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Quantum Mechanics tests:

- Collapse Models
- Pauli Exclusion Principle Violation

Relation between Quantum and Gravity



Laboratori Nazionali del Gran Sasso, 

Istituto Nazionale di Fisica Nucleare

LNGS
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LNGS-INFN – cosmic silence

Evento raro 



http://www.sangiovanni.abruzzo.it/it/cosa-visitare/
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The measurement problem

Possible solutions:

-De Broglie – Bohm

- Many-World Interpretations

-Collapse of the w.f.

-.....



Trieste: 5 luglio 2010 18

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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Penrose – no radiation (but not yet dynamics?)

Gravity-related 

the size of the particle’s mass density R0





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 (P) of the particles’ motion, resulting, if 

charged, in the emission of radiation. Here, we compute the 

radiation emission rate, which is faint but detectable. We then 

report the results of 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. 



C
o

n
 R

o
g

er
 P

en
ro

se



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 tested model.





Spontaneous emission including nuclear protons –

data taking at LNGS (ultrapure Ge)! 











arXiv:2202.01343

A Search for Spontaneous Radiation from Wavefunction Collapse in the 

Majorana Demonstrator

Cancellation effects? 



BEGe detector at LNGS – we are in run since early July





How to go from 
“to be AND Not to be” to 

“to be oR Not to be”
FQXi and JTF recent 

pojectS
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Alicja Rozyk Myrta



……the model is based on Penrose’s particular hypothesis of 

gravity-related wave function collapse. ….

This being said, there does exist a dynamical theory of gravity-

related wave function collapse due to Lajos Diósi which also predicts 

a collapse time of the form τ = h/E g. After the coincidence of this 

major figure and the underlying structure of decoherence, the two 

theories are often called the “Diósi-Penrose” (DP) theory in the 

literature. Behind the joint name DP, there is a particular difference. 

Unlike Penrose’s approach, which lacks general dynamics, Diósi’s

general dynamics predicts violations of energy conservation that are 

appreciable enough to be experimentally tested and constrained. 

Indeed Penrose has expressed to us that he regards this feature of the 

DP theory as unphysical, expects it to be definitively ruled out by 

future experiments, and seeks a physical theory of gravity-related 

wave function collapse that avoids this (in his view) unphysical 

feature of energy conservation violation.



We have considered a variant of the Orch OR theory of 

consciousness that’s based on the simplest version of the 

DP theory of gravity-related dynamical wavefunction 

collapse, at the crossroad of the search for spontaneous 

radiation providing recent experimental constraints on this 

simplest version of DP theory from . After reanalyzing the 

most plausible tubulin superposition scenarios described by 

HP, using the framework of this Orch OR theory

variant, along with the recent experimental constraints, we 

are led to conclude that none of the scenarios (with possible 

exception to the case of partial separation of tubulins) are 

plausible.



The results in this paper do not rule out Orch OR theory in general. 

Rather, they rule out variants of Orch OR based on the simplest 

version of the DP theory of gravity-related dynamical wavefunction 

collapse. As mentioned earlier, Penrose  and Diósi seek alternative 

theories of gravity-related dynamical wavefunction

collapse that do not imply energy-nonconservation. 

It is (also) possible that, when the DP collapse dynamics is modified 

to include dissipation and/or non-Markovianity, the scenario may 

change. In future work, we intend to develop such variants of the DP 

collapse dynamics and then reexamine the tubulin superposition 

scenarios discussed above. Of course, objections to the Orch OR 

theory based on environmental decoherence considerations will likely 

still remain, barring unexpected discoveries in neurobiology showing 

decisively that microtubules can maintain coherent tubulin quantum 

states on scales required by Orch OR theory



What does this mean for the quantum-consciousness connection?

It means that if we take Diosi’s dynamics for gravity-related collapse as the simplest 

version thereof, it looks rather improbable that this model can be at the root of 

consciousness in the way that the ORCH OR theory prescribes [8]. Nothing more, 

nothing less! We did not claim that we excluded the consciousness model put 

forward by Penrose and Hameroff, as we made clear in our paper!

We, however, made the first step in the direction of experimental tests which, we 

hope, will be followed by many others – with different systems, and various models. 

We proved that this is becoming possible!



Banff – Canada (aug. 2022)

Discussing about Consciousness…



QUBO: Exploring the QUantum Boundaries of many-body systems 

– an Odyssey into the gravity related collapse models 

Project for the John Templeton Foundation

Started 1 October 2021

Dr. Catalina Oana Curceanu, LNF-INFN, Italy

Prof. Lajos Diósi, Eötvös Loránd University, Budapest, Hungary

Dr. Maaneli Derakhshani, Department of Mathematics,

Rutgers University, New Brunswick, USA

Dr. Kristian Piscicchia, Enrico Fermi Research Center, Italy

Grant 62099



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



http://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiAyf2Q6sPVAhVEmZQKHdl_D-8QjRwIBw&url=http%3A%2F%2Fwww.eurekasparks.org%2F2015%2F07%2Fpaulis-exclusion-principle.html&psig=AFQjCNGISr91W_ORLRYB9JEqy75RAQzNOg&ust=1502150577292903
https://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiP_MCx6sPVAhXMlZQKHURNAecQjRwIBw&url=https%3A%2F%2Fwww.pinterest.com%2Fchazmcneill%2Fwolfgang-pauli%2F&psig=AFQjCNFKZ_MGBPrs1Nm3Nh2wFwJ2ny5lPw&ust=1502150898718346
https://www.pinterest.com/hidarlin/penguins-personality-plus/
http://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwie4ov3idbVAhUEjFQKHQyUAVAQjRwIBw&url=http%3A%2F%2Fwww.anda-hundeschui.de%2Ffun%2Fbueromenschen%2F&psig=AFQjCNGiGxha_Zhk4Tgq9fxy3LOlNeppJQ&ust=1502777856642112


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.”



n=2

n=1

Normal 2p –>1s 

transition

Energy 8.04 keV

2p –>1s transition 

violating

Pauli principle

Energy 7.7 keV

Search for anomalous X-ray transitions

when bringing “new” electrons

Experimental method:

n=2

n=1

Messiah Greenberg superselection rule
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Nat. Phys. (2020). 

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

1008-4



Entropy 2020, 22(11), 1195; 

https://doi.org/10.3390/e22111195 







Future plans: test other QG models – with 

directionality (magnetic field) – interest in exp. 

Australia!







Stawell underground laboratory:

experiments testing quantum mechanics? We 

would be very interested to collaborate!
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