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* KBaHTOBbIE COCTOAHMA YNbTPAXONOAHbIX
HEMTPOHOB B rPaBUTALLMOHHOM Noae 3eMun-

cnektpometp PAHUT

* [TONUCK «HeCTaHAAPTHOU GU3UKNY:
OrpaHMYEHUA Ha XapPaKTEPUCTUKMU aKCUOHHOTO
NoaA N3 rpaBUTAaLMOHHbBIX 3KCMEPUMEHTOB C

YXH

e [paBUTaALMOHHbIE COCTOAHMA AHTUBOAOPOAA U
M3mepeHme rpaBUTaLMOHHOM Macchl



[PaBUTAUMOHHbIe cocToAHUA YXH
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Gravitational Bound states — The experiment
Nesvizhevsky V.V. et. al. Nature 415, 297 (2002)
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 Count rates at ILL turbine: ~1/s to 1/h

« Effective (vertical) temperature of neutrons is ~20 nK

« Background suppression is a factor of ~108-10°

« Parallelism of the bottom mirror and the absorber/scatterer is ~10-°
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Neutron counts

Results with the Position-Sensitive Detector
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AXION and UCN gravitational states

e Strong CP-problem- explanation of extremely
small electric dipole moment of neutron

e Pseudo-scalar neutral light bozon

1078 <M, <107%eV;1.3107* <1< 1.3107'm

* Axion coupling with electron, photons and
nucleon



Short-range spin-dependent forces
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Axion-nucleon interaction:

V(F) = 9,9 (6—ﬁ)[i +i2}exp(—r//1)
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Effect on Gravitationally Bound States

Integration of 2" potential over mirror: m
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Exclusion plot
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GRANIT spectrometer

1. Population of
ground state

3. Study transition to “final state” /

-

2. Populate the initial state

4. Neutron Detection

A
v

30-50 cm
* Probability of
transition OE . ~10 eV
ifatime is 7. ~ AE  h
If lifetime is t, ~ 500 s, - _2.10° E,—E, =h-w,
E Tn E &mn ~ 10_6
~ 256 Hz -
Flatness of bottom mirror: < 100 nm Va1 o6 E,-E
Accuracy of setting the side walls perpendicular: ~/10-5 Perturbation
o frequency, Hz

Vibrations, Count Rate, Holes, ...
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GRANIT spectrometer
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Interaction strength, g g,
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[PaBUTALUMOHHbIE COCTOAHUA
AHTMBOAOPOAA

m = M?




ALPHA collaboration Nature Physics (April, 2011)
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Gbar : g experiment using H* to get H atoms
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 Capture 1on H*

Cej « Sympathetic cooling 20 uK
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GBaI‘ PrOJeCt CERN approved may2012
rpaBUTALLMOHHbIE CBOMCTBA aHTMBOAOPOAA
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J. E. Lennard-Jones, Trans. Faraday Soc. 28, 333 1932.

Quantum reflection=

Reflection from the potential
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From which height can we drop antihydrogen?

10pm = 97%

0.1cm = 89%
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Gravitational states

Antihydrogen bouncing on a surface

>
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g

&, /1, =Mg Ai(-1) =0

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 29 E° (peV) 2% (um)
] 2.338 1.407 13.726
2 4.088 2.461 24.001
3 5.521 3.324 32414
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

\ ,

V(z)

|ax/2mC, / 1 ;l, = &n* I (2Mmg);
|a|/l, ~0.005

Correction by Casimir-Polder V(z2): ¢, = &/,

L =4Gall)
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Lifetime is determined by gravitational force Mg and |Im a|.
Numbers: g, =1.43 peV; £2=2.49 peV;r = 0.1s



Antihydrogen “clock”

temporal-energy properties of gravitational states
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A. YU. VORONIN, P. FROELICH, AND V. V. NESVIZHEVSKY PHYSICAL REVIEW A 83. 032903 (2011)




Bouncing Antihydrogen 2 states

w1,= (Ay-1y) £,=254.54 Hz
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FIG. 2. Evolution of the annihilation rate of H atoms in a
superposition of the first and second gravitational states.



RESONANCE SPECTROSCOPY
of Gravitational States

Studied by V.Nesvizhevsky et. al in connection with neutrons
E. Kupriyanova MEPHI- magnetic field induced transitions in antihydrogen

Induced resonance transitions :
B_, t
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uantum ballistic experiment

spatial properties of gravitational states
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FIG. 4. (Color) The probability density of H in a superposition of

the first and second gravitational states, as a function of the height z
above the mirror (vertical axis) and the time # (horizontal axis). Dark
shade, low probability density: light shade. high probability density.
The dashed line indicates the position of the node in the wave function
of the second state.
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