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Quantum
Mechanics

General
Relativity
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Fundamental approaches

Quantum Gravity (QG)

Effective approaches

Classical Gravity

Thermodynamical approaches

Geometrodynamics

S Quantum Cosmology

Horava-Lifshitz gravity

Causal Dynamical Triangulations (CDT)
Dynamical Triangulations (DT)
Euclidean Dynamical Triangulations (EDT)

Random Tensor Models Random Matrix Models of 2D DT

f

Group Field Theory (GFT)

Spin Foam Models

Loop Reduced QG (LRQG)

Loop Quantum Gravity (LQG)
Loop Quantum Supergravity (LQSG)

Supergravity Gauge/Gravity Duality

s AJS/CFT corespondence
. ) ER=EPR conjecture
Holographic theories {

Gravity from quantum entanglement
Tensor Network Models

bative Quantum Gravity < Asymptotic Safety scenario
Nonlocal Quantum Gravity

Quantum Graphity

String theory

Causal Sets

Metastring theory

Relative Locality
Doubly Special Relativity (DSR)

Multifractional spacetimes

Noncommutative geometry

I— » Entropic gravity

— BEEEEENSSE

Black hole thermodynamics

QFT on curved spacetimes

Einstein-Cartan gravity General Relativity (GR)

Newtonian gravity

Alternative formulations Shape Dynamics
< Teleparallel gravity

f(R) theories etc.

Bimetric theories

Extra fields Scalar-Tensor theories etc.

Scalar-Tensor-Vector theory

Weyl and Conformal gravities

Larger gauge groups s BF theory

(A)dS gravity

... See “Quantum gravity phenomenology at the dawn
of the multi-messenger era—A review”, A. Addazi et al,

European COST Action,

Prog.Part.Nucl.Phys. 125 (2022) 103948 - e-Print: 2111.05659...

https://quantumcosmos.org/quantum-gravity-and-quantum-cosmology/



Classical gravity

Ry = 2(0j, 03] + 0l
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Quantum General
Mechanics Relativity

gauge theory metric structure /
spontaneous symmetry breaking //




local Lorentz transformation A% (x)

wf? — AW (A1} + 129, (A} ot — e

U
gauge theory metric structure /
| 4 /

qguantise gravity

gravitationalise the quantum



40 (4 u - 10 A,B)

gauge field A;"

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

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



SSB

internal-space generalised tangent-space
Minkowski metric n4p Minkowski metric n,;
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*F?



SSB

SSB

Higgs-like field ¢4 P4 — vse
40 (4 u -10 A,B)
gauge field A}"
AP = wlP mT1AS> = el

24 (4 u-6a,b) 16 (4 u -4 a)



Constructing the theory
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Two possible Lagrangians

Ly = kWEABCDEGWPGFu’?/BVp¢CVJ¢DGbE Lym = kMMEABCDEEWpUFu’?/BP})CaD g
SSB , SSB .
LW _)LEH — MPAe LMM _)LEH — MpAe + /189 /

M3 = +32kuvvm?

M5 = —8kyv3m? P ,

i , 3IMp

A= +6m? = +4k 3 32k
w — _4kM
kw ~ —1[¢p]7° = v ~ 10*° [¢] kv ~ 11 [¢p]7! = v ~ 10117 [¢]

Note: + or - for SO(1,4) or SO(2,3)



Spontaneous symmetry breaking

symmetry-breaking potential unitary gauge

= T SSB /
LSSB = _kSSBU....--ALU‘(nABQbAgbB —+ UZ)Z . ¢A _ (U + ,0)5%4 /

Pre-geometric form, after SSB will become the det(e)



Hamiltonian formulation

conjugate momenta

6 (Lw + Lssp) 2kssB _
— 54 = 2€apcpp€ VP p* kWFBC 4] fvi¢BVj¢C(77FG§bF¢G +v9)?|,
§(Lw+tLessh) g 6 (LwtLssp)
— PYVE = ZkWEABCDEEOl]ij¢Cvk¢D¢E' H,El)B — 514613
l

Lagrangian density
Ly + Lssg = MpFgi” + My Vop?

