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1. Gravitational quantum 
states of neutrons

2. GRANIT project

3. Centrifugal quantum 
states of neutrons

Gravitational and centrifugal quantum states of neutrons
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Gravitational quantum states of neutrons
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Neutron avobe mirror in gravity field

(mirror represents nearly infinitely
high and sharp potetial step)

1) Electrical neutrality (usually gravitational
interaction of an object with surface is much
weaker than other interactions)

2) Long life-time

3) Small mass

4) Energy (effective temperature) of UCN is extremely 
low; it is not equal to surface temperature (the 
temperature of neutrons in the gravitational 
quantum states is ~10 -8K)
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Vhoriz~4-15 m/s
Vvert~2 cm/s

τ∆
≈∆ h

E

Selection and measurement of vertical and horizontal components of neutron velocity:

Maximum vertical velocity is defined by height of scatt erer/absorber above mirror

The range of horizontal neutron velocities is defined by relative position of plates in the 
entrance collimator and the slit between mirror and sca tterer

V.V. Nesvizhevsky

Experimental installation and method
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Experimental installation and method
Model of tunneling through gravitational barrier
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« Differential » method,               
position-sensitive detectors

A method to increase the spatial variation of neutron  density
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« Differential » method,               
position-sensitive detectors

A method to increase the spatial variation of neutron  density
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Transitions between gravitational quantum states

V.V. Nesvizhevsky

Remember: flow-through mode; 
modest energy resolution

Now: storage mode, long observation 
time and high energy resolution

Probability of 
transition

Perturbation 
frequency, Hz

ijji wEE ⋅=− h

Hz25621 ≈ν

eVE 18
min 10 −≈δ

6

12

min 10 −≈
− EE

Eδ

Transitions could be excited, for instance: 

- By periodically varying magnetic field
gradient;

-By periodically varying local gravitational 
field;

-By oscillating the mirror (periodic 
variation of optical nuclear potential)
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Storage of UCN in gravitational quantum states

V.V. Nesvizhevsky

State number
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mirror’s waviness
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Transitions between gravitational quantum states   
Quantum trap 30cm by 30cm; Height of edges 0.5mm 

V.V. Nesvizhevsky

Main Mirror

Main Mirror-Edges
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GRANIT                                              
Assembling the spectrometer

V.V. Nesvizhevsky



INSTITUT MAX VON LAUE - PAUL LANGEVIN28.10.10

GRANIT                                               
Extraction, transport, and storage mirrors; Clean room

V.V. Nesvizhevsky
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Installation of GRANIT spectrometer
at the level C at ILL

V.V. Nesvizhevsky
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Installation of GRANIT spectrometer
at the level C at ILL
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GRANIT                                                      
and UCN source
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GRANIT                                                  
Control of magnetic fields, vacuum chamber

V.V. Nesvizhevsky
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Installation of GRANIT spectrometer
at the level C at ILL

V.V. Nesvizhevsky

Located in the ILL reactor at level C

Neutron Beam

GRANIT Area
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Installation of GRANIT spectrometer
at the level C at ILL
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17.6.200917.6.2009

17.7.200917.7.2009

3.11.20093.11.2009

5.9 x 105.9 x 1088 n cmn cm--22ss--11

7.2 x 107.2 x 1088 n cmn cm--22ss--11

3.1 x 103.1 x 1088 n cmn cm--22ss--11

Monochromator Monochromator 
turnedturned

Crystals readjustedCrystals readjusted
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n d≈D

nD d

d
nD

Optimum: neutron wavelength        is approximately  equal to the nanoparticle size

Possible upgrade is based on                           
Neutron scattering on nanoparticles

dnD

the scattering cross-section is proportional to 
6-th power of the nanoparticle size
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Storage of very cold neutrons (VCN) in traps



INSTITUT MAX VON LAUE - PAUL LANGEVIN28.10.10 V.V.Nesvizhevsky

5A10A20A40A

Powders of diamond 
nanoparticles/ theory 
and first data

Storage of very cold neutrons (VCN) in traps
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Quasi-specular reflection of cold neutrons from powders
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A concept of Virtual neutron source for UCN production

Neutrons from cold 
source

Diamond nanoparticles plus
SD2   

or SCH4

or SCD4  

Be (BeO)

He-II
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GRANIT                                                        
on methods of excitation the transitions

V.V. Nesvizhevsky

New UCN
Source

1. Prepare initial 
state,

ground state 
suppressed

3. Filter ground 
state

2. Induce transitions in 
periodic magnetic field 
gradient
P

osition-
sensitive 
D

etector

4. Measure 
horizontal velocity in 
position-sensitive 
detector

Bottom mirror

1 mm

1 cm

Magnetic holding field B0
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The phenomenon of gravitational quantum states of neu trons 
could be used in various applications, as apriory it prov ides a 
very « clean » system with well-defined quantum states.

