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Overview

Background-independent gravity path integral approach
consider d = 4 and SL(2,C)

Barrett-Crane model is a spin foam and group field theory model

Barrett, Crane gr-qc/9904025; Perez, Rovelli gr-qc/0009021; Baratin, Oriti 1108.1178; AF], Oriti, Pithis 2112.00091

“causally complete” means spacelike, lightlike, and timelike tetrahedra are included

AF]J, Oriti, Pithis 2206.15442

microscopic continuum
1% coarse-

quantum geometric eraining > spacetime
degrees of freedom geometries

LG mean-field theory as approximation method and for coarse account of phase structure



causally complete Lorentzian Barrett-
Crane model



BF -theory quantization

Senlg]—— Sple, w]

1. First-order Palatini gravity Sple,w] = / ergre’ Nel NF(w)EE
M
1 I A J
no Holst-term — e Nel NF(w)rg
YBI J M
orthonormal frame {er}, gler,es) =nry

connection w € Q'(M) x s(2,C)

0Sp

spin-connection 5, — 0 = wle)

Baez gr-qc/9905087; Simdo 24
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BF -theory quantization

Sple,w| —2> Spr|B,w]+constr.

no prop. d.o.f.’s
f prop

2. Constrained BF-theory Spr[B,w| = /BU A F(w)!’

B-field 2-form B € Q*(M) x sl(2,C)

. . : 1J _ 1J _ IJKL
simplicity constraints ni(xB)'7 =0 = B =e ex Ner

* normal vector field n
* defining ingredient of BC model

* other possibilities with a1

Baez gr-qc/9905087; Simdo 24

Alexander Jercher Landau-Ginzburg analysis of the causally complete Barrett-Crane model RTG Combo ‘24, September 16



BF -theory quantization

Spr[B,w]+constr. —— S

disc.

3. Discretization

w_>ge:’]?exp</w) A A*

) 4-cell vertex (v)
F—gr= l_Ifge tetrahedron edge (e)

eD
triangle face (f)

B — by = / B

HF) link
n— X point

SHiE = Z Trlbrgy]

Baez gr-qc/9905087; Simdo 24
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BF -theory quantization

Sdise +  constr.

Zsr|A¥]

Baez gr-qc/9905087; Simdo 24
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BF -theory quantization

SdlSC
4. Path integral quantization Zpr[A H/dgf /dbf BB — H/dgf H5 ng :
eCf
lancherel- ‘1 (P:V) ZBF[A*]
Plancherel-decomposition dp Z p+v2) Z Z D im(9)
vEZ/2 JEN/2m=—]j
unitary irreps & can. basis (p,v) ER X Z/2, [(p,v); jm) € DY)

ZBFA]_H/dng(Sng_ I pr‘H/f H‘AHA

e’ {pf,Vf,Le}

Baez gr-qc/9905087; Siméao ‘24; AFJ, Oriti, Pithis 2112.00091, 2206.15442
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From BF-theory to spin foams

5. Imposition of constraints on the quantum level
(L2 - KQ) ‘(pa V)?jm> = <_p2 + V2 - 1) |(p7 I/)ajm>
L K‘(pa V),jm> = pV|(p> V)?jm>

Identification of bi-vectors and generators bfv‘] — ( 1}7 K })

)

{pf7 V§s Lﬁ} simpl.

\x

94/ (pa,va)

Zsp[A*] =
A

[T% +vH) T AT A

X+ =0 = L-K=0

93/ (p3,v3)

g2/ (p2;v2)

explicit discretization dependence

g1/(p1,v1)

Baez gr-qc/9905087; Siméao ‘24; AFJ, Oriti, Pithis 2112.00091, 2206.15442

7

Zpr[A*) == Zsr[AT]
tet. s.]. L1 t.1
X7 t.1. LL s.l.
face s.l. s.l. s.l. t.l
(p,0) | (p,0) (p,0) | (0,v)

Alexander Jercher
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From spin foams to group field theories

Dual complex A* can be understood as stranded graph and Zsp[A*] as Feynman amplitude

Other paths to the theory are:

Group field theories generate spin foam amplitudes in a perturbative expansion, i.e. * 3" quantization of gravity [Giddings, Strominger ‘89]
: \V * generalization of matrix and tensor models
. —Sarr(®] _ A .
ZGrT = / Doe ot = Z sym(A*) Zsr[A] * quantum cosmology as hydrodynamics on
- minisuperspace
®: SL(2,C)* x R%ee x H — R « closure ®(gh™',¢,h-X)=®(g,¢,X), heSL(2C)
X P X * simplicit = 4
scalar field coupling (9’157 ) — ®(g, ¢, X) simphcity ®(gu, ¢, X) = 0(g9, ¢, X), wu € Staby
| J A
Sarr = K[®] + V[®] }/

K(3] = 5 [ dgdgdg’de 1X b(g.6. X)K(g 9", |& — #])2(g' ¢, X) Vel =2 [dg 1,

I/ dXT«b(gw,XT)]
» T
kinetic: “propagation” of tetrahedra \ vertex: glueing of tetrahedra, non-local in g and local in ¢

