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Abstract: | will discuss the use of (functional) Renormalization Group in models of quantum gravity. | will highlight the challenges that occur in
continuum approaches to quantum gravity, such as asymptotically safe gravity, aswell as challenges in discrete approaches, such as tensor models.
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Outline

1) Functional RG: Probing the scale dependence of QFTs

2) RG for spacetime in the continuum:
Setting a scale in Quantum Gravity

3) RG for discrete spacetimes:
Scales in a pre-geometric setting?
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Functional Renormalization Group
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contains effect of quantum
fluctuations above k
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Functional Renormalization Group
o~Trl6] — / Dy e=Slel=4 [ (=PI Ri(@)o(p)

* Path integral & Wetterich equation: equivalent
* Wetterich equation: UV & IR finite through regulator
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Functional Renormalization Group

o—Tld) _ / Dy e=Slel=4 [ (=PI Ri(@)o(p)

* Path integral & Wetterich equation: equivalent

* Wetterich equation: UV & IR finite through regulator
* microscopic/classical action: initial condition to integrate
the flow (= path integral for all possible micr. actions

with given field content, symmetry)
4 .( 3 k

k—dk

2 -1 "
Tk = -STr (T + i) OxRe=

theoryspace = 00dim. space
of all couplings compatible
g1

w. symmetries & field content
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Search for UV completion in quantum gravity

given a set of fields and symmetries
can explore whether model is
fundamental (RG fixed point)
or effective (Landau pole/triviality)

effective theory:
new physics must
exist beyond A 7

P contains effect of quantum
fluctuations above k

k —0
* note: perturbative renormalizability not sufficient for fundamental theory
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Search for UV completion in quantum gravity

given a set of fields and symmetries
can explore whether model is
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Search for UV completion in quantum gravity

predictivity given a set of fields and symmetries
UV-repulsive couplings can explore whether model is

= predictions fundamental (RG fixed point)
p~ higherorder interactions | - o effective (Landau pole/triviality)

effective theory:

new physics must
exist beyond A 7
g

RG fixed point:
scale-invariance
—>can zoom in”
to arbitrarily small
scales

, =>no need for
Asymptotic safety . new physics

F L contains effect of quantum
fluctuations above k

Asymptotic freedom

Pk—>0

* note: perturbative renormalizability not sufficient for fundamental theory
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Setting a scale in a geometric setting /un,_,

covariant generalization of momentum: (eigenvalues of) Laplacian

_ LUK 2 "
.(lp..uRi, (—D ).th.)\ — one- loop structure of flow equation w}
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Setting a scale in a geometric setting /’Dg;,-,,_,

covariant generalization of momentum: (eigenvalues of) Laplacian
: VKA 2 ;
.q,u.-uRk (—D ).th.)\ — one- loop structure of flow equation

— background field method

linear split:  Guv = Guv T h;u/

exponential split:  Ggur = Gux (e:»(p(h”)):‘,j

hﬁwﬂﬁym(—Dz)hﬁA — one- loop structure of flow equation intact
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No free lunch

h;wRﬁMA(—Dr‘Z)h,{A — one- loop structure of flow equation intact

shift symmetry: (" there is only one metric”)
}11“_1/ —> }L‘HI/ - "}'.IJI/ .(j“-’-" *> gl{l_/ + ’}.“_.U
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No free lunch

h ;;,;;me)\( D?)h,.» — one- loop structure of flow equation intact

shift symmetry: (" there is only one metric”)
broken by regulator

—

}11“_1/ —> }L‘H.I/ - "}'.IJI/ g;.’,u #> gl{l_/ + ’}.“_.U

— if the regulator breaks a symmetry, the flow no longer preserves
the symmetry, even if the initial condition does

—> enlarged theory space
1
S[gw/] — — .= / ]\/711) 5 -
167G N f 'f(j b 7& ;1";;(31 7& ‘,;"3(_;2

JHVE )\[

d ZA) Gl hen IC gl
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How expensive is it?

