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1. Search for an electron EDM

3. Laser cooling and trapping  ~ MOT & ODT ~

 ① Magneto-optical trap (MOT)
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: Permanent Electric Dipole Moment (EDM)

T violation CP violaion

・Francium (Fr) has a large enhancement factor R∼900 [1,2] for electron EDM

The limitation of 

Search for the EDM using laser-cooled Fr atoms !

Cooling and trapping  technique using radiation pressure of laser lights and Zeeman splitting 
caused by quadrupole magnetic field. 

Trapping technique using an electric dipole force which is caused by the interaction between 
an induced electric dipole moment and an electric field of non-resonant laser light.
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4.  Development of the laser cooling and trapping systems
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2. Plan to search for the EDM at CYRIC

Gold taget
Nuclear fusion reaction
18O + 197Au → 210Fr + 5n

Fr+

Neutralizer
Fr+→Fr

Cooling and trapping system
①Magneto-optical trap
　　　　↓
②Optical dipole force trap

Measurement system
・Ramsey's method
・Electrode
・magnetometer 

Fr

 Rubidium (Rb) is used for developing these apparatuses.

Why Rb ? This is also alkali metal and has similar chemical properties to that of Fr.

5. Absorption Imaging and time of flight

・Absorption Imaging

Transmmittance T :

1st MOT 2nd MOT

〜5×109  87Rb atoms
(estimated by fluorescence detection) 

We estimated the number of 87Rb atoms and temperature 
in 2nd MOT by absorption Imaging and time of flight (TOF)
methods.

Rb ampoule
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a : Absorption cross section
n

0
: Density in the center of atomic cloud

r
0 
: Radius of the atomic cloud

The number of trapped Rb atoms N : 

・Setup and results

・TOF
After turning off the laser lights, the atomic cloud expands.

Atomic cloud

t [s]
k

B
 : Boltzmann constant

T  : Temperature of the atoms
M : Mass of the atom
 t  :  Time after turning off the lasers 　 

By taking absorption images of atomic cloud 
at various t, we estimated T.

①Trapping light power : 5.2 mW / axis

②Trapping light power : 1.3 mW / axis

 ① T ~ 610 μK

 ② T ~ 270 μK

Results of TOF

6. Laser for ODT
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87Rb D2 line ( λ = 780.24 nm)

The potential depth estimated at the power of 30 W theoreticaly is 
about 3 mK > T esitmated from TOF method !

A permanent electric dipole moment (EDM) of the electron which violates time reversal symmetry is a sensitive tool for exploring the new physics beyound the Standerd Model. At CYRIC, Tohoku University, we are constructing 
experimental appratuses to search for the electron EDM using laser-cooled francium (Fr). Since Fr is unstable element, we are developing these apparatus using rubidium (Rb) which has similar chemical properties to 
that of Fr.

Mephisto 500NE, seed light ( wavelength : 1064 nm )

Nufern, fiber amplifier ( single mode )

Trapping laser power of 5.2 mW / axis : N = 4.8×109

Trapping laser power of 1.3 mW / axis : N = 1.8×108 

                                                              

・We developed laser cooling and trapping system using Rb atoms.
・We measured the number of the atoms and temperature of the atomic cloud in 2nd MOT.
・We introduced new seed light and fiber amplifier and obtained the maximum output power 
  of 55 W for ODT.

7. Summary

・Laser cooling and trapping Long intertaction time
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In 2nd MOT

F : Total angular momentum
R : Enhancement factor
E : Electric field
 τ : Interaction time
N : The number of atom
M :The number of measurement
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1st beam size : Φ30
2nd beam size : Φ10

1st trapping lights : 20mW / axis
1st repumping light : 4.5 mW
2nd repumping light : 1mW / axis
1st magnetic field gradient : 12.5 G/cm
2nd magnetic field gradient : 22 G/cm

d⃗

  j   : Excited level
 γ

j 
  : decay rate

 ω  : Laser frequency
ω

j0
 : Resonance frequency

I(r) : Laser intensity
I
sat,j

 : Saturation intensity

Red : Trapping light
Blue : Repumping light
Green : Probing light
Orange : Pushing light

The maximum output power : 55 W
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