Gauge protected entanglement between gravity
and matter
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Local Poincaré symmetry in classical GR

Formalization of the principle of general relativity amounts to the
statement that GR should be invariant with respect to local Poincaré
transformations.

As a consequence, (GR is a theory with constraints, in particular:
e the scalar constraint C,
e 3-diffeomorphism constraints C;, and

e local Lorentz constraints Cg,.

The Hamiltonian then takes the general form [1]:

H= | d*ZINC+ N'C; + NCy)
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Scalar constraint in the canonical quantisation
— nonseparability

The Dirac’s quantisation programme of constrained systems [2] — local
Poincaré gauge invariance conditions (Gupta-Bleuler [3, 4]):

ClW) =0, Cl¥)=0, CulU)=0.

The physical gauge-invariant Hilbert space is a proper subset of the
total Hilbert space:

The scalar constraint:
~ o JESEA 1 o A
C = CG(gv 779) + 7T¢VJ_¢ — N‘CM(ga Tg, gb) 7qu5) .

The matter Lagrangian L), is nonseparable (for the scalar, spinor and
vector fields), thus generically:
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Hartle-Hawking state in the covariant
quantisation — entanglement

Feynman’s quantisation programme — the path integral of a gravity-
matter quantum system:

7 = /Dg/ng eolool

Hartle-Hawking state [5] and the spacetime triangulation: 6
Viilg. o] =N [ DG [ Do cnec =
The density matrix of a partial matter state: 5
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Trace of the square of reduced density matrix operator [6]:

Tras p3, = 0.977 £ 0.002.



Consequences

e Matter does not decohere, it is by default decohered.

e The impact to the decoherence programme: allows for an explicit
system-apparatus-environment tripartite interaction violating the
stability criterion of a faithful measurement.

e A confirmation of a “spacetime as an emergent phenomenon”.

e A possible candidate for a criterion for a plausible theory of quan-
tum gravity.

e Introduces an effective “exchange-like” interaction, possibly vio-
lating the geodesic motion and the weak equivalence principle.
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