Hamiltonian density

Hw = MpAfP + Map? — Ly — Lssp = M5 (0:40% — 24810A57) — 4Agod®



Hamiltonian

Oy = — fAélB(aiHﬁB T ZHECAﬁi ™ nBCHA¢C)d3x T f&‘i(HﬁBAng)d%
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L5 A28 + T4 = 1L, AP + 2mITL A% + 11,94
SSB

— M5, 0 +2mbt el 07

5B i . ab
Hw — lgpw;™ — Lgg — Ly

ADM formalism
.
Hapm = Tapw;” — Lgy — Lp

Ly =T, © time gauge

SSB
LW_)LEH + LA

SSB
Lssg — 0

recovery of the canonical formulation of General Relativity after SSB

\L



recovery of the canonical formulation of General Relativity after SSB

ab
shud (‘)O Jab

ssB Mp 0ijk aba (.c.d eb ¢ ,d] 43
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Loop Quantum Gravity
and BF theories

. SSB . V2

Mg ~i Mg .
[, — 11, = TPeOabce()”ke]bek . ZP E, = P\/_E‘ Ashtekar’s “electric field”

M MZ /
SEH — e tr(B /\F) — —Pfeabcdec /\ed /\Rab

2 4

B(EH) " eabcde A e simplicity constraint

SSB
Hyw — Hapy & time gauge

Sy = f tr(B A F) = —2ky f eApcop Vb AVGD HE A FAB
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Algebra of constraints

extended Hamiltonian density

H" = —AG" (0:Map + 2Mpc A + McTadC) + 44724 + AP Zap + 25" Z3p
= MZy+ AP Zhp + 25° Z3p + A5 Z4p

A45 is a gauge degree of freedom (15° is undetermined) ///

constraint first-class second-class

primary Z35 Za, Zp

0
secondary Z 4B




Degrees of freedom

» 90 dynamical variables: 10 447, 30 A‘{lB, 5 qu, 10 HﬁB, 30 HﬁB and 511,

» 20 gauge choices: -10 A5” and -10 I13,

» 10 independent first-class constraints: 10 Z3 5

» 44 independent second-class constraints: 30 Z4g, 5 Z4, 10 Z95 and -1 H&

2#degrees of freedom
variables — 2#first class constraints — #second class constraints “

=90—-20—-20—-44 =6

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




Main Idea of The Meta-Geometric Gravity Program

Topological Phase (Geometric Phase
( 4) SSB SO(1,3)
F =0 Juv — €Z€g%b
no geometry/no defects strings/vortices/monopoles

Phase Transitions and Metrogenesis: SSB from SO(1,4) to SO(1, 3)

Topological Quantization, Not Only A Gauge Phase Transitions but
also a Topological Phase transitions Berezinskii-Kosterlitz-Thouless, Haldane, Wu




Part I: Conclusions and Remarks

1) We start from a 1+3 Topological Space-Time, without any background metric, not even
Minkowski. Equipped only with Levi-Civita Symbol

— Axi-Topological Manifold.

In this sense, Space-time coordinates are just “labels” in Pre-geometric phase.

