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Cryogenic Buffer Gas Cooling of Tungsten Carbide

1. eEDM

2. Overview of eEDM experiment

3. New Molecules

EDM(electric dipole moment) 
• Separation of positive and negative 
charges 

• If a spin 1/2 particle has a non-zero 
EDM, it requires T-violation 

• → EDM is sensitive to CP violation 

7. Summry and Plan

ACMEⅢ 
ThO

• JILA results set limits on SUSY up to .  

•  ACME III is currently being upgraded, aiming 
for 30 times the sensitivity of ACME II.  

•  Further improvements in precision require 
new molecule. 

∼ 40 TeV

• ThO(ACME)  is limited to  by the lifetime of the excited state. 
• WC has  in the ground state,  and g-factor look good for experiments. 
• In WC,  can be extended by using slower molecular beams or a longer 
interaction region

τ ∼ 5 ms
3Δ1 Eeff

τ

de = ℏ(ϕ+ − ϕ−)
4Eτ

Goal 
• Search for the eEDM with higher sensitivity using new molecules. 
WC as a candidate: favorable ground-state properties. 

Progress 
• Yb: In-cell absorption spectra observed; isotope peaks identified. 
• Out-cell 174Yb spectrum obtained → sufficient beam intensity. 
• Next: stabilize signal via cell/target upgrade. 
• Caltech: LIF with sintered target successfully observed. 
Plan 
• Build a stable Yb beam to use as a test. 
• Enhance WC production and build LIF setup at Okayama. 
• Future: beam deceleration with centrifugal decelerator (see T. Masuda’s 
poster). 
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• EDM @SM is very small  
 

• Measurements of the eEDM place 
stringent limits on the energy scale 
of BSM physics.

|de | ∼ 5.8 × 10−40 e ⋅ cm

Example : ACME

• EDM changes the precession frequency depending on E field reversal.  
• eEDM is measured in a polar molecule(e.g., ThO in ACME).  
• Key parameters such as coherence time and effective internal electric 
field depend on the choice of molecule.  
-> motivates the search for new molecules.

4. Experimental setup
CBGB 
• In a cryogenic buffer gas beam(CBGB), 
Molecules are cooled via collisions with 
cold rare gas atoms in a 4K cell.  
→ Molecular beam is cold and slow.  

• Toward the first WC buffer-gas-
cooled molecular beam. 

• Pressed WC powder is an ablation target.   
• Absorption spectroscopy is used to 
check the WC beam. 

Molecules provide a huge 
internal effective electric field

Internal E field

Elab ∼ 10 V/cm Eeff ∼ 100 GV/cm→

• -doublet states allow easy 
polarization via mixing of 
opposite-parity states.  
• A weak external E field  can 
induce a huge internal E field, 
suppressing systematics
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Measured systems Planned systems

• Electron’s orbital angular 
momentum( ) and  
Spin( ) vanish, the net 
magnetic moment　

Λ = 2
Σ = 1

μ = gLΛμB + gsΣμB ≈ 0
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Example : SUSY 1-loop 
contribution to the 
electron EDM

Buffer-gas cooling & absorption 
concept

実写真

eEDMの上限値の遷移

WC（Tungsten Monocarbide）
→ Insensitive to the magnetic field

Photo in the chanber

5. Yb trial
Yb spectrum in BG cell 
• Tested the current setup w/ Yb 
• Absorption spectrum observed 
w/ ECDL

Phys. Rev. Lett. 94, 052511 (2016)

6. WC trial
LIF @Caltech 
• LIF measurement observed.  
• From empirical estimates, WC 
absorption level is .  < ∼ 1 %
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Sintered target 

Observed Yb spectrum 
( )f0 = 751526680 MHz

Observed WC LIF spectrum R(N=5)

Chamber cross-section

Observed 174Yb spectrum  out of 
40 K Shield( )f0 = 751526680 MHz

174 172 
173 
(F=7/2)

Yb beam test 
• Absorption spectrum of 174Yb observed 
outside the 40 K shield.   

•  estimated from Doppler shift.  
• The signal decays rapidly, likely due to 
target depletion.  

• Upgrade of the cell and target system to 
stabilize the beam signal. 

T ∼ 6.7 K
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Yb target 

18 mm

EDM measurement principle (beam type)

Electric 
field

Spin precession 
time

Δde ∼
ℏ

E τ
1
·nT

Polar molecules

sensitivity

Deceleration of molecules is the new key technique

 to extend the spin precession time τ.

4K He
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Molecule
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laser ablation
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Centrifuge decelerator
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