SEARCH FOR THE ELECTRIC DIPOLE MOMENT OF THE ELECTRON WITH THORIUM OXIDE
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\Xhy measure the electron EDM? Advantages of ThO Optical pumping into H state
Advantages for statistical sensitivity
EDM of a fundamental particle violates both parity (P) and time-reversal (T) symmetries: 2.6 |yt The plot at left shows
P parity (P) (T)'sy The effect of an electron EDM is amplified in a polar molecule like ThO due to A + % A A A absoltption onthe d = G
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Properties that reduce systematic effects E: transition.
T-violation in the Standard Model (SM) is not sufficient to explain the observed dominance . g 20
of matter over antimatter in the universe — additional sources of T-violation (beyond the The molecule can be almost completely polarized by applying a small electric = The data shown here
SM) must exist field &, ~ 10 V/cm. Smaller applied field = smaller leakage currents. f Eeff 18- were taken in a buffer gas
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Additional T-violation in the lepton sector arises in most proposed extensions to the SM, (J-doubletin H state of ThO = two closely spaced, opposite-parity states with — Pump beam ON demonstrated optical
which generically predict d, = 10-2% e - cm. An experimental limit on d, below ~10-2% e - cm equal and opposite values of E.f. Use of both ()-doublet states enables (*) T | | | | | Sumping in a beam
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would also put strong constraints on possible mechanisms of electroweak baryogenesis!. rejection of systematic effects associated with reversal of the applied electric field. | | Time (ms)
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Predictions for the electron EDM from the SM and some proposed extensions: Supp essed mag Ej(IC omentin the 1 W VIt gnet g
noise and systematics.
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| : _ . S5 An exponential fit to the absorption data after the optical pumping pulse is turned off
M- Electronic states with non-zero angular momentum ({2} + 0) y .~ cos(Q) yields a lifetime of T = 1.8 ms, which gives a lower bound on the H state radiative lifetime.
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I . ThO is produced by laser ablation of solid ThO,, with a pulsed Nd:YAG laser (~10 mJ/pulse, 5 ns pulse). 3 on
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The ThO beam is detected via fluorescence on the X — C transition (typical signals are shown below). Measured beam STHTeT PHise
flux is ~1.5 x 1010 molecules/shot in a single quantum state. Measured beam divergence is {1, < 0.1 sr. | —
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EDM measurement with ThO V %
z Current work
Optical pumping to A, which spontaneously decays to H, After evolution in applied &- and B-fields for s 7 ‘(/'
followed by depletion using x-polarized light on the timeT, the state is |w(T)>:|m:+1 > + ei¢|m=-1 > . /fluorescence signals appear as High flux beam source development
H — C transition produces a coherent superposition of where f=(2gugB £ 2d E ) T/%. Excitation to . peaks due to frequency M Demonstrated production of atomic Yb beam with 4 K He buffer gas
molecules in the J=1 rotational level of the H the E state with y- or x-polarized light results modulation of the probe laser) M He beam studies started with Yb
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