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@ precise notion ‘continuum random geometry’: Brownian map, random tree

geometry critical exp. | spectral dim. Hausdorff dim.
branched poly_mere Vs = %1 D, =3 Dy =2
D = 2 gravity Vs =—3 Ds=2 Dy=4
D > 2 gravity ? 7 D,=D 7

How to obtain D > 2 continuum space-time geometry?

@ Tensor Models with rank r generate discrete r-dim. (pseudo) manifolds,
but only branched polymere / 2D gravity at criticality

e D, > 2 from additional combinatorial structure (as causal one in CDT)?
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Combinatorially Non-Local Field Theory

Idea here: add geom. d.o.f. ¢ generalizing tensors T',, . . to fields ®(q1, ..., ¢,):
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Idea here: add geom. d.o.f. ¢ generalizing tensors T',, . . to fields ®(q1, ..., ¢,):

k
¥ = [dadla)a® + o) + Y, / quz I st~ [T #(a)

(ia,jb)

pairwise convolution of ¢® € R%, a = 1,...,7, given by graphs

1

cNLFT provides sum over comb. manifolds and geometries thereon|

Lyier = Z)‘VFAF({QJ‘}) AF {Qf} /IF - Hvd/qf 1dqu Z q +

f>e

Feynman diagrams I" with g; on faces f — geometry on complex dual to I
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Quantum spectral dimension
Spectral dimension Dy(7) := —270, log P(7) from scaling of heat kernel e™,
P(r)=Tr (eTA) ~ 7 Ds/2
Quantum gravity: expectation w.r.t. measure on geometries du(g) on mf. M:
(P(T))m = / dp(g)Tr (e78%) ~ 7704/

Simple model of quantum geometry [Calcagni/Oriti/JT 2014]

@ M = lattice with spacing given by sE
single geom. variable ¢ € [¢min, Gmax] A

o spectrum A(q) = ¢ 2 T[,(1 —cosp,) s

o scaling measure du(q) ~ g7 ) >
Result: Flow to intermediate | D, = L_l i

B ot . . )
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Result applies to the restricted spin-foam model of cuboids [Bahr/Steinhaus 1508]:
e3

o Euclidean Spin(4) =2 SU(2) x SU(2) model
A 73 “ o face weights .A(fa) = (dimj;' ~dim j;)*
—f2 S “ o measure du(j;) = 1, A.(j:)
ey o homogeneous A, (\j;) = A12279 A, (5;)
Computation of D, possible for A/-periodic configurations [Steinhaus/JT 1803]:

[ ]
[ ]
J

Ds

@ numerical result: intermediate Dy = D¢

@ anal. argument assuming Ay 3 ~ j7'A .
: . a=0.5765

a=0.576
© a=0.5755

| DS =2(9 — 120)V — 21|

o for n = 6N? spins j;, V = N* vertices B
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B S R o face weights Asfa) = (dim j} - dim j;)*
i ]i. y el e measure du(j;) =[], A, (i)
e o homogeneous A, (\j;) = A12279 A, (5;)

Computation of D, possible for A/-periodic configurations [Steinhaus/JT 1803]:

Ds

@ numerical result: intermediate Dy = D¢

@ anal. argument assuming A{jf} ~jTA:

3 - a=0577
a=0.5765
a=0576

| D2 =2(9—120)V — 20| : L

o for n = 6N? spins j;, V = N* vertices ETE oor %
Similar results for frustum geometries [Jercher/Steinhaus/JT 2304]
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Ds

Universal result (P(7)) o 772 = T indep. of A/manifold !

o flow to Dy = 0 effect of gmin > 0, flow to D, = D effect of gmax < 00.
@ convergence criterion f;l dp A(p)_g;ﬂ31 < 00 specific to spectrum of A:

e upper bound on possible D; if po =0 (e.g. Ds = 7771 <1 for 1D lattice)
o discrete spectrum: isolated po = 0 needs regularization as fooo dgqg™7 =
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Then
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N
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Tensor fields provide a way out of the 2D trap of random geometry!

@ even if combinatorial geometry is D = % or 2, 4D geometry possible

@ necessary: additional geometric variables and the ‘“right” critical regime
— agenda: (1) determine fixed points and their diagrammatics
(2) check convergence of above result at the fixed point
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Thanks for your attention!
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