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Abstract
The continuous spontaneous localization (CSL) model is the best known and studied among collapse
models, which modify quantum mechanics and identify the fundamental reasons behind the
unobservability of quantum superpositions at the macroscopic scale. Albeit several tests were
performed during the last decade, up to date the CSL parameter space still exhibits a vast unexplored
region. Here, we study and propose an unattempted non-interferometric test aimed to fill this gap. We
show that the angular momentum diffusion predicted by CSL heavily constrains the parametric values
of the model when applied to a macroscopic object.

1. Introduction

Collapse models are widely accepted as a well-motivated challenge to the quantum superposition principle of
quantum mechanics. They modify the Schrödinger equation by adding nonlinear and stochastic terms whose
action is negligible on microscopic systems, hence preserving their quantum properties, but gets increasingly
stronger on macroscopic ones, inducing a rapid collapse of the wave-function in space [1–5]. The most studied
and used collapse model is the continuous spontaneous localization (CSL) model. It is characterized by a
coupling rate λ between the system and the noise field allegedly responsible for the collapse, and a typical
correlation length rC for the latter. Ghirardi, Rimini and Weber (GRW) originally set [1] λ=10−16 s−1 and
rC=10−7 m. Later, Adler suggested different values [6, 7] namely rC=10−7 m with λ=10−8±2 s−1 and
rC=10−6 m with λ=10−6±2 s−1. This shows that there is no consensus so far on the actual values of the
parameters.

As the CSL model is phenomenological, the values of λ and rC must be eventually determined by
experiments. By now there is a large literature on the subject. Such experiments are important because any test of
collapse models is a test of the quantum superposition principle. In this respect, experiments can be grouped in
two classes: interferometric tests and non-interferometric ones. The first class includes those experiments,
which directly create and detect quantum superpositions of the center of mass of massive systems. Examples of
this type are molecular interferometry [8–11] and entanglement experiment with diamonds [12, 13]. Actually,
the strongest bounds on the CSL parameters come from the second class of non-interferometric experiments,
which are sensitive to small position displacements and detect CSL-induced diffusion in position [14–16].
Among them, measurements of spontaneous x-ray emission gives the strongest bound on λ for rC<10−6 m
[17, 18], while force noise measurements on nanomechanical cantilevers [19–21] and on gravitational wave
detectors give the strongest bound for rC>10−6 m [22, 23].
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