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This talk is dedicated to  

GianCarlo Ghirardi 
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LNGS-INFN – cosmic silence 

Evento raro  
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Possible solutions: 

-De Broglie – Bohm 

- Many-World Interpretations 

-Collapse of the w.f. 

-..... 



  

Laboratori Nazionali del Gran Sasso,  

Istituto Nazionale di Fisica Nucleare 

LNGS 
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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 give quantitative meaning 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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M. Carlesso et al., Phys.Rev. D94 (2016) no.12, 124036  

X rays 



  



  



 



  



  



New 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 « m
e  

= 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 models parameters – Entropy 19 (2017) 319 

38 



Spontaneous emission including nuclear 

protons – data taking at LNGS (ultrapure Ge)!  



Spontaneous emission – data taking at LNGS (ultrapure 

Ge)!  - analysis including PROTON emission 



Spontaneous emission – ultrapure Ge  



  



X rays 



  

Paper in preparation 



Future plans: 

- we have other data taking with pure  

-lead target (roman lead) ->  

data analyses 

- Work on the “color of the noise” 

- Other measurements at LNGS and  

at Stawell (Australia) 



X rays 

TEQ 

FET 



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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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.” 

  

 



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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In the coming years we expect 

either to find a small violation or to 

be able to bound the probability 

that PEP is violated by electrons 

pushing it to 10-31  
 



Pauli Exclusion Principle violation: 

- as particle property 

- space-time property 



With Andrea Addazi and Antonino Marciao’ (Fudan University – China) 



Entropy 2018, 20(7), 515; https://doi.org/10.3390/e20070515 

On the Importance of Electron Diffusion in a Bulk-Matter Test of the Pauli Exclusion 

Principle 





Testing Quantum Physics underground 
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Feynman 

There are the rushing waves 

mountains of molecules 

each stupidly minding its own business 

trillions apart 

yet forming white surf in unison. 

Ages on ages 

before any eyes could see 

year after year 

thunderously pounding the shore as now. 

For whom, for what? 

On a dead planet 

with no life to entertain. 

Never at rest 

tortured by energy 

wasted prodigiously by the sun 

poured into space. 

A mite makes the sea roar. 

Deep in the sea 

all molecules repeat 

the patterns of another 

till complex new ones are formed. 

They make others like themselves 

and a new dance starts. 

Growing in size and complexity 

living things 

masses of atoms 

DNA, protein 

dancing a pattern ever more intricate. 

Out of the cradle 

onto dry land 

here it is 

standing: 

atoms with consciousness; 

matter with curiosity. 

Stands at the sea, wondering: I 

a universe of atoms 

an atom in the universe. 



  



  



           “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” 

(Greenberg) 
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