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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?

Renormalization Group
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Functional Renormalization Group
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Functional Renormalization Group
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S dependent “"mass”:
dials “‘resolution scale”

F . contains effect of quantum
fluctuations above k
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Functional Renormalization Group
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Functional Renormalization Group
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Functional Renormalization Group
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Functional Renormalization Group
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Functional Renormalization Group
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* Path integral & Wetterich equation: equivalent
* Wetterich equation: UV & IR finite through regulator
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theoryspace = oodim. space
of all couplings compatible
g1

w. symmetries & field content
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Functional Renormalization Group
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* 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)
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Tk = ST (T + Ry ) OxRy-

theoryspace = oodim. space
of all couplings compatible
g1

w. symmetries & field content
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Functional Renormalization Group
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Renormalization Group: uses in Quantum Gravity
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L contains effect of quantum
fluctuations above k
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Search for UV completion in qguantum gravity
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Search for UV completion in qguantum gravity

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

Pk contains effect of quantum
fluctuations above k

k-0
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Search for UV completion in qguantum gravity

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

effective theory:

S new physics must
exist beyond A *
9

F _contains effect of quantum
fluctuations above k

k—>0
* note: perturbative renormalizability not sufficient for fundamental theory

Pirsa: 17110118 Page 22/55



Search for UV completion in qguantum gravity

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

effective theory:

S new physics must
exist beyond A *
g

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

—>no need for
new physics

F _contains effect of quantum
fluctuations above k

Asymptotic safety

Asymptotic freedom

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

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

= predictions fundamental (RG fixed point)

~ higher-order interactions} o effective (Landau pole/triviality)

effective theory:

new physics must
exist beyond A *
9

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

—>no need for
new physics

Fk contains effect of quantum
fluctuations above k

Asymptotic safety

Asymptotic freedom

Fk‘:—>0

* note: perturbative renormalizability not sufficient for fundamental theory
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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)

~ higher-order interactions | o affective (Landau pole/triviality)

effective theory:

new physics must
exist beyond A
g

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

—>no need for
new physics

F L contains effect of quantum
fluctuations above k

symmetries matter!
e.g. unimodular asymptotic safety

k-0

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

covariant generalization of momentum: (eigenvalues of) Laplacian

NH 2 . \
.f}p.:.zRi_; (—D ).(Jh‘,)\ — one- loop structure of flow equation ¢
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Setting a scale in a geometric setting /Dgw

covariant generalization of momentum: (eigenvalues of) Laplacian

NH 2 . \
.f}p.:.zRi_; (—D ).(Jh‘,)\ — one- loop structure of flow equation ¢

— background field method

linear split:  Guv — Guv + h,u.r/

K
1%

exponential split: g, = Gk (exp(h..))
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Setting a scale in a geometric setting /TD.%,,

covariant generalization of momentum: (eigenvalues of) Laplacian

LV KA 2 ;
.f}p.;.zRi; (—D ).(in)\ — one- loop structure of flow equation

N\

— background field method

linear split:  Guv — Guv + h',u_.r/

. . — K
exponential split: g, = G (€xp(h..)),

h,,),,RZ’MA (—=D?)h,.x — one- loop structure of flow equation intact
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No free lunch

huy Rifym(—Drz)i'z.H;\ — one- loop structure of flow equation intact

shift symmetry: (" there is only one metric”)
hr';ux - h‘;ux — '7;;_.11 .(j,u..u — g;u/ + '}'p_.y
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No free lunch

huy Rifym(—Drz)i'z.H;\ — one- loop structure of flow equation intact

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

: _ , = = , broken by regulator
li';LI—” ——> ]("‘HJI—/ — f}’;‘“{; gﬁ[_.l,/ '—> {Jl[lj + ’}ll_.[,/ y g

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

— enlarged theory space
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No free lunch

h ;,,,,R‘”'UM( D2)h.,i)\ — one- loop structure of flow equation intact
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How expensive is it?

“Newton couplings” in gravity-matter systems

M XY X
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How expensive is it?

“Newton couplings” in gravity-matter systems
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How expensive is it?

“Newton couplings” in gravity-matter systems

.
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37 S — effective universality
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How expensive is it?

