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Properties of the Neutron

• Properties
� Ultra Cold Neutrons

• “Whispering”  gallery phenomenon 
� Motivations
� Scattering on a cylinder
� Perspectives



2

Neutron

Fermi Potential

Bulk

Fermi potential seen 
by neutron

2

coh

2
U Nb

m
π= ℏ



3

Interaction with matter
~ 99.99 % – elastic reflection 

~ 10–4 – inelastic diffusion on 
thermal phonons

~ 10–5 – absorption
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Properties of Ultra Cold Neutrons

Material bcoh, fm Density, g/cm3 Vlim, m/s

D2 (liquide) 13 0,15 3,82

D2O 18,8 1,1 5,57

C (graphite) 6,65 2,25 6,11

C (diamant) 6,65 3,52 7,65

Al2O3 24,2 3,7 5,13

SiO2 15,8 2,3 4,26

Acier 8,6 8,03 6,0

name
UCN
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Necessity of cooling

Mike Pendlebury     University of Sussex
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ILL UCN source (guide and turbine)
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« Centrifugal » states
as a realization of the « whispering gallery »

for particles

St Paul Cathedral : The circular gallery which runs at 
the point where the vault of the Dome starts to curve 
inwards, is called the Whispering Gallery. The name 
comes from the fact that a person who whispers facing 
the wall on one side, can be clearly heard on the other, 
since the sound is carried perfectly around the vast 
curve of the Dome 
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And if one captures a particle?

This particle will be confined between a wall
and a centrifugal barrier

Quantum motion

V.V. Nesvizhevsky, A. K. Petukhov, K. V. Protasov, A. Yu. Voronin
“Centrifugal quantum states of neutrons”, Phys. Rev. A 78, 033616 (2008)

V.V. Nesvizhevsky, A. Yu. Voronin, R. Cubitt, K. V. Protasov, 
“Neutron whispering gallery”, Nature Physics, 6 (2010) 114

V.V. Nesvizhevsky, A. Yu. Voronin, R. Cubitt, K. V. Protasov, 
“The whispering gallery effect in neutron scattering”, New J. Phys., 12 (2010) 113050
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Centrifugal states
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Scheme of the experiment
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How to populate these states?



11

First results

States close to the 
top of the barrier

Deeply bound states

Quite complicate
(but extremely reach 

and very informative) picture of 
interference



How to analyze this quantum 
mechanical solution?

• The problem (neutron scattering by a cylinder) 
is quite similar to the scattering of light by a 
sphere (rainbow, gloria, surfaces waves,… 
phenomena)

• In the last case, the solution was proposed in 
60th by H. Moysés Nussenzveig and is called 
Complex Angular Momentum approach [see 
J.A.Adam, “The mathematical physics of 
rainbows and glorias”, Phys. Reports, 356 
(2002) 229]

12



The Theory of the Rainbow
by H. Moysés Nussenzveig (Scientific American, 1977)
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Whispering gallery
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The sum is replaced by the integral

(“Watson transformation”)

In the complex m -plane

This is the sum over Regge poles
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Physical interpretation of Regge poles



Complete theoretical treatment
Complete theory is more complex because it 
takes into account other different 
phenomena, in particular,

• Truncated mirror geometry

• Non zero diffuseness of the Fermi 
potential (position of Regge poles is very 
sensitive to the form of the upper part of 
the potential) 
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Some conclusions and perspectives

• This “whispering gallery” problem is 
closely related to other physical 
phenomena (rainbows, glorias,…)

• It could be particularly interesting for 
neutrons of lower energies

• Experimental picture is very reach (double 
distributions – angle and velocity)

• This system is potentially an excellent tool 
to study interaction of the neutron with 
the surface


