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Positronium Spectroscopy

Positronium (Ps) is the bound- A Singlets Triplets
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Positronium Spectroscopy
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Positronium Spectroscopy
A

Singlets Triplets
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2351 1.14 us
Challenges: 9 v2=8626.71 MHz
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Previous Measurements

Ps converter
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Previous Measurements

Ps converter

—— Theory : 8626.71 + 0.08 MHz
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Separated Oscillatory Fields (SOF)
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Phase Variation SOF (PVSOF) Method
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Phase Variation SOF (PVSOF) Method
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Phase Variation SOF (PVSOF) Method
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Frequency Offset SOF (FOSOF) Method
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Frequency Offset SOF (FOSOF) Method
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Frequency Offset SOF (FOSOF) Method

f1 f2
SOF : f1 = f»
FOSOF : f1 — fo =40f
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Separated Oscillatory Fields (SOF)
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Waveguides

SOF methods require energetic (10-100 eV)
beam of metastable (23S,) positronium
atoms

Tsuperposition ~ 3 1S
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imental Setup
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Experimental Setup

Pressure Electronic gas

22
Na source & Ne moderator Gate valve gauge — / valve

E E -M 4 Xe

il § Eam\ji _ﬂj
LN N, Bl ey o

Cryostat Heat shield  ExB plates

- -

=

[ ! | Deflection plates

Coils

D. M. Newson et al. RSI| 94 083201 (2023)

D. M. Newson 16 LEEPP 2026



Ps Beam Characterisation
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Ps* Beam Characterisation

Deflection plates PSD

Microwaves
Gas cell

Microwave generator

" Lorentzian fits:
=== [=145.1+ 4.6 MHz
Xp = 8657.4 £ 1.5 MHz
=150.2 + 13.4 MHz
Xp = 8654.1 + 4.3 MHz

<4 [=134.6 + 10.2 MHz
O~ | xo=8657.2 + 3.2 MHz
S

m

W

8

T T T T
Pihr_‘LL =025W
Pihl’_‘LL =120 W
¥ Simulated Data

o ______ ¥

_z“"

Quartz vacuum . 0 e ; : .
window Amplifier 2 —-0.4 —-0.2 0.0 0.2 0.4
_e
Horn antenna Av (GHz)

Sp — SOFF — SoN Soeg: Microwaves off

SOFF Spn: Microwaves on

D. M. Newson et al. RSI| 94 083201 (2023)

D. M. Newson 18 LEEPP 2026



Ps* Beam Characterisation
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Ps* Beam Characterisation
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Ps* Beam Characterisation
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Experimental Setup - PVSOF
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Experimental Setup - Waveguides
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Experimental Setup - Waveguides
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Experimental Setup — Funnelled MCP

Vacuum Window
100 mm

Gas cell

N Waveguides
d>/« g

S 1
] Ps, Ps* | -
o

Support MCP

Deflection

Plates
<€4—Vacuum Chamber

Standard channels
open area ratio ~60 %

D. M. Newson

25

LEEPP 2026



Results - Phase Variation SOF

Measurement Sequence:

* Measure PSD signal with no gas in cell
(background, 100 s)

« Set gas cell pressure, frequency, power & relative
phase offset

» Record PSD signal with microwaves on (600 s)

» Record PSD signal with microwaves off (600 s)
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Results - Phase Variation SOF

I

Measurement Sequence: [ §§£ ]

4 I T B B ?G}T.MFZ._

» Measure PSD signal with no gas in cell AL L L B AL B AL B
(background, 100 s) S al " "

S 6 O ]

O

« Set gas cell pressure, frequency, power & relative U‘E;‘ BB O )

phase offset 4F L .m . 8629 MHz_

6_ 1 I I ' ! I ' ! 1 i

* Record PSD signal with microwaves on (600 s) - % }i _____ ; _____ ; o

« Record PSD signal with microwaves off (600 s) ar { ---- § """" E b

[ | | | 8641 MFIZ
—-1.0 —0.5 0.0 0.5 1.0
Relative Phase, ¢ (7 rad)
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Results - Phase Variation SOF
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Results - Phase Variation SOF

Extract phase of modulation versus detuning: §) -§ ~~~~ i % i
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Results - Phase Variation SOF

Extract phase of modulation versus detuning: 6 -§ ---- i % i
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Systematic Effects

Linear trend but data shifted relative to zero

phase axis
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Systematic Effects
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Systematic Effects

Measured phase shift of each waveguide
port-to-port with VNA
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Results - Phase Variation SOF
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Results - Phase Variation SOF

e B e ey m
—— Theory: 8626.71 +0.08 MHz
UCL 2025: 8626.39 +1.33 MHz —EH
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Improvements

o Higher positron/Ps beam rate

o Doppler-free measurement

o Minimise/eliminate magnetic field
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Improvements

Facility based positron beams:
- Reactor
- LINAC

o Higher positron/Ps beam rate
Improved Ps* production efficiencies:

o Doppler-free measurement

o Minimise/eliminate magnetic field

Positron Energy (eV)
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Improvements

Average measurements with driving signals
applied to right/left waveguide antennas

o Higher positron/Ps beam rate

o Doppler-free measurement

o Minimise/eliminate magnetic field
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Improvements

Cancel magnetic field around waveguides:

o Higher positron/Ps beam rate )
m

o Doppler-free measurement

o Minimise/eliminate magnetic field Current: Alternative:

WG1: -2.77 MHz ——WG1: -45 kHz 1
WG2: -2.14 MHz WG2: -75 kHz

-
o
—— -
e
e
-
p——

————
p—
p—
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Summary

* Produced energy tuneable beam of metastable positronium suitable for
spectroscopic methods requiring fast atoms (PVSOF, FOSOF)

* Observed Ps* interference signal with separated oscillatory fields

« Measured fine-structure transition frequency using PVSOF technique and
characterised dominant systematic effects

* Next steps:
* Minimise systematics: magnetic field-free, Doppler-free measurements
« Understand quantum interference effects (10-100 kHz shifts) in PVSOF
* Apply technique to other fine-structure intervals (13.01 GHz, 18.5 GHz)
« FOSOF technique
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Polarimetry Measurements

SMA Connector

\ Antenna

Polarised
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PHYSICAL REVIEW LETTERS 133, 233004 (2024)

Measurement of the Spin Polarization of a Slow Positron Beam
Using Circularly Polarized Microwave Radiation
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Phase-Sensitive Spectroscopy. :
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