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local Lorentz transformation A% (x)

Spin Connections tetrads
W - A2wS?(ADE + n°?A%d, (A5 ej = Aje.
gauge theory metric structure
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quantise gravity

gravitationalise the quantum
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Unification Logic

40 (4 u - 10 A,B)

gauge field A7}°

ab a
Wu S0(1,3) (6 generators) Cu /
24 (4 1 - 6 a,b) 16 (4 u - 4 a) /

S0(1,4) or SO(3,2) (10 generators)


Andrea Addazi
Unification Logic


SSB

Higgs-like field ¢4 P4 — v

S0(1,4) or SO(3,2) (10 generators) S0(1,3) (6 generators) /

SSB



SSB

Higgs-like field ¢4 P4 — v6é

40 (4 u <10 A,B)

gauge field A]}®

ab — ab 1a5—
A = wy A eu

24 (4 u-6a,b) 16(4u-4a)
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Au ) ¢ g,llV! eli ) a)u

gauge theory metric structure
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SSB

gravitationalise the quantum



SSB

internal-space generalised tangent-space
Minkowski metric n4p Minkowski metric
S0(1,4) or SO(3,2) (10 generators) S0(1,3) (6 generators)

Einstein equivalence principle

no metric structure gy Levi-Civita symbol e#/P?



Assumptions

» 4D spacetime
» principle of general covariance
» Lgy and EEP after SSB
» only A;” and ¢* before SSB

» polynomiality in A7}® and ¢ and their derivatives



Classical gravity

R = 2(6[waf]b + a)g[ua)f,ﬂ’)

MZ
Ly = TPeege,}’Rl%’ - Juv /

— a
e = det e,

RHVPI = (elieleled — 4eleyel el + el elel el )RAREY

G =R*— 4R, R* + R w Rpo
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Constructing the theory

rigidity, uniqueness, no so much space for arbitrary lagrangians (Addazi et al 2025)

Generlized Lovelock’s theorem for pre-Geometric theories
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EABCDEEM & Fuv P,'oa

v/,t(pA — u(pA + Aéu(pB' Aéu = nBCAleC
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Two possible Lagrangians

Ly = kWEABCDEEWpGFﬁBVp¢cva¢D¢E

SSB 2
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Mg = —8kyv3m?
_ 3M3?
A=+6m?=7%F P
4‘kwv3

kw ~ —1[$]2 = v ~ 109 [¢]

FABFCD E

. vpo
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SSB 2
[’MM — LEH MPAe + Aeg

M3 = +32kypvm?

3MP

A = +3m?
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Emergence of
(non)equivalent principles

General covariance Diffeomorphism invariance Background independence/
- .
SSB
: emergent in
pre-geometric emergent

metric sense

pre-geomietric in the
gauge sense



A dictionary for
emergent gravity

effective geometric quantities
SSB
—1,,,—1 A
v imTV, 94 —ef /

SSB
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Spontaneous symmetry breaking

symmetry-breaking potential unitary gauge

Lssg = —kssgV *J|(Napd“d” F v2)? > A 22 (v + p)5§‘//

p* = v



Quantum fluctuations
of the background geometry

total effective geometric quantities ‘classical’ and ‘guantum’ parts
iv—1m—1vH¢Aﬂgﬁl S =& 0 Gy El=el +él, E=e+
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Matter couplings and
the equivalence principle

correspondence principle
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Gravitational Higgs mechanism

kinematics of the Higgs-like field

1 ssB 1
_ —..-37-1,,,H
AGP = w?b massless
u m
SSB .
m‘1A25 — el massive, but actua

, SSB p .
$* — (v + p)obs massive



Gravitational Higgs mechanism

A\ sector
2
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Gravitational Higgs mechanism

S0(1,4) S0@8,2)
. ; p sector
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Cosmological implications

» eternal and singularity-free pre-geometric universe before SSB
» problem of causality
» phase transition at T, ~ m, < Mp if kssg < 1072

» supermassive boson p



Non-perturbative analysis of the # d.o..f

Hamiltonian formulation

conjugate momenta

6(Lw + Lssp) ’ 2kssg
A= 5pA = 2€apcpp€’ V9P p° kWFi?C V4] —i ) Vi CbBV b (Mped” ¢ Fv2)?|,
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[yp = S AAB = ZkWEABCDEEOUkvj(PCVk(PD(PE: HgB = 514613 n

Lagrangian density
Ly + Lssg = MpFgi® + Vo4
Hamiltonian density

Hw = MypAl® + ap? — Ly — Lssp = Myp(0;46° — 247,47’
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Hamiltonian

Hy = — fA{,‘B(al-HAB + ZHIiBCAgi + nBCHA¢C)d3x + Jai(HilBAéB)de
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i A28 + T2 = L, A% + 2mIlL A% + 1,4 s
SSB . SSB

. ab ] :
— L, @ +2mic 6T +uHz68 Lssg — 0
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ADM formalism
_ L .ab
Hapm = Tgpw; — Lgy — Lp
i

Ly = T, © time gauge

recovery of the canonical formulation of General Relativity after SSB



recovery of the canonical formulation of General Relativity after SSB

= wobtjab
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Loop Quantum Gravity
and BF theories

. SSB M2

i i _ Mp Oijk
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Algebra of constraints

extended Hamiltonian density

Hy't = —AG" (aiHilB + 2M5 A, + nBCHA¢C) +A4Z, + AP ZL s + 25820,

= M7y + 1P 24 + A5 Z0p + A§P 24 /

A48 is a gauge degree of freedom (147 is undetermined)

constraint first-class second-class

primary Z/?B Zy, Z/ilB

0
secondary Z 4B




Degrees of freedom

» 90 dynamical variables: 10 A48, 30 A#8, 5 ¢4, 10 1195, 30 [T}5 and 5 I,
S AB 0
» 20 gauge choices: -10 Ay~ and -10 1,5

» 10 independent first-class constraints: 10 Z3p

» 44 independent second-class constraints: 30 Z.5, 5 Z,, 10 Z95 and -1 HE

2#degrees of freedom
® = #variables — 2#first class constraints — #second class constraints “
=90—-20—20—-44 =6

3 degrees of freedom: hy,, and p (like in scalar-tensor metric theories)
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Conclusions

» gravity can emerge from SSB in a pre-geometric universe
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SSB
» SO(1,4) — S0(1,3): emerging principles and energy scales of GR from Ly

» phase transition at T, < Mp and supermassive boson p

» gravity as a BF theory with 2+1 degrees of freedo



Perspectives

» resolution of classical spacetime singularities, Quantum Cosmology and Inflation

» causality, propagators and matter couplings //

» quantisation of gravity and UV completion of GR

» background independent quantisation, renormalisability, path integral



THANKS FOR

YOUR ATTENTION! /