II) We consider a Gauge-Higgs Theory SO(1,4) — or SO(2,3) —
as Higher Dimensional Gauged Lorentz Group.
The Pre-geometric Gravitational Fields are Gauge Potentials and “Gravi-Higgs™

111) After SSB down to SO(1,3) — gauged Lorentz Group. We obtain:

1) emergent metric tensor (emergent space distances and “clocks”)

and emergent Diffeormorphism Symmetries

In this sense, the Graviton is not a Fundamental Field

i1) emergent Scales: Planck Scales and Cosmological Constants are not fundamental,

they are re-combination of fundamental couplings of the theory.

i11) Hamiltonian Analysis: 3 degrees of freedom! After SSB 2 for gravitons, 1 for a massive
scalaron field, the “Planckion”.
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Implications in Cosmology

- Big Bang Singularity Problem,

NON-SINGULAR EMERGENT QUANTUM COSMOLOGY
A. Addazi et al COG (2025), G. Meluccio PRD (202)5),

A. Addazi et al PRD (2025)

A. Addazi et al in preparation (2026)

- New Scalar Higgs Field as Inflaton.

Or Einstein-Cartan Hybrid Composite Inflation 4.4ddazi, P. Chen, A. Marciano EPJC 2017
Bounce or Cyclic Cosmology, CPT Mirror Universe? See P. Chen talk —PRD 2026

Ultra High Energy Phase Transitions

A. Addazi et al COG (2025)

- Topological Phase Transitions and Relic Defects:

Gravitational Monopoles, Strings, Domain Walls, New Exotic Compact Objects
Rich Dark Matter Spectrum

A. Addazi et al in Preparation (2026)

- Cosmological Constant: Topological Protection mechanisms, Naturalness, Relaxation and Dynamical Dark
Energy, DESI data

A. Addazi, G. Meluccio, S.Capozziello MDPI (2025)

A. Addazi, Y. Aldabergonov, Y. Cai et al (2026) on arXiv



See-Saw for CC and GB
302
SA

Prediction: GB coupling proportional to VEV
Inverse proportional to CC, proportional to dS Entropy!

agB = —4YMMmU = —

R?, ! A
GB dsS L% 7 Q. ( A) ) MI%
Hints of Deep Relations of Information, Entropy and Topology
1
aGBac;A N].%Sdsfv agp| ~~ ~ N .
agnlac(h) sl ~ =

Analogy with Electric-Magnetic Dualities Dirac, Keith-Olive, Seidberg-Witten, ...
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1P Large Transformation Group,

Theta-angle, CC quantization,
Infinite vacua in topological sectors,
Periodic Potential with Large Barriers
Similarities with the Axion
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V(|¢l)

barrier ~ Mp
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FIG. 2. The periodic Higgs potential V(|¢]) = V(|¢])/|J]|



ﬁfMM — Jf(J_lOMM) , wa — Jf(J_10w) ,
where

J = €ABCcDE GMVPUVM¢AVV ¢va¢cva ¢D ¢E °

J SSB> e, »CfMM SSB) ef(L) : »CfW SSB) 6f(R—2>\) :

n — ('GB X E XGB \/2/3¢ 0GB £
3272 F 3277 3272
The Theta-angle becqmes.a Dynamical Field, L _ 1 R Of'of 1 ( 7 49\ Z )

Gravi-Axion; V=g 2 4f’2 2f f!
Adding Corrections Which Preserve AGB [ ny 1o gl
The Pre-geometric Volume Structure | 9 f G 17 G auf Oy f

and Covariance;
DE becomes Dynamical! P 8]" of Of + —3 ((’)f of )
Dualities with Horndeski and Galileons / /




Dpm/rqg and Dy/ry

Quadratic Corrections fit DESI

with Bare GB-CC Relation!
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1l @ DESIBAO DM over rd
B DESIBAO DH_over rd

BAO observable
- N N w w
Ul (@) U o U
1 1 1 1
L]

o
1

(92
1

0.0 0.5 1.0

1.5

2.0

2.5

BAO observable

OV
o
1

N
0

N
o
1

=
(92
1

10 A

/

Dyirqg

- Theory DV _over rd
DESI BAO DV _over _rd

0.0 0.5

1.0 1.5

2.0

2.5

0.48 A

0.46 -

0.44 A

0.42 -

fo 38

0.40 A

0.38 A

0.36 -

0.34 A

fo 8

— Theory fog

/A\ DESI FS (RAW fog)

AN

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6

FIG. 1. Best-fit free-& solution vs. DESI BAO+FS data. Left: anisotropic BAO observables Djys/rq (comoving angular diameter
distance) and Dy /rq (Hubble distance). Middle: isotropic BAO observable Dv /rq. Right: growth-rate data fos(z). Theory
curves (solid lines) use the best-fit background with profiled amplitudes S and A. The fit describes both the expansion history

and the structure growth simultaneously.

