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LNGS-INFN – cosmic silence

Evento raro 



http://www.sangiovanni.abruzzo.it/it/cosa-visitare/
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Quantum Mechanics tests:

- Collapse Models
- Pauli Exclusion Principle Violation





Nat. Phys. (2020). 

https://doi.org/10.1038/s41567-020-

1008-4
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The measurement problem

Possible solutions:

-De Broglie – Bohm

- Many-World Interpretations

-Collapse of the w.f.

-.....
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What are collapse models

1. Collapse models = solution of the 
measurement problem

Paradox-free description of  the quantum 
world

2. Collapse models = rival theory of 
Quantum Mechanics

They are related to experiments 
testing quantum linearity

3. Collapse models as phenomenological 
models of an underlying pre-quantum 
theory

Can gravity causes the collapse?
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Our analysis: using published data of the IGEX experiment (K.  

Piscicchia)

The IGEX experiment is a low-activity Ge based experiment dedicated to the bb0n

decay research. (C. E.  Aalseth et al., IGEX collaboration Phys. Rev. C 59, 2108 

(1999))

In  (A. Morales et al., IGEX collaboration Phys. Lett. B 532, 8-14 (2002))  the 

published data acquired for an exposure of 80 kg day in the energy range:

DE = (4 – 49) keV « me  = 512 keV →   compatible with the non-relativistic assumption.



New analysis: results and discussion

The X-ray spectrum was fitted assuming the predicted energy dependence:

With a(l) free parameter, bin contents are treated with Poisson statistics.

Fit result:



New limit on colapse model parameters – Entropy 19 (2017) 319

34





Roger Penrose proposed that a spatial quantum superposition 

collapses as a back-reaction from spacetime, which is curved in 

different ways by each branch of the superposition. In this sense, 

one speaks of gravity-related wave function collapse. He also 

provided a heuristic formula to compute the decay time of the 

superposition—similar to that suggested earlier by Lajos Diósi, 

hence the name Diósi–Penrose model. 







The collapse depends on the effective size of the mass density of 

particles in the superposition, and is random: this randomness 

shows up as a diffusion of the particles’ motion, resulting, if 

charged, in the emission of radiation. We computed the radiation 

emission rate, which is faint but detectable









We then performed a dedicated experiment at the Gran Sasso 

underground laboratory to measure this radiation emission rate. 

Our result sets a lower bound on the effective size of the mass 

density of nuclei, which is about three orders of magnitude larger 

than previous bounds. This rules out the natural parameter-free 

version of the Diósi–Penrose model.





Spontaneous emission including nuclear protons –

data taking at LNGS (ultrapure Ge)! 











Of course, alternatives are always possible. Following Diósi, one option is to 

leave R0 completely free; however, this comes at the price of having a 

parameter whose value is unjustified, apparently disconnected from the mass 

density of the system as well as from gravitational effects. Another option is to 

change the way the collapse is modelled (Poissonian decay), thereby adding 

extra terms and parameters to take into account a more complex dynamics, as 

done for other collapse models. This kind of extension has not been envisaged in 

the literature so far. Our result indicates that the idea of gravity-related wave 

function collapse, which remains very appealing, will probably require a 

radically new approach.



Narrowing the parameter space 

of collapse models with ultracold 

layered force sensors

A. Vinante et al.

Phys.Rev.Lett. 125 (2020) 10, 

100404
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Paper in preparation





“Is Quantum Theory exact? From quantum foundations to quantum 

applications” , 23 – 27 September 2019 (Frascati, LNF-INFN)

“Is Quantum Theory exact? Exploring the quantum boundaries” , 101-11 

December 2020 (https://agenda.infn.it/event/24187/overview)



Questions:

-What induces the collapse:

Could be related with gravity?

-Has it anything to do with dark

Sector (matter, energy)?

- Is there any theory beyond QM?
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How to go from 
“to be AND Not to be” to 

“to be oR Not to be”
FQXi recent poject
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We also search for the impossible atoms

An experiment to test the Pauli Exclusion 

Principle (PEP) for electrons in a clean 

environment (LNGS) using atomic physics 

methods – the VIP experiment
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Theories of Violation of Statistics

O.W. Greenberg: AIP Conf.Proc.545:113-127,2004

“Possible external motivations for violation of statistics include:

(a) violation of CPT, (b) violation of locality, (c) violation of

Lorentz invariance, (d) extra space dimensions, (e) discrete space

and/or time and (f) noncommutative spacetime. Of these (a) seems

unlikely because the quon theory which obeys CPT allows

violations, (b) seems likely because if locality is satisfied we can

prove the spin-statistics connection and there will be no violations,

(c), (d), (e) and (f) seem possible…………..

Hopefully either violation will be found experimentally or our

theoretical efforts will lead to understanding of why only bose

and fermi statistics occur in Nature.”
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Search for anomalous X-ray transitions

when bringing “new” electrons

Experimental method:

n=2

n=1

Messiah Greenberg superselection rule
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On the Importance of Electron Diffusion in a 

Bulk-Matter Test of the Pauli Exclusion Principle 

Entropy 2018, 20(7), 515





PEP violation in quantum gravity

Quantum gravity models can embed PEP violating transitions!

PEP is a consequence of the spin statistics theorem based on: Lorentz/Poincaré 

and CPT symmetries; locality; unitarity and causality.  Deeply related to the very 

same nature of space and time

most effective theories of QG foresee the non-commutativity of the space-time 

quantum operators (e.g. k-Poincarè, θ-Poincarè)

non-commutativity induces a deformation of the Lorentz symmetry and of the 

locality →  naturally encodes the violation of PEP
S. Majid, Hopf algebras for physics at the Planck scale, Class. Quantum Grav. 5 (1988) 1587.

S. Majid and H. Ruegg, Bicrossproduct structure of Kappa Poincare group and noncommutative geometry, Phys. Lett. B 334 (1994) 348, hep-

th/9405107.

M. Arzano and A. Marciano, Phys. Rev. D 76, 125005 (2007) [arXiv:0707.1329].

G. Amelino-Camelia, G. Gubitosi, A. Marciano, P. Martinetti and F. Mercati, Phys. Lett. B 671, 298 (2009) [arXiv:0707.1863].

PEP violation is suppressed with 𝛿2 = (E/Λ)k, k depends on the specific model, E

is the energy of the PEP violating transition, Λ is the scale of the space-time 

non-commutativity emergence.





Testing Quantum Physics underground
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