“Newton couplings” in gravity-matter systems

AN X Y XX

(rum G 4,0 2 G(2,2) G(3,2)
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How expensive is it?

“Newton couplings” in gravity-matter systems

. B ™
(:f'(:x,u) (:;(rl.{)) G2,2) (-'f(-'i“z)

background Newton coupling:

,'2

B =2G+ — (—46 + Z\TH) = oo 0

);’T [ — _2‘

3=

s ’ _ 3 -6}

graviton'-scalar coupling: =

2 AT ~10}
.. e (?“.2.J ~ Ng 10k, L . 4 . ,
B 5 = 2(7“‘2') + — | -104+ — ) +... 60 o8 10 15 20 285

(1,2) \ 37T bo) Newton coupling
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How expensive is it?

“Newton couplings” in gravity-matter systems

background Newton coupling:

; 2 5 7 5 : ™ uantitative difference but qualitative agreemen
B =2G+ — (—46 + Ng) +.. - _ = :
4] scalars drive gravity into
the " "strong-gravity” regime
“graviton’-scalar coupling: => violation of weak-gravity bound
G2, .. N.. .
BG4 = 2G .2 + f;'"’ (]_U + \z:) + ... = asymptotic safety only for Ns < Nseq

— contact of QG to BSM pheno.
— what about gm shape dynamics?
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Renormalization Group: uses in Quantum Grawty

F contains effect of quantum
fluctuations above k

search for UV completion
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Setting a scale in a pre- geometric setting

RG flow: from many degrees of freedom to
fewer (coarser) degrees of freedom

example: N x ... x N matrix/tensor models

-S|T,T
/(iTil...'f(](inl...’i({(f [ : ]

trace invariants: 7y, ... Ti, .i, + die ___-;,;"1_7;ll,.k.____‘,,,"fj,l ,f_

J1E2..-4
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Setting a scale in a pre- geometric setting

RG flow: from many degrees of freedom to
fewer (coarser) degrees of freedom

example: N x ... x N matrix/tensor models

=TT
/ @l iyl dE o0 o

trace invariants: 7y, ..., Ti, .., + T;, ___-,',,"if;l.,.k.___ fad ___‘;,,.'.'f"“,'l o oibg s

physics: discrete path integral over spacetime configurations

matrix model:

S = TrT? + g TrT?

Feynman-diag. expansion :
= all possible tessellations N(g—g.) ? = const

continuum limit =
double-scaling limit:

N-—=>00 g— 9
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Setting a scale in a pre- geometric setting

RG flow: from many degrees of freedom to
fewer (coarser) degrees of freedom

example: N x ... x N matrix/tensor models

=TT
/ @l iyl dE o0 o

trace invariants: 7y, ..., Ti, .., + T;, ___-,',,"if;l.,.k.__ fad ___‘;,,.'.'f"“,'l o oibg s

double-scaling limit: univerggl scaling near RG fixed points:
N —=o00, g— g Bg = Cj)j; _— (g—9.)+ ...
(9 —9ge) © = const T ko
N

double-scaling limit = universal scaling near RG fixed point in [V
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No free lunch

example: N’ x ... x N'matrix/tensor models

" , —S[T,T
/del...w,;fml...u@ A

trace invariants: T;,...:,Tiy.ig + TiyoiaTiviaiaTiv i Tivig.ig + ore

hasU(N')® ... ® U(N') invariance

Regulator: Ry [t1,...,14] = (}_ g — 1) O(N — (i1 + ... + 1q))
1 d

Index- dependent mass-like term

N

D

Rulir.0.....0)
s

5 10 15 20
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No free lunch

example: N’ x ... x N'matrix/tensor models

: =S [T
/dTll.._,(,,(17}1__,,,(,@, 1. T]

trace invariants: T,...;,Tiyis + TivoisToviaoiaTivoiaTivia,ig F oo

hasU(N')® ... ® U(N') invariance

Regulator: Ry [t1,...,14] = ( , — — l) OGN — (21 + ... +1%4))
A i o 7. _ o
- dex. d q i UN)®..0U(N')
iIndex- dependent mass-like term |
: N broken
= RG flow in larger ol ™ .
theory space 6l |
containing S
. = 4
symmetry-breaking g
terms &
0- i L " ;-
5 10 15 20
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RG fixed points in rank 3 hermitian tensor models

e U(N’) x U(N")x U(N’) symmetry

the model - = /\_’”/’

