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Dipolar interaction between two atoms
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= Long ranged (~1/R3)
= Anisotropic
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How about dipolar fermions?



Polar molecule as dipolar fermions

A High Phase-Space-Density Gas of Polar Molecules
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Interacting with each other via the
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Hamiltonian
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AN Semiclassical variational approach
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Hamiltonian
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Wigner Distribution Function
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Hamiltonian

H=2[—2—V +U(r] EV(r—r)
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Wigner Distribution Function

p(r.r’)=- ) f &’k f (7. k) et Choose the proper f that minimizes
n(r)= 5 (r,r)= = fd kf(r,k) the total energy

MKk ) = (2;)3fd3rf(r,k)




Total energy
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Total energy
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Goal: minimize the total energy
Strategy: treat the Wigner function variationally



Homogeneous case: Wigner function

f(rk)=f(k)=0(k: - (k2 +&2 ) ’k?)
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o. : variational parameter, characterizing deformation of Fermi surface
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Kinetic energy favors an isotropic Fermi surface (o =1);
Fock energy tends to stretch the Fermi surface along z-axis (a =0);
Competition b/w the two results in a prolate Fermi surface (0< a <1).
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chemical potential : w

pressure : P
bulk modulus : 1/K

Sufficiently large dipolar strength leads to collapse.
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chemical potential : w

pressure : P
bulk modulus : 1/K

Sufficiently large dipolar strength leads to collapse.
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Inhomogeneous case: Wigner function
)
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B : variational parameter, characterizing deformation in real space

A : variational parameter, characterizing scaling factor

(A > 1, shrinking in real space)



Inhomogeneous case: Wigner function
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Similar treatment by Goral ef al. in PRA 63, 033606 (2001),
but with a=1.



) -
@ Inhomogeneous case: energies
)

: NRVIE .
E,,=cN"\ (2% +E—02) B, = (m—)2 : trap aspect ratio
E,, =N\ (0™ +20)

EHartree = C2N3/2}¥3/2d2 ]([3 )

EF = —C2N3/2}\.3/2d2 ]((X.)

o



Inhomogeneous case: energies

: NRVIE .
E,,=cN"\ (2% +E—02) B, = (UO—)2 : trap aspect ratio
E,, =N\ (0™ +20)

EHartree = C2N3/2;\’3/2d2 [([3 )

EF = —C2N3/2)\.3/2d2 ](O()

o

Interaction energy is not bounded from below (dipolar interaction is partially attractive).
The system is not absolutely stable against collapse (A — o0).



Inhomogeneous case: energies

: NRVIE .
E,,=cN"\ (2% +E—02) B, = (m—)2 : trap aspect ratio
E,, =N\ (0™ +20)

EHartree = C2N3/2;\’3/2d2 [(B )

EF = —C2N3/2)\.3/2d2 ](O()

o

Interaction energy is not bounded from below (dipolar interaction is partially attractive).
The system is not absolutely stable against collapse (A — o0).

A local minimum may exist: the system may sustain a metastable state.



Inhomogeneous case: energies
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Interaction energy is not bounded from below (dipolar interaction is partially attractive).
The system is not absolutely stable against collapse (A — o0).

A local minimum may exist: the system may sustain a metastable state.



Density profiles
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Hartree-Fock-Bogoliubov Thoery
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Hartree-Fock-Bogoliubov Thoery
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Selt-consistent solution
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k| F
1
Ek:ma S =&, —u+2U,-(k), vlf:E( _E_k)

Number Equation :

BT

k k k

H = Z |:(§k _UHF(k))Vlf B 4A£( ] T E Ekal;rak

Gap Equation : Hartree - Fock energy :

A
A = - V 'L —k' g
) Z ke 2F,, Upr (K) =5 2 [Vk,k',k,k' ~ Vg ] (1 B E_k
k k




k| F
1
Ek:ma S =&, —u+2U,-(k), vi:a( _%)

Number Equation :

R

k k Kk

H = Z |:(§k _UHF(k))Vlf B 4A£( ] T E Ekal;rak

Gap Equation : Hartree - Fock energy :

