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1. Neutron whispering gallery.

2. Comparison to gravitational
quantum states.

3. Methods of observation.

4. Experimental results .

C. Codau, R. Cubitt, Ch. Dornes, P. � . Gurzhijants, 
V.V. Nesvizhevsky, A.K. Petukhov, G. Pignol, K.V. 

Protasov, T. Soldner, A.Yu. Voronin
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4. Experimental results .

5. Conclusions.
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Sound (or any other) wave in loss-free medium in 
3-D space with no boundaries
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I(rAB)~rAB
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A
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Known phenomenon of
“ Whispering gallery ”:

Propagation of sound in a closed
building (distance r AB is 
measured along surface)
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building (distance r AB is 
measured along surface)



Known phenomenon of
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A
B

Propagation of sound in a closed
building (distance r AB is 
measured along surface)



Whale are supposed to communicate at huge
distances using analogous phenomenon in 
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distances using analogous phenomenon in 
surface layers or ocean water (due to gradient of 
salt concentration as a function of depth; 
accordingly due to gradient of the water refractive
index).

Analogous phenomena have been observed and 
intensively used in optics, for radiowaves,
Roentgen waves etc ...

Radio: Debye, P. Der lichtdruck auf 
kugeln von beleibigem 
material. Ann. Physik 30, 57-
136 (1909).

In optics, for example: for 
stabilization of laser 
frequency, for non-linear
signal transformation
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Massive particle, sliding along
surface of a cilindrical mirror
(at garland trajectory in classic
approximation) is settled, under
certain conditions, in quasi-
stationarry quantum states

Such a phenomenon has been 
considered (but not observed)
for atoms :
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for atoms :

- Mabuchi H. & Kimble H.J. Atom 
galleries for whispering atoms –
binding atoms in stable orbits around 
an optical resonator. Opt. Lett. 19, 
749-751 (1994).
- Vernooy D. M. & Kimble H.J. 
Quantum structure and dynamics for 
atom galleries. Phys. Rev. A 55, 1239-
1261 (1997).

Cold neutrons with a velocity of
~103 m/s, sliding along 
cilindrical mirror with a 
radius of a few cm



If the quantum state 
characteristic size as well as 
the quasi-classical distance 
between two consequtive
bounds, are much smaller
than the mirror radius then
neutron motion could be 2
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neutron motion could be
approximated as a 
superposition of two
motions: tangential and 
longitudial ones

2V
R

Effective centrifugal
acceleration



Will be presented in the talk 

A.Yu. Voronin
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Theoretical description of the 
centrifugal quantum states of 
neutrons and their sensitivity to 
short-range interactions 



Neutron flux at the exit of a cilyndrical mirror incre ases sharply from zero to the flux 
corresponding to the lowest quantum state, as soon as the neutron wavelength
exceeds a characteristic value, that could be estimated using the uncertainty relation
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 r, r, r, r, (nm)

l>ll>ll>ll>l cNeutrons settled in quasi-stationarry quantum states decay due to 
their tunneling through mirror surface
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By varying the neutron 
velocity and the mirror
radius one could largely
vary the effective 
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Neutron above mirror in 
gravitational field
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2V
R

vary the effective 
acceleration



30� m

40� m

Height above
mirror
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10� m

20� m

An illustration for quantum motion of a massive obj ect above a mirror in gravitational
field and that in an accelerating frame. Positions of the ball correspond to most
probable heights in 5th quantum states. The height sc ale correspond to the neutron 
mass. 
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On left: the probability to find neutron at a height z in  4 lowest quantum states. 

On right: the probability to measure velocity v for the  same quantum states. 
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Gravitational quantum states:

1) To measure distributions of neutron 
density (size of quantum states is a 
few � m);

2) To measure frequency of resonance
transitions between quantum states

Neutron whispering gallery:

1) To measure distributions of 
neutron velocities (tangential 
and longitudinal 
components);

2) Nuclear optical potential is a 
« filter » to measure energies
of the quantum states ;
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transitions between quantum states
(hundreds Hz);

3) Very complicated experiment as the 
characteristic energy is ~ 10 -12 eV;

4) Very low statistics of UCN.

of the quantum states ;

3) ~10-7 eV – much smaller false 
effects;

4) Cold neutrons – larger
statistics.
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Lifetimes of quasi-stationary
quantum states depend strongly

on neutron energy due to 
tunneling of neutrons through

mirror surface
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Partial lifetimes of quasi-stationary quantum states 
defined by tunneling
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n
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Partial width of quantum state 
due to tunneling

Partial width of quantum state 
due to roughness

Roughness of mirror surface
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2 2 2

   and roughness amplitude and length
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17 /8~r FVG
Roughness is less important if nuclear
optical potential is low (or the quantum 

state energy is low)



Neutron flux at the exit of a truncated

b=1nm
b=3nm
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Neutron flux at the exit of a truncated
cilindrical mirror, taking into account

the effect of roughness
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D17 instrument at the ILL

1) Longitudial neutron velocity is measured
using time-of-flight method;

2) Tangential neutron velocity is proportional
to the neutron exit angle; it is measured
using position-sensitive neutron detector
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Only a small fraction of 
neutrons could tunnel into
the quantum states; they 
populate preferably short-
living high-excited states
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The probability of neutron scattering
as a function of the neutron 
wavelength (axis y) and the 
scattering angle (axis x)

Solid lines indicate a signal 
shape expected for classical
behaviour of neutrons; dashed 
line correspond to the cut-off 
wavelength estimated using 
the uncertainty principle for 
the lowest quantum state
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The probability of 
neutron scattering
as a function of the 
scattering angle and 
the neutron 
wavelength

Theory/Experiment
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Centrifugal -> Gravitational quantum states

To measure longitudial and tangential
components of velocity (time-of-flight + 
position-sensitive detector)
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Centrifugal
states

Gravitational
states

Longitudinal 
velocity

~1000m/s ~4m/s

Tangential
velocity

~5m/s ~2cm/s

Detector  
spatial 

~1cm ~100� m
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spatial 
resolution

Time 
resolution ��

~10� s ~100� s
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In this case neutrons are localized initially in time

If neutrons are localaized initially in space -> we get « Quantum revivals »; the talk 
by R. Whitney 
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Preliminary constraint
at the present
accuracy level
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Study of surface potentials

Excellent « laboratory » for beutiful
quantum mechanical effects
(« quantum bouncer »)
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