-Contraints for short-range forces;
-Constrains for axion-like forces;
-Constrains for neutron electric charge;
-Constraints for physics beyong the Standard model;
-Neutron quantum optics;
-UCN reflectometry;
-Quantum revivals;
-Constrains for logarithmic term in Schrödinger equation;
-Loss of quantum coherence;
-UCN extraction, transport, tight valves;
-Study of thin surface layers etc....

Applications

V.V. Nesvizhevsky



INSTITUT MAX VON LAUE - PAUL LANGEVIN
28.10.10

Gravitational quantum 
states of neutrons

Neutron 
scattering

V.V. Nesvizhevsky

Constrains for short-range forces
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, 
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Conclusion (on gravitational quantum states)
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Neutron whispering gallery

V.V. Nesvizhevsky
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Neutron whispering gallery

V.V. Nesvizhevsky

Nature Physics, 6, 114-117 (2010)
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Propagation of sound (or other) wave in loss-free 
medium in 3-D space without boundaries

I(rAB)~rAB
-2

A
B

V.V. Nesvizhevsky

Neutron whispering gallery
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A
B

I(rAB)~rAB
-1

Known phenomenon of
“ Whispering Gallery ”:

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

V.V. Nesvizhevsky

Neutron whispering gallery
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Neutron whispering gallery
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A
B

Known phenomenon of
“ Whispering Gallery ”:

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

V.V. Nesvizhevsky

Neutron whispering gallery
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Neutron whispering gallery
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Massive particle, sliding along
curved mirror surface is
settled, under certain 
conditions, in quasi-stationarry
quantum states

Such a phenomenon has been 
considered (but not yet
observed) for ultracold 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 
cylindrical mirror with a 
radius of a few cm

V.V. Nesvizhevsky

Neutron whispering gallery
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If the characteristic size of 
quantum states and quasi-
classical distance between
two collisions are much
smaller than the mirror
radius then tangential and 
longitudal motions could be
separated

2V

R

Effective centrifugal 
acceleration

V.V. Nesvizhevsky

Neutron whispering gallery
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Radial motion of neutrons (axis 
z) close to mirror surface is
described using this
Schrödinger equation

eVVF
710~ −

V.V. Nesvizhevsky

Neutron whispering gallery
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Neutron above mirror in gravity field
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Effective acceleration
could be changed by 
changing neutron 
velocity and mirror
radius

V.V. Nesvizhevsky
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10µm

30µm

20µm

40µm

Height above
mirror

Illustration for quantum motion of an object above mi rror in gravitational field and that
in accelerating frame. Positions of the ball correspo nd to its most probable heights in 
5th quantum state. The vertical scale corresponds to  the neutron mass. 
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Comparison to gravitational quantum states of neutrons
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Methods of observation

( )
1/32 4

3/ 20 4
032

0

1/3 1/32 4 2 4

02 2

exp
2

/     /
2 2

n
n n

n n F

zMv
z

R z

Mv Mv
E z V

R R

λ
λ

λ

−   Γ = − −    

   
= =   

   

h

h h

Life-times of quasi-stationary
states due to tunneling as a 

function of energy

30

15

60

45

-200             -100               0                100             200

U, (neV)

N=2

N=1

30

15

60

45

-200             -100               0                100             200

U, 

(neV)

R-ρ, ρ, ρ, ρ, (nm)

λλλλc

R-ρ, ρ, ρ, ρ, (nm)

λ>λλ>λλ>λλ>λc

V.V. Nesvizhevsky



INSTITUT MAX VON LAUE - PAUL LANGEVIN28.10.10

A small fraction of neutrons 
could tunnel into quasi-
stationary quantum states; 
they populate mainly 
short-living highly-excited 
quantum states

V.V. Nesvizhevsky

Methods of observation
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Results

Scattering probability
as a function of 
scattering angle and 
neutron wavelength

theory/experiment

Scattering probability as a function
of neutron wavelength (axis y) 
and scattering angle (axis x)

Solid lines define « classical » 
shape of the signal; horizontal 
line indicates estimation of the 
neutron wavelength resulting 
from the uncertainty principle

V.V. Nesvizhevsky
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Results

V.V. Nesvizhevsky

Neutrons populate quantum 
states states through edges
of a truccated cylinder and 
tunnel out through the 
triangular potential barrier
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1) Tangential neutron velocity is defined by time-of-fli ght method;

2) Scattering angle (radial velocity) is measured in a position-sensitive neutron 
detector.

V.V. Nesvizhevsky

Methods of observation
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Results
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Results
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Sensitivity to additional forces

V.V. Nesvizhevsky
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Applications

Surface physics

Neutron quantum optics

V.V. Nesvizhevsky
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Conclusion (on centrifugal quantum states)

V.V. Nesvizhevsky