*rd=147 Mpc It is the physical scale (in megaparsecs, Mpc) that the baryon—photon acoustic oscillations could travel before the universe cooled enough for baryons to

decouple from photons (the drag epoch).

** flsigma8 is a combined observable that measures the growth rate of cosmic structure, weighted by the amplitude of matter fluctuations.



Andrea Addazi
* rd=147 Mpc It is the physical scale (in megaparsecs, Mpc) that the baryon–photon acoustic oscillations could travel before the universe cooled enough for baryons to decouple from photons (the drag epoch).

Andrea Addazi
** f\sigma8 is a combined observable that measures the growth rate of cosmic structure, weighted by the amplitude of matter fluctuations.


_} * parameters with “bar” are normalized by the
Hubble HO, \alpha, M are GB and new energy scale in quadratic
corrections respectively. ul scalar field velocity
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|Og 10M |Og ]_od' Qmo Up

FIG. 3. Accepted-region map from the free-& scan, showing one- and two-dimensional projections of the four-dimensional
parameter space (log,, M,log,, &, Qmo,uo). Darker regions indicate more strongly preferred parts of the scan. Q2,0 remains
confined to a narrow interval around ~ 0.31, while ug is concentrated near zero, confirming that viable solutions require the
scalar dynamics to be already close to the vacuum configuration today. The log,, & direction exhibits several islands, reflecting
the non-trivial geometry of the likelihood surface.


Andrea Addazi
* parameters with “bar” are normalized by the 
Hubble H0, \alpha, M are GB and new energy scale in quadratic
corrections respectively.  u0 scalar field velocity


Unification: Theta-angle, Immirzi Parameter and Cosmological Constant

re @ UV poO
Sép )= = _/d4ff e"P7 (NvQnNe — MM PING) F%NFP?TP,

/ ............................

After Spontaneous Symmetry Breaking

| [\\\\\\\\\\ 1 OyuA

Sos:_ A n/\Rmnp — = :
O 0y o0t Y 1272
G 327°
= i > Y = —327720@3,
AGB Y e

A. Addazi, G. Meluccio (2026)



Topological Defects: the example of Cosmic Strings

4 (p) = ¢(p) 62 =

Beads
(Vortices)

String

ds® = —dt* + dz?

=
bOOOO

5 2
2 2 2
ap 1 p do”,
27
0 = 81 L.
Deficit Angle String Tension
Geome tI’iC Winfiing Number
Phase
Joo / J() — UV / 2k
Topological

Topological
V

Quantum number

>
(Winding Number)/(Topological Vacuum Number) /O/R



Domain Walls

Wall core' (|z| ~ L)

Emergent Vilenkin metric vienkin rrs s3
J(x) localized at core, sourcing K = 4nGo

(®°) = 4v breaks SO(1,4) — SO(1, 3)




J = €01235€""Y* (V@) (V@) (V,P%)(V,8°)D°.

1 X X
_ 4,6 —2K|z| Kt 2( ) 5( )
J(x) = m*v°e e’ 7 sech 7 tanh 7

J(x)/Jo



Gravitational Instantons and Gravitational Monopoles
Euclidean Taub/NUT Solutions

d 2
ds? = U(r)(dr + 2n cos 6 dp)? - UZ ;- (12 + n2)(d6? + sin? 0 d¢?),
T
2(Mr + n? .
U(r) =1 (QT 7;), 0
o 0A(r) = ()3 = | 0
J = (V, %) (V,0)(Vd?)(V,0°%) °, 0
f(r)
AP =m\/U(r),
e J(r,0) = ¢m* (r* +n”) sin6 f(r)°
RV
AP = my/r? + n2, “.... NUT MONOPOLE CHARGE

Af — m\Vr2 +n2sin 6.