“Newton couplings” in gravity-matter systems

G(rl.‘{)) G(2,2) (-7(3 2)

background Newton coupling:

_. o w O o uantitative difference but qualitative agreemen

Be =2G+ — (—46 + NS) i d . q' g

bn scalars drive gravity into
the " “strong-gravity” regime
“graviton"-scalar coupling: => violation of weak-gravity bound
Ga o A :
G, 2 = 2G(1.2) + —(12) (10 R N *—’) ... =>asymptotic safety only for Ns < Nsei
e v 37 - ’

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

F L 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
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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 fj1,r]_'
/(iTil’”id(iTil‘Hitt() T,T]

trace invariants: Ti,...i, T, ..o, + Tiy.iyTigigeojuTin e duTivig iy + oo
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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 fi1’rzv
/(iTilmiddTil...i,t( [ ] ]

trace invariants: T, ..., Ti, .0 + TiyoisTisia g Tin e gaTivigeig + oo
physics: discrete path integral over spacetime configurations

matrix model:

S = TrT? + g TrT?

Feynman-diag. expansion 7 ;
= all possible tessellations N(g—g.) ? = const

continuum limit =
double-scaling limit:
N — o0 g — Ge
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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

Pl
/dTil...iddTél...i,;_( T,T]

trace invariants: T;, ..., Ti, ..o, + Tiy.iyTiyjanjuTyy g Tivig.. iy + oo

double-scaling limit:
N — 00, g — ge

1

N (g —gc) ° = const
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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 fi1’rzv
/(iTilmiddTil...i,t( [ ] ]

trace invariants: Ti,...i, T, ..o, + Tiy.iyTigigeojuTin e duTivig iy + oo

double-scaling limit: universal scaling near RG fixed points:
a5, :
. (g~ 1s) + oo

N — 00, g —* ge # r),f_] 9=0u

.1 —— ' / k -0
N (g —gc) ° = const =70 ouk-a= (/i'n)
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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

/(iTil,,,iddTiluﬁi:t

trace invariants: Ti,...i, T, ..o, + Tiy.iyTigigeojuTin e duTivig iy + oo

double-scaling limit:
N — 00, g — ge

1

N (g —gc) ° = const

VS

N

universal scaling near RG fixed points:

, 5. ;
Bo="2|  (g-g)+..
. ().(j g=q« P -8
R K
= —0 = g(k) — g« = (A )
v

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

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

~S[T.,T
/ dTn ld dTi1---'i-cz€ [ ]

/

trace invariants: T,,...i,Tiy.iu + TivoigTiviaoiaTiviuTivigiig F oo

hasU(N') ® ... ® U(N') invariance

N ,
—1J68(N — (2 et
i1+ o+ ig ) (N =+ +1a))

Regulator: Ry (i1, ...,1q) = (

index- dependent mass-like term N
8_
S6
S
54
3
2
0_ . 1 - ‘.
5 10 15 20
It

Pirsa: 17110118 Page 44/55



No free lunch

example: N’ x ... x N'matrix/tensor models
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UNYR..QU(N"

Regulator: Ry (i1, ...,1q) = (

index- dependent mass-like term
P N broken
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RG fixed points in rank 3 hermitian tensor models

/ U(N") x U(N")x U(N’) symmetry

the model - 4 (/\/_,/,.

PR
T: @ e d - O PR
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0 o o o« o
L, g . ‘

I

I

e o e o e

s Ly 31k Lisguks Lisgaks Lis jakes
) LIS _:‘O
Faia "

o(’ = S0

scaling dimensionality: g; = N%ig;

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

Bg; = —dg,9: + #1(N) gi 94 + #2(N)gis2 + ...

Bgire = =g, 29i+2 + #3(N) git2 94 + #4(N)Gita + ...
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RG fixed points in rank 3 hermitian tensor models
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RG fixed points in rank 3 hermitian tensor models

