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Electron’s electric dipole moment (eEDM) : physical quantity of proof that time reversal symmetry is violated

Francium atoms (Fr) : good probe to measure the eEDM

- Large eEDM enhancement factor (𝑅Fr = 799[1])

Our goal : detection of the energy shift caused by the eEDM

- The energy shift is detected as a change of the Larmor frequency

- We apply magnetic and electric fields in parallel and antiparallel and detect the frequency difference.
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Our goal：𝛿𝑑𝑒 < 10−29 𝑒 cm (current upper limit [2])
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What we measure [3-5]

𝜈Fr = 𝑔𝐹Δ𝑚𝐹𝜇𝐵𝐵/ℎ + 𝛼 𝜆 𝑈Δ𝑚𝐹휀𝑝 +
𝑔𝐹

𝑔𝐽
Δ𝑚𝐹𝑅Fr𝒅𝒆 ⋅ 𝑬𝐃𝐂/ℎ + collision shift + mF

2 dependence term + (higher order)

𝑁 = 106：atoms trapped

𝑇 = 10 sec：coherence time

𝑛 = 2000：the number of measurement

0 ≤ 𝑉 ≤ 1：Visibility of Ramsey fringe

Zeeman shift
vector light shift

(VLC) ∝ 𝐼, 휀𝑝

Fr-EDM

dominant sources of systematic error

Δ𝑃 × 30 nHz for Cs [3] disappears for above scheme

Atom A and atom B with small eEDM

Simultaneously measure each Larmor frequency
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𝐵𝜇𝐵𝐵/ℎ + 𝛽BΔ𝑚𝐹
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We can measure the effects of both independently.

Modulation transfer spectroscopy

Achieved stable laser source

Magneto-optical trap (MOT) chamber

Achieved ultra high vacuum

(< 1 × 10−11 Torr)

ECDLs x 4

(for Rb & Cs)

Reference

gas cell

Cavity length

~50 mm

Rb & Cs

dispenser

𝐸DC = 100 kV/cm

𝐵

1064 nm high intensity

3D optical lattice light 
(intensity : 𝐼)

coils

electrode plates

Hz

Δ𝜈EDM = 118 nHz
for 𝑑𝑒 = 10−29 𝑒 cm
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Δ𝑃：population difference between |F, ±𝑚𝐹⟩
U : trap depth

휀𝑝: polarization impurity of optical lattice laser beam

𝛼 : polarizability

𝛽 = 𝛼𝑈/𝐼𝛿𝐵 =
ℎ𝜉

𝑔𝐹Δ𝑚𝐹𝜇𝐵
< 𝟏𝟔 𝐩𝐆 𝛿 𝐼휀𝑝 =

𝜉

𝛽Δ𝑚𝐹
< 𝟏. 𝟑 × 𝟏𝟎−𝟑 𝐦𝐖/𝐜𝐦𝟐

𝛿𝐵 = 𝟔. 𝟑 𝐩𝐆

𝛿 𝐼휀𝑝 = 𝟐. 𝟏 × 𝟏𝟎−𝟑 𝐦𝐖/𝐜𝐦𝟐

for 87Rb-133Cs

Prototype with 85Rb-87Rb at Tohoku Univ[6]

Assume that 𝜉 and Δ𝜈 are equal to above

Time [ms] Time [ms]

87Rb85Rb

Achieved magnetic field sensitivity < 1mG
Using Cs and Rb is better to divide Zeeman shift and VLS[6].

Homemade interference type

external cavity diode lasers (IF-ECDL)

Littrow ECDL

Pressure

Reduce frequency drift 

with air-tight housing

Free running

IF-ECDL

of stabilities are needed.

for Δ𝑚𝐹 = 4

- The magnetic field fluctuation and the polarization and intensity fluctuation of the optical 

lattice laser beam are dominant sources of systematic error for EDM measurement.

- The basic idea of dual-species comagnetometer to eliminate these errors was introduced.

- Development of the Rb-Cs comagnetometer is ongoing.
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3D-MOT

Measurement signal of Larmor precession with paramagnetic Faraday rotation[7].

1D-ODT

fluorescent image of Rb atoms
in the optical dipole trap (ODT)
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