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k [ḡ] ⇤ h̄2 + �(0,3)
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k [ḡ] , �(0,3)
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k [ḡ] , ...

�

6



 Functional approach to quantum gravity
expansion scheme

Effective action

⇢
�k[ḡ] , �

(0,1)
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!what is at stake? 

at vanishing cutoff: loss of the confining property of the order parameter potential in QCD
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(p ! 0) / p2
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(p ! 0) / mass gap

                 Braun, Gies, JMP ’07
Braun, Eichhorn, Gies, JMP ’10
                          Fister, JMP ’13
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!what is at stake? 
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..
. ..

.

!no diffeomorphism-invariant expansion scheme mSTIs/Nielsen IDs
                 Litim, JMP ’02

6



 

! "#$ S"#$ !
k

k=%

k

"#$

k 0

IR UV

k- k&

RG-scale k: t = ln k

free energy at momentum scale k

Functional approach to quantum gravity
Functional RG

Flat expansion about Minkowski background

Christiansen, Litim, JMP, Rodigast ’12
1   smooth global phase structurest

@t�k[�] =

free energy 

        gravity
quantum fluctuations

         fermionic 
quantum fluctuations

        bosonic  
quantum fluctuations

Geometrical approach: fully diffeomorphism invariant
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⇤ ḠN

�(3)
hhh(p1, p2, p3) G(4)

NG(3)
N

k∂k

−1

= −

1
2 + + +

k∂k

−1

= −

1
2

+

+
1
2

+
1
2

− −full momentum dependence

graviton

ghost

Propagators

Flows & scalings

propagators

vertices

background observables

cosmological constant Newton constant

Functional approach to quantum gravity
approximation scheme

Christiansen, Knorr, Meibohm, JMP, Reichert, arXiv:1504.xxxx

Christiansen, JMP, Knorr, Rodigast, arXiv:1403.1232

10



 Functional approach to quantum gravity
locality

! "#$ S"#$ !
k

k=%

k

"#$

k 0

IR UV

k- k&

free energy at momentum scale k

Locality

lim
p1,...,pn!1

|@tOk(p1, ..., pn)|
|Ok(p1, ..., pn)| ! 0

Christiansen, Knorr, Meibohm, JMP, Reichert, arXiv:1504.xxxx

11



 Functional approach to quantum gravity
locality

! "#$ S"#$ !
k

k=%

k

"#$

k 0

IR UV

k- k&

free energy at momentum scale k

Locality

lim
p1,...,pn!1

|@tOk(p1, ..., pn)|
|Ok(p1, ..., pn)| ! 0

Christiansen, Knorr, Meibohm, JMP, Reichert, arXiv:1504.xxxx

symmetric point

0.5 1.0 1.5 2.0

-40

-30

-20

-10

0

@t�
(3)
hhh(p)

�(3)
hhh(p)

@t�
(2)
hh (p)

�(2)
hh (p)

p2/k2

11



 Functional approach to quantum gravity
locality

! "#$ S"#$ !
k

k=%

k

"#$

k 0

IR UV

k- k&

free energy at momentum scale k

another brick in the wall

Locality

lim
p1,...,pn!1

|@tOk(p1, ..., pn)|
|Ok(p1, ..., pn)| ! 0

Christiansen, Knorr, Meibohm, JMP, Reichert, arXiv:1504.xxxx

symmetric point

0.5 1.0 1.5 2.0

-40

-30

-20

-10

0

@t�
(3)
hhh(p)

�(3)
hhh(p)

@t�
(2)
hh (p)

�(2)
hh (p)

p2/k2

11



 Functional approach to quantum gravity
locality

! "#$ S"#$ !
k

k=%

k

"#$

k 0

IR UV

k- k&

free energy at momentum scale k

Locality

lim
p1,...,pn!1

|@tOk(p1, ..., pn)|
|Ok(p1, ..., pn)| ! 0

another important brick in the asymptotic safety wall

Christiansen, Knorr, Meibohm, JMP, Reichert, arXiv:1504.xxxx

symmetric point

0.5 1.0 1.5 2.0

-40

-30

-20

-10

0

@t�
(3)
hhh(p)

�(3)
hhh(p)

@t�
(2)
hh (p)

�(2)
hh (p)

p2/k2

11



 Functional approach to quantum gravity
locality

! "#$ S"#$ !
k

k=%

k

"#$

k 0

IR UV

k- k&

free energy at momentum scale k

Locality

lim
p1,...,pn!1

|@tOk(p1, ..., pn)|
|Ok(p1, ..., pn)| ! 0

another important brick in the asymptotic safety wall

my provocative statement

Christiansen, Knorr, Meibohm, JMP, Reichert, arXiv:1504.xxxx

symmetric point

0.5 1.0 1.5 2.0

-40

-30

-20

-10

0

@t�
(3)
hhh(p)

�(3)
hhh(p)

@t�
(2)
hh (p)

�(2)
hh (p)

p2/k2

11



 Phase diagram of quantum gravity
 Propagators

anomalous dimensions

0 1 2 3 4 5

0.2

0.3

0.4

0.5

0.6

0.7

p2êk2

hTT 0.00 0.05 0.10 0.15 0.20 0.25 0.30
0.48

0.49

0.50

0.51

0.52

0.53

0.54

a=4

opt

0 1 2 3 4 5
-1.70

-1.65

-1.60

-1.55

-1.50

-1.45

-1.40

-1.35

p2êk2

hc

0 1 2 3 4 5

0.2

0.3

0.4

0.5

0.6

0.7

0.8

p2êk2

hTT 0.00 0.05 0.10 0.15 0.20 0.25 0.30
0.46

0.48

0.50

0.52

0.54

0.56

a=2

a=3

a=4

a=5

a=6

opt

0 1 2 3 4 5
-1.75

-1.70

-1.65

-1.60

-1.55

-1.50

-1.45

-1.40

-1.35

p2êk2

hc

graviton ghost

k
opt

= 1.15 k
4

r

a

(x) =
1

x(2exa � 1)

