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From which height can we drop antihydrogen?
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Reflection coefficient as a function of incident energy



Discovered for neutrons by V. Nesvizhevsky et al. . Nature 415, 297 (2002)

Gravitational states

Antihydrogen bouncing on a surface
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TABLE I. The eigenvalues, gravitational energies, and classical
turning points of a quantum bouncer with the mass of (anti)hydrogen
in the Earth’s gravitational field.

n 20 E° (peV) z2 (pum)
| 2.338 1.407 13.726
2 4.088 2.461 24.001
3 5.521 3.324 32.414
4 6.787 4.086 39.846
5 7.944 4.782 46.639
6 9.023 5.431 52.974
7 10.040 6.044 58.945




Correction by Casimir-Polder potential + annihilation
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Lifetime is determined by gravitational force Mg and |Ima].

Numbers: &, =0.6peV; |, =5.9um;|Ima|~ 20nm



ldea- to induce transitions between
gravitational states with alternating
magnetic field

Developed for neutrons by V. Nesvizhevsky, S. Baessler, G. Pignol, K. Protassov, A.Voronin
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Principe of observation

W1N
dB/dz(t)

h:

Mirror L

1. State n<<N preparation o
2. Resonance transition 1->N

3. Detection of high N state

To measure flux of annihilation events at height of Nth state as a function of frequency

v~1 % h,~30um, h,~150um, L~30cm




Antihydrogen in Magnetic Field

\ \ \ Effective Stark-effect

Coulomb  HF splitting
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Magnetic Field
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Transitions between states
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Transition amplitudes
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Transition probability as a function of frequency. Transitions 1->9,1->10,1->11

Time of observation t=0.1 s
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Transition probability as a function of guiding field Bo:



Spectral line
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Time, space, gravitational mass
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Conclusions

Resonance transitions induced by alternating
field enable us to measure energy spacing
between gravitational qguantum states and
extract gravitational mass M

Typical parameters: field gradient dB/dz~30
Gs/m, guiding field Bz~100 Gs

Time of life limitation for the line-width **

Preferred transitions 1->N with N maximum
accessible (N easy™ 10; N resolved ~300)

20Hz




