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Spinor Fermi Gas

• Ideal Spinor Fermi Gas

⋆Partition function

Z(0) =
∮

DΨ† ∮ DΨ exp
(

−A(0)[Ψ†,Ψ]/~

)

⋆Ensemble average

〈•〉 =

∮DΨ† ∮DΨ • exp
(

−A(0)[Ψ†,Ψ]/~

)

∮DΨ† ∮DΨ exp
(

−A(0)[Ψ†,Ψ]/~

)

⋆Free Action

A(0)[Ψ†,Ψ] =
∫

~β
0
dτ

∫

d3xψ∗i (x, τ )Lijψj(x, τ )

Lij =



~

∂

∂τ
− ~

2

2M
∆ + U(x) − µ



 δij − ηF z
ij

Harmonic trap: U(x) =
3
∑

ı=1

1
2Mω2

ıx
2
ı , Lagrange parameters

•Perturbation Theory at T = 0: Contact Interaction [1,2]
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•First-Order Correction to Ground-State Energy
Example: F = 3/2, EF = ~ω(3N/2)1/3, c0 = −g0+5g2
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y< (y>) is the smaller (larger) of yf and yf ′; y = µ + fη

•Chemical, Magneto-Chemical Potential and Ground-State En-
ergy
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F = 3/2, 53Cr

δ = 〈Ψ†F zΨ〉/〈Ψ†Ψ〉
ω ≈ 2π × 100 Hz [3]

c′0 ≈ 10−9 m

c′1 ≈ 0

N ≈ 105 [4]

Polarized Dipolar Fermi Gas [5]

•Thomas-Fermi Mean-Field Hamiltonian [6]
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•Parabolic Ansatz
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•Thomas-Fermi Mean-Field Energy: κ = Rx/Rz
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Deformation Function [7,8]
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•Extremization of the MFE
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•Thomas Fermi Radii
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x•Gas Geometry

Optical Density
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•Outlook

⋆ Magnetostriction ⋆ Release Energy

⋆ Collective Oscillations [9] ⋆ Expansion [12]

⋆ Anisotropy [10,11]

Polarized Rotating Fermi Gas [13]

•Anharmonic Trap [14–16]

Potential in Rotating Frame

V (x) =
ǫz
2

(

η
r2
⊥

γ2a2
z

+
z2

a2
z

+
κ

2

r4
⊥
a4
z

)

ǫz = ~ωz az =
√

~/Mωz
γ = ωz/ω⊥ κ = ka4

z/ǫz
η = 1 − Ω2/ω2

⊥
Ω → Rotation Frequency

0 1 2 3 4 5
−100

0

100

200

300

400

500

r⊥
az

V
ǫz

 

 

Ω

ω⊥

= 0.8

Ω

ω⊥

= 1.2

•Semiclassical Density of States
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•Particle Density (T = 0)

Rotating-frame Density
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Donut Regime [17]
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•TOF Expansion (T = 0)

Ballistic Substitution: (x,p) → (x − pt
M ,p)
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•Heat Capacity
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•Outlook

⋆ Contact Interaction ⋆ Dipole-Dipole Interaction

⋆ Quantum Hall Regime [18] ⋆ Fractional Quantum Hall Regime [19]
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