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Plan of the talkPlan of the talk

�� Neutron scattering on a cylinderNeutron scattering on a cylinder--
whispering gallery effectwhispering gallery effect

�� Centrifugal states as they appear in Centrifugal states as they appear in 
neutron scattering neutron scattering neutron scattering neutron scattering 

�� ShortShort--range forces effectrange forces effect



Neutron scattering on a cylinderNeutron scattering on a cylinder

U

E

c 0 / 1E U U Eϕ>> = <<

R

U0

c
ϕ ϕ>>



Scattering amplitudeScattering amplitude
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Centrifugal statesCentrifugal states
2 2

02 2

1
( ) (1 2 / ) ( ) 0

2 2
U z z R E z

M z MR

z R

µ

µ
χ

ρ

 ∂
− − Θ + − − = 

∂ 

= −

8/ 5 10MvR hµ = ≈ ∗

2 2

02

2

0 0

1
( ) ( ) 0

2

( ) /( )

Mv
U z z z

M z R

MR

µ µ

µ

ε χ

ε µ µ µ

 ∂
− − Θ − − = 

∂ 

= −

8

0 / 5 10MvR hµ = ≈ ∗



Here are centrifugal states Here are centrifugal states 
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QUASISTATIONARY STATESQUASISTATIONARY STATES
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LifetimesLifetimes
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How to see in neutron How to see in neutron 

scattering?scattering?

Poles of S-matrix as a function of complex  (Regge poles)µ

Physical solution
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ReggeRegge polespoles

short-living over-

barrier state

Multiple over-barrier 

states

Long-living deep state

Short-living excited 

state

barrier state



Scattering amplitudeScattering amplitude
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Centrifugal states Interference Centrifugal states Interference 
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Deep Centrifugal states Deep Centrifugal states 

interferenceinterference



Sensitivity to additional interactions
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3.95 degree scattering
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Some conclusionsSome conclusions

�� Centrifugal statesCentrifugal states-- beautiful physics of matter beautiful physics of matter 
waves waves –– crossroad of different problems (from crossroad of different problems (from 
quantum bouncer to quantum bouncer to ReggeRegge poles)poles)

�� Example of precisely solvable problemExample of precisely solvable problem

�� Decay rate and interference Decay rate and interference -- precisely precisely �� Decay rate and interference Decay rate and interference -- precisely precisely 
measurablemeasurable

�� High sensitivity to modification of Fermi potential High sensitivity to modification of Fermi potential 
with nanometer rangewith nanometer range

Promising tool for studding Promising tool for studding extraextra--forcesforces, surface , surface 
effects, etc.effects, etc.