/ U(N") x U(N")x U(N’) symmetry

the model v~ 4 (\/’_””/
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M M I 2 . o Preg = yile i mt 3 R ?
Fixed-point results = o =
o i Foen ® % tiad” e taia o el e tule
o i el b
o ‘s o . o . - . - .
- - ‘q‘ « b
. . o) L L LU H b
i
» 0 - - - -
scheme I|fff':,l.'f.'|,:.|_'f.f \I ,Jh’f.? s 'hj'J-,I'h:-;.|
ol [oroa] o [ -
semi-pert|[-2.14] 0
port -4.62] 0
full 1.37] 0O 2.141 0 8] ()
somi-pert|[-1.47] 0 |-2.46[ 0 0 0
port 2,141 0 |-6.12| 0 0 0
g o= scheme |: b | 0y | 60 | 04 is | O ‘ O | 05 | 6 | 10 | 011 | 012 | 01 | 0 | n |
. full ||2.21]-0. 11 0.93 ufu | ln.’.l!
semi-pert| 2 |-0.21-0.68)-0.68 [ [-0.54]
paort ' 2 ll(." =2 ’ ‘ ’ l ‘ I |rll'.l‘
full .._“ 1[-0.! ,'I--I 26|-1. 'i. 2.24(-2.54 "'\‘i -2.89]-3.15 l"b. 3.26|-3 11[ 3 tl (\‘l] 0.: ;‘\
anoma|ous dimension -mu...,.'-r:' 2 |-0.58/-1 Phl 1.26-2. *ll ”.l] 2.90|- Hm} 3.13]-3.26|-3 'u;l..i 31/-3.31 mn| 0 Li
pert || 2 lli- .3.23).3.37|.3.43 1.07(-4.07|-4.14[-4.14 "\[II \

n=-—-0InZy

scheme | o | o | en | ol ‘ oy | 0 | o | 66 | 6 | 610 | #h1 | 0ia | s I Oa | n
. B =78.(ag.nlc full_[[0.93]-0.24]-0.93]-0.93 ’n-”
9 . ([ q g q (.}! /(.f)) semi-pert | “'” 0.5 |] 0.931.0.03 |0 54|
full |_| H‘(] 'l 1.26-1 Jl.{_ 2.30(-2 r.l} 2.80 Bh'l{ 1]'} 26/-3.26-3 ;1| 3.31 {N'I| 0.37]
9, : ‘Il"-j” — ‘[-}” (.q? ”(U)» - (.()llth) semi-pert|(1.33]-0 l‘\ 'h 1.26]-2.31 ‘.!_f-ll 2.001-2.90]-3.13|-3.26|-3 'l- 3 i] 3.31(-3.90|-0.37

Pirsa: 17110118 Page 49/55



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

Pirsa: 17110118
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effective universality
in asymptotically
safe qg

reason behind
large error in
estimate of
scaling exponent
in tensor models?




Fixed-point results © = " e

_schome ||gt}, |oda. |oibt o o |oda.
full 1.941 0O
m‘llli-[)i'l'l -2.14 0
poert -4.62] 0
full 1.371 0 2.14( 0 0 8]
somi-pert||-1.47| 0 [-2.46] 0 0 0
pert |[-2.14] 0 |-6.12) 0 | 0 | O | Observat:on
0 =1 Second scheme in accordance with scaling

relation from € expansion at multicritical points
in systems with competing orders
anomalous dimension T

disordered phase -
n=-0InZy

ordered
phase 2

ordered
O - By =PBy(9,m9)) phase 1

mixed phase

9’ « By = By(g,m(g)« = const)
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Fixed-pointresults ~ * =~ Lo

scheme Hu‘f: , I_"‘T 2a |_"‘.f \I - Jh’u{ |I "
full | 1.94] 0O

_' 4 I' I"\ dw |

semi-pert||-2.14 0
pert -4.62| 0
full 1.371 0O 2

somi-pert|[-1.47] 0 |-2.46[ 0 0 0

vert |l24] 0 612l 0 | 0 | o | towards convergence in extended truncations?

By o | oy

{) — l scheme ’u| 0y

full 2.21§-0. 11 -0.931-0.93
2 ll’l 0.6G81.0.68
)

semi-poert

ll (u"

