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 Precision studies of gravitational properties of antimatter                 
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GBAR principle: cool H+ to get ultra-slow H 

• Produce H+  

• Capture H+ in a trap 

• Cooling H+ with Be+  

      → 10 µK 

• Photodetachment of one 

excess e+ 

• Time of flight h = 1/2 g (t1-t0)
2 

H+ 

gravity 

detector (t1) 

detector 

Laser (t0) 

H in 

free-fall 

J.Walz & T. Hänsch,  

General Relativity and Gravitation, 36 (2004) 561. 

Cooling 10 µK 

H+    =    p e+e+ 

Uncertainty dominated by the temperature of H + 
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Future installation at CERN 
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A particle avobe a mirror in the gravity field: An ultracold neutron (V.I. Luschikov, 

A.I. Frank « Quantum effects occuring when ultracold neutrons are stored on a plane », JETP Lett. 28 (1978) 759) 

and … an anti-hydrogen atom (A.Yu. Voronin, P. Froelich, V.V. N. « Gravitational 

quantum states of antihydrogen », Phys. Rev. A 83 (2011) 032903)  

1) Electrical neutrality (usually the gravitational 

interaction for an object above a surface is much 

weaker than other interactions) 

2) Long life-time 

3) Small mass 

4) Energy (effective temperature) of UCN, or an atom, 

is extremely low; it is not equal to the surface 

temperature (the effective temperature of a particle 

in gravitational quantum states is ~10 nK)  
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En Energy of quantum states, in the Bohr-

Zommerfeld approximation, equals : 

 Precision? -> Gravitational Spectroscopy !                 

V.V. Nesvizhevsky 27.05.14  
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Illustration for quantum motion of a matter object and an anti-matter object above a 

mirror in a gravitational field.  

V.V. Nesvizhevsky 

Comparison of neutron and antihydrogen quantum states 

? 

Gravitational 

properties of matter 

have never been 

measured directly! 

but aimed at, for 

instance, in GBAR 

project at CERN 

? ?... 

27.05.14  

Yesterday’s sensation is 

today’s calibration and 

tomorrow’s background 

[Richard Feynman] 
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A(n) (anti)-particle avobe a mirror in the 

gravity field 

1) A neutron is reflected from the nuclear optical 

potential of a matter due to averaging of the neutron 

interaction with a huge number of nuclei 

2) An anti-matter (matter) atom is reflected from the 

sharply-changing (negative) van der Waals/ Casimir-

Polder (vdW/CP) potential step (originating from 

vacuum fluctuations) A.Yu. Voronin, P. Froelich, B. Zygelman, 

Phys. Rev. A 72 (2005) 062903 

 Choosing a quantum system 

V.V. Nesvizhevsky 

    0.01mm       1 mm            10 cm   
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A(n) (anti)-particle avobe a mirror in the 

gravity field 

 Gravitational quantum states of antihydrogen 

V.V. Nesvizhevsky 
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• Spectroscopy: induced transitions between gravitational 

quantum states 

• Interference: temporal and spatial oscillations of annihilation 

signal of a superposition of gravitational states  

• Temporal and spatial resolution of free-fall events: mapping of 

the momentum distribution in gravitational states into time-of-

fall or spatial distribution 

Methods of their observation 
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Center-of-mass fall Coulomb HF splitting 
 Field-magnetic 

moment 
interaction 

E 

B 

a 

b 

c 

d 

F=0, M=0 

F=1, M=-1 

F=1, M=0 

F=1, M=1 

Effective Stark-effect 

Antihydrogen in magnetic field 
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Interference of gravitational states 
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Ha 

H=10cm 

Temporal and spatial resolving of gravitational states 
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Mapping of momentum distribution 
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0.1cm  78% 

1cm  47% 

10cm  14% 

0.1cm  89% 

1cm  73% 

10cm  32% 

10 mm  97% 
10 mm 98.5% 

Red- silica, black- 

gold 

G. Dufour, A. Gérardin, R. Guérout, A. Lambrecht, V. V. Nesvizhevsky, S. 

Reynaud,  A. Yu. Voronin Phys. Rev. A 87, 012901 (2013) 

0.01cm  92% 
0.01cm  96% 
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Motivations for gravitational quantum experiment 

27.05.14  
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First step towards fully quantum experiment 
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Shaping the distribution of vertical velocities of 
antihydrogen in GBAR 
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Analysis of « unrestricted » free fall    
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Analysis of « unrestricted » free fall    .  
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Analysis of « unrestricted » free fall    .                 
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Analysis of « unrestricted » free fall    .                 
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   A new scheme for shaping the distribution of vertical 
velocities of antihydrogen in GBAR 
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   A new scheme for shaping the distribution of vertical 
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   CONCLUSION    