Oriti gr-qc/0607032; Li, Oriti, Zhang 1701.08719
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Example: 7 = quartic melon

V[(I)] = /dsgdd)dX ®(917927g3ag47¢7 X1)¢<g5796797ug47¢7 X2)q)<g57967g77987¢7 X3)@(gl7927g37987¢7X4)

X4 g8 X3

g1

Xl g4 XQ

0 00 B s

Oriti, Ryan, Thiirigen 1409.3150
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The causally complete Barrett-Crane GFT model

Resolving restriction to spacelike tetrahedra ( X, timelike) to include timelike tetrahedra (X _ spacelike) and lightlike tetrahedra (X lightlike)

®q : SL(2,C)* x R¥ee x H, — R e closure Po(gh™', ¢, h-X,) = PBulg, b, Xa), heSL(2,C)

(9, P, Xa) — Palg, ¢, Xa) * simplicity @, (gua, ¢, Xao) = Pulg, ¢, Xa), Ua € Stab%(a

K[y, ®0,® | = Z(‘I)a,lCafba) V[P, Pg, P_] = )\/dqur7 [(I)i-#—q)goq):l—}

«

_|_
diagonal in causal characters + — — 4+ - _
: C . @ _ +
+ + + 0 — — 0 0

AF]J, Oriti, Pithis 2112.00091, 2206.15442
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Landau-Ginzburg analysis



Landau-Ginzburg mean-field theory

microscopic quantum coarse-graining > continuum spacetime
geometric degrees of freedom geometries

Spin foam FRG methods applied to Homogeneous and Landau-Ginzburg mean-
renormalization via tensor models in large-N inhomogeneous cosmology tield analysis applied to
refinement expansion from GFT condensates non-local field theories

Asante, Dittrich, Steinhaus 2211.09578; Gurau 1011.2726; 1105.3122,Bonzon, Oriti, Sindoni, Wilson-Ewing 1602.05881; Marchetti, Oriti, Pithis, Thiirigen
Bahr, Steinhaus 1605. A9; Dittrich, Riello, Gurau, Rivasseau; Carrozza Pithis, Sakellariadou 1904.00598 ; AFJ, 2110.15336, 2211.12768; Dekhil, AFJ,
Mizera, Steinhaus 1409 7 2404.07834 Marchetti, Pithis 2308.13261 Oriti, Pithis 2404.04524, 2407.02325

Asante, Dittrich, Steinhaus 2211.09578; Carrozza 2404.07834; Oriti, Sindoni, Wilson-Ewing 1602.05881; Marchetti, Oriti, Pithis, Thiirigen 2110.15336, 2211.12768
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Landau-Ginzburg mean-field theory

microscopic quantum coarse-graining > continuum spacetime
geometric degrees of freedom geometries

Landau-Ginzburg mean-
field analysis applied to
non-local field theories

Marchetti, Oriti, Pithis, Thiirigen
2110.15336, 2211.12768; Dekhil, AFJ,
Orriti, Pithis 2404.04524, 2407.02325

mass [t
phenom. models for 2"d-order phase

* coarse account for the phase structure = X
transitions via SSB

* self-consistency check near phase-
transition

. coupling A A 4
¢ condensate phase tentatively

connected to continuum geometries (®) =270 approximate quantum gravity

models via MF near the point
uw—0

Asante, Dittrich, Steinhaus 2211.09578; Carrozza 2404.07834; Oriti, Sindoni, Wilson-Ewing 1602.05881; Marchetti, Oriti, Pithis, Thiirigen 2110.15336, 2211.12768
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LG-theory applied to spacelike BC model

- - - 1 1 ! * spacelike tetrahedra
o] = @) [asTe |[] [axtow e XD)|. K=l le)-20 )83 | e @ S

c=1

uniform sol. of linearization ' correlation '
equations of and effective effective function correlation Ginzburg-Q

motion action mass (0®(e,0)0P(g, p)) length

b? = |ul(x* — 1)
Cloed) = [19C@0) [T
oc b

4})({} Xp:ﬁ5pi+H5pi+5p4i 9
I\ AR et LSt O G elg) = / 4pClg. ) || Emoe = mper ~ (alpul) !

X, 7 X,

* effective mass momentum dep.