Top-Star

Topological Gravastar

Exotic Compact Objects Predicted by the theory, Stabilized by Topological Conserved
Numbers, Remnants, Natural Dark Matter candidates with “Topological Memory Burden”

Field amplitude

S~ L ((I)) = VYout
INTERIOR 9 ~LP EXTERIOR -

o(r) !

AN

3
MPl/ kin

a

One-component Higgs profile and topological density a ~ +\/k;, Lp



Transition Region

¢(€)

AN

Our universe

¢ — vy

Top-Wormbhole

Topological Charge Conservation Stabilizes the Object against perturbations,
no need for exotic matter like “ghosts™, NEC 1s not violated but “saturated”,
But Topological Burden does not stabilize Close Time Curves (CTC)

> £ (embedding coordinate)

Other universe

¢ = —v4

Monopole k4

—__
-
-

-
-

"~ ==---|----"7 (topological density)

O
Monopole k_

Morris-Thorne solution 88



Gravitational Waves, Supermassive BH merging, Tidal Love Number,
LISA, TianQing, TALJI projects

_ _ —1/k
0 =T9g—TH =THE / ,

h(f) = A(f)ewl(f)+i¢2(f)+73¢3(f) |

A 01 +g)°

v3(f) = —¢n 5V P

Yy = (3/128)~ v

VvV = (Wmf)l/B 77 — mlmQ/mQ ‘ A= (1 + 12/(])77?/?]61 + (1 + 126])mgk2 1
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A. Addazi, A. Marciano, N. Yunes, PRL highlights selection 2018



Mirror Twin Entangled Universes
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Positive Time Arrow

throat = A" 'sin A6
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lenght =217 (n/2 - 16)
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CMB TT Spectrum: Wormhole vs Standard Power-Law
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3
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Standard Power-Law )
Wormhole Power-Law (q=0.005)
Wormhole Power-Law (q=0.010)
Wormhole Power-Law (q=0.015)
Planck 2018 TT
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Aspects of Meta-Geometric Quantization

New Meta-Geometric Wheeler-de Witt (WdW) Equation
A. Addazi et al PRD 2025 and work in progress

Gradient Flow and Stochastic Quantization a la Parisi-Wu or alternative Schwinger-

Keldysh
A. Addazi et al PLB 2026 and work in progresses

Spin/String Network Correspondence (H-duality)
E. Bianchi COG 09’, A. Addazi SCPMA and IJGGMP et al 17° and work in progress

Embedding Matter as “Emergent”: Larger Meta-GUT groups such as SO(1,2N)
— and Special Supersymmetric Gauge Group OsP(32|R)

can include Emergent Supergravity and M-theory
A. Addazi, In preparation

Topological Protection of Vacuum Energy
A. Addazi, G. Meluccio 2026 on arXiv and works 1n preparation



Pre-geometric Wheeler deWitt
H|W) =0,

U[ALB (z#), ¢ (z7)] (instead of W(h;,;(z")])

TIME HERE IS PRESENT, CONTRARY TO ADM WdW, WHAT DOES IT MEAN WITH RESPECT TO THE PROBLEM OF TIME?

0

AﬁB(x) %AﬁB(x), Hfle(z) > 2514;33(:6)7
&A(m) — ¢A(x)v [Ta(z) — 25¢j($)
Hw —==5 Hapwm;

A. Addazi et al PRD 2025



Meta-QG and BF with constraint

SBF:/tr(B/\F), F=dA+ ANA,

Topological Phase:
D BAB — O, FAB — O, No propagating d.o.f,

Exact Quantization

B(W) — ka EABCDE V¢C /\ v¢ ¢ Meta-Geometric Wilczek

SSB

M2
B(EH) 4P EabedC  /\ e .

