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Motivation

Extended configuration space for gravity (inspired by LQG & spin foams; string theory; entanglement geometry:...)

{length metrics g} —— {area metrics A}

Juv - 10 d.o.f. — measures lengths of tangent vectors & angles

[Schuller & Wohlfarth, 2005; Punzi,

AW/XT (CyChC) . 20 d.o.f. — measures areas of parallelograms & dihedral angles Schuller & Wohlfarth, 2006]

Hints for extended gravitational configuration space in spin foams

anomaly in quantum constraint algebra

classical constraints «— imposed sharply —»  quantum constraints « part imposed weakly

path integral extended over non-length-metric d.o.f. parametrizing
fluctuating part of simplicity constraints

continuum limit of Area-Regge action

dynamics
[Rovelli, 1993; Barrett, Rocek & Williams, 1999] [Dittrich, 2021; Dittrich & Kogios, 2022]
1
Sar[Ad] = - Z Aver (Ay) —  SerlA] — Senlg] = Sarlg] + Weyl[g]* + O(\*)

teN

Goal:  start from continuum [---] — S[A] — Seg[g] = Sarlg] + corrections [- - -]
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Non-Chiral Plebanski Action

Non-chiral Plebanski theory = so(4) BF-theory (+ Holst term) + constraints

[Plebanski, 1977; Capovilla, Jacobson, Dell & Mason, 1991; Reisenberger, 1995-98; Pietri & Freidel, 1999; Speziale 2010]

1 1
Spieb. [ B, w, ] = /51JKLB” A FRE (w) + ZGIJKLBIJ N FRE (w) — §¢IJKLBIJ A BEE

Bi; : 36 d.o.f. —so(4)-valued 2-form (4d) incl. 6 so(4) gauge d.o.f; can be parametrized using Urbantke theorem &
isomorphism so(4) 2 su(2)y @ su(2)_ [Urbantke, 1984; Freidel, 2008; Speziale, 2010]

BI36) < (95,(10).0,(10). b, (8),6,(8))  2xlonoth mevic

2 x unimodular 3x3 matrices

5¢ . 20 simplicity constraints

full set of constraints imposed sharply at the classical level — two sectors of solutions

gravitational sector (leads to Palatini-Holst action for GR) & topological sector (no propagating d.o.f.)
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Modified Non-Chiral Plebanski Action

Modified non-chiral Plebanski theory = so(4) BF-theory (+ Holst term) + potential

[Krasnov, 2006-07; Bengtsson, 2007; Speziale, 2010; Beke, Palmisano & Speziale, 2012]

Motivation: in spin foam quantization only part of constraints imposed sharply — rest imposed weakly

Idea: impose only part of constraints sharply at the classical level — suppress rest via potential
(integrate out connection and relevant Lagrange multiplier d.o.f. [Freidel, 2008; Speziale, 2010])

Smod. Pleb. eff. [6317 6;17 qc—;ﬂ ng] — S;;(Q)-BF [6217 qc—E)] + s_u(2)-BF [6;17 q;b] =+ /V[B:I, 6;17 qg})? q;b}

2 x tetrads associated to length metrics g,f,, - Pijeijé},]

g2 v

2 x unimodular internal metrics ¢ = b’ V%, 0y
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From Modified Non-Chiral Plebanski to Action for Area Metric

Area metric from so(4) B-fields

introduce cyclic area metrics for each su(2)-sector [Reisenberger, 1998]: (use parametrization of B-fields)

1 7 1 7 o
Ai/pa = 5( +® Bii)uww _ I(Bi ® B:ti)a575€ BWSEW}OU) - Ai(gia qi)

note: A:Vpa - A;Vpa < 20 simplicity constraints (for non-degenerate tetrads, [Reisenberger, 1998])

here: want action for area metric — from so(4) B-fields extract the required number of d.o.f. for a cyclic
area metric by imposing only the length-metric induced part of the simplicity constraints

1J + 1 - :
B, (36) —so(4) gauge(6) — [ @ =9, — 20 d.of. for area metric

!

