ANTIHYDROGEN
Gravitational States

above material surface




Motivation

 Gravitational properties of antimatter has been
never measured

WEP in case of antiatoms



Gravitational states of AntiHydrogen

m What happens to AntiHydrogen when dropped
on the floor?

Bouncing!







Casimir-Polder potential
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Hydrogen atom: C, =0.25 a.u.” C, =73.62 a.u.’
z,=lau. z,, =300 a.u. (16 nm)
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Quantum reflection=

Reflection from the potential
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Full absorption & Reflection
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On-Wall Annihilation Probabillity

97% of antihydrogen atoms are reflected at E=107"* eV




Ultracold between
conducting walls
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Numbers:
for L=10um €,=2.110"2 eV =4.6 10""eV
t=0.0l4s 7/7,,, =30




(GGravitational states

Antihydrogen bouncing on a surface
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Lifetime is determined by gravitational force Mg and ‘Im a‘.
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EP

iIn Classical Mechanics
nix=Mg > x=¢g

and Quantum Mechanics
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Quantum EP
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How to check EP?
Measure independently

E,(transitions between states) and [, ( position sensitive detector)




Antihydrogen “clock”
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Gravitational Force
Measurement
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Low gravitational states decay with the same rate:
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RESONANCE SPECTROSCOPY
of Gravitational States

Induced resonance trarz)sitions :
B

- Gradient magnetic field oz Bocostan)

*Oscillating bottom mirror 91 _ 4 cos(ar)
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Extra-short-range forces,
mediated by light bosons?

* Non-newtonian gravitation
* Axion and others

Induce Yukawa —type interaction between
fermion and media




Conclusions

* Antihydrogen interaction with perfect
conducting surface = beautiful physics+
new Instrument for guiding and storing
atiatoms

 Quantum reflection as a method of
Antiatoms Gravitational properties
measurement

« Sensitive Tool for additional forces (non-
newtonian gravity, axion, etc) in case of
antiatoms



