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l .  Introduction 
During the last few years considerable attention has been 

devoted to the statistics of different objects, such as 
particles, . anyons and monopoles 1-3 > . In one d�mension, the
interaction simulates statistics and varying coupling con­
stants can be smoothly interpolated between bosons and 
fermions4 > . It has been shown that in two dimensions,

the statistics of "anyons" can be intermediate. It has been 
argued that in three dimensions (there are only two well­
known statistics allowed) , the fermion sys.tem can be treated 
by extracting an antisymmetric pre-factor from the wave 

5 ) function • To treat non-relativistic quantum mechanical
systems of N identical objects , Jevicki and Sakita6 > have
shown that introduction of collective fields is an efficient 
method for obtaining a large-N limit of such systems. In 
such a limit, statistics enters in the form of an e ffective 
potential . In  sec. II we shall treat "anyonsn in one dimen­
sion �nd in sec. III we shall treat them in two dimensions . 
We have stated a Thomas-Fermi functional for anyons . 

2 .  Anyons in one dimension 
Calogero4 > has shown that in one dimension a Singular

inte�action simulates boson or fermion statistics. This 
statistical interaction is vanishing for bosons and fermions, 
but - �win� to Klauder phenomena7 > , we cannot disregard this.
term. If  we start from the N-particle Hamiltonian 
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the solutipn of the problem can be factorized as 
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where 
· ( 1 . 3 )

is an antisymmetric factor which takes care of the singular 
interaction. t (x

1
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N
) is a totally symmetric function . 

After performing a similarity transformation 

H + H = A -AHt ? , ( 1 . 4 ) 

we obtain an equation for the symmetric function t : 
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Owing to the symmetry o f  the kinetic ·energy term, we can now 
proceed by using the standard methods for reformulation of 
the �roblem in terms of collective fields : 

N 
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and., in the limit of large N (N + co) , after hermitization we 
obtain 
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where n (x,y )  =a  a ( o (x-y) p (x) ) .  For A =  o, we obtain a purely 
bosonic von Wei�slcker Hamiltonian; for A = 1 S ) , we obtain a
pure Thomas-Fermi Hamiltonian. For O < A <  1, we obtain
intermediate statistics . 

3 . Anyons in two dimensions 
As shown by Wilczek, in two space dimensions there 

exists a remarkable two-body interaction which changes a many­
body system from a Bose to a Fermi gas as the interaction con­
stant is varied . Yong-Shi Wu ha� shown that this vector­
potential interaction can be gauged away by a �ingular gauge 
transformation to a multivalued : gauge factor . This gauge 



factor can be written using complex co-ordinates zi=xi+iy1 •
The wave function for anyons can be factorized3 ) as

� ( z1) = 
i�j 

( z1-zj ) t ( z 1 , • • •  , zN) , ( 3 . 1 ) 

where t ( z1 , • • •  , zN) is a symmetric function which satisfies the
Schrodinger equation 

Now we can reformulate the Hamiltonian in terms of collective 
fields, introducing the density 
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and, in the large-N limit,  we obtain 
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where the unit vector n .  is perpendicular to the x-y plane. 
The real part of the linear deriv�tive term in ( 3 . 3 ) can 

be eliminated by hermitization. The effective potential is 
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We have assumed spherical symmetry_ for ·the ground state 
described by p .  In this case, the imagipary term in the 
Hamiltonian vani�hes identic�lly. After minimization we obtain.. the equation for . p (r ) : 
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where µ is a Lagrange multiplier which takes care of the condi­
tion Jp (r) ds = N . 

We can exactly solve eq. ( 3 . 5 )  for the case of the 
(1)2 2 harmonic potential V = � r .  The solution is a constant

density 

p <r> = -- ,Air 

µ = ).(i.)N - ( >.�2) t.i>  , 
and E = N (N-1 )  !.!_ + CiJN2 

In the limit >. +  l, we do not obtain a result for the ground 
state of two-dimensional fermions. The exact result for 
fermions is lower than the ground state of anyons. This is 
clear because the pre-factor for fermions must be different 
from the factor ( 3 . 1 ) . For three fermions, the antisymmetric pre­
factor is 

+ which is quadratic in r l  
The functional for anyons ( 3 . 4 ) does not contain the 

same factor as in the Thomas-Fermi functional for fermions 
and there is in addition a diamagnetic term. Let us determine 
the order of various terms in the effective functional by 
rescaling9 ) x = a (N) x. The orders are N/a2, N2/a2 , Na). and
N3/a2, respectively . The leading behaviour comes from the 
cubic term in p (r) . Minimizing the leading terms, we obtain 
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From here we obtain for the spherical symmetric regular 
potential 

P (r ) = 2!A � !r �r3 
:� • ( 3. 7 ) 

Because of the condition 2wJp (r ) rdr = N, we conclude that 
p ( r) must be defined. on a compact support � Then from ( 3 . 7 ) we
obtain for the radius of the domain 
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and the energy in the large-N approximation is 
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4 As an example let us treat the case V = gr .  Then
p (r ) = ;� r, which is a rather pe�uliar distribution, because
it is empty in the_ middle of the disc. 

It will be interesting to see whether the method of 
collective fields can be use4 to treat the quantized Hall 
effect, for which the relevance of intermediate statistics 
was .emphasizedlO) .
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