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Using the tools of quantum feedback, we construct a theory of semi-classical gravity, i.e. with:

that avoids the inconsistencies of the standard semi-classical approaches in the non-relativistic limit.
The model can be almost fully specified using a principle of least decoherence. We find that:

» The decoherence of the historical model of Didsi and Penrose is robustly recovered
- The 1/r law of gravity needs to be UV regularized for distances > 107> m >> {pjnck
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The 15 step is known and well tested physics (QFT in
curverd space-time), the 24 is uncharted territory. It is
unclear how matter should source curvature. Two known
options:

semiclassical gravity
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1 — Measurement

We imagine that space-time is filled with detectors

weakly measuring the mass density:

The equation for matter is now (1) with substitutions:

O — M(x), Vx € R3
A — vY(x,y) coding detector strength and correlation

= Source with expectation values (-)
—> Schrodinger-Newton (and variants)
= Source with a (formal) measurement signal

and there is a “mass density signal" S(x) in every point.

Reminder |: Schrodinger-Newton

The old choice, due to Mgller and Rosenfeld, is to take
(-) to get operator— scalar:

T (%) = (YT ()W)

In the non-relativistic lim. and for 1 particle, this means
the grav. field @ is sourced by ?:

V2o =41 G m |
which gives the celebrated Schrodinger-Newton eq.:
R’ P(y)?
P
2m x —y]

which is manifestly non-linear
—> Born rule, faster than light signalling
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2 — Feedback
We take the mass density signal S(x) &

s

tum feedback.

to source the gravitational field :
V2 (x) = 47 G S(x)

which is formally equivalent to quan-
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3 — Result

' Standard quantum feedback like computations give for
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The continuous measurement of an operator O at a
rate A yields a measurement signal S:

St = <O>

Reminder |l: Continuous measurements
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with 11 white noise. The corresponding back-action
(collapse) on the state reads:
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with the gravitational pair-potential
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and the positional decoherence

D(x,y) = +Voy oV’ (x,y)

0p=—1

YV =

Hence the expected pair potential has been generated
consistently at the price of more decoherence.

Take home message

Semiclassical gravity in the Newtonian limit is consistent and a/most

parameter free. The price to pay is:

« A short distance regularization of the 1/r Newtonian potential

Nice features of the approach

I Macroscopic superpositions collapse
2 The Born rule holds / no FTL signalling
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Quantum matter

Principle of least decoherence

Basics

There is still a (functional) degree of freedom y(x,y):

= Large ||y|| = strong “measurement” induced
decoherence

« Small ||y|| = strong “feedback” decoherence
There is an optimal kernel that minimizes deco-

herence. Diagonalizing in Fourier, one gets a global min-
imum for

v =2VVo VT =2V

Hence:

G

x —y]
This is just the decoherence kernel of the Diosi-Penrose
model (erstwhile heuristically derived)!

D(X>Y) — _V(X>Y) —

Regularization

Even for the minimal decoherence prescription, the deco-
herence is infinite. Adding a regulator at a length scale
0 has 2 effects:

= |t tames decoherence, making it finite
« It regularizes the pair potential o l forr < o

— there is a trade-off.
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Experimentally:

107 °m < o<

decoherence constraint

107*m

gravitational constraint

Importantly 0 > fCcompton => Lpianck- Semiclassical grav-
ity (if it takes this form) is falsifiable at atomic/molecular
wavelengths.

Status of the signal

The signal is the continuous equivalent of the flashes in
collapse models. It can be stripped of its operational-
ist interpretation and taken as primitive ontology, the
bridge between wave functions and space-time.
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