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Conclusion 
& Outlook

➢Qualitative evaluation showed an improvement in apparent beam purity.   Proof of principle.
➢Quantitative evaluation included indefiniteness.   The beam diagnostic system needs to be improved.
➢ Further improvement of beam purity requires modification of the beam transport system.

Simultaneous Beam Diagnostic System
Simultaneous real-time measurement of 
beam current & decay alpha radiation 

of isotopes in the beam.

Gold foil was used for 
shielding the silicon detector(SSD) 
from infrared heater light.

Infrared heater light disrupt the spectrum. Schematic Drawing of SBDS. Data obtained by SBDS →

Typical time variation of current and counts per second

Typical energy spectrum
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Motivation ➢ Search for the permanent
electric dipole moment of the electron 𝑑𝑒

➢ Probe for time reversal symmetry violation

Towards the next level of precision[1,2]

𝑑𝑒

< 1.1 × 10−29 𝑒 cm

∼ 10−39 𝑒 cm
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Development goals

𝐸: Electric field → 100 kV/cm

𝑇: Coherence time → 3 s 

𝑛: Number of measurements → 104

𝑁: Number of atoms → 108

𝐾: Francium (Fr) EDM 
enhancement factor →799

Nucleus
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Due to relativistic motion of 
unpaired valence electron,

Standard 
Model

Current
upper limit

Beyond Standard 
Model ?

“Takefune” 
Electrodes

Au Target
(Φ=12 mm)

Purpose of this study: Increasing efficiency of various components and 𝑁 by improvement of Fr beam purity
      →Development of a Radio Frequency Dipole Mass Filter & Simultaneous Beam Diagnostic System
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EDM of paramagnetic atom

Fr Production & Extraction Fr Neutralization Fr Magneto-Optical Trap(MOT)

𝐾 ∝ 𝑍3

[2,3] 

18O6+
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𝑑𝑎𝑡𝑜𝑚 = 𝐾𝑑𝑒 + 𝑆𝐶𝑁
𝑆−𝑃𝑆(0)

➢
210Fr beam intensity < 5 × 106 /s

VS All beam intensity ~1010 − 1011 /s (beam current ~10 nA)
➢ Beam impurities cause contamination

of yttrium surface.
→Loss of reproducibility.

Decline of neutral Fr production efficiency.
Deterioration of MOT chamber vacuum.

➢Radio Frequency Dipole Mass Filter
Apply an oscillating voltage of opposite phase

to the pair of “Takefune” electrodes.
Mass separation of low-energy

beam in a compact space

Radio Frequency Dipole Mass Filter

Indefiniteness 
by beam intensity 
ratio

Improvement 
rate of 
apparent beam 
purity ~2.9

Mass-to-charge ratio spectrum 
of the beam obtained from a similar 
experiment at Tohoku University[4]

[4] Hirokazu Kawamura et al., Rev. Sci. Instrum. 87, 02B921 (2016)
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AC circuit 
for RFDMF

Rb offline experiment
120 kHz              140kHz              160kHz

Current Ratio(Rb:0A, Ib~13nA, Ia~12nA)

Current Ratio(Rb:4.5A, Ib~344nA, Ia~337nA)

Current Ratio(Rb:5.0A, Ib~251nA, Ia~217nA)

Current Ratio(Rb:0A, Ib~15nA, Ia~13nA)

Current Ratio(Rb:4.5A, Ib~76nA, Ia~176nA)

Current Ratio(Rb:5.0A, Ib~303nA, Ia~252nA)

Current Ratio(Rb:0A, Ib~21nA, Ia~16nA)

Current Ratio(Rb:4.5A, Ib~53nA, Ia~72nA)

Current Ratio(Rb:5.0A, Ib~347nA, Ia~308nA)

Current Ratio(Rb:4.5A, Ib~336nA, Ia~332nA)
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Black lines indicate simulated values of transmittance. 

Extracting beam intensity from SSD signals by fitting
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Top view
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Fr online experiment

Dependence of the transmittance on the amplitude of AC voltage
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