2.24

1

|
port | -

|

5 | o | |
l:q] 2,89 )“wr“b "3 ultu[ 3.31]-3.80[-0.: ;i\

full '3.|1 0.1 .'l -1.26|- 'i.
. . {
aI’]Oma|OUS dlmeﬂ8|on somi-pert] 2 ,\ -1.26|-1.26|-2.24|-2.54-2.90 |-2.90 |-3.13|-3.26|-3.26 |-3.31 | -3.31|-3.90|-0.37
pert 2 Lo, i- 3.23(-3.37(-3.43 1.07)-4.07|-4.14|-4.14| -5 [ 0 |

n=-—-0InZy

scheme | 67 | 6 | 64 | o4 ‘ o0 | o5 | o5 | 6 | 6 | 6o | o1 | 01 | 0a l Ol n |
Y ; 7 : - -
. B. =08 (ag.nl(c full_ J0.93§-0.24/-0.93]-0.93 | 0.54]
H * ([ 9 : g(.,f’ !(I)) semni-pert J}ll'n 0.21]-0.93].0.03 | 0.54|
full  f1 nLn,.‘,u‘j |-zﬁ} I gn;{_ 2.30(-2 r.l} 2.80 -g.w{_ 3 w 3.26(-3 'r.| 3 n| 3.31 uu‘ 0.37]
9’ . ﬁ” — ,.Hg;(,fjs_"!(!)')+ - (T()th.) semi-pert || 1.33}-0.58|.1.26|-1.26|-2.31|-2.54)-2.90|-2.00|-3.13|-3.26| -3.26 :11 3.31|-3.90)-0.37

St
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Beyond double scaling? -« « T WY s
% % W .
o 0 . o . o i ; 1 1
. .JI'I‘ : . IJ; .‘ I , i}; .II . ] - 4 - Tii A o
schemo || g3t | ala | gt [ot] o2 | ofta | D R R i ’ e .
full 1.05-1.33 I e .
somi-port |[-1.68(-1,05 . 0 bt + i i L
port  ||-4.62| 1.73 o L e 4 e e ST
full  [-0.53)-2.11]-0.14] 0 [-0.30 . o e’ s Biuad -
semi-peort ||-0.63-2,35 -0.20] 0 |-0.57
port 2.01[-1.64]-4.43) 0 [-4.84
full  |[-1.04|-0.84|-0.97] 0 |-0.64]-0.99 p—
semi-pert ||-1.15[-0.89|-1.21] 0 [-0.78]-1.14 scheme | 04 l 0y | by I 04 ‘ Oy | g | by | Oy ‘ Oy [ Oy J 014 | 012 | O3 ‘ O I 1 |
port -2.10(-0.564 |-5.54] 0 1.68(-047 ] full 2.64|0.14 ._|].(;5 0.65 | .87
-Ht‘rrli—.[\('rt _2:‘..!3 0.141-0.68 0.68] . | | . [ [ -0.66
" pert || 2 |60 2 [ 2| - | _ -] 0
full : -0.48]-0.48|-1.22 + 1 0.44|-1.563|-1.53|-1.72|-1.72|-2.46|-2.46 |-2.72 -0.76
semi-pert |[2.68| 0.26]-0.51|-0.51|-1.24 + i 0.45(-1.57|-1.57|-1.76|-1.76|-2.49|-2.49|-2.76 -0.75|
pert 12.11) 0.34) -2 -2 —’J_'.?!ﬂ -2.99 ([-3.654|-3.54( -4 -4 _d;l‘li_i -4.13| -6 ll—_
full 2.56| 0.441-0.971-0.97|-1.80 £ 1 0.42|-2.45 2.951-3.06|-3.45]-0.52
semi-pert [£2.30] 0.44§-0.98|-0.98]-1.81 + i 0.42(-2.47 7(-2.971-3.06-3.47|-0.51
pert, 2.04| 037 -2 -2 |-2.68| -3.16 |-3.87 1.09|-4.09 .5 0

scheme I , | a5 | 65 ] 0] ‘u_.f o, | (18 | 0% ‘ 04 | 010 ‘ a4, ‘ 049 | fa | 014 | ] ‘
full 0.65 (IIT -0.65(-0.65 -0.67
semi-pert 10.68]0.42F0.68|-0.68 -0.66
full 1.03{0.43 0.48 -0.76
semi-pert 11.04]0.44[0.51 — |-075
. full .—I.i.'.".I].fiI —[I.‘_]Tl 0.97|-1.82 & .i 0.42 -2. 15|-2. l.';l —‘_’.(i.‘; —2.[3:{. 2.95 r'_’_fllﬁ .'1.][.) ilr- (l_ﬂ‘_’.

semi Iu-n!_w 0.63]0.98]-0.08/-1.83 + i 0.42|-2.47|-2.47|-2.65|-2.65|-2.97|.2.07|-3.10|-3.47|-0.51

. P
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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
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