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Noise



Noise
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Current Fluctuations

Electrical conductor

Thermal fluctuations in reservoirs. Equilibrium fluctuations 

Johnson-Nyquist, fluctuation-dissipation theorem
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Conductor ReservoirReservoir



Transmission
Probability 

Shot Noise

Electrical conductor

Determinism when  and . No shot noise.

In general (Lesovik, Buttiker)
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Shot Noise and Probability Distribution
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Beenakker & Schonenberger, Physics Today (2003)



Shot Noise and Fractional Charge
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Beenakker & Schonenberger, Physics Today (2003)
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Noise Driven by Magnetic Resonance



Ferromagnetic Resonance

• Spin-pumping
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Silsbee, Janossy, Monod, Hurdequint, Berger



Spin-pumping
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Normal metal
filled states

Energy

Extreme precession limit

Tserkovnyak, Brataas, Bauer PRL (2002)

Number of transverse waveguide modes



Spin Current Noise

• Isolated ferromagnet

• Ferromagnet in contact with normal metal
• Spin-pumping enhanced Gilbert damping

• Spin currents fluctuates
• Spin-transfer torque fluctuates
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Thermal Noise

• Described by a new random field

• Total effective fluctuating field

• Enhanced Gilbert damping

• Fluctuation-dissipation theorem is satisfied [PRL (2005)]
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A small metallic ferromagnet tunnel coupled to two normal metal leads

(Charge) Current noise





Electric Current Noise

• Novel aspect of Ludwig et al.
• Detects and characterises

• Ferromagnetic resonance 
• Electron transport in magnetic nanostructure

• Does not require spin-to-charge conversion such as
• Spin Hall effect 
• Inverse spin Hall effect

17



This Work - Generalization in 3 Ways

I. Arbitrary junctions 
• Ballistic
• Diffusive
• Tunnel

II. Ferromagnets and antiferromagnets
III. Multi-terminal devices
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Noise Driven by Magnetic Resonance

19

contains magnet with
precessing order parameter



Landauer formalism
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Explanation of Electric Current Noise

• Temporal variation in 
• Spin-pumping
• Spin accumulation
• Spin filtering
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Spin-transfer and spin-pumping

Spin-transfer Spin-pumping



Spin to Charge Conversion

Spin accumulation in normal metal drives charge current via spin filtering

currentcurrent



Experimental Consequences

• Low-temperature shot noise when

• Ferromagnets

• Antiferromagnets

• Suppressed contributions also at higher temperatures

• Shot noise depends on drive, thermal noise does not
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Current Noise

• Current fluctuations

• Low-frequency noise

• Two contributions, thermal noise (th) and shot noise (sn)
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Labels lead



Johnson-Nyquist Noise

• Thermal noise contribution

• Conductance matrices 

• Two-terminals, single mode
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scattering matrices for spin-up and spin-down electrons



Shot Noise
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spin-dynamics factor

frequency of external drive

electron transport coefficients



Shot Noise

• Main new result

• Shot noise coefficients

• Spin-dynamics factor
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out-of-equilibrium deviation of order parameter



Shot Noise

• Low-temperature

• High-temperature
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Spin-dynamics Factor - Ferromagnet
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frequency of drive Gilbert damping

transverse driving field

FMR frequency
(uniaxial anisotropy)



Spin-dynamics Factor - Antiferromagnet
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AFMR resonance frequencyfrequency of drive Gilbert damping

transverse driving field



Shot Noise Coefficients

• Many-terminal expression

• Two-terminal expression
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Shot Noise Coefficients

• Ballistic junctions

• Disordered junctions
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Conclusion

• General expression - noise driven by magnetic 
resonance

• Characterizes and detects
• Magnetic resonance
• Electron transport

• Thermal and shot noise contributions
• Shot noise attains its maximum at magnetic resonance
• Shot noise coefficients differ for various junctions
• Brataas, PRB 102, 054440 (2020)
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