This article was downloaded by:

On: 28 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

oy wo | Physics and Chemistry of Liquids
P hySiCS and Publication details, including instructions for authors and subscription information:
Chemistry of Liquids http://www.informaworld.com/smpp/title~content=t713646857

AN INTERNATIONAL JOUARNAL

Chemical collision model and statistical distribution function for an anyon
liquid

N. H. March®

* Oxford University, Oxford, England ® 6 Northcroft Road, Egham, England

- Norman H. March

’ - EmeriLas Protesios, Owfond Unbeersite UK
M,

Gluseppe 6.
{Co-Erfier] Uriversits o Catania, (starcs, Jlsly

To cite this Article March, N. H.(1997) 'Chemical collision model and statistical distribution function for an anyon liquid’,
Physics and Chemistry of Liquids, 34: 1, 61 — 64

To link to this Article: DOI: 10.1080/00319109708035914
URL: http://dx.doi.org/10.1080/00319109708035914

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713646857
http://dx.doi.org/10.1080/00319109708035914
http://www.informaworld.com/terms-and-conditions-of-access.pdf

08: 10 28 January 2011

Downl oaded At:

Phys. Chem. Liq., 1997, Vol. 34, pp.61-64 © 1997 OPA (Gverseas Publishers Association}
Reprints available directly from the publisher Amsterdam B.V. Published in The Netherlands under
Photocopying permitted by license only license by Gordon and Breach Science Publishers

Printed in India

Letter

CHEMICAL COLLISION MODEL AND
STATISTICAL DISTRIBUTION FUNCTION
FOR AN ANYON LIQUID

N. H. MARCH*

Oxford University, Oxford, England
(Received 9 July 1996)

Contact is established between an approximate chemical collision model and a full
statistical mechanical treatment of the distribution function of an anyon liquid. The
range of validity of the chemical model is thereby delineated.
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Early studies by March et al. [1] of the statistical distribution function
of an anyon liquid, ie., with particles obeying statistics intermediate
between Fermions and Bosons, were based on a chemical collision
model, motivated by the treatment in Ma’s book [2]. This type of
approximate modelling has subsequently been brought to full fruition
by a number of authors and we note here especially the study of Wu
[3]. In this work, Wu writes the statistical distribution function »n for
the anyon liquid as
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where « is the characteristic anyon parameter, with o =0 correspond-
ing to Bosons and « =1 to Fermions. In eqn (1), { is defined by

{=exp(B{e—u}): B=1/kgT (2)

We will return to Wu’s form of the function w({) below, but our
objective here is to compare and contrast the form (1) with the earlier
approximate result for #n based on the chemical collision model al-
ready referred to. The shape of the anyon distribution function n
dictated by the above model is then [1,4]

L= exp(Ble— i) +a, ®

where ¢ is the particle energy. As pointed out in refs 1 and 4, the
chemical collision arguments do not contain within themselves a
unique procedure for determining the factor a in eqn (3), which must,
of course, be chosen such that a= —1 fora=0and a=1fora=1, to
recover the well-known Bose and Fermi distributions respectively.

By comparing eqns (3) and (1), the anyon factor a in eqn (3) can
evidently be expressed as

a=w(l)+a—{ 4

where the definition (2) has also been employed. This is the point then
at which to introduce the explicit form of w({) obtained by Wu [3]
and other workers [5, 6], namely

wl+w] 7=, 5)

it being noteworthy in this context that the work of Bhaduri et al [6]
employs the Thomas-Fermi simplification of density functional theory.
Using eqn (5), one can write the anyon factor a in eqns (3) and (4) as

ale,wy=w+o—wl4+w] " (6)

where, as Wu notes, w is non-negative.
We turn briefly to examine the limiting case of eqn (6), where w is
large, with « non-zero, the physical range of the anyon parameter
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being 0 < o < 1. In this case, with « fixed, for w>»a one has

1 1—a
a(, w),_,, =w+a—ww! ‘“[1 + —V;]

#w+cx——w|:1+(1_a):|+--~

w

=20~ 1+ )

Thus, in this limit, a(a, w) - 2a — 1, independently of w for w > a. This
finding that a is then a(x) was the assumption on which the earlier
chemical collision models were utilized [1,4]. Eqn (7) already correct-
ly interpolates between the Boson (x=0:a= —1) and Fermion
(o= 1,a=1) limits, Of course, as w becomes smail, dependence of a on
w is significant, though 2o —1 is not a bad approximation even at
w=1 (giving for a=1/2, a=0 instead of 0.09 and for a=1/4,
a = —1/2 rather than —0.44).

In summary, the collision model of the statistical distribution func-
tion n(e, T) of an anyon liquid has been brought into intimate contact
with a full statistical mechanical treatment [3,5,6]. The anyon factor a
in the model exemplified by eqn (3) has then the rigorous form (6). But
for wz 1, a— 20— 1 to a useful approximation; that is ¢ becomes solely
dependent on o, and not on w, which is the simplifiying assumption on
which the early chemical collision treatments [1,4] were constructed.

Acknowledgement

It is a pleasure to acknowledge that this work was completed while
attending the Research Workshop in Condensed Matter (1996) at
ICTP, Trieste. The writer wishes to thank in particular Professor Yu
Lu for generous hospitality. Partial financial support has been pro-
vided by the Leverhulme Trust, UK through the award of an Emeri-
tus Fellowship to the writer.

References

[1] March, N. H., Gidopoulos, N., Theophilou, A. K., Lea, M. J. and Sung, W. (1993)
Phys. Chem. Liquids, 26, 135.
[2] Ma, S. K. (1985) Statistical Mechanics (World Scientific: Singapore).



08: 10 28 January 2011

Downl oaded At:

64 N. H. MARCH

[3] Wu, Y. -S. (1994) Phys. Rev. Lert., 73, 922.

[4] March, N. H. (1993) J. Phys. Condens. Matter, 5, B149.

[5] Isakov, S. B. (1994) Phys. Rev. Lett., 73, 2150.

[6] See also Bhaduri, R. K., Murthy, M. V. N. and Srivastava, M. K. (1996) Phys. Rev.
Lett., 76, 165.