From <Higgs>=0 to <Higgs> Non-Zero, There is the interpolation between
the Topological Phase and Geometric Phase: Topological Phase Transition!

Geometric Phase




“Emergent” Ashtekar-Barbero Variables

MM/W + Theta-term

o K
\ An Time Gauge Emergent From matching
Space-like Spin connections \ ADM 1n SSB phase
- . Sympletic Form
A=T+7 Q~ [ ES(T +9K),

N

127 12734/3

Ovv\ =
VY Y In 2

(in Planck units).


Andrea Addazi

Andrea Addazi


Hamiltonian and Simplicity Constraints:
From Meta-QG to LQG

Simplicity Constraints: before SSB not a “grasping”,
Acting on connecting two vertices and Higgs dependent

M2
BI(LXV;) — _szGABCDEV¢C A V¢D¢E B(g,];))H) — 4P Eqbed €’ N e .

Hamiltonian Constraints: polynomial in variables

! = (eiko;bEﬁE,f - 2(1 + y»)K! K/ E.aE.b>
+naclla(p, A)dCl + NAZ 4 + AIBZ4 5 + N8B Z0 5, y/detg

la™"p1 1

Meta-Geometric Networks? Holonomies on all towers of Topological
Spaces Summing on Genus A. Addazi 2026 in preparation



Strlng/ Spin Duality

onov-Bohm ect

i String
| Defect

>

Holonomy

I) Classical General Relativity from flat connections closing on a *“solenoid defect”

IT) Our Strings are not Fundamental (No String Theory) but Composite Topological States)

111) One-to-One Correspondence of the Modul1 Space of Strings with LQG Hilbert space

E. Bianchi COG '09°, A. Addazi et al SCPMA and IJGMMP 2017, A.Addazi 2026 in preparation



Parisi-Wu Stochastic Quantization: Langevin System

AB
8 A Drift Terms
- AB AB
5'8 Stochastic Noise
8B AB A A C A
- B - AB D  FE B
= =T =€ gpp BT 0T + 5, BT,
0's
A
09
. A BC DE A
— —1€ BCDEB /\B +€S¢ ,
0's
IN DEEP UV, QUANTUM NOISE DOMINATES: APPROXIMATED SOLUTION LEADS TO TOPOLOGICAL UV FIXED POINT
O™ ¢
A - S (s— A
8 o €S¢A ~ 0. Qb (S) ~ € 2 (s SO)¢O (8)7
S

A. Addazi et al (2026) accepted in PLB



Part 11. Frontiers. Conclusions

Re-interpretation and attempt of solution of the Cosmological Constant Problem:

I) CC as manifestation of Topological Complexity in vacuo

11) CC is quantized, our Universe “trapped” in a large topological number

— 120th digits

111) Natural “See-Saw” mechanism with the VEV scale of the new Gravi-Higgs;

The Large Higgs barrier stabilizes the CC to “tlow” towards UV — tunneling suppression.
And also Entropic Barrier: “Entropic Naturalness” rather than “Anthropic Principle” .

Dynamical Dark Energy Vs DESI.

Exploration of New “Exotica” predicted: Gravitational Cosmic Strings, Gravitational
Monopoles, Gravitational Domain Walls....
Dark Matter and Gravitational Waves

Aspects of Quantization: LQG as low energy limit of a Meta-QG which UV fixed point
“lives” on a Topological Quantum Phase;

Ideas: Meta-Networks, Spin/String Duality, Larger Unifying Groups, Parisi-Wu Stochastic
Gradient Flow, Emergent Supergravity and M-theory from Osp(R |32); X Osp(R|32),



And... the joumey just Began
Thanks for the attention!



