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Towards a new search for hadronic CP-violation using ultracold assembled 223FrAg molecules
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Motivation

Deformed Nuclei in Polar Molecules

Progress Towards a Silver MOT

Francium Laser Cooling

Plan for Offline Francium Production

Silver Laser Cooling
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→ want heavy nucleus

Immediate goal: Measure Ag scattering properties to make Ag
condensate, needed to assemble FrAg
• Use 2γ photoassociation spectroscopy to find s-wave scattering 
length and estimate locations of Feshbach resonances
• Silver MOT made once 20 years ago but no trapping 
was demonstrated [8]

Alkali-like!
But UV transitions + 
high oven temperature (950°C)

Two isotopes: 107Ag and 109Ag
   • Both I=1/2
   • Both ~50% isotopic abundance

• Isat ~ 90 mW/cm2 → need high laser power at 328 nm
• Expect >1 W at 328 nm
• Repump with ~1.9 (1.7) GHz EOM
• Use Λ-enhanced D1 (338 nm) cooling for dipole trap loading [9]

1114 nm + 1596 nm → 656 nm → 328 nm 
SFG SHG
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• Goal: Measure scattering properties of 223Fr to make 223Fr
condensate and 223FrAg
• Plan: Vapor cell MOT using continous offline source of 223Fr 
generated from 227Ac 
• Estimate ∼106 trapped Fr atoms with 10 mCi 227Ac source 
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• 223Fr has known octupole deformation [2]
• Calculations show alkali-silver molecules are 
ionic-like [3,4]
→ Large WS for 223Fr in FrAg + small field 
∼1 kV/cm sufficient for
• Fr and Ag have alkali-like structure 
→ amenable to standard laser cooling
• Ultracold-assembled molecules already 
demonstrated ~10 s nuclear spin coherence time [5]
• Project 3000x improvement in chromo EDM for 1st
generation experiment with already 
demonstrated parameters
• Probing energy scales up to 200 TeV 
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223Fr level structure
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• Universe has more matter than antimatter → baryon asymmetry 
• Need new time-reversal (equivalently CP) violating interactions to 
explain baryon asymmetry 
• T-violating new physics can cause Nuclear Schiff moment (NSM), an
aspherical charge distribution along the spin axis
• Sensitive to new T-violating physics in hadronic sector such as 
chromo-EDMs ( ), CP-violating QCD term ( ), pion-nucleon couplings

Λ ~ 1000 times larger [1] 
for pear-shaped nuclei

→ want octupole-deformed nucleus

Bitter-type coil 
electromagnets using 
Chin lab design [10]

Apply fields up to 1200 G!

✓Silver oven source
✓Zeeman slower
✓Anti-Helmholtz coils 
✓5W 656 nm laser
   In-vacuum heated Zeeman
slower window
   Laser locking to scanning 
interferometer  
   >1W 328 nm light   
   Vacuum chamber assembly 

Silver plasma frequency 
= D2 frequency

→ silver-coated optics 
strongly absorb Zeeman 

slower light
Solution: In-vacuum 

sapphire window.
Heats to 550°C 
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Proposed design extracts 223Fr while keeping all undesired elements 
outside the MOT region

Nuclei   
enhancement factor

Molecule internal field
enhancement factor

227Ac/223Fr 
decay chain
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β: 21.8 y (98.6%)α: 21.8 y (1.4%)

α: 22 min (0.01%)

β: 56 s (3%)α: 56 s

β: 7.6 min α: 3.96 s

α: 1.8 ms

β: 36 min

α: 2.14 min (0.3%)

α: 516 msβ: 4.77 min

β: 2.14 min (99.7%)

α: 11.43 d

β: 22 min α: 18.68 d

Stable

3000x 
improvement!

T∼1000°C 
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