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 Nano quantum system
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Hybrid nanoscale diamond quantum sensor

More red photons

Fewer red photons

0

-1

+1

Bz

Shelving state

µ

Magnetic field: 2.8 MHz per Gauss 

@ Varner



Hybrid nanoscale diamond quantum sensor

More red photons

Fewer red photons

0

-1

+1

Bz

Shelving state

µ

Magnetic field: 2.8 MHz per Gauss 

J. R. Maze, et al. Nature 455, 644 (2008).
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Basic working principle:

Magnetic field: 2.8 MHz per Gauss 

Temperature: 74kHz per K

0.35 - 17 Hz per (V/cm)Electric field/Strain:

15 kHz per MPaPressure :
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Magnetostriction

James Joule 1842

Inverse magnetostrictive effect
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J.-M. Cai, F. Jelezko, M. Plenio, Nat. Comm. 5, 4065 (2014)



 Stray magnetic field detected by the NV spin sensor
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Landau-Lifshitz-Gilbert (LLG) equation

• Effective magnetic field

Micromagnetic simulation

Damped procession & fluctuation
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• Effective magnetic field

Magnetoelastic energy

Exchange energy

Magnetocrystalline anisotropy energy

Magnetostatic energy

Zeeman energy

• Free energy
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Landau-Lifshitz-Gilbert (LLG) equation

• Effective magnetic field

Micromagnetic simulation

Magnetoelastic energy

Exchange energy

Magnetocrystalline anisotropy energy

Magnetostatic energy

Zeeman energy

• Free energy

Magnetoelastic energy

Stress

Domain magnetization

Stress direction
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Landau-Lifshitz-Gilbert (LLG) equation

Micromagnetic simulation

vs. 15 kHz per MPa

Frequency shift
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Thermal fluctuation

Landau-Lifshitz-Gilbert (LLG) equation

Gaussian random noise 
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Thermal fluctuation

Landau-Lifshitz-Gilbert (LLG) equation

Gaussian random noise 

Magnetic noise autocorrelation
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Thermal fluctuation

Landau-Lifshitz-Gilbert (LLG) equation

Gaussian random noise 

Magnetic noise autocorrelation

Noise power spectrum 
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Influence of surface defects

Defect densitiy NV spin

Defect
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Open system dynamics of the spin sensor:

Signal: solution

Shot-noise limited sensitivity:
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Measurement signal Shot-noise limited sensitivity:
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Shot-noise limited sensitivity:

• Similar sensitivity as AFM and optical tweezers

• Scalable and portable

• Nano-scale quantum sensor

• Hybrid electric field and temperature sensor
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Hybrid nanoscale diamond quantum sensor

• Design & Working principle

• Sensitivity analysis

• Potential applications

Summary

J.-M. Cai, F. Jelezko, M. Plenio, Nat. Comm. 5, 4065 (2014)
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