
Astrophysical signatures
from Galactic positronium,

true muonium and true tauonium
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Positronium: 1951
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Bulge Disc

Model of the 511 keV emission from the Galaxy
N.B. the cube root of the flux is shown to highlight the faint disc emission

Siegert et al. (2016)



States of positronium

Para-Ps
spins anti-parallel

e-↑ e+↓ 

total spin, S=0

Ortho-Ps
spins parallel

e-↑ e+ ↑

total spin, S=1

total angular momentum, 
J=L+S

J=0

total angular momentum, 
J=L+S
J=-1,0,1

Singlet Triplet



2 photon annihilation, S=0

E = 2mec2

   = 1022 keV

i.e. each photon = 511keV

Annihilation of positronium



Annihilation of positronium

3 photon annihilation, S=1

sum of 3 photon energies 
= 1022 keV



Galactic positron production

β+ decay:  p → n + e+ + νe

π+ decay:  π+  → μ+ + νμ
                μ+  → e+ + νe + νμ

Pair production: 

Pair production in a magnetic field:

Guessoum et al. 2005



Galactic positron sources

supernovae novae

microquasars and 
low mass X-ray binaries pulsars

dark matter



Siegert et al. (2016)

Recently, 511 keV emission 
was observed during a flare of 
the microquasar V404 Cygni - 
the first detection of a point 
source of positrons.

Positronium point source



States of positronium

Para-Ps
spins anti-parallel

e-↑ e+↓ 

2 photon annihilation
(2 x 511keV)

1.26 x 10-10s

Ortho-Ps
spins parallel

e-↑ e+ ↑

3 photon annihilation
(γ-ray continuum)

1.4 x 10-7s

Singlet Triplet



Lifetime of positronium
T∝ n3



Detecting Ps recombination lines
>1.022 MeV

<6.8eV



Energy levels of positronium

En=
µe4

2ℏ2(4π ε0)2 n2

Solving the Schroedinger equation for Ps gives:

where
µ =

me me

me +me
=

me 

2

∴ energy levels are half those of hydrogen





The near-infrared night sky



Ps Balmer α



OH suppressed fibres
Control fibres

OH suppression



Simulation of 6hr 
observation of a Seyfert 1 
AGN.

Control spectrum
OH suppressed 
spectrum

Ellis and Bland-Hawthorn, ApJ, (2009)



True muonium and true tauonium
μ- μ+   and   τ- τ+

Both μ and τ unstable.  Tμ = 2.197×10−6 s and Tτ = 2.874 × 10−13 s 

e- e+→μ- μ+

γγ→μ- μ+

Can only form leptonium from very low energy pairs.
Energy must be greater than pair production threshold,

less than ionisation energy

f = 10−7 - 10−6

Ellis and Bland-Hawthorn, 2015, PRD



Leptonium decay channels

Both μ and τ unstable.  Tμ = 2.197×10−6 s and Tτ = 2.874 × 10−13 s 

Singlet Triplet



Leptonium decay channels - branching ratios



Leptonium observational signatures

Ellis and Bland-Hawthorn, 2015, PRD



Summary
•  Ps is detected via its annihilation
•  In triplet state, Ps, survives long enough to emit 
recombination lines
•  Ps Balmer α offers the best prospects of 
detection of Galactic sources
•  Optical detection offers far superior spatial               
resolution - a new window into the high energy 
Universe
•  With OH suppression Ps recombination lines 
should be detectable
• Should also be (faint) x-ray and γ-ray signals 
from true muonium and true tauonium 
annihilation and recombination 




