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introduction [to spin foams

@ Spin|foams: path integtal approach related to Loop Quantum Gravity

[Barrett] Crane. Rovelli, Reisenberger, Ehgle, Livine, Pereira, Freidel, Krasnov |

o |Generalized lattice ghuge theories (defined on SO(4) or SL(2, C)) (man

Dittrich, Hellmann, Kaminski "1§]

° Pleb‘anski action:

SPch=[B \F(w) +d(BAB) = B~x(ene)

e o is Lagrange multiplier imposing simplicity constraints
o Construction scheme fof spin foams:

o Start with topologicgl BF theory: 5 = [ B A F(w)

o Discretize and quarfgze

o Impose simplicity constraints

o Many ambiguities in this construction.
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A s|oppY/ introduction o spin foams

@ Spin|foams: path integtal approach related to Loop Quantum Gravity

[Barrett] Crane, Rovelli, Reisenberger, Epgle. Livine, Pereira, Freidel, Krasnov |

o |Generalized lattice ghuge theories (defined on SO(4) or SL(2,C)) [am

Dittrich, Hellmann, Kaminski "1}]

Q Pleh‘anski action:

SPlcb:/Br“- F(w)+o(BAB) — B~ x(eAe)

o o is Lagrange multiplier imposing simplicity constraints
o Construction scheme fof spin foams:

o Start with topologicgl BF theory S=[BAFWw)

o Discretize and quarfgze

o Impose simplicity constraints

e Many ambiguities in this construction.

stian 1 C nalogue) & am r e -
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Towards the refinement / continuum limit of s

simplicity |constraints
i

weak coupling ~ »~  strong coupling

(ordered, BF ? (degenerate)

o Semi-classical limit of ope ‘large’ building block —+ Regge action

(diSCfGtC gra\lity) [Barrety Baez Freidel, and many others|

o How can we learn more Jabout the dynamics of many basic building

blocks?

f (analogue) spin foam models?

What are the continuum phases 0
f simplicity constraints?

Do they implement a version O
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nets are dimensio‘
Vertex model defin

e spin foams - what is a spin net?

nally reduced spin foams
ed on a graph or 2D lattice

e Similar dynamical ingtedients (simplicity c

foams:

onstraints) as spin

o Irreducible representdtions je on the edges e.

o Edge weights &, on
e Projectors P, onto

e Z (H@e(}c)) H'Pv({jc}'r.ﬁv)
RER\e v

Sebastian Steinhaus (P1) Ph
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Analogue spin foams — what is a spin net?
@ Spin nets are dimensionally reduced spin foams
o Vertex model defined on a graph or 2D lattice

JesMey Ne
— ‘f‘,j‘,j "'.i‘

") P,

e Similar dynamical ingredients (simplicity constraints) as spin
foams:
o Irreducible representations j. on the edges e.
e Edge weights &, on edges e.
o Projectors P, onto (a subspace of)) Inv(®.+, V).

L= Z (H&:‘e(je)) H’PV({J.e}e v)
Je € v
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group spin rjets as tensor networks

tonsider spin nets defined one the quantum group SU(2):
o (Cut—off on repr. labpls: 0,2,1,..., 5 are admissible

P
@ Rewrite them as a tensor network:
1

g g ¥ ¢ = {Jq, My Na}

| P, | Tabed

—— —= d——e—1"

|

qa

@ Z is expressed as a confraction of the tensor network, according to
the combinatorics of thq lattice:

Z|= Z T-?bcd Ta’fJ'd’C sue
abed..

Nice rewriting of the problem —
What is it good for?

L ——————————————— e
Seba Steinhaus (P1) Phases of (analogue) spin foam madels ay
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etwork renormpalization

to compute Z of 3§ large network?

— —~ ™ P il - { e ZJ‘!
Z = 2 Tabch Aofleph(n s 7 4 L 7..1;..,1 -”.,':mu.-

abed.. 3bed..

7 'in steps’ by defining effective tensors 174 T 5
T " ..., describe effective dynamics.

Compute

May 21 2014
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Tensor network renormalization

@ How to compute Z of a large network?

2{: T;bcd.T;Qfd’c

abcd...

...................................

...................................

