
order unity.) We therefore conclude that the P-wave su-
perfluid/BEC phase P1 may be observed in asymmetric
Fermi gases as one approaches the S-wave Feshbach reso-
nance from the BEC regime.

Our results are justified in weak coupling. The omitted
preexponential factors, however, depend on higher-order
induced interactions. It is expected that the resulting fac-
tors are of order unity. We also note that the pairing
interaction induced by single phonon exchange is related
to the effective mass m!=m " 1# F1=3 through the
Landau parameter F1 " $NFUP. Effective mass correc-
tions are thus higher order, but they would increase the
density of states at the Fermi surface, and thus increase the
magnitude of the P-wave gap and TP

c .
BCS regime.—Next, we show that all proposed asym-

metric Fermi-liquid phases are unstable towards a two-
component P-wave superfluid due to the exchange of
density fluctuations. This occurs in the BCS regime and
is denoted by P2 in our phase diagram Fig. 1. We start from
a two-component asymmetric Fermi gas with Fermi mo-
menta k"F > k#F, and calculate the induced interactions in
weak coupling. To lowest order in the S-wave interaction
4!a@2=m, the induced interaction for back-to-back scat-
tering is given by [15]:

U↑↑
ind(0, !p1 − !p2) = ↓ ↓

!p1,↑ −!p1,↑

!p2,↑ −!p2,↑

= −N↓
F

(
4πa!2

m

)2

L |!p1 − !p2| / (2!k↓
F)

)
. (14)

The induced interaction for the minority fermions is ob-
tained by interchanging the spin labels. As before, in weak
coupling we neglect the frequency dependence and con-
sider momenta on the Fermi surface. Thus, L%y& denotes
the static Lindhard function

 L%y& " 1

2
# 1$ y2

4y
ln
!!!!!!!!
1# y
1$ y

!!!!!!!!: (15)

The importance of induced interactions for superfluidity
has been pointed out for symmetric Fermi systems: in weak
coupling for S-wave pairing [16], for P-wave pairing with
repulsive interaction [17], and close to the Feshbach reso-
nance [18] based on [19]. In addition, it has been shown
that induced interactions significantly suppress the super-
fluid gaps in neutron stars [20,21]. For P-wave pairing in
neutron stars, it is known that central induced interactions
are attractive [22], but repulsive spin-orbit fluctuations
dominate this effect [21].

The resulting P-wave superfluid gap for the majority
component is given by !"

P ' ""F exp(1=%N"
FU

""
P&), where U""

p

denotes the P-wave projection of the induced interaction as
in Eq. (5) [23]. This leads to

 

!"
P

""F
' exp

"
$ !2

4k"Fk
#
Fa

2L1%k"F=k#F&

#
; (16)

with the P-wave superfluid gap for the minority component
given by interchanging the spin labels. The asymmetry
enters through the function
 

L1%z& "
5z2 $ 2

15z4
lnj1$ z2j$ z2 # 5

30z
ln
!!!!!!!!
1$ z
1# z

!!!!!!!!$
z2 # 2

15z2
;

which has the limiting behavior

 L1%z& !

8><
>:

z2=18 where z * 1;
"# %7$ 4 ln2&%z$ 1&=15 where z + 1;
2 ln%z&=%3z2& where z , 1:

For the symmetric case, we recover the result of [17], !P '
"F exp($!2=%4k2Fa2"&), with " " %2 ln2$ 1&=5; however,
the work of [17] considered repulsive S-wave interactions.
In our case, interspecies S-wave pairing will dominate for
the symmetric system. The phase P2 will start for some
small but finite asymmetry, and the deviations in the ex-
ponent will be linear in (z$ 1).

For large asymmetries k"F , k#F, the P-wave gap of the
majority component is

 

!"
P

""F
' exp

"
$ 3!2

2%2k#Fa&2 ln%k"F=k#F&
k"F
k#F

#
; (17)

while that of the minority component is

 

!#
P

"#F
' exp

"
$ 18!2

%2k#Fa&2
k"F
k#F

#
: (18)

The majority component has a larger gap, but both are
suppressed for large asymmetry.

For fixed k#F, the minority gap !#
P decreases monotoni-

cally for increasing asymmetry, while for fixed k"F, the
majority gap !"

P has a maximum at k#F + 0:77k"F, due to
the maximum of L1%z&=z " 0:11 for z " 1:3:

 

!";max
P

""F
' exp

"
$ !2

0:11%2k"Fa&2
#
: (19)

Finally, we note that the P2 phase does not destabilize
LOFF, or similar phases, whose condensation energy is
parametrically the same as that of the S-wave BCS phase
where !S ' exp%!=2kFa&. Thus, the P-wave energy gain
is parametrically smaller in weak coupling.

Discussion.—Several asymmetric phases proposed in
the literature contain Fermi surfaces, including the normal
Fermi-liquid phases as well as the gapless breached pair
phases. Kohn and Luttinger [24] pointed out that, at zero
temperature, all Fermi surfaces are unstable in the presence
of interactions. We have shown that, in weak coupling,
induced interactions lead to the formation of P-wave
superfluids with maximal gaps for intermediate asymme-
tries. Thus, the suggested normal Fermi-liquid phases and
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