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A rubidium magnetometer based on a nonlinear magneto-optical rotation effect is developing in Cyclotron and radioisotope center for the electron electric dipole moment search using Fr

atoms. Frequency modulated light is used to measure the non-zero magnetic field. We studied the laser frequency and light power dependences of the magnetometer performance.
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Francium (Fr)

Fr has large enhancement factor (~895) of the electron EDM.

Laser cooled and trapped Fr atoms can achieve long interaction time.

EDM search using francium atoms

FM-NMOR dependence on the laser power

Energy shifts:

Time reversal symmetry (T) violation

Finite size of the electric dipole moment

Charge conjugation and parity symmetry 

(CP) violation

CPT invariance
Experimental upper limit using ThO:

|de|< 8.7 ×10-29 e cm
The ACME Collaboration et al., Science 343, 269 (2014)

Standard model prediction: 

|de|~10-40 e cm
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The error of the EDM is restricted by the fluctuation of the magnetic field.

|de|<10-29 e cm δB<10 fT with E=100 kV/cm

Magnetic field Bz

Linearly polarized light

Rb atom

Magnetometer based on FM-NMOR effect
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gF: Landé g-factor

µB: Bohr magneton

Γ: Relaxation rate

l: Length of the cell

l0: Absorption length

1. The linearly polarized light produces an 

alignment state of Rb atoms.

2. The atomic alignment precesses in the 

magnetic field.

3. The polarization plane of the light rotates due 

to an interaction with the atomic alignment.
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Summary

The conditions to realize large magnitude of the slope of the nonlinear magneto-optical rotation with frequency modulated light (FM-NMOR) were studied for the magnetometer to

search for the electron EDM. A large modulation width realized a large magnitude of the slope and needed wide detuning. The best sensitivity of the present setup is 0.7 pT/√Hz.

Nonlinear magneto-optical rotation effect 

with a frequency modulated light

Nonlinear magneto-optical rotation (NMOR) effect

Rotation angle φ:

νMod.: Modulation frequency

Around Bz=Bn,

)(
Γ

2
)(

0

nz
BF

z BB
l

l

h

μg
Bφ 

Larger magnitude of the slope
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makes

magnetic field sensitivity better.

High laser power 

- Large alignment 

of Rb atoms

- Slow relaxation

- Large rotation

Low laser power 

150 μW (~ 1.2 mW/cm2) is the best 

for our cell

FM-NMOR signal depends on

- Modulation frequency width

- Center frequency of the modulation

Modulation width

Center frequency

85Rb F=3 ->3
85Rb

F=3 ->2

85Rb CO

87Rb 

F=2 ->2
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87Rb 

CO

Spectrum of Rb D1 Line

Modulation width 440 MHz ●

880 MHz▲
1730 MHz▼

Highest frequency is fixed on the 
85Rb F=3->2 and 3 cross over

- Wide modulation width (~1.2 GHz) makes 

slope larger 

- Wide modulation width needs large detuning
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