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Parity violation in atoms

* Atomic physics experiment = Studying electronic transitions.

* Z-boson exchange between atomic electrons and the quarks in the nucleus.
* Short range = Depends on probability of the electron to be in the nucleus
* Special = Same finale state.

Nuclear spin independent:

Coherent over all nucleons.

Nuclear spin dependent :
Interactions with valance nucleons.

Main Contribution from anapole moment of heavy
nuclei.

Optical experiment Microwave experiment



Parity violation in francium
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Electric dipole transition from 1=0 to 1=0 is not

allowed

Hpynemixes s & p electronic states,
('s’ | Hpne |np) o Z3 506 nm

Mixing too small to probe the effects

directly, the mixing of p states is at
the ~ 101! level.
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Optical experiment Bouchiats, 1974



The cesium experiment 7s ——
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Push atoms

Parity violation in francium

* Francium Z=87 (Heaviest alkali )
« APNC effect 18 times larger than Cs Capture trap
* Atomic structure theory same level as Cs

Trapped Fr

Frion
|

* No stable isotope

Francium trapping facility at I

TRIUME/ISAC ‘
Neutralize francium ions aomsromesre
Collect in dry film coated cell voT MOTenterhero] oy
Transfer using resonant push beam
Measurements in science chamber
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System is tuned with Rb

Science chamber



Laser cooling and trapping

Magneto Optical Trap (MOT):
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* Quadrupole magnetic field
* Red detuned laser
* Opposite circular polarization

Trapping
F=-kx

Cooling
F = -av
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Progress so far

> Observed for the first time 7s-8s transition

using two photon spectroscopy in 2%Fr,

2091::1-’ 210F1', 211FI‘, 213Fr.

» Isotope shifts.
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Progress so far
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D1 shift

Slope=
1.2296 + 0.0130 (experiment)

1.2342 + 0.0124 (theory by V. Dzuba, V. Flambaum, M. Safronova)

D1 in 1076 MHz amu
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" The slope is = 1.2296 +/- 00130 '
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Progress so far

» DC Stark shift of the 7s-8s transition.
» Electrodes with holes

le7 Francium 7s-8s Stark freq. shift Vs applied voltage
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Current work

» New Laser lock for 506 nm based
on ULE cavity and PDH method.
v" Error signal observed.

v Temperature control is being .
developed. 10 cm Dima =

» Transparent Electric field plates
with ITO coating.
v Installed.

» Power build up cavity in
vacuum for 506 nm.
4 Early summer.
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Conclusion

= Several francium isotopes have been trapped at the Francium Trapping
Facility at TRIUMF using laser cooling and trapping techniques.

= We have started to perform atomic physics measurements to benchmark
theoretical calculations.

The 7s-8s transition that we plan to use for PNC studies has been
observed.

= DC Stark shift of the 7s-8s transition has been observed.

Lasers, laser locks, electric field generating system with transparent field
plates and power build up cavity are in development.

Thank You



