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Outline

Three-body Ps ion
- decay rate
- anomalous magnetic moment

Four-body Ps2 molecule
- spectrum
- evidence for discovery

(Muonic atoms)



 

Positronium ion

New production method: Nagashima et al 2008-12, about 2% efficiency!



 

Lifetime of the ion

Compare: decay rate of para-Ps ~8/ns.  This confirms the picture 
of the ion as a Ps + a satellite electron.  Probability that the core is pPs = 1/4.   

Connection with Paweł Moskal's 
talk: morphometric imaging.
How the Ps lifetime is modified by
the environment.



 

Theory of the Ps ion and its magnetic moment
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The wave function is not known analytically, 
but can be found using the variational method.

The ion resembles a positronium “shell” 
and a loosely-bound electron.

The two electrons form a spin singlet;
positron dominates the magnetic interaction



 

Magnetic moment of the Ps- ion

Yi Liang, P. McGrath, AC   2014

Numerical results:
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surviving electron
remembers positron
spin



 

More recent study 

Quite a different result:



 

Reconciliation using virial relations

We

They

Many more digits known than in C

Virial relation (an example):

symmetry of the two 
electrons

inspired by V. Shabaev's work



 

New expression for Δg 

Note: eliminated the less-well known operator C: 
very high precision possible 

with Y. Liang, PRD 2015



 

Di-positronium molecule



 



 



 



 



 

Recently measured for
the first time:



 



 



 

Muonic atoms



 

Electron spectrum in a mu-decay near nucleus

µ

  Nucleus

Electron energy can
be as large as the 
whole muon mass



 

Spectrum of the bound muon decay

It is the main background for the expected conversion signal

105 MeV

AC, M. Dowling, X. Garcia i Tormo, W. Marciano, R. Szafron
R. Szafron, AC



 

Radiative corrections to the electron spectrum

Competing effects:
- vacuum polarization in the hard photon; and
- self-energy and real radiation

Szafron, AC 2015



 

Summary

We have a good theoretical understanding 
of the three- and four-body systems involving positrons.

The ion, since recently, can be routinely produced.
Precise measurements are possible.

The molecule has been discovered more recently.
First spectroscopic observations have been made.

Understanding of bound states recently extended to 
decays of bound muons, including radiative corrections.



 

Extra slides



 

Conversion: probes dipole and non-dipole 
interactions
So far, we have only talked about dipole interactions.  
There are also vectors and scalars.

They are not (directly) probed by processes with external photons,
by gauge invariance requirements.  

Variety of mechanisms:

New process: muon-electron conversion

e

(as well as  mu --> eee)

 



 

Background for the conversion search

Normal decay of the muon bound in the atom
can produce high-energy electron,

Spectrum has to be well understood.



 

Muon decay: electron energy spectrum

Free muon decay

µ

µ µ

Maximum electron energy:
half the muon mass;
the other half: neutrinos.



 

Decay of a muon bound in aluminium

factorization

Free muon decay rate,
with all corrections!

AC, M. Dowling, X. Garcia i Tormo, W. Marciano, R. Szafron
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