Rk,a(p
2) = p

2
ra(x)

regulators

x =
p

2

k

2

Christiansen, JMP, Knorr, Rodigast, arXiv:1403.1232

12



 Phase diagram of quantum gravity
 global phase diagram

Ia

Ib

Ib

II

-1 -0.9 -0.8 -0.6 -0.4-0.2 0 1 4 •
0

1
4

1
2

1

2

•
-1 -0.9 -0.8 -0.6 -0.4-0.2 0 1 4 •

0

1
4

1
2

1

2

•

m

g

µ

gN

gN = GNk2 µ =
M2

graviton

k2

classical IR scaling

asymptotically safe UV scaling

a = 4

Christiansen, JMP, Knorr, Rodigast, arXiv:1403.1232

13



 Phase diagram of quantum gravity
 global phase diagram

Ia

Ib

Ib

II

-1 -0.9 -0.8 -0.6 -0.4-0.2 0 1 4 •
0

1
4

1
2

1

2

•
-1 -0.9 -0.8 -0.6 -0.4-0.2 0 1 4 •

0

1
4

1
2

1

2

•

m

g

µ

gN

a 2 3 4 5 6 opt

µ⇤ -0.637 -0.641 -0.645 -0.649 -0.651 -0.489

g⇤ 0.621 0.622 0.614 0.606 0.600 0.831

g⇤ 0.574 0.573 0.567 0.559 0.553 0.763

�⇤ 0.319 0.316 0.316 0.318 0.319 0.248

EVs -1.284 -1.284 -1.268 -1.255 -1.244 -1.876

±3.247i ±3.076i ±3.009i ±2.986i ±2.974i ±2.971i
-2 -2 -2 -2 -2 -2

-1.358 -1.360 -1.360 -1.358 -1.356 -1.370

regulator-dependence

UV-fixed point

a = 4

r

a

(x) =
1

x(2exa � 1)

Rk,a(p
2) = p

2
ra(x)

regulators

Christiansen, JMP, Knorr, Rodigast, arXiv:1403.1232

14



 Phase diagram of quantum gravity
 global phase diagram

Ia

Ib

Ib

II

-1 -0.9 -0.8 -0.6 -0.4-0.2 0 1 4 •
0

1
4

1
2

1

2

•
-1 -0.9 -0.8 -0.6 -0.4-0.2 0 1 4 •

0

1
4

1
2

1

2

•

m

g

µ

gN

a 2 3 4 5 6 opt

µ⇤ -0.637 -0.641 -0.645 -0.649 -0.651 -0.489

g⇤ 0.621 0.622 0.614 0.606 0.600 0.831

g⇤ 0.574 0.573 0.567 0.559 0.553 0.763

�⇤ 0.319 0.316 0.316 0.318 0.319 0.248

EVs -1.284 -1.284 -1.268 -1.255 -1.244 -1.876

±3.247i ±3.076i ±3.009i ±2.986i ±2.974i ±2.971i
-2 -2 -2 -2 -2 -2

-1.358 -1.360 -1.360 -1.358 -1.356 -1.370

regulator-dependence

UV-fixed point

comparison with other results

                                                                   Litim ’03

                    Christiansen, Litim, JMP, Rodigast ’12

                                                       Donkin, JMP ’12

                           Manrique, Reuter, Saueressig ’10

                                                   Becker, Reuter ’14

                                Codello, D’Odorico, Pagani ’13

 mixed approach: 

background approximation

flat expansion,  bi-local

geometrical  

bi-metric 

bi-metric 

flat expansion, mixed approach

here Litim03 Christiansen12 Donkin12 Manrique10 Becker14 Codello13 here mixed
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Christiansen, JMP, Knorr, Rodigast, arXiv:1403.1232
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Christiansen, JMP, Knorr, Rodigast, arXiv:1403.1232
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 Phase diagram of quantum gravity
 global phase diagram
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Christiansen, JMP, Knorr, Rodigast, arXiv:1403.1232

18



   Coupling to matter

19



 Phase diagram of quantum gravity
 UV stability of the gauge-gravity system

kinematic identity

Gravity contribution to Yang-Mills beta-function supports asymptotic freedom 

Size depends on gauge and regulator, the sign does not
Folkerts, Litim, JMP ’11
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 Phase diagram of quantum gravity
 UV stability of the gauge-gravity system

kinematic identitygauge contribution to gravity

Folkerts, Litim, JMP ’11 & unpublished
         Christiansen, Diploma thesis ´11
                                   work in progress
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 Phase diagram of quantum gravity
 UV stability of the matter-gravity system

gravity with fermions gravity with scalars

Meibohm, JMP, Reichert, in preparation
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!Locality & phase structure of quantum gravity

! locality from diffeomorphism invariance

!IR-stability and IR-classicality of quantum gravity

!UV-stability of the matter-gravity systems 

!Outlook 

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

! long & short distance physics

Summary & outlook
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