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Introduction
∆E~546 keV
∆E~2 eV

Positron pulses have been generated with a buffer gas trap [1] and implanted into a porous
silica (SiO2 ) target to form Positronium (Ps). Ps is the bound state of an electron and it’s
antiparticle, the positron, 𝑒 + . The energy level structure of Ps is similar to that of hydrogen, but
its Bohr radius is 2𝑎0 . The singlet ground state 11 S0 has an annihilation lifetime of 125 ps, and
the triplet ground state 13 S1 has an annihilation lifetime of 142 ns. Exciting Ps atoms to
Rydberg states [2] prevents self-annihilation and gives rise to a large electric dipole moments.
Property
𝑛 dependence
𝑛 = 30 Positronium
𝑛 = 30 Hydrogen
Self-annihilation lifetime
𝑛3
3.8 ms (𝓁 = 0, S = 1), ~∞(𝓁 > 0)
∞
Fluorescence lifetime
𝑛3
9.96μs (𝓁=1)
4.98 μs (𝓁=1)
Maximum electric dipole moment
𝑛2
6634 D
3317 D

Production and Laser Spectroscopy of Ps

Ps Stark-State Filter
Ps experiences a large electric field after the
excitation region due to the grid. 𝐹′ can be

• 𝑒 + pulse implanted into the porous
SiO2 target, forming a dilute Ps gas of
density up to ρ = 107 cm.−3 .

controlled by changing V and V’. At certain
fields, all the states in the 𝑛 = 18 manifold
will be field-ionised by the electric field after
the grid, giving rise to the positive S values,
but if the grid bias is low enough, then all the
states will pass through the grid, producing
negative S values.

• Ps atoms are excited by a pulsed UV
laser to 23 P states and an IR laser to
𝑛d/𝑛s Rydberg-Stark states.

PMT signal (V)

• Ps atoms were detected by measuring
gamma ray lifetime spectra with a
PbWO4 scintillator attached to a
photomultiplier tube (PMT) using
single shot annihilation lifetime
spectroscopy [5] whereby the area
under the PMT signal is calculated for
a region of interest, defined as the
delayed fraction 𝑓.
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Selective Production of Rydberg-Stark States
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This property has been
exploited to control the motion
of
Rydberg
atoms
and
molecules in recent years [3],
and we aim to develop similar
atom optics elements to help
us focus, decelerate, and
eventually trap Ps atoms to
make the first antimatter freefall gravity measurements [4].
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E = 0 V/cm
B = 130 G
𝑆 = (𝑓Laser OFF − 𝑓Laser ON )/𝑓Laser OFF

By applying an electric field of 1.9 kV/cm in the excitation region, a manifold of Stark states
can be resolved. There is significant Stark mixing in the 23 S and 23 P terms in the
intermediate 𝑛 = 2 state due to the magnetic and electric fields. The calculations shown
(solid black lines) include this effect.

Outlook
Exciting Ps to a Rydberg state makes its self-annihilation rate negligible and its dipole
moment large enough for us to attempt to manipulate it with inhomogeneous electric fields
[6]. These are the first experiments to prepare selected Ps Rydberg-Stark states, this is a
necessary step for eventually developing Stark decelerators, electrostatic lenses, and
eventually trapping Ps. This new area of Ps atom-optics will make it feasible to perform the
first antimatter gravity measurements [4].
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