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Goal

We want to measure two transitions in Ps:
243 nm 13S1 → 23S1 - state-of-the-art value 1233607216.4(3.2) MHz.
205 nm 13S1 → 33S1 - never measured before
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Energy levels n = 1 → n = 2
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Energy levels n = 1 → n = 3
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Technique - two-photon spectroscopy

Ps can be cooled to 170(20) K. The temperature translates to
Doppler-broadening (for 13S1 → 23S1) of

∆FWHM =

√
8kT ln(2)
2mec2 f0 ≈ 350 GHz . (1)

The Doppler-free spectroscopy techniques can be used to mitigate the
broadening, e.g., two-photon spectroscopy.
Features:

1st-order Doppler broadening is eliminated,
transition probability is lower than in direct spectroscopy,
laser wavelength is twice longer than in direct spectroscopy.
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Spectroscopy of 13S1 → 33S1

What is the 13S1 → 33S1 transition probability?

From the theory:
Transition probability ratio for
1S − 2S and 1S − 3S is similar
in H and other two-body atoms.
For hydrogen, the ratio is 140.
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State-of-the-art spectroscopy of 13S1 → 23S1

Light source: Coherent 699-21 CW right dye laser 486 nm 500 mW,
Power enhance: build-up cavity F = 105 (real build-up 7.6 · 103),
Peak intracavity power 2.5 kW, peak intensity 1.7 MW/cm2.

Fee, M.S. et al. (1993). Measurement of the positronium 13S1 → 23S1 interval by
continuous-wave two-photon excitation. PRL 70(10), 1397-1400.
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How much power do we need for 1S - 3S?

Estimation based on the measurement of 13S1 → 23S1

From old meas.: 6 · 103 Ps was created, and a small portion was
excited with at least 600 W of light.
For a higher number of Ps (106 Ps), the power can be lower to have
the same S/N ratio.

For 13S1 → 23S1

600 W · 6 · 103

106 = 3.6 W (2)

For 13S1 → 33S1
140 · 3.6 W ≈ 500 W (3)
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Optical frequency comb: available range
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Spectroscopy of 13S1 → 33S1 – our proposal
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Possible ways
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