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Introduction and Outline

Study holographic dual theories for general boundaries

® Regge calculus suitable yet computationally challenging

® construction of holographic duals in 4D

» non-perturbative holography (quantum flat spacetimes)

» restore diffeomorphism invariance in discrete theory



Holographic dual theories 3D results

Get a quasi-local holographic dual boundary field theory for geodesic lengths

asym ptotic and finite boundaries [V Bonzom, B Dittrich, H Haggard, F Hopfmueller, SKA]
[S Carlip, Skenderis et

al,]
- boundary dofs described by Liouville field action

. . [J Oblak et al] [B Dittrich, A Castro]
- also one loop correction in terms of BMS characters

Also works for non-perturbative theories @
|

3D: Ponzano-Regge model [B Dittrich, C Goeller, E Livine, A Riello] \_/

- spin chain models, non-linear sigma models, 6-vertex models, ... ij






Holographic dual theories for gauge sector (linearized)

2
Sk = — lJ ddx\/E(R —2A) — —J dy\/hK OM < 0
K K Jou

Background spacetime

ds* = dr* + hy,gdy*dy®
b — _ 1
Linearize around background Eab 8abg T Vab Yab = Vabpt Vila q = (67, 84)

For diffeomorphism generating vector fields

Yag = 2K, g€ + Dyl + Dgéy

[B Dittrich, F Hopfmueller, SKA ’19]
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4 Hamilton-Jacobi action
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Effective action for geodesic lengths

- (first order) geodesic length ly(YaB) = EX 2 A&t = 6(°R)

r

For d=3 andingeneralfor °’R—-2A=0 @

- Hamilton Jacobi action splits into normal and tangential invariant parts

Integrate out bulk fields except geodesic lengths

- gives effective action for geodesic lengths

Sy = Jdd_ly\/z (pAp - 2,05(bR)) Liouville action

- reproduce normal part of Hamilton Jacobi functional






Example: 4D Regge calculus for thermal spinning flat spacetime

Background with topology of twisted solid torus .:
ds’> =dr* + r’do* + dy* +dz*>  (1,0,y,2) ~(r,0+y,y+a;,z+ ) [
[B Dittrich, H Haggard, SKA "19] \i/
Choose coarse discretization /\L/\
- radial edges serves as geodesic lengths normal to boundary
I

- boundary discretization allows continuum limit
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Background with topology of twisted solid torus :\
ds’> =dr* + r’do* + dy* +dz*>  (1,0,y,2) ~(r,0+y,y+a;,z+ ) [
[B Dittrich, H Haggard, SKA '19] \i/
Choose coarse discretization /\L/\
- radial edges serves as geodesic lengths normal to boundary
I

- boundary discretization allows continuum limit

Discrete action

Selll = Y Al e+ Y All) wfl,) :

(= €09

Linearize around background [,=L,+dl, 61,(0,y,2) = 6l (ky, ks k)

o0l, for boundary perturbations admits flat or curvature solutions

Evaluate effection action for radial edges coupled to boundary geometry



Example: 4D Regge calculus... results

Background with topology of twisted solid torus :
ds’> =dr* + r’do* + dy* +dz*>  (1,0,y,2) ~(r,0+y,y+a;,z+ ) [
[B Dittrich, H Haggard, SKA ’19] \\*//
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Example: 4D Regge calculus... results

Background with topology of twisted solid torus :
ds’> =dr* + r’do* + dy* +dz*>  (1,0,y,2) ~(r,0+y,y+a;,z+ ) [
[B Dittrich, H Haggard, SKA *19] N e s B
second order Hamilton-Jacobi functional
Vi

S| = RS(R) + R—ls(R_l) 4+ @(R—3) Sl(;:t) X JBW(A_1)39{

sol

dominates for large R > 1

» no Lagrange multiplier method

» smoothness condition automatically implemented in bulk axis (one boundary)
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second order Hamilton-Jacobi functional
Vi

