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Motivation

Itinerant ferromagnetism
with cold fermions is (so far)

hampered by losses
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Novel effects of
interacting fermions in
optical flux lattices

* Momentum dependent
Interactions
* Topological flat bands
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with cold fermions is (so far)

Motivation

Itinerant ferromagnetism

hampered by losses

¢ “Over a wide range of interaction strengths a
rapid decay into bound pairs is observed over
times on the order of |10 h/Ef, preventing the

¢ repulsive fermions. Our work suggests that a
1 Fermi gas with strong short-range repulsive
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study of equilibrium phases of strongly

¢ interactions does not undergo a

ferromagnetic phase transition.”

Sanner et al, PRL 2012
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What is an optical flux lattice!?

® Flux lattice: Example spin |/2

® TJoy model: Consider spin texture in 2D

x-y components of Bloch vector

z component of Bloch vector
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What is an optical flux lattice!?

® Flux lattice: Lattice potential with periodic
texture with net positive flux

Example: square
S A ERRN r##»  Gauge potential

Flux density
el s ng = (V x A)/(2)
Y A _1

ng = ;N (Ozn X Oyn)

» Real space x L .
Cooper, PRL (201 1); Juzelitinas, Spielman, NJP (2012) 4 X (1/2) T 2 FIUX qua’nta Per unit Ce”
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What is an optical flux lattice!?

® Flux lattice: Lattice potential with periodic
texture with net positive flux

Example: square Spin dep. potential
FHEERER N Y ¥ ¥ ,
H :X o B(r)/2

Adiabatic approx.

o= )

n(r) = ¢’ (r)oy(r) n|| - B

Real space
y

A :
N

» Real space x

Cooper, PRL (201 1); Juzelilinas, Spielman, NJP (2012)
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What is an optical flux lattice!?

® Flux lattice: Lattice potential with periodic
texture with net positive flux

Example: square
KK F IR NN TS S F

Real space
y

» Real space x

Cooper, PRL (201 1); Juzeliunas, Spielman, NJP (2012)

Spin dep. potential

2

H=>—+0-B(r)/2

2m

state dep, light shift

( B.  B,+iB,
“'B(r)_(Bm—iBy ~B, )

Raman dressing
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Proposal by Cooper and Dalibard

0
J,=1/2 T, 1
A— @ 3 Parameters to play with:
1 ey Ao k2 |) Lattice depth Vo/ER
L/ WLMA 2) Polarization angle ¢
gy o_ pol 3) Raman coupling €

Cooper and Dalibard, EPL 95, 66004 (201 I)

Two photon Raman-scheme for
e.g. '"Yb with |=1/2
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Proposal by Cooper and Dalibard

=17 ;T,Zgg 1 Momentum transfers
» 4@ .

Wi, + )
o_ pol.

Cooper and Dalibard, EPL 95, 66004 (201 I)

Two photon Raman-scheme for
e.g. '"Yb with |=1/2
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Proposal by Cooper and Dalibard

Momentum space

Cooper and Dalibard, EPL 95, 66004 (201 I)

Two photon Raman-scheme for .\/

e.g.'7'Yb with J=1/2

o W
o_ pol. k k
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Proposal by Cooper and Dalibard

Band-structure (2D)

I T ]Cl kQ
g- B wr, + 0

9+ o_ pol.

Cooper and Dalibard, EPL 95, 66004 (201 I)

Two photon Raman-scheme for Vo/Er = 1.8 of

e.g. '"1Yb with |=1/2 e=0.4; 0=0.3
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Proposal by Cooper and Dalibard

Jo=1)2 1, + Fermi surface

Wi, + )
o_ pol.

Cooper and Dalibard, EPL 95, 66004 (201 I)

Two photon Raman-scheme for o

e.g.'""'Yb with |=1/2 (weak lattice)
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Summary of single particle properties

® | owest band ~ similar to lowest Landau level

Topology Band flatness
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Summary of single particle properties

® | owest band ~ similar to lowest Landau level

Topology

Band flatness

Berry curvature
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I Low

Chern # of lowest band is |

Band gap [Bandwidth]
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Lattice depth [ERr]
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Interactions

® Project interactions onto lowest band

T T
H = E ckckek + g Vk1k1k3k4ck Ci,, Cks Cky
kikoksky

Vk1k2k3k4 — g2D /d2r Z ¢l*{10-(r)¢i25(r)¢k36(r)¢k4g(r)

Interacting spinless fermions!
(starting from contact s-wave int.)

Cooper, Dalibard EPL (201 I); Williams et al., Science (2012);
Cui PRA (2012) ...
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Interactions

® Project interactions onto lowest band

T T
H = E ckckek + g Vk1k1k3k4ck Ci,, Cks Cky
kikoksky

Vk1k2k3k4 — g2D /d2I‘ Z ¢l*<10(r)¢i25(r)¢k35(r)¢k40(r)

® Hartree-Fock decoupling

1
El{nk}] = Z €xkNk + 5 Z Vkk NNk

k kk’

Vi = Vikkkk — Vikk/kk/
Hartree Fock
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Hartree-Fock phase diagram

@2\5 Ordered phase:
=20 Ising nematic/
§-1 5 Stoner FM
- Breaks C¢ to C3
ol
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Interaction strength

Filling: v =1/4
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Hartree-Fock phase diagram
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Phasediagram: finite T
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Nematic order of fermions: Ubiquitous in
correlated fermion systems

Ruthenates: Sr3Ru;O7

2DES, magnetic field

Cuprates
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Lilly et al, PRL 1999

Kohsaka et al, Science 2007

See review by Fradkin, Kivelson, Lawler, Eisenstein, McKenzie, Ann. Rev. Cond. Mat. |, 53 (2010)
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Origin of nematic order:
Anisotropic interaction between
identical fermions

% 0.6

Spin-structure in
Brillouin zone
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Connection to models with
Ising nematic order

® Mean-field model for Ising nematic (2D square)
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Connection to models with
Ising nematic order

® Mean-field model for Ising nematic (2D square)
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Yamase, Oganesyan, Metzner, PRB 72, 351 14 (2005)
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Conclusion

® Optical flux lattices offer route to itinerant
ferromagnetism at weaker bare interaction
strength

® Coupling between (pseudo) spin and lattice
gives rise to Ising-nematic symmetry
breaking

® Open questions: Competition of nematic
order/magnetism with other correlated

states (FQH)
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