


Pauli exclusion principle (PEP) violation
The exclusion principle was postulated by Pauli in 1925 to explain atomic spectra 

and regularities of the Periodic Table of the elements. 

In modern Quantum Field Theory the PEP is related to the spin statistics and 

automatically arises from the anti-commutation property of the fermion creation 

and destruction operators

Although all the well known successes of the PEP in explaining phenomena the 

exact validity of the PEP is still an open question

Despite the fact that the foundation of PEP lies deep in the structure of Quantum 

Field Theory a simple and easy explanation is still missing

General principles of quantum theory do not require that all the particles must be 

either fermions or bosons, but also generalized statistics could be considered

Similar arguments have inspired many experimental tests of the PEP validity with 

improved sensitivities since the first pioneering experiments in 1948 

[Ph.Rev.73(1948)1472]

In particular, four classes of experiments have been considered so far: 

1. searches for PEP-forbidden electronic states

2. searches for PEP-forbidden nuclear states

3. searches for PEP-forbidden electronic transitions

4. searches for PEP-forbidden nuclear transitions



Since 1948 many experimental tests of CNC processes have been performed

The first test was the search for possible PEP-forbidden (PEPf) electronic states

The best sensitivities obtained for 4 classes of experiments for PEPf states are:

Experimental tests for PEP violation

Experiment Result Ref.

searchesfor PEPf

electronic statesin atoms

[12C']/[ 12C] < 2.5Ā10-12

[Be']/[ Be] < 9Ā10-12

A.S. Barabashet al., JETPL 68 (1998) 112

D. JavorsekII et al., PRL 85 (2000) 2701

searchesfor PEPf nuclear

states
[5He']/[ 4He] < 2Ā10-15 E. Nolte et al., J. Phys. G 17 (1991) S355

searchesfor PEPf

electronic transitions

ŭ2< 4.7Ā10-29

ŭ2< 1.1Ā10-46

ŭ2 < 1.3Ā10-47

C. Curceanu et al., JP:Con.Se. 306(2011)012036

H. Ejiri et al., NPB(Proc.Sup.) 28A (1992) 219

R. Bernabei et al., EPJC 62 (2009) 327

searchesfor PEPf nuclear

transitions

ŭ2 < 3-4Ā10-55

ŭ2< 4.1Ā10-60

R. Bernabei et al., EPJC 62 (2009) 327

G. Bellini et al., PRC 81 (2010)034317

It is worth noting that in 1980 Amado & Primakoff [PRC 22(1908)1338] criticized the 

possibility of testing the Pauli principle by looking for PEP-forbidden transitions.

However their arguments can be evaded either as demonstrated in PRL 

68(1992)1826 or PRD39(1989)2032 (for example extra dimensions could lead to 

apparent PEP violations)

Thus experimental tests of PEPf transitions can also investigate the deep structure 

of matter and/or of space-time



Charge Non-Conserving (CNC) processes

Electric Charge Conservation (CC) is a fundamental law in QED

This law is correlated with gauge invariance and photon mass (Weinberg
theorem)

The possibility that CC may be broken in future unified theories and the 
relative implications have been discussed in last years since the first 
experimental test in 1959

At present no self-consistent theories have been developed, but in some 
modern theories (for example extra-dimensions) these processes can be
possible

In 1978 Zeldovich, Voloshin and Okun considered problems due to a 

phenomenological description of CNC processes; they demonstrated that

CNC can not be due to a spontaneus breaking if photon mass is zero

CNC processes are possible if photon mass is not zero


