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antimatter
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One of the main questions of fundamental physics
in the universe, and the action of gravity on antimatter.
« Does antimatter fall like matter ? »

Arguments in favor of gravity:
- Antigravity violates conservation of energy and vacuum is unstable (Morrison, 1958).
- Positive energy theorem in GR (Witten, 1981).
- Other arguments in (Nieto, 1991 and Adelberger, 1991).

Arguments in favor of antigravity:
- We can build negative mass solutions that respect the equivalence principle (Bondi, 1957).
- Is compatible with GR and would indicate that antimatter has a negative gravitational mass <0.
- Could explain the asymmetry matter/antimatter in the universe (G. Chardin, 1997).
- Bimetric theories (Hossenfelder, 2008).
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Goal: measuring the acceleration g of ultracold antihydrogen atoms during ¢ \ A

Earth’s gravitational field, with 1% precision. | R

https://gbar.web.cern.ch/public/
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ceiling

The free fall acceleration g is deduced from a statistical analysis of annihilated events.



Monte-Carlo analysis (same scheme as an experimentalist)

N=1000 antiatoms
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» Radius of the chamber R,

» Wavepacket velocity dispersion Av

Horizontal polarization Av=0,44m/s, v,=1,77m/s:
0,/9~0,93%
- confirmation of the goal of uncertainty < 1%.




Quantum interference measurement

Implementation of a mirror some um below the trap.

Atoms bounce several times above the mirror (quantum reflection on Casimir-Polder potential). Quantum
paths corresponding to different GQS (Gravitational Quantum States) interfere. After free fall, the
guantum interference pattern on the detector.
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Experimental setup
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