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Measuring the gravitational coupling of Standard Model (anti-) particles

Searches for violations of the Universality of the Free-Fall

• Very accurate UFF tests with matter

• Attempts with charged positrons ~ 1967

• Attempts with charged antiprotons ~ 1985

• Some indirect limits ~ 1987 - 2000 

• Limit on antihydrogen by ALPHA (2014)



തp-

e+ ഥH

• only stable candidate
• 99.95% mass is in form of QCD binding E
• first generation, non-elementary system
• produced in small amounts only @ 

തμ+

e-

• short lifetime in all levels (2.2 us)
• 99.5% of mass is antimatter
• second generation elementary system
• produced in large numbers with accelerators (PSI)

e-

e+

• short lifetime only in GS (142 ns)
• 50% of mass is antimatter
• first generation elementary system
• produced in large numbers table-top



23S Ps state
• Optically metastable
• 2.2 us self-annihilation lifetime
• S-wave (no electric dipole)
• Reachable with today lasers

 Need a source with sufficient flux 
(> 1 atom detected/shot) and 
collimation (< 1 mrad)
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Physics Coordinator of AEgIS phase2 since October, 2019



 Need 205nm deep UV pulsed laser system
 Optionally 1312nm laser for stimulated 33P-23S decay

Several methods already explored in literature
1. 13S-23P single photon laser + 23P-23S microwaves (1975, Mills et al.)
2. 13S-23S two-photon laser (1984 Chu, Mills et al; 1993, Fee, Mills et al.)
3. 13S-23P single photon laser + mixing electric field (2017, Alonso, Hogan, Cassidy)

Novel method: 13S-33P single-photon laser excitation

Amsler C. et al (AEgIS collaboration), Phys. Rev. A (2019) 033405

• Simple method, only one laser beam 
• No relevant multi-photon ionization
• Provides naturally longitudinal (TOF) and 

transverse (Doppler) velocity selection of 
the atoms



Good variety of wavelengths
• 205 nm – Ps 1s-3p
• 532 nm – photoion. 2s, 3p
• 1064 nm – photoion. 3p
• 1312 nm – Ps 2s-3p
• 1700 nm – Ps 3p-n=17
• 2880 nm – photoion. n=17

EKSPLA pulsed YAG



PbWO4
«Near» detector





LaBr3

«Far» detector

Individual Ps hits

Discriminated analysis



Next possible steps towards a high sensitivity intertial sensing experiment

1. Improve detection: high resolution imaging MCP for 23S Ps (up to x6 solid angle)

2. Improve laser excitation efficiency: test beam with 1312 nm stimulated decay (x3)

3. Improve source directionality: target nanofabrication for forward emission

4. Improve beam collimation: 1s-2p Doppler cooling

Beam params. Interferometer

Goals within reach
1. First detection of optical forces on Ps atoms (comparison with Rydberg Ps)
2. First detection of the Casimir-Polder force on antimatter

~ and maybe sooner or later direct gravity on the positron ~



Take-home messages
• Demonstrated a novel method to produce an intense source of 23S Ps through 

1s-3p single-photon laser-excitation;
• Demonstrated the possibility to produce a beam of 23S Ps with ~13% longitudinal 

velocity spread, 17mrad divergence at 30cm from the source
• Roadmap for first inertial measurements with Ps

Interesting connections (occasions of secondment?)
• Run coordination of AEgIS2 (CERN)
• Galactic and cosmological constraints on positron/positronium gravity via a 

complex system, SD-modelling approach (Univ. Napoli, dept. Agraria)
• Logic-learning machine learning methodology applied to highly voxelized 

detectors for events reconstruction (RULEX inc., Genova)
• Measurement of multi-partite entanglement of gamma rays from polarized 23S0, 

23S1 and 23S-1 annihilations (Jag. University, Krakow)
• Fine structure 23S – 23P Ps measurements 
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