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.Ö
gr

en
1,

2
an

d
P.

D.
D

ru
m

m
on

d1

1 A
R

C
C

en
tre

of
E

xc
el

le
nc

e
fo

rQ
ua

nt
um

A
to

m
O

pt
ic

s,
D

ep
ar

tm
en

to
fP

hy
si

cs
,U

ni
ve

rs
ity

of
Q

ue
en

sl
an

d,
Au

st
ra

lia
,2 L

un
d

U
ni

ve
rs

ity
,S

w
ed

en

In
tr
od
uc
tio
n

•T
he

G
ro

ss
-P

ita
ev

sk
ii

eq
ua

tio
n

(G
P

E
)

is
ex

pe
ct

ed
to

gi
ve

a
go

od
de

sc
rip

tio
n

of
1-

D
B

E
C

s
ne

ar
T

=
0

in
th

e
re

gi
m

e
of

w
ea

k
in

te
ra

ct
io

ns
.

•H
ow

ev
er

fo
r

st
ro

ng
in

te
ra

ct
io

ns
(T

on
k-

G
ira

rd
ea

u-
re

gi
m

e)
th

e
B

os
e

ga
s

ha
s

’fe
rm

io
ni

c’
pr

op
er

tie
s

an
d

ca
n

be
de

-
sc

rib
ed

as
a

no
n-

in
te

ra
ct

in
g

Fe
rm

ig
as

vi
a

th
e

Fe
rm

i-B
os

e-
M

ap
pi

ng
-T

he
or

em
[1

].

H
om
og
en
eo
us
B
os
e
G
as
es

W
e

us
e

a
nu

m
er

ic
al

so
lu

tio
n

to
Li

eb
an

d
Li

ni
ge

r’s
ex

ac
ts

ta
te

-e
qu

at
io

n
fo

r
1-

D
B

os
e

ga
s

in
te

ra
ct

in
g

vi
a

a
ad

ju
st

ia
bl

e
δ c

(x
i
−

x
j)

-
po

te
nt

ia
l[

2]
:

Th
e

ze
ro

te
m

pe
ra

tu
re

gr
ou

nd
en

er
gy

w
ith

N
at

om
s

an
d

th
e

un
ifo

rm
pa

rti
-

cl
e

de
ns

ity
n

=
N

/L
is
a :

E
0

=
N

n
2 e

(γ
)
,

γ
=

c/
n

W
he

re
th

e
fu

nc
tio

n
e(

γ
)

is
th

e
so

lu
tio

n
to

a
sy

st
em

of
eq

ua
tio

ns
,t

ha
tc

an
’t

be
so

lv
ed

an
al

yt
ic

al
ly.

W
e

ca
n

di
re

ct
ly

pr
es

um
e

th
at

:
•e

(0
)

=
0

si
nc

e
no

n-
in

te
ra

ct
in

g
(c

=
0)

fre
e

bo
so

ns
ha

ve
ze

ro
gr

ou
nd

en
er

gy
.

•e
(∞

)
=

π
2 /

3
si

nc
e

th
is

is
th

e
re

su
lt

fo
r

fe
rm

io
ns

(c
→

∞
).

a W
e
us
e
un
its
w
he
re

h̄
=

2m
=

1,
c
is
th
en
re
la
te
d
to
th
e
3D

sc
at
te
rin
g
le
ng
th
ac
co
rd
in
g
to
:

c
=

2a
3D

/l
2 ⊥

Lo
ca
lD
en
si
ty
A
pp
ro
xi
m
at
io
n

If
th

e
va

ria
tio

n
in

pa
rti

cl
e-

de
ns

ity
is

sm
al

l
co

m
pa

re
d

to
th

e
av

er
ag

e
in

te
rp

ar
tic

le
di

s-
ta

nc
e

Li
eb

an
d

Li
ni

ge
rs

re
su

lt
ca

n
be

ap
-

pl
ie

d
lo

ca
lly

:E
0/

N
=

n
(x

)2 e
(γ

(x
))

H
yd
ro
dy
na
m
ic
Eq
ua
tio
ns

W
e

ha
ve

be
en

si
m

ul
at

in
g

no
n-

lin
ea

r
S

ch
rö
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