A
A = - V 'L —k' %
) Z ke 2F,, Upr (K) =5 2 [Vk,k',k,k' ~ Ve ] (1 B E_k
k k

nd (3 cos’0, . — 1)




H = Z |:(§k _UHF(k))Vlf - 4A£( ] + E Ekal;rak

k| F
1
Ek:ma S =&, —u+2U,-(k), vi:a( _%)

Number Equation :

R

k k k

Gap Equation : Hartree - Fock energy :

A
Ay = =SV 2 g
y Z Ry o8 Upr (K) = 2 [Vk,k',k,k' ~ Ve ] (1 -

/ -
0

nd (3 cos’0, . — 1)




H = Z |:(§k _UHF(k))Vlf - 4A£( ] + E Ekal;rak

k| F
I(,_ S
Ek:ma S =&, —u+2U,-(k), vi:a( _E_k)

Number Equation :
1(, &
N=Yv=)—[1-%
IHY

Gap Equation : Hartree - Fock energy :

A
Ay = =SV 2 g
y Z Ry o8 Upr (K) = 2 [Vk,k',k,k' ~ Ve ] (1 -

/ E k
Renormalization of gap equation: 0
Baranov et al., PRA 66, 013606 (2002)

nd (3 cos’0, . — 1)




8§ Normal state

A, =0
Vﬁ = 6(_Ek )= Q(M —&; _2UHF(k))
U e (k) = % 2 [Vk,k',k,k' - Vi{,k‘,k',k ] 0 (_Ek )

k



§ Normal state

A, =0
Vﬁ = 6(_21( )= Q(M —€; _2UHF(k))
U e (k) = % 2 [Vk,k',k,k' - Vk,k',k',k ] 0 (_Ek )

k

C,~1.096

HFB




§ Normal state

A, =0
Vﬁ = 6(_21( )= Q(M —€; _2UHF(k))
U e (k) = % 2 [Vk,k',k,k' - Vk,k',k',k ] 0 (_E—’k )

k

C,~1.096

HFB Var.

kzo 0




§ Normal state

A, =0
Vﬁ = 6(_21( )= Q(M —€; _2UHF(k))
U e (k) = % 2 [Vk,k',k,k' - Vk,k',k',k ] 0 (_E—’k )

k'
C,~1.096
2 2
HFB Var.
1 1
kzo 0
1 1
200 ey ey
1 0 1 1 0

.........




8§ Normal state

A, =0
Vﬁ = 6(_Ek )= Q(M —&; _2UHF(k))
U e (k) = % 2 [Vk,k',k,k' - Vi{,k‘,k',k ] 0 (_Ek )

k



§ Normal state

A, =0
Vﬁ = 6(_21( )= Q(M —€; _2UHF(k))
U e (k) = % 2 [Vk,k',k,k' - Vk,k',k',k ] 0 (_Ek )

k

C,~2.336

HFB

kzo




§ Normal state

A, =0
Vﬁ = 6(_21( )= Q(M —€; _2UHF(k))
U e (k) = % 2 [Vk,k',k,k' - Vk,k',k',k ] 0 (_E—’k )

k'
C,=2.336
2 2
HFB Var.
1 1
kzo 0
A 1
ol DY
1 0 1 - 0



§ Normal state

A, =0
Vﬁ = 6(_21( )= Q(M —€; _2UHF(k))
U e (k) = % 2 [Vk,k',k,k' - Vk,k',k',k ] 0 (_E—’k )

Kk
C,=2.336
2 2
HFB Var.
1 1
kzo 0
-1 1
ol ol
1 0 1 -1 0

nnnnnnnn




0.06




Angular distribution of order parameter
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= Dipolar interaction deforms the quantum Fermi
gas in both real and momentum space.

= Dipolar effects can be observed in TOF image.
= Tdeal gas: isotropic expansion
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Conclusion
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= Dipolar interaction deforms the quantum Fermi
gas in both real and momentum space.

= Dipolar effects can be observed in TOF image.
= Tdeal gas: isotropic expansion
= Dipolar gas: anisotropic expansion

= Dipolar interaction induces superfluid pairing
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