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Spin-orbit coupling constant
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Rashba spin-orbit-coupling
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Rotation + two discrete Z> symmetries
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time-reversal
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Bose-Einstein condensates of Rashba bosons

Interaction Hamiltonian: :
density operators
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Chemical Potential:
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However, let us look at Rashba fermions:

Spin-orbit coupling constant
2k,
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Estimate chemical potential: (zﬂko) (ZkF) ~ 47°n I:> EF — 2— n
m

Near the band bottom, the \/— _ L
density of states diverges as p(E)~1/VE As in 1D!



Reminder: spinless 1D model

U u~n’ I' mear;field bosons
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exact bosons
Lieb - Liniger 1963
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Can one Fermionize Rashba Bosons?

Yes, but...

1 . Particles have spin

2 . The system is 2D not 1D



Fermions with spin do interact
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Hartree Fock
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Variational Fermi surface
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minimizing w.r.t. 0

Berg, Rudner, and Kivelson, (2012)



Self-consistent Hartree-Fock for Rashba fermions

Berg, Rudner, and Kivelson, (2012) nematic state

/
. ’J b""b‘
P 'd' k '\,..\
o 'y M,
'4 Y ~
J/
\
iy k )
4 / v
1{1 kf ;’ 0 ‘t
(a) T \
I
1 )
1 ]
HH k
H I x
1
' 1
[} I
s 1 !
o 1 /
v A p;
gty \
P s ,
\\
~ 4
LY <
k™ (1 k k . -..
¢ Sse -
'f
“"‘"-m_ --"""‘l

Elliptic Fermi surface at small density:
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Fermionization in 2D? Chern-Simons!
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bosonic Chern-Simons fermionic
wave function phase wave function

‘/ (plus/minus) One flux quantum per particle
‘/ Broken parity P

‘/ Higher spin components are uniguely determined
by the projection on the lower Rashba brunch

v Fermionic wave function is Slater determinant,
minimizing kinetic and interaction energy



Chern-Simons magnetic Field

E — E + A Aa(rj) = Z €af3 (ij _ rZ)/B

Bcs(rj) = I’OtA(I'j) = 271'2 (5(I'j — I‘i) — 21N
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mean-field approximation
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Particles with the cyclotron mass: Mc¢ = /MgMy = ’m\

in a uniform magnetic field: Bcg = 27n

an



Integer Quantum Hall State

Particles with the cyclotron mass: m, = VvV MMy = m\ —=

in a uniform magnetic field: Bcg = 27mn

B 1
Landau levels: g} = CS (l -+ _>
0% 2

One flux quanta per particle, thus V=1 filling factor: IQHE

co = VI ,3/2

H= mkq

‘/Gapped bulk and chiral edge mode:
Interacting topological insulator



Phase Diagram

chemical potential
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Rashba Bosons in a Harmonic Trap
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‘/ high density Bose condensate in the middle and
low density composite fermions in the periphery



Lattice Model
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In a vicinity of K and K’ points in
the Brillouin zone:
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Landau-Rashba levels
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! At low density Rashba bosons exhibit

Composite Fermion groundstate
‘/ CF state breaks R, T and P symmetries

CF state is gaped in the bulk, but supports
gapless edge mode, realizing interacting
topological insulator

4 CF equation of state: 1(n) oc n3/2

‘/There IS an interval of densities where CF
coexists with the Bose condensate

‘/In a trap the low-density CF fraction is pushed
to the edges of the trap



