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Optical magnetometer and non linear Faraday effect
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Optical magnetometer and non linear Faraday effect

87Rb D4 line
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Magnetometer response vs atomic density
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Shot noise limit of the magnetometer
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Heisenberg uncertainty principle and its optics
equivalent

Heisenberg uncertainty principle

ApAx > h/2
The more precisely the POSITION is determined,
the less precisely the MOMENTUM is known,

and vice versa
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Heisenberg uncertainty principle and its optics
equivalent

Eugeniy E. Mikhailov (W&M)

| A\

Heisenberg uncertainty principle

ApAXx > h/2

The more precisely the POSITION is determined,
the less precisely the MOMENTUM is known,
and vice versa

Optics equivalent

APAN > 1

The more precisely the PHASE is determined,
the less precisely the AMPLITUDE is known, and
vice versa
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Heisenberg uncertainty principle and its optics
equivalent

| AGAN > 1

Heisenberg uncertainty principle

ApAXx > h/2

The more precisely the POSITION is determined,
the less precisely the MOMENTUM is known,
and vice versa

Optics equivalent

The more precisely the PHASE is determined,
the less precisely the AMPLITUDE is known, and
vice versa

v

Optics equivalent strict definition
AXiAXo > 1/4
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Transition from classical to quantum field

Classical analog Quantum approach

@ Field amplitude a @ Field operator a

@ Field real part @ Amplitude quadrature
X; :(a*+a)/2 Xi :(éT+é)/2

@ Field imaginary part @ Phase quadrature
Xo=i(a"—a)/2 Xo = i(ah — 8)/2

E(¢) = |ale ™ =X, +iX, E(¢) = Xi+iX
N3 N 53 N

X4 X4

Eugeniy E. Mikhailov (W&M) Quantum enhanced magnetometer DAMOP 2012 6/18



Minimum uncertainty (coherent) states

Coherent state Squeezed state
o ¢ 0
X 5!
Xq X4

AXiAXp > 1/4
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Minimum uncertainty (coherent) states

Coherent state Squeezed state

X2
Xz

AXiAXp > 1/4
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Self-rotation of elliptical polarization in atomic medium
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A.B. Matsko et al., PRA 66, 043815 (2002): theoretically prediction of
4-6 dB noise suppression

igL
Aoyt = ain + %(a;{n — ain) (1)
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Setup
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Maximally squeezed spectrum with 8’Rb

W&M team. 8’Rb Fy = 2 — F, = 2, laser power 7 mW, T=65° C
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Lezama et.al report 3 dB squeezing in similar setup
Phys. Rev. A 84, 033851 (2011)
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Squeezed enhanced magnetometer setup
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Note: Squeezed enhanced magnetometer was first demonstrated by
Wolfgramm et. al Phys. Rev. Lett, 105, 053601, 2010.
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Magnetometer noise floor improvements
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Magnetometer sensitivity vs atomic density
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Squeezing vs magnetic field

Spectrum analyzer settings: Central frequency = 1 MHz, VBW =
3 MHz, RBW = 100 kHz

WMMG

LASER

(b) squeezed

SMPM
FIBER

MAGNETIC
GP Seesse

—>B

A2 L, 8o |

SHIELDING

LENS

Noise power (dB)

0 0.2 0.4 0.6 0.8 1 12
Magnetic field (G)

Eugeniy E. Mikhailov (W&M) Quantum enhanced magnetometer DAMOP 2012 15/18



Squeezing vs magnetic field

Spectrum analyzer settings: Central frequency = 1 MHz, VBW =
3 MHz, RBW = 100 kHz
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@ We demonstrate fully atomic squeezed enhanced magnetometer

@ Magnetometer noise floor lowered in the range from several kHz
to several MHz

@ Demonstrated sensitivity as low as 1 pT/v/Hz in our particular
setup
For more details:

@ Travis Horrom, Robinjeet Singh, Jonathan P. Dowling, Eugeniy
E. Mikhailov, “Quantum Enhanced Magnetometer with Low
Frequency Squeezing”, arXiv:1202.3831, (2012).

@ Q1.00079: about noise propagation in dense media
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Magnetometer noise suppression vs atomic density
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