

qualitative difference semi-qualitative/quantitative difference

[cosmological constant / graviton mass parameter) [Newton constant ren. ,/ graviton wave function
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Global phase structure of quantum gravity

Christiansen, JMP, Knorr, Rodigast, arXiv:1403.1232
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Functional approach to quantum gravity

Functional RG

gravity bosonic

quantum fluctuations quantum fluctuations
free energy at momentum scale k
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k-0k k I

free energy

fermionic

O{("R("'h' k: t = IUD quantum fluctuations

Geometrical approach: fully diffeomorphism invariant
15 global (UV-IR) phase structure: Donkin, JMP 12

(y =g+ h ()(h.!D
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Functional approach to quantum gravity

Functional RG

gravity bosonic

quantum fluctuations quantum fluctuations
free energy at momentum scale k

['[¢] [¢] Sl Y
-t | KmA f'),_]'_:f[r,’}‘ =
k-0k k I

free energy

fermionic

O{("R("'h' k: t = IHD quantum fluctuations

Geometrical approach: fully diffeomorphism invariant
15 global (UV-IR) phase structure: Donkin, JMP 12

Gf =g+ h+ ()(b.zD

Flat expansion about Minkowski background

1*' smooth global phase structure

Christiansen, Litim, JMP, Rodigast "'12
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Functional approach to quantum gravity

Functional RG

gravity bosonic

quantum fluctuations quantum fluctuations
free energy at momentum scale k
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Kok K [ )

free energy

fermionic

O{("R("'h' k: t = IUD quantum fluctuations

Geometrical approach: fully diffeomorphism invariant
15! global (UV-IR) phase structure: Donkin, JMP 12

Gf =g+ h ()(}:.ZD

Flat expansion about Minkowski background

1! smooth global phase structure

Christiansen, Litim, JMP, Rodigast "'12

N Gi fue = Flowg, o (Gaue) dynamical flow
Nielsen ID

i back = F l“Wg, |,m,k(HHII("‘-(}lm.('k) backgrotnd flow

Donkin, IMP 12
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Functional approach to quantum gravity

approximation scheme
Christiansen, JMP, Knorr, Rodigast, arXiv:1403.1232

Propagators
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Functional approach to quantum gravity

approximation scheme
Christiansen, JMP, Knorr, Rodigast, arXiv:1403.1232
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Phase diagram of quantum gravity

Propagators

regulators
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Phase diagram of quantum gravity

global phase diagram
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Phase diagram of quantum gravity

global phase diagram

0.6 ~04-020
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regulator-dependence
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comparison with other results

here | Litim03 | Christiansen12 | Donkinl2 | ManriquelO | Beckerld | Codellold | here mixed
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0.050
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Litim ‘03 background approximation
Christiansen, Litim, IMP, Rodigast '12 flat expansion, bi-local
Donkin, IMP "12 geometrical
Manrique, Reuter, Saueressig ‘10 bi-metric
Becker, Reuter ‘14 bi-metric
Codello, D'Odorico, Pagani 13 flat expansion, mixed approach

mixed approach: 2\
bi-metric: see talk of M. Reuter
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Phase diagram of quantum gravity

global phase diagram
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Summary & outlook

*Phase diagram of quantum gravity
* first smooth global flow diagram with classical IR regime
in agreement with experimental observations

* IR-stability of quantum gravity

*» UV-stability of the gauge-gravity system

*Outlook

* fully-coupled matter-gauge-gravity systems in the UV

* long & short distance physics
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