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I have been told that
your Hamiltonian constraint is a mess...
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I have been told that i There was progress,
your Hamiltonian constraint is a mess... e O it has been made simplel
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I have been told that
you do not have a classical limit...
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I have been told that i There was progress,
you do not have a classical limit... e O old confusions are clearing up!
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I have been told that
you cannot compute anything...
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I have been told that Sy Not any more, the numerical codes are
you cannot compute anything... e @ getting better and better!
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Yet you do not have holography, tensor
networks, spacetime from entanglement...
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Yet you do not have holography, tensor i These are part of a larger story
networks, spacetime from entanglement... e O that we understand actually better...
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QUANTUM INFORMATION
ENTANGLEMENT ENTROPY
QUANTUM REFERENCE FRAMES

CONSTRAINTS
SYMMETRIES
BOUNDARIES

PARTITIONS
\ COVARIANT THERMODYNAMICS
PERSPECTIVAL ARROW OF TIME

CLOCK DEFINITION



A (MINIMAL) BIBLIOGRAPHY ON COVARIANT THERMODYNAMICS

On energy for accelerating observers in black hole spacetimes

S. A. Major ® e-Print: 2203.00085

On Generalised Statistical Equilibrium and Discrete Quantum Gravity
I. Kotecha ® e-Print: 2010.15445

Statistical equilibrium of tetrahedra from maximum entropy principle.

(. Chirco, 1. Kotecha, D. Orit1 ® e-Print: 1811.00532

Statistical Mechanics of Covariant Systems with Multi-fingered Time

(. Chirco, T. Josset ® e-Print: 1606.04444

Is Time's Arrow Perspectival?

C. Rovelli ® e-Print: 1505.01125

Statistical mechanics of reparametrization-invariant systems.

G. Chirco, T. Josset, C. Rovelli ® e-Print: 1503.08725

Coupling and thermal equilibrium in general-covariant systems

G. Chirco, H. M. Haggard, C. Rovelli ® e-Print: 1509.0777

Death and resurrection of the zeroth principle of thermodynamics

H. M. Haggard, C. Rovelli ® e-Print: 1502.0724

Why Gauge?
C. Rovelli ® e-Print: 1308.5599

General relativistic statistical mechanics

C. Rovelli ® e-Print: 1209.0065

Thermal time and the Tolman-Ehrenfest effect: temperature as

the 'speed of time'
C. Rovelli, M. Smerlak ® e-Print: 1005.2985

Von Neumann algebra automorphisms and time
thermodynamies relation in general covariant quantum theories

A. Connes, C. Rovelli ® e-Print: 9406019

Statistical mechanics of gravity and the thermodynamical origin of time
C.. Rovelli ® 1993

On the Weight of Heat and Thermal Equilibrium in General Relativity
R. C.Tolman ¢ 1930

Temperature Equilibrium in a Static Gravitational Field

R. Tolman, P. Ehrenfest ® 1930



OMENOLOGY
PHENOMENOLOGY
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MY FAVOURITE THINGS

Spinfoam primordial vacuum state (high correlations?)

Cosmological bounce (with matter, no inflation?)

White holes and remnants (astrophysical effects? pre-bounce?)
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oo good not to it togethen?
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TRUE OR FALSE?
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We db not fave quantum-gravily measwrements. M

Supersymmetric particles

Violation Lorentz Invariance

QG 1imprint on mmitial cosmological perturbations
Cosmological variation of couplings
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Violation Lorentz Invariance X

G 1imprint on mmitial cosmological perturbations
Cosmological variation of couplings
Quantum decoherence and state collapse
eV Black Holes
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)Y BRUTE FORCIE
BUT SMART THINKING

NEW IDEAS FOR
PHENOMENOLOGY
FROM ANYWHERLE
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