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Spin-orbit coupled BEC (single particle picture)

bulk, no interactions, Ω = 0
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Many-body ground state

Three quantum phases γ = (g − g↑↓) / (g + g↑↓) > 0 , n(c) = k2
0/ (2γg)
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Many-body ground state

Three quantum phases γ = (g − g↑↓) / (g + g↑↓) > 0 , n(c) = k2
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Excitation spectrum in phase II
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Excitation spectrum in phase I

Equilibrium state
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Excitation spectrum in phase I

Bogoliubov + Bloch theory

„

ψ↑

ψ↓

«

= e−iµt

»„

ψ0↑

ψ0↓

«

+

„

u↑(r)
u↓(r)

«

e−iωt +

„

v∗↑(r)
v∗↓(r)

«

eiωt

–

uq ↑, ↓(r) = e−ik1x
X

K̄

U
q ↑, ↓ K̄ eiq·r+iK̄x

vq ↑, ↓(r) = eik1x
X

K̄

V
q ↑, ↓ K̄ eiq·r−iK̄x

0 0.5 1 1.5 2
0

0.4

0.8

1.2

1.6

q
x
 / k

1

ω
 / 

k 02

Emergence of two gapless bands

Vanishing of the frequency at
the edge of the Brillouin zone

Divergent behavior of static
structure factor in density channel

Yun Li, Giovanni I. Martone, Lev P. Pitaevskii, and Sandro Stringari Superstripes and the excitation spectrum of a spin-orbit-coupled BEC



Excitation spectrum in phase I
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Density structure factor
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Density structure factor
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Density structure factor
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Spin structure factor
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Spin structure factor
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Sum rule approach

Define qx-component density operator F and (qx − qB)-component
momentum density operator G

F =
X

j

eiqxxj , 〈 [F , G] 〉 = qxN〈eiqBx〉

G =
X

j

h

pxj e
−i(qx−qB)xj + e−i(qx−qB)xjpxj

i

/2

p−th moments:

mp(O) =
P

ℓ(|〈0|O|ℓ〉|2

+|〈0|O†|ℓ〉|2)ωp
ℓ0

qx → qB F G

m1 q2x (qx − qB)2

m0 S(qx) |qx − qB |
m−1 χ(qx)

Bogoliubov inequality: m−1(F )m1(G) ≥ |〈 [F ,G] 〉|2 χ(qx) ∝ 1/(qx − qB)2

Uncertainty inequality: m0(F )m0(G) ≥ |〈 [F ,G] 〉|2 S(qx) ∝ 1/|qx − qB |
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Sound velocity
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Conclusions

Excitation spectrum in the stripe
phase: double gapless band structure

At small wave vector the lower and
upper branches have, respectively, a
spin and density nature

Close to the first Brillouin zone the
lower branch acquires an important
density character, S(qx) diverges
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Thank you !


