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Plan of the talk 

• Experiment GBAR: motivation, key idea, status 
• Gravitational Quantum States of Antihydrogen 
• Conclusions , future plans 



GBAR 



MOTIVATION 





KEY IDEA 



First stage 



Ion cooling 



Gbar 
Falling antihydrogen 



FREE FALL 



Antihydrogen bouncing on the table 



Bouncing Antihydrogen?! 



Quantum reflection 

• Over-barrier Reflection from the 
fast changing attractive potential                               
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Reflection coefficient 

 
Quantum reflection of antihydrogen from a liquid helium 
film 
P.-P. Crépin1 et al 
Europhysics Letters, Volume 119, Number 3 

https://iopscience.iop.org/journal/0295-5075
https://iopscience.iop.org/journal/0295-5075
https://iopscience.iop.org/journal/0295-5075
https://iopscience.iop.org/volume/0295-5075/119
https://iopscience.iop.org/issue/0295-5075/119/3


Gravitational quantum states? 
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Collimator 

Absorber/Scatterer 

Bottom mirrors 

Neutron  
detector 

~10-12 cm 

First Observation: Gravitational States of Neutrons 
Nesvizhevsky et al. Nature 415, 297 (2002) 

Anti-
Vibrational 
Feet 

Inclinometers 

Ultra Cold Neutrons 

Slit Height 
Measurement 

• Count rates at ILL turbine: ~1/s to 1/h 
• Effective (vertical) temperature of neutrons is ~20 nK 
• Background suppression is a factor of ~108-109 

• Parallelism of the bottom mirror and the absorber/scatterer is ~10-6 



Spectroscopy- to induce transitions 
between gravitational states 
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Antihydrogen GQS due to Quantum 
reflection  
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GBAR quantum fall 



Gravitational states and Gravitational mass 

Classical: 2 /mz Mg z g T H g= → = → = 
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EP test by measuring time and spatial scales of GQS 
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Interference of gravitational states 

GBAR quantum fall 

Quantum interference test of the equivalence 
principle on antihydrogen 

P.-P. Crépin, C. Christen, R. Guérout, V. V. Nesvizhevsky, A.Yu. 
Voronin, and S. Reynaud 

Phys. Rev. A 99, 042119 



Interference of gravitational states 



Interference of gravitational states 



Interference of gravitational states 

An accuracy of            is obtained, approximately 3000 
times better than that for the classical timing wit 

510−



New Physics Horizonts 
Axion 
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New Pseudo Scalar 
Field (axion) , which has 
a vacuum minimum   

R. D. Peccei and H. R. Quinn, CP Conservation in the 
Presence of Pseudoparticles, Phys. Rev. Lett. 38, 1440 
(1977). 
[7] S.Weinberg, A New Light Boson?, Phys. Rev. Lett. 40, 223 
(1978). 

0effθ =

WEAK interaction with matter  Dark Matter Candidate 

CP violating terms 
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Short-range spin-dependent forces 
interactions of range λ 

 mediated by new light boson of mass M 

P  CP   Scalar-Pseudoscalar (Axion-like) 

n Dipole 
(probe) 

Monopole 
(source) 

n n 

+ 

+ 

Scalar-scalar PseudoScalar-Pseudoscalar 

1 1eV M eVµ < <

PHYSICAL REVIEW A 99, 022113 (2019) Pavel Fadeev, et al 



Macroscopic spin-dependent potential 
due to 5-th force 
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U 

Additional interaction between  
a neutron and a material wall  

0 

Gravitational quantum states= extra 
sensitivity to 5th  
forces at micrometer range 



Conclusions 

• GBAR project- crossroad of multiple intriguing 
physical problems  

• Gravitational quantum states of Antihydrogen: 
simplest bound quantum system, determined 
by gravity. Perfect laboratory for EP, 5th forces, 
non-newtonian gravity 

• Provide accuracy 3000 better than classical 
approach with same parameters 
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