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Plan of the talkPlan of the talk
Quantum motion in the gravitational field of  EarthQuantum motion in the gravitational field of  Earth

Principles of observation of neutron statesPrinciples of observation of neutron states-- how to do it how to do it 
better.better.

Neutrons in the waveNeutrons in the wave--guide with guide with ABSORPTION ABSORPTION 

a) Flat absorber b) Rough absorber a) Flat absorber b) Rough absorber 

Beyond gravitational states Beyond gravitational states –– what can we know?what can we know?
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Quantum states in the gravitational Quantum states in the gravitational 
field of Earthfield of Earth
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Idea of experimentIdea of experiment
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Theoretical problems:Theoretical problems:

The neutron absorption mechanismThe neutron absorption mechanism
How to achieve the best resolution of How to achieve the best resolution of 
quantum states quantum states 
Roughness Roughness –– its roleits role

What can we extract from the experiment What can we extract from the experiment 
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Transition through the waveTransition through the wave--guideguide

( ) ( ) / / 2

( ) / 22 *

,

2

( , )

( ) ( , )

( )

n

n

n

k k

n

n

n

ik x i x ViPx
n n n n

n n

i
n k

x

n k
n k

n
n

Vx z C e z e C z e

F L L z dz C C e

F L C

e

e

e

τ

τ

ε

ω τ

ϕ ϕ

ϕ ϕ

−Γ

− Γ +Γ

−Γ

−Ψ = =

= Ψ =

≈

∑ ∑

∑∫

∑

( )

( )

2

2 / 2

/

1 exp( ) 0
2

2 ( )

 2  ; 2

2
2

/ 2 /

/

n n

n
n n

n

n
n

nn

E ik x
M x

k M E P
V

E P ME V E M

i

i
i

i

ε

ε
ε

ε

⎡ ⎤∂
− + − − =⎢ ⎥∂⎣ ⎦

−
= − + ≈ −

− ⇒ = =

Γ

Γ
Γ

Γ



ShortShort--range absorberrange absorber
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Neutrons levelsNeutrons levels
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Through gravitational barrierThrough gravitational barrier

0

3/ 2

0
0

0 0 0

4exp
3

4 Im

n n

n n

n

H H l

l H H H H
H l l l

PD

a

λ

ε

ω

> ≡

⎡ ⎤⎛ ⎞− −⎢ ⎥Γ ≈ − ⎜ ⎟
⎢ ⎥⎝ ⎠⎣ ⎦12314243144444424444443

nH H

0
0

0 4 Im
n

n

a
l

P

H H

l
H

ε

ω

≤

Γ ≈
144424443



Complex potentialComplex potential
( )0 0 /

3

7 12
0

1( , ) ( , ) ( )
1

10 1
~ 10 10           Im

H zV z H iW z H V iW
e

m m
W eV eV a

ρ

μ ρ μ

πρ

−

−

− −

− = −
+

< <

>> =

10 15 20 25 30 35 40

H

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

N

N1

N2

Independent on the depth!

15 25

1N 2N

35

1

0.5

H mμ



Hard absorberHard absorber
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How to see them better?How to see them better?
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Good absorber = Good absorber = roughrough absorberabsorber

Averaged potentialAveraged potential
NonNon--specula reflectionsspecula reflections
Better resolution?Better resolution?



TimeTime--dependent model of dependent model of 
neutron absorption neutron absorption 

Horizontal motion is classical=time dependenceHorizontal motion is classical=time dependence
Rough edges scattering = time dependent Rough edges scattering = time dependent 
variation of wall position (boundary condition)variation of wall position (boundary condition)
Fast transversal neutrons are promptly absorbed Fast transversal neutrons are promptly absorbed 
The problem of neutron passage through The problem of neutron passage through 
the slitthe slit

==
The problem of ionization of particle in the The problem of ionization of particle in the 

well with vibrating wall.well with vibrating wall.



Oscillating wallOscillating wall



EquationsEquations
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Coupling between statesCoupling between states
(non(non--specula reflections)specula reflections)
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Coupling as a function of HCoupling as a function of H
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22--state modelstate model
Roughness mixes the gravitational state with excited quasistationary state
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Rough surface absorptionRough surface absorption
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Flux 2 state modelFlux 2 state model
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Resolution limitsResolution limits
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Quantum Weak Equivalence Quantum Weak Equivalence 
PrinciplePrinciple
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Additional forcesAdditional forces

0Criteria: a l≤
5-th force limits from neutron gravitational experiment

Nesvizhevsky V.V., Protasov K.V.  
H. Abele, A. Westphal, Lect. Notes in Physics 631, 355 (2003)



Some conclusionsSome conclusions

Beautiful and transparent physicsBeautiful and transparent physics
Interesting tool for studying rich physics of Interesting tool for studying rich physics of 
neutron surface interactionsneutron surface interactions
““EasyEasy”” and elegant way to measure the and elegant way to measure the 
gravitationalgravitational force acting on force acting on neutron neutron and and 
check Quantum Equivalence Principlecheck Quantum Equivalence Principle
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