/! f
E Tabcd Fhde

':ZH

Compute Z 'in steps' by defining effective tensors T/, T,

T!' TH’

Sebastian Steinhaus (PI)

, describe effective dynamics.
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Coarse graining to the|continuum

o Effeqtive dynamics at djfferent scales / refinement steps
o Infinjte refinement (fixed point) — continuum limit

@ Problem: Real space rehormalization schemes limited (Migdal, Kadanolf 7o)

o [Non-local couplings
< “Truncation / approx{mations not under control (error?)

o New developments in Condensed Matter / Quantum Information
e Tensor Network Renprmalization [Levin, Nave 06, Gu. Wen 09

a 20
Sebastian Stenhaus (P1) Phases of (nnalogue) spin foam maodels May 2
5 1 2014
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al description [Levin,Nave "06, Gu, W

[ ]
i [ |
[}

@ Thei-valent vertices afe split into two 3-valent vertices via Singular
Value Decomposition|(SVD):

N?
Teab)ed = Mas = D Unidi(V)ig
=1
o SVD is an exact varialjle transformation.
e Singular values M2 2 A2 0 determine relevance of

degrees of freedom.
o Index range grows exponentially.
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The algorithm - General description jevinave 06, u. wen 09)

] -
' - 1 O O —
] -

@ The 4-valent vertices are split into two 3-valent vertices via Singular
Value Decomposition (SVD):

N2
T(ab):(cd) =: Mag = Z Uairi( V)
i=1

@ SVD is an exact variable transformation.

@ Singular values Ay > A\ > .-+ > Ap2 > 0 determine relevance of
degrees of freedom.

@ Index range grows exponentially.
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[ ]
[]

o The“l-—valent vertices afe split into two 3-valent vertices via Singular
Value Decomposition|(SVD):

< N?

X 2
Ttab)i(ca)|=: MaB = L Uaidi(V)ig
=1

o Truncation in the numiger of singular values x < N, bond dimension.

o Contract 3-valent tensors (along black edges) to obtain a new
effective tensor on a new 4-valent lattice.
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The algorithm - presenving the symmetries *

Ter ks od
n .Y oV (3ay L), May 1
J

L r'il'J :

o Exploit the symmetries pf the tensor defined on the (quantum) group.
o Intertwiner channels (}. '), with j* # J° possible.

e (j.j') appears with n ultiplicity /(%)
o New edge Hilbert spage: <, ,r)V; 2 Vjr.

e the phase of the model.

Excited intertwiner channels determin

l‘[Dutl.nch. Martin-Benito, Schnetter 13
May 21 2014
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The algorithm - preserving the symmetries *

Jey ), i
) Plodvr (Jey 70), Mg, 1, r &V
> Vi

e )

e Exploit the symmetries f the tensor defined on the (quantum) group.
o Intertwiner channels (}, "), with j' # J° possible.

e (j.j') appears with n ultiplicity /(1)
o New edge Hilbert spage: ©,,, ’,’\/j 2 Vs

e the phase of the model.

Excited intertwiner channels determin

1chunch. Martin-Benito, Schnetter ‘13]
May 21 2014
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Results] phase diagran

@ Rich pattern of differen non-trivial fixed points.
e [he parameters {a;] correspond to different implementations of
simplicity constraint
o Non-trivial: (a versiongpf) simplicity constraints are realized
e Each fixed point has an extended phase.

Much more structure than in lattice gauge theories!
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Results: phase diagram (for SU(2)g)

0.0

%ﬁ/’/ﬂ" _

@ Rich pattern of different non—trivial fixed points.
e The parameters {«;} correspond to different implementations of
simplicity constraints.

@ Non-trivial: (a version of ) simplicity constraints are realized.
@ Each fixed point has an extended phase.

Much more structure than in lattice gauge theories!
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What ig the meaning

o All fixed point represent) topological theories
. The refjresentation j,J' completely decouple
o BF: Only (j,J*) alloyed, maximal glueing
Inbetween fglueing and decoupling
r phase transitions.

< 'r."nl."_t-\i"

o Indications of 2nd or

Interplay between ‘decoupling’ and ‘glueing”:

y constraints.

related to imposition of simplicit
May 21 2014 11 /12
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Conclusions

@ Coarse graining (analogue) spin foam models
@ Encouraging results!

e |Rich fixed point stjucture with extended phases
e |Intertwiner channd|ls are relevant degrees of freedom

o |Interplay between plueing and decoupling due to imposition of
simplicity constrainty

o Indications for a 2nd order phase transition

e Outlook:

Study SU(2)x x SU(R)k spin nets
Develop algorithm fdr full spin foam models
Do spin foams have 4imilar fixed points / phases?
What happens at thq phase transition?

Thank you for your attention!
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