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Abstract: <p>What can we say about the spectra of a collection of microscopic variables when only their coarse-grained sums are experin
accessible? In this paper, using the tools and methodology from the study of quantum nonlocality, we develop a mathematical theory
macroscopic fluctuations generated by ensembles of independent microscopic discrete systems. We provide algorithms to decide which mul
gaussian distributions can be approximated by sums of finitely-valued random vectors. We study non-trivial cases where the microscopic v
have an unbounded range, as well as asymptotic scenarios with infinitely many macroscopic variables. From a foundational point of vie
results imply that bipartite gaussian states of light cannot be understood as beams of independent d-dimensional particle pairs. It is also sh
the classical description of certain macroscopic optical experiments, as opposed to the quantum one, requires variables with infinite car
spectra.</p>
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Distribution of 1Q scores
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Figure 6(b) : Relative frequency distribution of speed
superimposed with the fitted normal distribution.
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Many physical quantities follow a gaussian distribution

Pirsa: 17040009 Page 5/118



Central Limit Theorem
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Microscopic Macroscopic

(1,22, ..., ) — (X1, X0, ..., X},)
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Macroscopic Microscopic

(X1, X9,...,. X)) — (1,22, ..., 7,)7?
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Macroscopic Microscopic

(X1,Xo,...,. X)) — (1,22, ..., Ty )7?

Discrete models

zr € {Xf:a=1,..,d}
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Discrete microscopic model Macroscopic model

(1,2, .., Tn) — (X1, Xo, .o, Xin)
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Discrete microscopic model Macroscopic model
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Why discrete microscopic models?
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Fundamental Physics
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Certain physical quantities, like time and space,are usually
assumed to be continuous, but could actually be discrete
(quantized).
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Does this quantization show at the macroscopic scale?
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A first example: entangled gaussian states of light
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A first example: entangled gaussian states of light

Alice Bob
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P(X.,Y), gaussian
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A first example: entangled gaussian states of light
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Microscopic dichotomic model
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Microscopic dichotomic model
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P(X,Y), gaussian

X =
Displacement vector V. == Vy = (Y)

— /v2

TR = <\
Covariance matrix A, —_— VY = <.\ )
»5)

Ty = (}
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Predictions of MDM
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Why?
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Yxx —Vxy =0
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TXX — VXY X
x pa(1)[1 —=pa(1)] —pas(1,1) +pa(l)pp(1) >
> pap(1,1)[1 = pa(1)] = pap(1,1) + pa(l)pp(1) =
= pa(1)[pe(1) — pan(1,1)] > 0.
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Application: Brownian motion
t=T

' t=0
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Application: Brownian motion

X
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Application: Brownian motion

P(Ax,Ay)

«— —>

)

Microscopic model

1) At each time t, the probability of moving along each of the four
diagonals is independent of the trajectory of the particle.
2) P,(Ax,Ay) is periodic in t, with period much smaller than T.
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Application: Brownian motion

tr(yW; ;) =20, for ¢, =0, 1

vxx — |vxv|, vy — |[vxy| =0

Wi =1+ (-1)'0z + (-1)*0,
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