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 THE MEASUREMENT PROBLEM
The SchrÖdinger equation:

• Linear 
• Deterministic

OK KO

The wave packet reduction postulate:

• Non Linear 
• Stochastic

There are two different laws for the evolution of the state vectors but it is not clear when 

to use which one. 

 measurement  half of total cases

 half of total cases
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What exactly qualifies some physical systems to play the role of “measurer”?
Was the wave function of the world waiting to jump for thousands of millions of 
years until a single-celled living creature appeared? Or did it have to wait a little 
longer for some better qualified system...with a PhD?

J. S. Bell
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THE CSL MODEL
(CONTINUOUS SPONTANEOUS LOCALIZATIONS MODEL)

SchrÖdinger

Non linearity

 

• First model valid also for identical particles; 

• Localization in space;

• Amplification mechanism. 

Stochasticity

G.C. Ghirardi, P. Pearle and A. Rimini, Phys. Rev. A 42, 78 (1990).

THE MASTER EQUATION 
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RELEVANT EXPERIMENTS

Matter-wave interferometry

Cantilever

Cold atoms

- F. Laloe, Franck, W. J. Mullin and P. Pearle, Phys. Rev. A 90 (5), 052119 (2014). 
- M. Bilardello, S. Donadi, A. Vinante and A. Bassi, Physica A 462, 764-782 (2016).

- A. Vinante, M. Bahrami, A. Bassi, O. Usenko, G. Wijts, T.H. 
Oosterkamp, Phys. Rev. Lett. 116, 090402 (2016). 

- A. Vinante et al. Phys. Rev. Lett. 125, 100404 (2020)

- M. Toros, G. Gasbarri and A. Bassi, Phys. Lett. A 381(47), 3921 (2017)

- Y. Y. Fein, P. Geyer, P. Zwick, F. Kialka, S. Pedalino, M. Mayor, 
S. Gerlich, M. Arndt. Nature Physics 15(12), 1242 (2019).

- T. Kovachy, et al., Phys. Rev. Lett. 114, 143004 (2015)
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RELEVANT EXPERIMENTS

Neutron Star heating 

Gravitational waves detection

Radiation emission

 - S. Donadi, K. Piscicchia,, C. Curceanu, L. Diósi, M. Laubenstein, and 
A. Bassi, Nat. Phys. 17, 74–78 (2021).

 - Q. Fu, Phys. Rev. A 56, 1806 (1997).

- B. P. Abbott, et al., Phys. Rev. Lett. 116.6, 061102 (2016).

- M. Carlesso, A. Bassi, P. Falferi, A.Vinante, Phys. Rev. D 94.12, 
124036 (2016).

- B. Helou, B. Slagmolen, D. E. McClelland, and Y. Chen,
arXiv 1606.03637(2016).

 - S. Donadi, K. Piscicchia, R. Del Grande, C. Curceanu, M. Laubenstein 
and A.  Bassi, Eur. Phys. J. C 81(8), 1-10 (2021).

- S. L. Adler, et al. Phys. Rev. D 99.10, 103001 (2019).

- A. Tilloy, T. M. Stace, Phys. Rev. Lett. 123, 080402 (2019).
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EXCLUSION PLOT

Cantilever

Auriga

LIGO

LISA Pathfinder

Theoretical

Matter-wave 
interferometry

Neutron Star

Cold gas

X-rays
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TESTING COLLAPSE MODELS WITH COLD ATOMS

Non-interferometric test

- T. Kovachy, et al., Phys. Rev. Lett. 114, 143004 (2015).
- M. Bilardello, S. Donadi, A. Vinante and A. Bassi, Physica A 462, 764-782 (2016).

Main limitation: the experiment duration is only of order of 2-3 second, due to gravity.

The variance is:

Interferometric tests

- M. Bilardello, A. Trombettoni and A. Bassi, Phys Rev A 95.3 032134 (2017). (Bose-Josephson junctions)
- B. Schrinski, K. Hornberger, S. Nimmrichter, arXiv:2008.13580 (2020). (single-well interferometer)

- R. Howl, R. Penrose, and I. Fuentes. New J. Phys. 21.4, 043047 (2019). (for the Diósi-Penrose model)
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TESTING COLLAPSE MODELS WITH COLD ATOMS IN SPACE
(coming soon! in collaboration with M. Carlesso, A. Trombettoni and A. Bassi)

Challenges: 

1) The spread due to the free evolution 
may be of several centimeters, larger than 
the chamber containing the BEC
---> possible solution: to take attractive 
BEC, so that the spread is limited. 

2) Other noise sources (collisions with 
residual gas and vibrations) can also induce 
to decoherence in position and increase of 
the variance, which can become too large.

3) Evaporation rate should be low enough, 
otherwise too many atoms are lost. 

GRW could be excluded already with a 
∼200 s experiment!

Main idea: CSL effect goes as t3 --->  increase the duration of free expansion ----> go to space!
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CONCLUSIONS 

● Collapse models modifies the Schrödinger equation to describe the collapse 
dynamically through proper stochastic non-linear equations. 

● Several experiments set bounds on the CSL, narrowing the allowed parameter space. 
Stronger bounds are expected from BEC by going in microgravity environments, with 
the potential of ruling out GRW values. 

● Given the long times of experiments in space (more than 100 s), the free Schroedinger 
spread has to be limited as well as other sources of decoherence.
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