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Optical pumping of *'K for 3 decay

e Nuclear 3 decay experiments to test the standard mode|
e Goal: laser-cooled, polarized 3K atoms with vector
polarization of > 99.9%, with knowledge of the polarization
from atomic observables at 0.1% accuracy.

e Diagnostics: time dependence of excited state population
after optical pumping light turns on, using single-photon
fluorescence counting and nonresonant photolionization

e Achieved: Nuclear polarization 0.995 +0.04
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Optical Pumping

e optically pump 3K atoms for
2 ms after AC MOT off

e 0~ 45;/» — 4Py, transition
e diode laser with RF Injected,
excites F=1 and F=2 from g.s.

e test with “'K, almost same
hyperfine splitting as 3'K
FoTer
Hhyperfine = -pN - Be=AT1-J

Fluorescence Diagnostic
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(3 decay geometry and optical pumping

e atomic e — coincidences:
measure A (ecoil, remove
backgrounds

e 3T passes through
0.25mm SIC mirror
substrates

e Combine 769.9nm D1 and 766.49 D2
with angle-tuned 780 nm laser-line filter
e Flip spin state with liquid crystal
variable retarder

e Relieve stress from conflat viewports

with fully annealed copper gasket
(Stokes S 3=0.998 so far)

e AC MOT turns off Bquad fast
(< 1% after 0.1 ms)
e Trap and optical pumping share
Z axis: Larger (BT dQ

Coherent Population Trapping Is bad for us

e Atoms trapped In the
coherent dark state would

have poor nuclear polarization
e Signature: att= 80 us,
detune RF sidebands by 1 MHz
e Eliminate CPT by
counter-propagating beams
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Atomic physics In 3 decay: Ar —
Ar— has a metastable state 3s ¢ 3p> 4p, 7=260 ns
Unusual configuration: if populated in 3% decay, Ar — can move
before releasing the electron. Since Ar  ~ Itself has an
asymmetry In direction, this can generate a false 3 asymmetry
By fixing T to the known value, we place an upper limit on
populating Ar —*
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Energy of shakeoff electrons from 8T decay:
Use AC MOT Bquad as an electron spectrometer

COounts
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