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Models for ferromagnetism

Heisenberg model Stoner model

Localized in real space Localized in momentum space
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Mysteries in magnetism

Second order
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Uhlarz et al. PRL (2004), Conduit et al. PRL (2009
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Experimental setup
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Experimental setup
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Jo et al. Science (2009), Conduit & Simons PRL (2009)
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Competing loss processes
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Experimental setup
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Competing loss processes

&8z UNIVERSITY OF

“§> CAMBRIDGE




Two distinguishable fermions

Ziirn PRL 108 075303 (2012)
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Two distinguishable fermions

Ziirn PRL 108 075303 (2012)
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Two distinguishable fermions
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Two distinguishable fermions
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Energy of states
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Polaron state
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Polaron state
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Polaron state
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Polaron state
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Tunneling probability
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Tunneling probability
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Tunneling probability
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Tunneling probability
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Tunneling probability
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Why probability of '/2?
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Why probability of '/2?
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Finding the missing probability
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Finding the missing probability
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Finding the missing probability

282 UNIVERSITY OF
“$> CAMBRIDGE



Tunneling probability
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Tunneling probability
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Lieb-Mattis theorem

PHYSICAL REVIEW VOLUME 125, NUMBER 1 JANUARY 1, 1962

Theory of Ferromagnetism and the Ordering of Electronic Energy Levels

Erviort LieB AND DANIEL MATTIS
Thomas J. Walson Research Center, International Business Machines Corporalion, Vorkioun Heights, New York

(Received May 25, 1961 ; revised manuscript received September 11, 1961)

Consider a system of N electrons in one dimension subject to an arbitrary symmetric potential,
V(x1,- - -,xn), and let E(S) be the lowest energy belonging to the total spin value S, We have proved the
following theorem: E(S) <E(S’) if S <S’. Hence, the ground state is unmagnetized. The theorem also holds

has lower
energy than
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Lieb-Mattis theorem
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Lieb-Mattis theorem
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Lieb-Mattis theorem
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Lieb-Mattis theorem
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Computational analysis: exact diagonalization
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Tunneling probability
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Tunneling probability
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Tunneling probability

0.6

0.4

&8z UNIVERSITY OF

“§> CAMBRIDGE

[11,2,1) —(1,2,0) ®
[11,3,1) —(2,3,0) ®
[|2,4,1) —(2,4,0) A
F 0,2,2) —|1,2,0) ¢




Density profiles
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Two-atom scattering

Underlying repulsive

Effective repulsive
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Two-atom scattering

Underlying repulsive Underlying attractive

Effective repulsive Effective attractive
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Two-atom scattering

Underlying repulsive Underlying attractive Underlying attractive

Effective repulsive Effective attractive Effective repulsive
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Two-atom scattering

Underlying repulsive Underlying attractive Underlying attractive

Effective repulsive Effective attractive Effective repulsive
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Two-atom bound state
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Three-atom bound state
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Three-atom bound state
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Three-atom bound state
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Three-atom bound state
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Three-atom bound state
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Loss affected region
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Loss affected region
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Band crossings
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Band crossings
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Band crossings

Npband
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Double well potential
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Direct exchange
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Direct exchange
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Direct exchange
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Double exchange
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Double exchange
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Double exchange
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Direct exchange
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Direct exchange
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Direct exchange
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Direct exchange
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Direct exchange
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Direct exchange
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Summary

A few-fermion system with repulsive interactions displays
ferromagnetic correlations

Statistical tunneling measurement yields a probability of 72
due to degenerate triplet states

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

Opportunity to probe direct and double exchange
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Computational analysis: Quantum Monte Carlo

D=det({q,)det({p,,))
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Three-atom bound state
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