EXA2017, Vienna

Measuring Gravitational Mass of
Antihydrogen via Spectroscopy &
Interferometry of Gravitational
Quantum States

A. Voronin, V. Nesvizhevsky, S.Reynaud, P-
P. Crepen, E.Kupriyanova in collaboration
with Gbar

G‘éll !g \ \Lahnralnire Kastler Brossel
Physique quantigue et spplications

rid
o NEUTRONS
In fll.:.:.: :ILL 1':'&\\ Illmjxl* FOR SC|ENCE X




Plan of the talk

* Gravitational states of antihydrogen? One
dimensional trap for antihydrogen -now with
17 times longer lifetime

* Spectroscopy and Interferometry of
Gravitatioanal Quantum states

e Gravitational mass measurement with
gravitational states
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Gravitational quantum states?

State of motion of a quantum particle, which is localized near reflecting surface
in a gravitational field of the Earth. Nature 415, 297 (2002)
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E’ pev ~ 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.
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Physical Review A 87, 012901 (2013).
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Ultracold antihydrogen is reflected from material surfaces and can survive on the surface
up to few seconds

d (thickness) | t (s), Silicon | t ), Silica

I nm 0.34 0.61
2 ni 0.25 0.46
5 nm 0.19 0.33
10 nm 0.16 0.27
20 nm 0.15 0.24
50 nmn 0.14 0.22

o0 0.14 .22

Liquid He3 bulk — lifetime 1.7 s |




Correction by Casimir-Polder potential + annihilation
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No surface effects in transition frequiencies Phys. Rev. A 83, 032903 (2011)




Spectroscopy- 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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Possible scheme of flow-throw

experiment
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1-source of ultracold antihydrogen, 2-mirror, 3- absorber, 4- magnetic field,
5- detector

ve=lm/s,H, =15um,H, =25um, B, = 10Gs,  ~10Gs/m, L =30cm




Transition probability
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Time and Spatial Resolving of
Gravitational States

Momentum distribution of gravitational state can be mapped into measurable
time or spatial distribution




Mapping of momentum distribution
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Mapping of momentum distribution into time distribution
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Observation of Interference+
Resonance Transition
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1->3 resonance transition 1->6 resonance transition



Gravitational mass
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Conclusions

Gravitational states of Antihydrogen: simplest bound
antimatter quantum system, determined by gravity.
Effects of surface are canceled out in the first order (107°
accuracy )

Gravitational states of Antihydrogen- metastable and
long-living, easy to study due to annihilation signal

Gravitational states- a way to precision measurement
of the gravitational mass M

Gravitational states are most sensitive to short-range
additional to gravity interactions within micrometer
range