(R) 3 —1)3
S, =RS® +R7ISED + O(R7) 3 X J RAT)'R

sol

dominates for large R > 1

» no Lagrange multiplier method

» smoothness condition automatically implemented in bulk axis (one boundary)

effective action for radial lengths (continuum limit)

S = [d3yf (pAp —2p5(°R)) Liouville action

y
A = (K8 — Kh"B)D,Dyy ~ (k, — —kyp)* + (k, - Ekg)Z
a



Non perturbative version (flat spacetimes)
[l Korepanov, A Baratin, L Freidel]

4D: KBF (Korepanov-Baratin-Freidel) model

- spinfoam model for quantum flat spacetimes

cOS(Skrr)
ZKBF = JQZ legstH 2At(le)H v (;{])BF
f o o\"e

SKBE = Z s; €(L) 5 €2

5

- flat solutions

- topological (invariance under all Pachner moves)
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- flat solutions

- topological (invariance under all Pachner moves)

Question

[l Korepanov, A Baratin, L Freidel]

- what topological gauge (category) theory give rise to this state sum model ?






Higher gauge topological theory

[F Girelli et al, J Baez et al, A Mikovic et al ,.....

BFCG model based on 2-group (Poincare)

[A Baratin, D Wise, J Baez, L Freidel ,.....

SarcG = J Tr,(B A F) + Try(C A G[Z, Al) G[Z, Al :=d,X
M "
tetrad

- 2-state sum model

ZgrcG = [QZAQZZ S(F[A]) 6(G[Z, A)) F[A] 1 — curvature
G[X,A] 2 — curvature

- new quantum geometry based on higher categories

- well adapted for 4D discretization on simplicial manifold
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M "
tetrad

- 2-state sum model

ZgrcG = [QZAQZZ S(F[A]) 6(G[Z, A)) F[A] 1 — curvature
G[X,A] 2 — curvature

- new quantum geometry based on higher categories

- well adapted for 4D discretization on simplicial manifold

Conjecture

KBF two-state sum model is equivalent to Yetter model for Poincare 2-group for BFCG gauge theory

stay tuned for proof .... = B. Dittrich, F. Girelli, A. Riello, P. Tsimiklis, SKA to appear soon.






Graviton sector

Parametrize ‘spatial’ perturbations

YAB = 3

diff
T,

boundary graviton
VJ_

"

diffeos + 2 graviton modes

flat modes

9

X, W

N——

bulk gravitons

S



Graviton sector

4 )
boundary graviton
. . . diff 1
Parametrize ‘spatial’ perturbations Yap= 1", V ,  XLw o
\ flat modes bulk gravitons )

diffeos + 2 graviton modes

Bulk equations of motion describe two propagating degrees of freedom — graviton modes

Bessel functions for cylindrical symmetric spacetime

H-] action for two boundaries

- solve discrete recursion relations = ‘perfect action’

- also get path integral measure for gravitons

Geodesic lengths

- normal geodesic lengths modified with graviton modes



Graviton sector

a )
boundary graviton
. . . diff 1
Parametrize ‘spatial’ perturbations Yap= 1", V ,  XLw o
\ flat modes bulk gravitons )

diffeos + 2 graviton modes

Bulk equations of motion describe two propagating degrees of freedom — graviton modes

Bessel functions for cylindrical symmetric spacetime

H-] action for two boundaries

- solve discrete recursion relations = ‘perfect action’

- also get path integral measure for gravitons

Geodesic lengths

- normal geodesic lengths modified with graviton modes

Is there a ‘better’ observable for graviton sector ?
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Holographic description allows finite boundaries

* connection between discrete and continuum formulations

* connection between perturbative and non-perturbative schemes
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* connection between discrete and continuum formulations

* connection between perturbative and non-perturbative schemes
Is there a dual boundary field theory (geodesics) for gravitons sector ?
General mechanism for other boundaries in 4D?
Explore non-perturbative dual boundary theories in 4D

* QG connections to higher gauge topological theories

Applications to H-J functionals and One loop partition functions
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Holographic description allows finite boundaries

