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Abstract: <span>Application of numerical ssmulations to quantum gravity are so far largely neglected yet they possess remarkable potential to learn
more about the theory. For approaches that attempt to construct quantum spacetime from fundamental microscopical building blocks e.g. spin foam
models the collective behaviour involving many building blocks is unexplored.Therefore we numerically simulate the collective dynamics of many
of these building blocks using coarse graining techniques i.e. tensor network renormalization and uncover a rich structure of fixed points with
extended phases and phase transitions. Ref.: arXiv:1312.0905 [gr-qc]</span>
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Luantum Gravity

@ Lravity iz the last funda mental interaction resisting que ntization
s Perturbatively non—renotmalizable

@ Challence: Give maaning ta the gavitational path intesta |

f D eepfi 5p_ple]k
At

@ My approaches tackling this issue (to namea faw):
Loop quanturn eravity £ Spin foam modeks
A=y rplotic == fety

=
)
# Causal dynarmical treney Btions
8 ausal sets

2 Sthne theory

@ ~ore of them introduce 3 discretzation — numerical studies ¥

=pin foam models: 'lattice muee gavity’
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YWhat is a spin foam?

apin foame: path intesral approach related to Loop Quantum Gty
[Basrrstt, Crard, Rowdll, Fdmek srpar, Ergly Liirs, Pardr, Frddd, Kooresy, L]

@ Ceneralized lattice muse theories (SO04) aor SL{2, ) Euv, Dreich, Helvarn,

Harcirak1'15 .
=5 ([Tavte0 ) TTPirbos
Pr r @

2y
# |reducible mprezntations gron the faces F.
* Face weihts Ly on faces . i
* Projectors o onto (3 subspace of ) Inv @y - Ve, ). g

How to compute £7
|z there more structure f phases than in LGTY
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Analogue spin foam models — spin nets?

Ba, Ha, Ka
T SV B Vs
17 ¢
TI = ﬁt ’ -P-l
i
| atice gauge theory vertex model
in dual warnables in dual warables

@ Dimersional reduction:
s Gauge syrnretry (Spin foam model) — gobal symrmetry (spin net
rrodel )

@ Replace SU2) by quantur group SUC2)G:
o lreps. 0% 1. .., &

Jimntum oup spin nets.
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Constructing quantum spacetime

Conceptual difference: no background (lattice) structume!

@ apin foam amplitudes: 'atoms of spacetime’

@ tudy effective dynamics — coarme gaining

T T
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ZF w7l

{ira a1 -1

@ |dentify relarant desress of freedom, truncate irelevant ones.

Hea | space remotmalization techniques -
Tersor nebwork remormalzation
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The algorithm - General descriphion Lombie v s Wt

& plit the 4=a lent vertices into two 2—valent wertices v Singular
Value Decomposition [SWV0):

el
Tiatiody = Map &2 E U,qfﬁr":""ﬂg
=1

@ [runcation in the number of sincubkrvalues » =< W, bond dimension.

@ Contract 3-valent tensors (along black edees) to obtain a new
effectihe Lenzor on a new 4—walent bitice.

=D dertifies the elevant degress of freedom.
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Results: phase diagram (for SLU(2)5)

@ Rich ror—trvial fized point structure beyond [anakbgue) LGT.
# Each feed point has an etended phass.

@ |rdications of s=cond order phase trarsitions.
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Conclusions

@ HPC opens a mew door in Quantum Grawity,
@ Encouraging results!
a Explove the phases of (analogue) spin foam models via tensor network

enckrmal m=tion.
a Rich fized point structure with extended phazes

@ Long way to ...

@ Develop akepnthrn for spin foam models

a Study phase tranations in more detail

o Study SU(2), = SUCZ),

a Coyple rmatter o the spin foam model

@ Compute expeciation values of ob=wablkes

Thank you for yvour attention!
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