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Mysteries in magnetism

Uhlarz et al. PRL (2004), Conduit et al. PRL (2009)
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Experimental setup

Jo et al. Science (2009), Conduit & Simons PRL (2009)
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Experimental setup

Pekker et al. PRL 106, 050402 (2011)
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Two distinguishable fermions
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Energy of states
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Computational analysis: exact diagonalization

(
〈0↑,0↓∣
〈1↑,0↓∣
〈0↑,1↓∣
〈1↑,1↓∣

) Ĥ (∣0↑,0↓〉 ∣1↑,0↓〉 ∣0↑,1↓〉 ∣1↑,1↓〉 )

H=(
H 00,00 H 00,10 H 00,01 H 00,11

H 10,00 H 10,10 H 10,01 H 10,11

H 01,00 H 01,10 H 01,01 H 01,11

H 11,00 H 11,10 H 11,01 H 11,11

) ∣0↑,1↓〉=
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Density profiles

StrongWeak

Three-atom state

∣1 /2,2,1 〉U=−0.172c0↑
+ c1↑

+ c4↓
+ +

0.341c0↑
+ c2↑

+ c3↓
+
−0.174c0↑

+ c3↑
+ c2↓

+
−

0.080c0↑
+ c4↑

+ c1↓
+
+ 0.010c0↑

+ c5↑
+ c0↓

+
+

0.442c1↑
+ c3↑

+ c1↓
+ −0.436c1↑

+ c2↑
+ c2↓

+ +

0.092c1↑

+ c4↑
+ c0↓

+
−0.515c2↑

+ c3↑

+ c0↓
+
∣〉
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Losses
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Two-atom scattering
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Two-atom bound state

StrongWeak



Three-atom bound state
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Loss affected region
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Band crossings
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A few-fermion system with repulsive interactions displays
ferromagnetic correlations

Statistical tunneling measurement yields a probability of ½
due to degenerate triplet states

Losses to the bound state occur in narrow range of
interaction strengths

Opportunity to probe direct and double exchange

Summary



Computational analysis: Quantum Monte Carlo

∣ψ 〉=e−J D

D=det ({ϕn↑})det ({ϕn↓})

J=∑n , i , j ,σ ,σ '
un(r iσ−r jσ ')

n+ ⋯
∣ϕ2↑〉=

E=∫d r
〈 ψ∣Ĥ∣ψ 〉

〈ψ∣ψ 〉



Density profiles
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Density profiles

0.50c0↑∣↑↑ 〉
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Three-atom bound state

StrongWeak
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