Jo, dgd9 C(g. )
* X encodes non-locality B Jo, dgde @2
13

©lg. ¢, X1) =2 +00(g. ¢, X) ||, projection onto zero-modes

N s _%(d1°°_2%) —2(4—50)ntoc/a
Se[6®] = (50, G5®) QAT e

* local result b= 2|u| for 4 zero modes _
otherwise, bP < 0 [Dekhil, AFJ, Pithis 2404.04524] gniljgoo Q=0

Marchetti, Oriti, Pithis, Thiirigen 2110.15336, 2211.12768
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LG-theory applied to spacelike BC model

Key results

* exponential suppression of fluctuations ¢ generalizes to multiple interactions

* hyperbolic part of SL(2,C) crucial * supports the mean-field hypothesis of

* holds for vanishing effective mass GFT condensate cosmology

Marchetti, Oriti, Pithis, Thiirigen 2110.15336, 2211.12768
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Extension to causally complete BC model

4 _ +
S[®1, B, @] =) (P, /Ca<1>a)+/\/d¢ Tr, [®F 000" ], Ko =pad(g 'g)-2Z(g7 ') As—Z5(|¢ — ') DA v

« c=1

 multi-field theory (@, ®o, ®_) * matrix-valued correlator C,3

* 1o O(3) only discrete Z;  timelike tetrahedra with timelike faces (0, v)

uniform sol. of linearization ) correlation _
equations of and effective effective function correlation Ginzburg-Q
motion astion mase (50 (e,0)005(g, §)) tength
_ 1
5 b ({pa} A28}, 425}) R
EOM(®,) =0 o b ) , ) Jo dgde Caslg, @)
m U+ o, b —) = O (45 o5 H— fnloc = s ™Y alp|) Qa,ﬁ = ==
byk ng dgd¢ ©,Ps
Do(g, 0, Xo) = Py +5Pu(g, P, Xo) —1 Qus ~ ;ﬁg‘%(dloc—2%)e—2<4—so>£nmc/a
a\g, P, A a a\gd, P, Aa C’aﬁ(g, ¢) = (G (g,(ﬁ))aﬁ afB loc
_ lIim Qu.3=0
Seff [5@] ZB(5®0¢7 Gaﬁéq)l@) restr. range Of {Zcq;7 Zg} Entoe—00 B

Dekhil, AFJ, Pithis 2407.02325
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Extension to causally complete BC model

Key results
* exponential suppression of fluctuations ¢ generalizes: multiple interactions, CDT-

in restricted regime of {Z?, Z9} like model, colorized model

SL(2,C) ~ H? x S* * supports studies on cosmological

/ \ perturbations from GFT condensates
(p,0) (0,v)

spacelike faces timelike faces

drive criticality projected out

Dekhil, AFJ, Pithis 2407.02325
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Summary

GFTs are combinatorially non-local field theories * hyperbolic structure of SL(2,C)
causally complete BC model * spacelike faces drive criticality

exponential suppression of fluctuations * timelike faces projected out

Open Questions

extension to other causally complete models * FRG-methods applied to QG models
geometrical characterization of mean-field * is classical GFT already capturing QG?

limited range of parameters



Back-up



LG-theory applied to spacelike BC model

* spacelike tetrahedra
S[®] = (®,KP)+A / deTr, [T / dX? ®(g", ¢, XY)|, K=puélg'g)—Z(g " g")Ap— Z A, . spacelike faces (p,0)
uniform sol. of linearization '
equations of and effective effective
motion action mass
0 = ud + An, VE" T2y et b = |ul(x” = 1)
é = (M) e V 2V ny =2 B “1"1 "l p = H 6/)6,1 + H 5,0“1 + 5/)47
Aty (9. ¢, X1) = & +0®(g, ¢, X.) VN i
« volume factors V;, = e?L/a Seit[0®] = (6@, GIP) + effective mass momentum dep.
.from group and normal LA * X encodes non-locality
integration GP(k) = 7Pk 4+ — Z(Pc 1) 4P ] o 4
* cf. quartic scalar field theory = projection onto zero-modes
b=+ 1l * local result b= 2|u| for 4 zero modes
4\ otherwise, b” < 0 [Dekhil, AF], Pithis 2404.04524]

Marchetti, Oriti, Pithis, Thiirigen 2110.15336, 2211.12768
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LG-theory applied to spacelike BC model

L L 4 * spacelike tetrahedra
sie) = (@0 [aom | [T [ axiote'.o, X”) K=pilg™'9)-2(67' 98- A+ cpacelike faces (p.0)
c=1
correlation '
function correlation Ginzbure-Q
. length &
(6@(e,0)02(g, ¢))
1
CP(k) = (2°k” + — Z<pc 1) + bP) ! . o Jo:494#C(8:9)
c=1 Z'L >0: CIOC(¢) |(;>>>1 e_|¢|/§loc ng dg d¢ @2
Cuocl®) = [dgCla.0) = [ 555 o
° | (2m)hos Zik? + b Gioc ~ Il 2 Q ~ 3 2T s
[1.Tr D(pc 0)( )} .
Coocl9) = [ d6Clg. ) = / dp. p? : €
( ) / H 1 ,OC + 1) + bP nloc(n4fs) . . _, n;i € !
et Hyperbolic part of Lorentz
_ roup renders MF-theory valid
nloc Z VL Z Oriloc(gél—s) énloc = abcl2mcs ~ (a’HD ! & P y
s=s0(7) (e1...cs)

Marchetti, Oriti, Pithis, Thiirigen 2110.15336, 2211.12768
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