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Positronium Spectroscopy
Positronium (Ps) is the bound-

state of the electron and positron 

and is therefore described to 

high-precision by bound-state 

quantum-electrodynamics (QED)

Theory:

23S1 -> 23P0:  4.3 ppm

23S1 -> 23P1:  6.1 ppm

23S1 -> 23P2:  9.3 ppm

Experiment:

23S1 -> 23P0:  36 ppm

 23S1 -> 23P1: 130 ppm

23S1 -> 23P2: 110 ppm

Adkins et al. PR 975 (2022)

Sheldon et al. PRL 131 (2023)
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Positronium Spectroscopy
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Positronium Spectroscopy

D. M. Newson

Challenges:

• Low metastable (23S1) Ps production and/or 

detection efficiencies

• Broad natural line width of fine-structure transitions

• High velocities due to light mass leads to significant 

velocity dependent systematics (e.g. Doppler)
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Previous Measurements

D. M. Newson

Ps converter

Microwave Guide
Antenna

W Mesh

Gurung et al. PRL 103 042805 (2022)
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Previous Measurements
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Separated Oscillatory Fields (SOF)
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Ramsey PR 76 996 (1949)
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Phase Variation SOF (PVSOF) Method
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Klein et al. PRA 36 3494 (1987)
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Phase Variation SOF (PVSOF) Method
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Frequency Offset SOF (FOSOF) Method
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Vutha & Hessels PRA 92 052504 (2015)
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Frequency Offset SOF (FOSOF) Method
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SOF methods require energetic (10-100 eV) 

beam of metastable (23S1) positronium 

atoms

LEEPP 2026

Separated Oscillatory Fields (SOF)
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Experimental Setup
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Experimental Setup
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Ps Beam Characterisation

D. M. Newson

Velocity of Ps beam can be 

determined, with the assumptions:

         (i)

(ii)  Spatial distribution is symmetric 

about centre

LEEPP 2026
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Ps* Beam Characterisation
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SOFF: microwaves off

SON:  microwaves on

LEEPP 2026
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Ps* Beam Characterisation

D. M. Newson

SOFF: microwaves off

SON:  microwaves on

LEEPP 2026

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



21

Ps* Beam Characterisation

D. M. Newson

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

WR-112 Waveguide

12.6 mm

28.5 mm

SMA Antenna

W Mesh Window
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Experimental Setup - PVSOF

LEEPP 2026

      

      

      

        
      

           

           

           

           

      

     

   

   

            

   

           

  

            

       

            

          

   

      

      

    

        

~75 eV



23D. M. Newson

Experimental Setup - Waveguides
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Experimental Setup - Waveguides
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Experimental Setup – Funnelled MCP

12 um

Standard channels

open area ratio ~60 %

Funnelled channels ~90 %

12 um

LEEPP 2026
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Results - Phase Variation SOF
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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)

LEEPP 2026
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Results - Phase Variation SOF

Observation of Ps* interference signal
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Results - Phase Variation SOF

Extract phase of modulation versus detuning:
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Results - Phase Variation SOF

Extract phase of modulation versus detuning:
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Systematic Effects

LEEPP 2026

Linear trend but data shifted relative to zero 

phase axis

o Zeeman Shift

• Residual positron guiding field

o Relative Phase Shifts of Driving Fields

• Impedance differences from 

waveguide construction, cables etc.
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Systematic Effects
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Systematic Effects

LEEPP 2026

Measured phase shift of each waveguide 

port-to-port with VNA

o Zeeman Shift

• Residual positron guiding field

o Relative Phase Shifts of Driving Fields

• Impedance differences from 

waveguide construction, cables etc.
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Results - Phase Variation SOF
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Results - Phase Variation SOF



36

Improvements
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o Higher positron/Ps beam rate

o Doppler-free measurement

o Minimise/eliminate magnetic field
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Improvements

D. M. Newson LEEPP 2026

Facility based positron beams:

 - Reactor

 - LINAC

Improved Ps* production efficiencies:

o Higher positron/Ps beam rate

o Doppler-free measurement

o Minimise/eliminate magnetic field
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Improvements
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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
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Cancel magnetic field around waveguides:

o Higher positron/Ps beam rate

o Doppler-free measurement

o Minimise/eliminate magnetic field
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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

LEEPP 2026
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Ps* Beam
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Polarimetry Measurements
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C-Violation Tests
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Phase-Sensitive Spectroscopy
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