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Atomic Parity Nonconservation in 
Francium

• Francium is an ideal candidate for APNC measurement.

• Understanding properties of the Stark shift will help in 

determining the APNC measurement.

• We performed single photon spectroscopy of the Stark induced 

7𝑠 → 8𝑠 transition in 211Fr.

• We measured the differential scalar polarizability (Δ𝛼).

• We also observed the 𝛽 transition. 
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Theory: Stark Shift

• Energy levels of the atomic states are shifted by an amount 

−
1

2
𝛼𝑛𝑠𝐸

2 when in the presence of an electric field 𝐸.

• 𝛼𝑛𝑠 is the scalar polarizability.

• We consider the Stark effect on the resonance transition, this is 
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• Δ𝛼 is the differential scalar polarizability between the 𝑛𝑠 and 

𝑛 + 1 𝑠 states, and this is what we can measure. 



Theory: Stark Induced Transition
• The 7𝑠 → 8𝑠 transition in francium is electric dipole forbidden.

• An electric field 𝐸 will induce a small mixing of the 8𝑠 and 8𝑝 states.

• The Stark transition amplitude is expressed in terms of the total angular 

momentum 𝐹 and 𝐹′, as well as the magnetic quantum number 𝑀 and 𝑀′

𝐴 𝐹,𝑀 → 𝐹′, 𝑀′ = 𝛼𝐸 ⋅ Ԧ𝜖𝛿𝐹𝐹′𝛿𝑀𝑀′ + 𝑖𝛽 𝐸 × Ԧ𝜖 𝐹′𝑀′ Ԧ𝜎 𝐹𝑀

• 𝛼 transition: Δ𝐹 = 0, Δ𝑀 = 0, Ԧ𝜖 ∥ 𝐸

• 𝛽 transition: Δ𝐹 = ±1, Δ𝑀 = 0,±1, Ԧ𝜖 ⊥ 𝐸

•
𝛼

𝛽
≈ 5.05 1

1 M. S. Safronova, W. R. Johnson, and A. Derevianko, Phys. Rev. A, 60, pp. 4476–4487, 1999.
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Experimental Setup • Francium ions are produced 
by the Isotope Separator and 
Accelerator (ISAC) facility 
located at TRIUMF.

• Francium ions deposited on a 
Neutralizer

• Heat the zirconium foil, 
releasing neutral francium 
atoms 

• Collected in a coated glass 
cell (capture chamber) using 
a magneto-optical trap (MOT)
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Trap Transfer

• Atoms are then pushed 0.7 m down into a 

second chamber (Science Chamber). 

• Trap atoms using another MOT

• Both MOTs share the same Ti:Sapphire

lasers

• Frequency locked to a stabilized HeNe

laser.

• We operate the MOTs on the D2 (7𝑠 →
7𝑝3/2) line of francium
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Electric Field Plates • The atoms are held between two 

indium tin oxide (ITO) coated 

field plates

• The spacing between the plates 

is 𝑑 = 2.858 ± 0.003 cm

• One plate is held at ground while 

the other plate is connected to a 

calibrated high voltage power 

supply 

• These plates are transparent to 

the light used to operate the 

MOT.
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Spectroscopy Laser
• Frequency doubled Ti:Sapphire at 506 

nm.

• The 1012 nm laser is split between 

the doubling stage and locking cavity

• EOM creates first order sideband, 

which is locked to a Fabry-Perot 

cavity using Pound-Drever-Hall (PDH) 

technique

• Scan sideband with EOM → Laser 

frequency scan over atomic 

resonance 
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• Light is sent to the science 

chamber via a high power optical 

fiber cable. 

• 𝜆/2 waveplate + Glenn Thompson 

prism used to rotate polarization 

axis of the light at the chamber.

• We send ~100 mW of power to the 

atoms.
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Detection of the Photons
• Collect photons at 817 nm into a 

PMT.

• Synchronized PMT data collection 

and frequency scan

• MOT lasers are cycled on and off 

with an 8 ms period (62.5% duty 

cycle)

• Spectroscopy laser is turned on 

for 3 ms, and take data for 2.5 ms

of the 3 ms
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Stark Shift Results (Preliminary) 
• Use 𝛼 transition (𝐹 = 5 → 𝐹′ = 5) to 

perform the measurements

• Fit the raw data to an exponentially 

decaying Lorentzian

𝑓 𝑥 = ℎ 𝑎 + 𝑒−𝑥/𝜏
𝛾2

4 𝑥 − 𝑥0
2 + 𝛾2

• Minimize 𝜒𝑟𝑒𝑑
2 using MINUIT, and 

extract the peak position. 

• Figure shows a sample scan at 6.1 

kV/cm
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Stark Shift Results (Preliminary) 

• Difference in peak position as 

a function of the electric field, 

using 6.1 kV/cm as a 

reference. 

𝑓(𝑥) = 𝑎 + 𝑏𝑥2

• Measured value: Δ𝛼𝑚𝑒𝑎𝑠. =
(−0.5465 ± 0.0069𝑠𝑡𝑎𝑡. ±
0.0030𝑠𝑦𝑠.) Hz(V cm-1)-2
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• Measured value: Δ𝛼𝑚𝑒𝑎𝑠. =
(−0.5465 ± 0.0069𝑠𝑡𝑎𝑡. ±
0.003𝑠𝑦𝑠.) Hz(V cm-1)-2

• Theoretical value taken from 

table1: 

Δ𝛼𝑡ℎ𝑒𝑜. = (−0.5619 ± 0.0032) 

Hz(V cm-1)-2

Δ𝛼𝑡ℎ𝑒𝑜. = −0.5494 Hz(V cm-1)-2

Tim Hucko, University of Manitoba 13

1 M. S. Safronova, W. R. Johnson, and A. Derevianko, Phys. Rev. A, 60, pp. 4476–4487, 1999.



β Observation

• Milestones: observation of the 𝛽
transition

• This observation is key for 

future APNC measurement. 
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Conclusion

• Neutralize 211Fr, and trap between ITO coated field plates using 

MOTs

• Performed single photon spectroscopy on the Stark induced 

7𝑠 → 8𝑠 transition

• Measured Δ𝛼 and observed 𝛽 transition in 211Fr 
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Thank You!


