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Motivation: tunable parameters in ultracold atomic systems

Strategies for detecting antiferromagnetism (LRO or finite-range AF)

1 vary s: best for “order parameter”,
e.g. NNN spin correlations

2 vary dimensionality (previous talk):
discriminate AF effects with
significant d dependence (e.g.: D)

3 now: introduce + vary frustration
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Theorists’ dream of tunable frustration: towards the triangular lattice

Introduce frustration in controlled way

by diagonal hopping in square lattice:

t ′→0: square lattice

t ′→ t: topology of triangular lattice

Imai, Kawakami, PRB 65, 233103 (2002)

Merino, Powell, McKenzie, PRB (2006)

Tohyama, PRB 74, 113108 (2006)

Aryanpour, Pickett, Scalettar, PRB (2006)

Lee, Kuneš, Scalettar, Pickett, PRB (2007)

Kyung, PRB 75, 033102 (2007)

Lee, Li, Monien, PRB 78, 205117 (2008)

Sahebsara, Sénéchal, PRL 100, 136402 (2008)

Davoudi, Hassan, Tremblay, PRB (2008)

Ohashi,Momoi,Tsunetsugu,Kawakami,PRL (2008)

Gao, Wang, J. Phys. Cond. Matt. (2009)

Yoshioka, Koga, Kawakami, PRL (2009)

Galanakis, Stanescu, Phillips, PRB (2009)

Liebsch, Ishida, Merino, PRB 79, 195108 (2009)

Lechermann, PRL 102, 046403 (2009)

Yoshioka, Koga, Kawakami, PSSB 247, 635 (2010)

(general t ′: “anisotropic triangular lattice”, relevant e.g. for copper chlorides)
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Theorists’ dream of tunable frustration: towards the triangular lattice

Introduce frustration in controlled way

by diagonal hopping in square lattice:

t ′→0: square lattice

t ′→ t: topology of triangular lattice

Imai, Kawakami, PRB 65, 233103 (2002)

Merino, Powell, McKenzie, PRB (2006)

Tohyama, PRB 74, 113108 (2006)

Aryanpour, Pickett, Scalettar, PRB (2006)
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New experiments: interference between orthogonal lattice beams

Usual experimental setup:

incoherent superposition of standing waves

in x , y , and z direction (frequency offset)

 square/cubic lattices

New: 2 standing waves (“X”, “X̄”) in x direction,

one coherent with y lattice beam

 square, triangular, honeycomb, . . .

[L. Tarruell, D. Greif, T. Uehlinger, G. Jotzu, and T. Esslinger, arXiv:1111.5020]

A theorists’ dream

come true !?
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Effects of diagonal hopping: frustration + larger coordination

Note: t ′ changes coordination number (4→ 6) and

bandwidth 〈ε2〉 ≡
∫ ∞
−∞

dε ε2ρ0(ε) = 4t2 + 2t ′2

 increasing t ′ not only suppresses AF order/correlations (frustration effect)

but also changes energy scale for interaction U and temperature T

impact already
within nonmag-
netic DMFT
(fixed U, T )

U/t = 12
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Clean tuning of frustration: cubic ←→ triangular lattice

New concept: add third dimension

and hopping tz between planes

with t2
z = t2 − t ′2

 effective coordination Z = 6∀ t ′

Hope: t ′ should act as pure frustration parameter, affecting only magnetic phases
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DMFT results: cubic ←→ triangular lattice

Dynamical mean-field theory (DMFT) using Hirsch-Fye QMC (at ∆τ → 0)

D suppressed before
AF breaks down

paramagnetic phase
hardly affected by t ′
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DMFT results: square ←→ triangular lattice

Now situation re-
versed: strong t ′2

dependence only in
paramagnetic phase
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Connection between double occupancy and spin correlations?

Results collaps in • paramagnetic limit for t2
z = 1− t ′2

• AF limit for t2
z = 0

Constant m2
stag ∼ constant entropy?
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Summary

Tuning of frustration: discriminate magnetic from nonmagnetic physics

most cleanly for cubic → triangular lattice at constant Z = 6

D as measure of spin correlations (variation of t ′ and/or T )

Todo: • compute entropy, simulate trap (at least) in LDA

• beyond DMFT (bad sign problem in determinantal QMC)

• spectra (so far “only” square lattice)

Elena Gorelik Daniel Rost

Preview to DPG Frühjahrstagung
FKM Berlin (TT 10.9, 2012/3/26):

Momentum-dependent pseudogaps
in the half-filled 2d Hubbard model

Access to high-Tc like physics in
ultracold fermions at s ≈ 0.5?

DPG Frühjahrstagung 2012, Stuttgart · 2012/03/13 · Nils Blümer and Elena Gorelik C ←↩ 4 B 10
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