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Motivation: materials science, correlation phenomena

When and why are materials metallic, colored, magnetic, superconducting?

Structure: atoms (nuclei + electrons) in
periodic arrangement
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Motivation: Ultracold lattice fermions as quantum simulators?

Correlated materials Fermionic Hubbard model Ultracold fermions on
optical lattices

O(105) atoms

Recent breakthrough: paramagnetic Mott transition in fermionic 2-flavor mixtures
[Schneider et al., Science 322, 1520 (2008), Jördens et al., Nature 455, 204 (2008)]

Remaining challenge: antiferromagnetism (staggered order)
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Questions for this talk

◦ How to detect AF order/correlations?

◦ Which entropy range is needed/interesting?

◦ General impact of dimensionality?

Mermin-Wagner: LRO ↔ d = 3
[Jördens et al., PRL 104, 180401 (2010)]

Experimental advantage of 2 dimensions:
single-site resolution

[Würtz et al., PRL 103, 080404 (2009)]

[Bakr et al., Science 329, 547 (2010)]

x

y
z

optical lattice 
laser beams

Mirror 1064 nm
Window 780nm

16 µm

High-Resolution
Objective 
(NA=0.68)

x
y

[Sherson et al., Nature 467, 68 (2010)]
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[Jördens et al., PRL 104, 180401 (2010)]

Experimental advantage of 2 dimensions:
single-site resolution
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Double occupancy as a universal measure of AF correlations + entropy
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QMC: d=2, U/t=12.25

QMC: d=3, U/t=15

Exact determinantal QMC:

AF enhances D at low-s

d = 2 surprisingly similar

 LRO irrelevant

Universal minimum at

s ≈ ln 2 for 1 ≤ d ≤ ∞

Interesting AF physics at

ln(2)/2 . s . ln(2) !

AF enhancement of D is larger

in lower dimensions:

D0 = (1− 〈σi · σj〉)Z
t2

2U2
+O

(
t4/U4

) 〈σi ·σj〉0 =


−1.00 DMFT
−1.20 (d = 3)
−1.34 (d = 2)
−1.77 (d = 1)
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Summary

NN AF correlations

↔ “finite-range antiferromagnetism” ↔

LRO

Universal characteristics, tuning of d  discriminate AF effects

Double occupancy: nearly universal

probe of AF correlations and entropy

Relevant entropy scale s . ln(2)

NNN spin correlations:

universal signature of

Heisenberg regime, low s
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