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Positronium production
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Muon antimuon pair formation
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2. Excursion in the 
continuum

1. Tunnel ionizaiotn

atom
3. Recollision of 
the electronic 
wavepacket

Kulander et Schafer, SILAP (1993)
Corkum, PRL  (1993)

1014 W.cm-2

Attoscience : Laser driven electron recollision

Laser Induced Electron 
Diffraction Meckel, Science (2008)

Blaga, Nature (2012)High-order Harmonic
Generation Ferray et al. , J. Phys. B  (1988)

McPherson et al.,  J. Opt. Soc. A. (1987)

2023 Physics Nobel prize
Agostini, L’Huillier, Krausz
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Few 1022 W.cm-2

The Royal Swedish Academy of Sciences

Electron-positron laser-driven recollision
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Femtosecond laser

𝑒+

𝑒-

𝜇-
𝜇+Few 1022 W.cm-2

Waist ~ 10μm

Requires dense Ps 
clouds!

High intensity laser systems



• Ps, Ps-, Ps+, Ps2 , Ps2
+, Ps2

- … Ps BEC

• Analogous to H, H-, H2, H2
- … H BEC

• Never observed : Ps+, Ps2
+, Ps2

-, Ps BEC
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Polyelectron systems

GRASAR
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Ps-
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Positron and positronium binding atoms

Theoretical and experimental challenge
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Laser assisted photorecombination
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Pulsed production of antihydrogen
Amsler et al. (AEgIS)
Comm Phys 4:19 (2021)

𝑒+

𝑒-

Positronium (Ps)
𝑒-

PsCl

𝐶𝑙−+ 𝑒+𝐶𝑙−

Pulsed production of PsCl

Pulsed production enables laser spectroscopy 
High flux allows to probe rare events

Including ultrafast antimatter spectroscopy
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Ultrafast dynamics in e+ binding systems

Pulsed production enables laser spectroscopy 
High flux allows to probe rare events

Including ultrafast antimatter spectroscopy

LiHe+
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Chemical bounds formed with positrons



• Some experiments require high density (small laser beam waist like in 
the muon-antimuon pair production or density requirements like in 
Ps BEC)

• Some experiments require high flux (rare events like in ultrafast 
antimatter spectroscopy)
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Conclusion



Thanks for your attention!
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