T:0
! -
i 2

o]
bRy 1 o 18 3y 2.3 "
T F a0 I F 44 o + a3
1 : @ o e o e o Yo
T TJ’ 1 ,l'| }|'| Ti;r 1 ‘l"-l Tlg}'}_l}-__' TJ’ 1 ,l'__' "‘..’
[ 25 0
by
o«’_f L_‘o

g : ; A = rd;
scaling dimensionality: gi = N%ig;

consistently determined by RG equation (not just in tensor models)

By, = —dgz,gi + #1(N) gi g1 + #2(N)git2 + ...

..*"r‘j),r.'.--f-z - d,rij-'-f—-_a.f)’H—Z 1 #{(v\*) Gi+2 94 #"1(-‘?\r:}-()'5+"1 e
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RG fixed points in rank 3 hermitian tensor models

U(N") x U(N)x U(N’) symmetr
| %{'/(/),,,( x U(N') symmetry
the model = = \_/
T . O .,_7_”_;,0 - .,7\0 .j -
T: @ Fai D: -r-':. ki & \. +94,) Of,'

T; .Tf-z.'f' 1K1 sz.fz’-'z T

.- i171k i1 g2 k2
- o{______}o
- a
«~ " — higher-order terms generated by the flow
I..‘\' i ".": ; [ .. B _l;‘: 1 ¥ ® 4 -_{"T ‘If {I\
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Summary
1) RG: Probing the scale dependence of QFTs

2) RG for spacetime in the continuum:
The price for setting a scale in Quantum Gravity

3) RG for discrete spacetimes:
The price for setting a scale in Quantum Gravity

Renormalization Group

_>

effective universality
In asymptotically
safe qg

reason behind
large error in
estimate of
scaling exponent
in tensor models?
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Fixed-pointresults ~ ~ =~ Too i

L] s o 0 . o
. i Y .
by i
- o . o - - . .
-
. @ 1
- d 'y -
i
B L d

scherne “w. i ] Ui 2. |,‘.l‘| : Jr T "f,f'Al-.I'L:'E |
full 1.94] 0
semi-pert||-2.14 0
pert -4.62 0
full -1.37] 0 -2.14] 0 0 0
..-|||‘|-|1.-|'| =1.47 (4] -2.46 (4] ) i) X :
bert [|-2.14] 0 |6.12] 0 | 0 ] 0 towards convergence in extended truncations?
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sein-perl .21 |-0.G8|0).68

port 2 n(‘,!l: 2 | -2
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Beyond double scaling? -« «

- - - -
. 's] . . L] ©
| ' i " L] F] . . .
L PR Vot i1
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scheme q.‘.Il ala rf‘!;l P : jr.f L | j": . | [+ _.. e L ] ¥ - - . . <
full 1.05]-1.33 -
- - "
semi-port |[-1.68]-1.05 . 0 ) i
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port 162(1.73 + g
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port -2.10-0.54|-564| 0 |-1.68(-0.47 full 2.64]1 0.141-0.65(-0.65 087
:-;r‘r||i-[\('rt 2.28] 0.141-0.68 (-0.65 -0.66
pert 2 | -2 ] 0
full -0.48(-0.481-1.22 + 1 0.44 : 72|-2.46]-2.46 |-2.72 -0.76
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semi-pert |117(0.63).0.95(-0.98[1.83 + i 0.42.2.47]-2.47-2.65]-2.65[-2.97[-2.07|3.10]-3.47]-0.51

Pirsa: 17050051 Page 31/31



