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Lessons from Asymptotic Safety: quantum gravity restricts matter content o, ctiom, percacci‘i4

Consistency check: recover quantum field theory on fixed (background) space-time

—
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Matter in spin foams

How to incorporate matter in spin foam quantum gravity?
Matter on top of spin foam (ori, peiffer 03, Mikovic 03, Speziale ‘07, Bianchi, Han, Rovell, Wieland, Magliaro, Perini 13]
Unification scenarios (crane 00, smofin ‘091
Massless scalar field 115, Kisielowsk, L 1g]
LQG path integral an, w19 + fErmions iznang, tiv, Han 221

Computational challenges for pure spin foams:

Numerical algorithm for EPRL/FK model [pona, Fanizzs, samo, speciale ‘19, bona, Gozzini, samo 20}
Effective spin foams asanta, bitrich, Haggard PRL 20, Asante, Dittrich, Padua-Argiielles "21]

MCMC on Lefshetz thimbles ixan, Huang, Lis, au, wan 201

(Idea of) Hybrid algorithm asante, simso, s.5t. 221 — José Simao's talk on Friday

|
What is the dynamics of the coupled system?

First test: Massive scalar field on a restricted 4D spin foam
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Scalar field coupled to cuboid spin foams

“Minimal coupling” ansatz

- Define scalar lattice field theory for each (semi-classical) spin foam state
+ Leave spin foam amplitude unchanged
+ Summing over spin foam states — superposition of scalar LTFs

Assumption: Scalar field action diagonalized by spin foam state

Restricted cuboid spin foams e st 1
- Superposition of hypercuboidal lattices

0;

Discrete exterior calculus to define scalar field action

Markov Chain Monte Carlo algorithm to compute observables

bi |

Massive, free scalar field on a superposition of hypercubodial lattices
weighted by spin foam amplitudes.

©——
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Cuboid spin foams w...

Quantum cuboids: 4D Riemannian EPRL model iege, pereie, roveti, Lwine a1 ON hypercubic 2-complex iewandonski

Kaminski, Kisielowski '09']

o Restrict to coherent SU(2)-intertwiner wiinespeziste 07

- Peaked on cuboid shape
s
%4

Semi-classical formula:

2
“ S . 1 1
n3 l Av(]17]27j3a]47]55j6) N]'?a <\/5 + \/ﬁ)

Face amplitude A; ~ (25 + 1)
Spins {ji }i=1,2....c — edgelengths {l)}r—1234

Single parameter o
large o — more weight on large lengths
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Scalar field on an irregular lattice
Scalar field action in terms of forms: Discrete exterior calculus pessrun, Hirani, Leok, Marsden 05, Arnold, Falk, Winther 09, McDonal,

Miller '10, Sorkin '75, Calcagni, Oriti, Thiirigen '12]

S = 1/d¢>A*d¢+M3/¢/\*¢ - §= 1Z<d¢|d¢>+AﬁZ«zﬁlsb)
) 2 2 2 '
g1 go
[ e

*0Q -~ Scalar field action: S = 1¢(0{) K;; ¢(07)) tamberwitams a1
Ve 0 5
e ) K;; = { ZUD"@ v, T M§ Vigy 1=
/ - 201308 \;:11 i#J

*& 1 ) Voo 4-volume dual to vertex o

Vo, 3-volume dual to edge o .
V,,: length of edge 0.
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Ealytical study: regular lattices

« Partition function reads:
7= [ Tt TL 9000 T] Ao () 0 (= got) syl ) M) )

+ Restrict edge lengths to regular lattice

- Integrate out scalar fields: probability distribution for lengths

1 [N (24a—14)
a=0.65 -~ Z ‘ .
. \/ZQN (Zi\le aiIQZ]VIQZ)
. - Peaked on finite lengths (for a range of «)
Au m:::::: /\':W
, Peak position and width depends on mass M and a.
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Geometric observables

w) attice size . . AV
> Mikiah + Total 4-volume (V') and (normalized) variance év) )
’__—————'"/:‘ . o g .
i o - Recognize three distinct regimes
P - “Plateau”: Finite volume for intermediate o
BV
o s e - Small / large a: cut-off dependent
) }.!,-_.:-:-., 2" s - Normalized variance has two peaks
pog \ - Localized at end of plateau
e izt "“*j":ﬁ .64 * In plateau: lengths sharply peaked
o - Scalar field mass has strong effect on volume and
o average lattice spacing
S oo
::: ! ! On average: Regular lattice with emergent lattice spacing
o ! 0 1

05 10 15 20 25 30 35
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Correlations and correlation lengths

[ Sbham0Ghmass=05 (s abha= 064 mas =05 - Measure pair correlations ¢, ¢, and distance d;;
o - Plot correlation over distance (forget labels)

- Relational observable

(g om0 et m 05 g0y alha = 0.6 mass = 05 + We can only measure at probable distances

+ MCMC algorithm: cannot set distance manually.

" o - Correlations like scalar field on regular lattice

y S + Mass changes average spin foam.

wh - Correlation length in plateau regime ~ M/ —!

L - Slight change probably not physical.

e s Effectively: scalar field on a fixed, regular lattice

Scalar field barely aware of fluctuating spin foam
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gmmary & Outlook

- Massive scalar field coupled to cuboid spin foams
+ Scalar field on irregular lattice via discrete exterior calculus

- Effectively: scalar field theory on a fixed regular lattice
+ Spin foam peaked on regular lattice
- Lattice spacing emergent, dependent on mass of scalar field
+ Correlation lengths: good agreement with mass

- Many assumptions / simplifications

- Triangulations: effective spin foams (asante, bitrich, Haggard 201 OF hybrid method pasante, simao, s.5t. 221
- Yang-Mills lattice gauge theory isante,s st wipl

- Conceptual questions:

+ Measure correlations at arbitrary distances? {amsjom, coerich, Jurkiewicz, Loll "12]
- Renormalization / continuum limit of matter-spin foam system?

Thank you for your attention!
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