10 equations ( ~ subset of simplicity constraints imposed sharply)

remaining d.o.f. can be organized into a cyclic area metric given by the sum of the area metrics for each
sector:

Appe(9.0707) = Al 0 (9,07)+ Ay 0 (9,47)

N B 1 x length metric gu = €i€g5u
AMVPU(2O> <~ (gMV(lo)v qab(5>7 qab(5>) 2 x unimodular internal metrics q(ﬁ) = iiabiz)é

ij
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From Modified Non-Chiral Plebanski to Action for Area Metric

(guva qzlrba q;b) A A“Vpa — Smod. Pleb. eff. [QW, q;b; C];b] ~ S{A}

Length- and internal metrics from Area metric

consider inversion A(g,q",¢7) to g(A),q"(A),q (A) perturbatively

v =0 + A, qj) = Oy + be, tr(x) =0 —  Aupe = 204,000 + Qupo + O(h2, o)

! !

<h7 X+7 X_) relation can be inverted to h(a), X+ (a), X~ (a) area metric induceq lst—ordgr area metric
by flat length metric fluctuations

_ al2 . +(2
S la] = Sr(n(zd. Plob. off. [Ps Xaps Xap] = Ssu(?) i [Pyaws Xap] =+ Ssu g s Xap] + / Ve [yuwrs Xas Xap)

T+ 8

2) 2 v 1= T
2 ‘C](3F<hMV+XIU/)+7/£](3P)’(hNV+XMV /m+X:—VX+M 8 /m’QXuVX :

BF shift symmetry ... ... broken by mass terms

su(2) chiral theory: (non-local) field redefinition (A, be) —
linearized Einstein-Hilbert with “shifted graviton” ij
so(4) non-chiral theory: graviton + massive d.o.f.

(H,, = by + X0 Xap) & integrating out auxiliary x5, gives
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Effective Action for the Length Metric

Linearized Effective Action for the Length Metric

Integrate out Xffy . (in Fourier space)

1 1

1

*no ghost!

(linearized) Einstein-Hilbert Lagrangian

mE+ A mELA

) (D@WPU(B)(UCWW(;I)

!

lowest-order corrections: Einstein-Weyl gravity

reproduces effective dynamics for the length metric

fluctuations from continuum limit of Area-Regge action
[Dittrich & Kogios, 2022]
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Summary

Effective action for the continuum limit of spin foams...

1. starting from the non-chiral Plebanski action

2. imposing only a subset of the simplicity constraints sharply as in spin foam quantization & replacing
the others by a quadratic potential
identifying an area metric from the remaining d.o.f. of the B-fields

4. interpreting the (linearized) effective Plebanski action as an action for an area metric
resulting in effective action for a length metric which reproduces GR plus non-local and ghost-free

Weyl squared correction

Spieb. [B,w, @]+ Smod. Pleb. eﬁ.[eiyq;%,q;b] & S[A] = Sla — Seff[h]:SGR[h]+Wey1[h]2+"'

Prospect

enlargement of the configuration space for gravity ( — from length to area metrics)

e IR phenomenology (e.g. consequences of absence of no-hair theorem?)

e connection to other QG approaches (using translation to field-theoretic language)

e classification of area metric actions & canonical analysis

e 21starea metric component?
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Area Metric

Area metric [Schuller & Wohlfarth, 2005; Punzi, Schuller & Wohlfarth, 2006]

A (T,M)P* =R (or A: N°T,M @ A*T,M — R)
I. A/,wpa = _Auﬂpo = Apa,uu Aw/pa :

(i)  Apuppe) =0 cyclicity 21-1=20d.of.

(iii.)  invertibility as symmetric 6x6 matrix A 45, A, B € {[01],[02],[03], [12], [13], [23]}