* connection between discrete and continuum formulations

* connection between perturbative and non-perturbative schemes
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General mechanism for other boundaries in 4D?
Explore non-perturbative dual boundary theories in 4D [wip]

* QG connections to higher gauge topological theories

Applications to H-J functionals and One loop partition functions

Thank You !
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Include Gravitons sector



Include Gravitons sector

Example:

- consider background ‘thermal spinning flat space time’ in 4D

ds? = dr? + r’d0* + dy* + dz*

Include bulk gravitons

Parametrize ‘spatial’ perturbations as YAB =

diff
T,

boundary graviton
VJ_

flat modes

X, W

N——

bulk gravitons

Fourier transformation (twisted) on boundary  Yu(".0,y,2) = 74(1; kg, k. k)

twisted solid torus

S

[B. Dittrich, SKA]

Fourier modes

ko, k., k

Y’z
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Fourier modes

kg ey k.

Bulk equations of motion describe two propagating degrees of freedom — graviton modes

r

P2 — w(r) (I’W"(r) +w'(r) — l (kg + rzk}%z) W(I’))

Bulk solution

x(r)
+ N rx"(r) +x'(r) — —

1
<r2A +
r

k2
A=Y

72

Solutions to the two graviton modes are given in terms of Bessel functions

1
w(r) = ¢ Ikg(kyz r+c Kkg(kyz r) x(r) = ﬁ (Cl Ikg(kyz r+c Kkg(kyz r))

r2A2

kfz 3k92ky2Z
- x(r)

2 2
+ K2+ K



Boundary effective action



Boundary effective action

r
Séﬁiy = [d3y \/Z <7ABH6‘BCD Yep +rw(r)o.w(r) + 5x(r)6,,x(r)>

Boundary conditions

Two boundaries— outer and inner boundariesat r=R,, and r=R

One outer boundary R;, — 0  use smoothness conditions at the origin

([




Boundary effective action

r
Soiry = [d3y Vh <7ABH5‘BCD7CD +rw(r)o,w(r) + 5x<r>a,,x<r>> @
\

BV
—

Boundary conditions

[/

Two boundaries— outer and inner boundariesat r =R, and r =R,

One outer boundary R;, — 0  use smoothness conditions at the origin

Renormalization procedure
Use H-J action for two boundaries as ‘perfect’ discrete action *
g0 0) 2

— 40,2 0)
diSC(ql’ qZ) — (ll QI + 'BI qd149> + az QZ
Discretization invariance of discrete action gives recursion relations for coefficients

Br,, 7) PO, 1)
2 (a,(f)(F, Fpi1) + a2, (7, 7))

(B )Y
4 (azgf)(’z, Tut1) + alg?l(rn’ ’7))

1 ~
a,ﬁ” )(rn, Fpy) = a,(f)(rn, F) — ﬂ;gfﬂ)(”nv Togt) = —

Perfect action solves recursion relations — coefficients are fixed points

Serves as refinement limit from Regge calculus



Renormalization

Discretization invariance for partition functions also gives recursion relations
90 9 9>
2(q0 ¢) = [9% Z(q0, 91)4(q,- 95) Dq, = pdq
"o " )
also get recurrence relations for measure
(T+1) . \/ ﬂh (ﬂ;gf)(”n, F)ﬂ;gf)(f’, rn+1))
Hp (rn’ rn+1) -
2\/ (a,gf)(f, tii1) + a(r,, F))
solutions to measure recursion relations )
ﬂ;k(rla r2) —
- —2,6(*)(4-, rj) kyzz\/ AjA, <Ik9(kyz” 2)Kk9(kyzr 1) — Ike(kyzr I)Kkg(kyzr 2))
/’l (ri’ r]) —
nh o)
pi(r,ry) =

L (ky 1)Ky (ky o) — B (ky r DK (K 1)
Thus we get measure for the gravitons — non-vanishing /5,

For gauge sector: use gauge symmetry and Fadeev-Popov procedure to get measure factors

Compute one loop partition function



