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Introduction: The Fano Resonance … the Archetypal Open SystemIntroduction: The Fano Resonance … the Archetypal Open System
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Introduction: The Fano Resonance … Mesoscopic ImplementationsIntroduction: The Fano Resonance … Mesoscopic Implementations

MULTIPLE Demonstrations in Which a QUANTUM
DOT is Used to Provide the DISCRETE State
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Due to Interaction With COMMON Continuum
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FEW Examples: q-REVERSAL due to LEVEL
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Here We Discuss a MESOSCOPIC Realization of a 
Multi-State Fano Resonance That Exploits the 

Unique Behavior of QUANTUM POINT CONTACTS
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A Critical Aspect of These Devices For This Study 
is Their Ability to Act as a TUNABLE BARIER to 

Carriers ALONG their Direction of Flow
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Barrier Allows Electron Density at QPC Center to 
Be LOWERED – Even PINCHED-OFF Completely
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Quantum Point Contacts Near Pinch-OffQuantum Point Contacts Near Pinch-Off

BOUND STATE Thought to SPONTANEOUSLY
Form in These Structures at PINCH-OFF
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Local Spin-Density
Approximation
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Quantum Monte Carlo

Local Spin-Density
Approximation

Non-Equilibrium Green
Functions with Spin-
Orbit (Rashba) +
Electron Interactions

Exact Diagonalization

• Self-consistently formed bound state for
single electron near pinch-off

• Kondo effect from dynamically-fluctuating spin

• Inhomogeneous wire with low-density region
where interactions dominant

• Single-electron localization at low density

• Inhomogeneous wire with low-density region
where interactions dominant

• Electron bound state arises from Coulomb 
interactions & evolves sensitively with density 

• Spin-orbit interactions induce local-moment
when QPC symmetry broken by source bias

• Resulting spin polarization enhanced by role of
Coulomb interaction

• Scattering resonances due to 1D-2D transition
• Resonant levels used to compute eigenstates 
of interacting electrons

• Dependent on filling both Kondo effect & 
ferromagnetic character obtained!

ApproachApproach FeaturesFeatures

Quantum Point Contacts Near Pinch-OffQuantum Point Contacts Near Pinch-Off

… Suggested by Numerous MANY-BODY Theories… Suggested by Numerous MANY-BODY Theories
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We Use Fano Resonances in COUPLED QPCs to 
DETECT the Presence of BOUND STATES
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A Mesoscopic Multi-State Fano Resonance A Mesoscopic Multi-State Fano Resonance 

Prior Work Showed Multi-State Fano Resonances 
for Interacting Levels of the SAME Atom or Dot 
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Detector Exhibits TWO Fano Resonances Due to 
the TWO Different Bound States
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Simultaneous TUNING of Vs & Vc Yields an 
AVOIDED CROSSING of the Resonances
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III

Anti-Crossing is UNUSUAL – MISSING Branch!Anti-Crossing is UNUSUAL – MISSING Branch!
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Missing Branch – Detector Resonance With FAR
QPC When Near One is PINCHED-OFF
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USE THIS QPC AS
THE DETECTOR



Missing Branch of the Spectrum is “RECOVERED” 
by Using the PINCHED-OFF QPC as DETECTOR
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Reveals a PRONOUNCED (meV) Avoided Crossing!Reveals a PRONOUNCED (meV) Avoided Crossing!

A Mesoscopic Multi-State Fano Resonance A Mesoscopic Multi-State Fano Resonance 
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To Describe this Problem THEORETICALLY we 
Start From the Following HAMILTONIAN
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EXTENSION OF: V. Puller et al., PRL 92, 096802 (2004). DESCRIBING SINGLE BOUND-STATE/
DETECTOR INTERACTION
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For the SUBSYTEM Formed by the Two Bound 
States & Their Intervening Continuum …

We Obtain the Effective INTERACTION 
POTENTIAL Between the Two Bound States

For the SUBSYTEM Formed by the Two Bound 
States & Their Intervening Continuum …

We Obtain the Effective INTERACTION 
POTENTIAL Between the Two Bound States

SUMMATION RUNS OVER ALL
STATES OF THE INTERVENING
2D CONTINUUM!



A Mesoscopic Multi-State Fano Resonance A Mesoscopic Multi-State Fano Resonance 

Calculations Based on This Model REPRODUCE
the Unusual Avoided-Crossing of Experiment
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ConclusionsConclusions

 We Have Demonstrated a Multi-State Fano 
Resonance in Which Two Spatially-Remote 
Discrete States are Each Coupled to a 
Common Continuum 

 This Continuum Supports a Highly-Robust
Effective Interaction Between the Two States
Due to the Fact That it is Mediated by a Large
Number of Degenerate Continuum States

 While the Continuum is Often Viewed as a
Source of Decoherence Our Work Suggests its
Use to Engineer the Interactions of 
Mesoscopic Structures


