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THE Pauli exclusion principle was formulated to explain the 
regularities of both the Periodic Table and atomic spectra 1, and 
has a crucial role in our understanding of the structure and 
properties of atoms and nuclei. Despite its enormous success the 
absolute validity of this principle is still open to question and some 
recent theoretical analyses have suggested that small violations 
are possible. This has inspired several experimental tests of its 
validity. Here we consider the possibility of a Jl-decay process that 
would violate the Pauli exclusion principle and use existing data 
from an underground laboratory to place a severe limit on the 
decay probability, and on possible violations of the Pauli exclusion 
principle. 

In an extension to the field-theory analysis by Ignatiev and 
Kuzmin2

'
3 of a single oscillator, Greenberg and Mohapatra4 

developed a theory that allows for small violations of the Pauli 
exclusion principle (PEP), The analysis, to some extent a 
development of some ideas due to Green5, involves trilinear 
commutation relations that include a small parameter f3 « 1; 
{3 2 /2 is a ineasure of the violation of the PEP and is defined as 
the relative probability of finding two fermions in the same state. 
Govorkov6 showed that their theory predicted states with nega
tive probabilities, however, and it was concluded that it would 
not be possible to construct a field theory for small PEP viola
tions 7. The possibility of 'infinite statistics' was not treated by 
Govorkov; in such statistics no assumption is made restricting 
the number of particles in symmetric or antisymmetric states. 
These statistics have been studied8

-
10

, and Mohapatra9
,
10 has 

suggested that it may be possible to construct a new kind of 
field theory in which small violations of the PEP could be 
allowed. 

Experimental tests of the validity of the PEP are of consider
able interest and the status of the current and proposed activity 
has been reviewed recently 11

-
13

• Novikov et al. 14 investigated 
PEP violations by using accelerator mass spectrometry to search 
for anomalous atoms with three electrons in the K shell and 
obtained a limit of {3 2 /2 < 2 x 10-21

. Ramberg and Snow15 placed 
an upper limit on {3 2 /2 of 1.6 x 10-26 by searching for K-shell 
X-ray emission when a current is passed through a copper strip; 
the X-rays would be emitted if the 'new' electrons cascade down 
to an already occupied K shell. Recently we investigated the 
non-paulian electron-capture decay of 71 Ge and deduced a limit 

224 

of {3 2 /2 ,s: 3 x 10- 12 for neutrons 16
. We also considered the possi

bility of non-paulian decays in stable nuclei through 13- (13+) 
decays of higher-shell neutrons (protons) directly into the lower 
proton (neutron) shell. It is well known that if the hamiltonian 
of a system is permutationally invariant, transitions to a filled 
shell are forbidden for reasons not related to the PEP. But these 
restrictions are limited to systems in which the number of a 
given fermion does not change. In the case of 13- (13+) decay 
both the number of protons and neutrons changes and the 
general restrictions for transitions to a filled shell do not apply. 
In particular, we studied the non-paulian decays of 1271 into the 
non-paulian nuclei 127Xe or 127Te. We searched for 13- (13+) 
particles with a large Nal(Tl) detector and obtained a limit of 
f3 2/2,s:2x 10-26

• 

A much more severe limit on {3 2/2 can be deduced using the 
existing data from underground laboratories. The liquid 
scintillation detector17

•
18 (LSD) of the Mont Blanc collaboration 

is particularly suitable. It has been in operation since 1984 in a 
cavity in a tunnel linking France and Italy, about 1,700 m below 
the surface (5,200 m water-equivalent). The LSD contains 90 
tons of liquid scintillator in 72 stainless steel containers, each 
with a volume of 1.5 m3

• The density of the liquid scintillator 
CnHzn+2 (n = 10) is 0.8 g cm-3 and there are 5 x 1028 carbon 
atoms in each container. 

In 12C the 2p shell is -20 MeV above the ls shell. The most 
probable non-paulian transition is expected to be the first
forbidden 2p ~ ls 13- (13+) transition to 12N(1 2B). For a conven
tional decay the log ft values for such first forbidden transitions 
range from 6 to 9; a conservative value of 9 corresponds to a 
half-life of -300 s. In each container the Pauli-allowed rate Np 
for a 13-decay to a ls shell with a vacancy is then 1.7 x 1026 s- 1

• 

During a 75-day run only two events with energies ;,,12 MeV 
were recorded in the inner 7.2 tons of the LSD19

• In 1988 more 
shielding was added and this new configuration (LSD-2) has 
reduced background at lower energies20

; the background for 
E;,, 12 MeV, however, did not decrease. The counting rate of 
3.1 x 10-1 s-1 for E;,, 12 MeV can be used as a limit on Npv, 
the rate of the PEP-violating decays of 12C to the occupied shell 
of 12N(1 2 B). The corresponding Np rate for 7.2 tons is 0.97 x 
1027 s- 1

• We expect about half of the non-paulian decays to emit 
13-particles with energies above the LSD bias level of 12 MeV. 
In our case /3 2/2=Apv/Ap,s:2Npv/ Np=6.5xl0-34 where Apv 
and Ap are the decay constants. 

This is a very severe limit on {3 2/2 and is many orders of 
magnitude more restrictive than the other available experimental 
limits. The decay of 12C is probably not an ideal candidate for 
studying PEP violations and it may be possible to improve the 
limit by studying the non-paulian decay of other nuclei in 
underground laboratories. D 
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