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Comment on “Quantum Statistical Mechanics
of an Ideal Gas with Fractional Exclusion
Statistics in Arbitrary Dimension”

In a recent Letter on quantum statistical mechanics
an ideal gas with fractional exclusion statistics, Iguch
[1] proved an interesting property that anyons can b
regarded as composites of fermions and boson in arbitra
dimension, i.e., in anN-anyon system the thermodynamic
potentialQsa, Nd can be factorized in terms characteristi
n
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of the ideal bosonsa ­ 0d and fermionsa ­ 1d gases by
the relationQsa, Nd ­ s1 2 adQs0, Nbd 1 aQs1, Nfd, in
which N ­ Nf 1 Nb. In this Comment I first use high
temperature perturbation theory to point out that t
relation does not exit in an arbitrary dimension. Ne
I prove that in the two-dimensionalN-anyon system the
thermodynamic potential can be factorized asQsa, Nd ­
s1 2 adQs0, Nd 1 aQs1, Nd.

First, from the anyon distribution functionn ­ 1ysW 1

ad, and the relationWas1 1 Wds12ad ­ ebs´2md [2], the
high-temperature expansion of the energy becomes
Esa, Nd ­
D
2
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in which l is the conventional thermal wavelength, a
D is the space dimension. From this result we s
that the relationEsa, Nd ­ s1 2 adEs0, Nbd 1 aEs1, Nf d
cannot be satisfied for any value ofhNf , Nbj with the
condition N ­ Nf 1 Nb. Thus the theorem 3 in [1] is
incorrect. The mistake can be traced to the fact that
definitions Ws´d ­ ebs´2mf d and 1 1 Ws´d ­ ebs´2mbd

used in [1] can be satisfied only for´ ­ 0 but not for other
values of́ .
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Next, I have evaluated the high-temperature expans
of the energyEsa, Nd to order slDd7, and the result
shows thatonly in two dimensionscan it be linear
in a. Let me now prove that energyEsa, Nd is linear
in a. Using the definition ofW we have two useful
relations: dflns1 1 W21dgyd´ ­ 2bn and W21s1 1

Wd21dWyda ­ nf2bdmyda 1 lns1 1 W21dg. Then,
as the density of stateNd is constant in two dimensions
we have the relation
dfPVbgyda ­
Z

d´ Nddflns1 1 W21dgyda ­ 2
Z

d´ NdW21s1 1 Wd21dWyda

­ 2
Z

d´ Ndnf2bdmyda 1 lns1 1 W21dg

­ Nbdmyda 2 kT
Z

d´ Nd lns1 1 W21ddflns1 1 W21dgyd´

­ Nbdmyda 1
kT
2

Ndhlnf1 1 Ws0d21gj2.
]

Now, becausem is linear in a [2] and Ws0d ­ e2bmb ,
we thus see thatdfPVbgyda does not depend ona.
This means that the thermodynamic potentialQsa, Nd is
linear in a and can be factorized asQsa, Nd ­ s1 2

adQs0, Nd 1 aQs1, Nd.
In summary, the relation Qsa, Nd ­ s1 2 ad 3

Qs0, Nbd 1 aQs1, Nfd, where N ­ Nf 1 Nb, does
not hold in an arbitrary dimension anyon system
while in a two-dimensional anyon system the the
modynamic potential can be factorized asQsa, Nd ­
s1 2 adQs0, Nd 1 aQs1, Nd.
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