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Confinement Induced Phase Shift

channel

stack

beam

transverse confinement

discrete transverse energy levels

increase of transverse momentum

decrease of longitudinal momentum → phase shift

neutron wavelength λ = 1.86 · 10−10m

neutron energy E = 0.023eV

level energies En = 0.42, 1.7, 3.7, ...peV

wall potential V0 = Nbc2π~2/m ≈ 54neV

wall material silicon
channel width a = 20µm

channel length L = 2cm

number of channels ≈ 250

χn = ∆knL ≈
n2π2L

2ka2

J. M. Lévy-Leblond, A geometrical quantum phase effect.
Phys. Lett. A 125, 441-442 (1987)

D. M. Greenberger, A new non-local effect in quantum mechanics.
Physica B 151, 374-377 (1988);
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Measurements, at ILL S18 and at NIST
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(phase shifter angle inverted)

OH

H. Rauch, H. Lemmel, Measurement of a confinement induced neutron phase. nature 417, 630-632
(2002)
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Wave Functions

|ψin〉 = exp(i~kα~r) = |α〉 |ψch〉 =
∑

n

un(α)|n〉 |ψout〉 =

∫
dα̃ S(α, α̃) |α̃〉

|n〉 = ψn(x) exp(iknz)

kn =
√
k2 − 2mEn/~2

un(α) = 〈n|α〉z=0 S(α, α̃) = 〈α̃|ψch〉z=L

z

L

x

~k

~k

α

ψchψin ψout

α

0

Hartmut Lemmel – confinement induced neutron phases – p.5/12



Wave Functions
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Wave Functions

|ψin〉 = exp(i~kα~r) = |α〉 |ψch〉 =
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un(α)|n〉 |ψout〉 =
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|n〉 = ψn(x) exp(iknz)
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= 1
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Phase shift
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L=1.998cm, dL=0

channel: ∆kn L ∼ 2◦, for L = 2cm :

silicon: ∆kn L ∼ 125 · 360◦, i.e. 360◦ per 160µm

take only ψout||ψin, (α̃ = α)

ψout = S(α) ψin

S =
∑

n

|un|
2 ei∆knL

argS = phase shift

absS ∼ interference contrast
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Phase shift
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Phase shift
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Phase shift
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ψout = S(α) ψin

S =
∑

n

|un|
2 ei∆knL

average over channel lenght L

〈S〉L =
∑

n

|un|
2 eiL∆kn e−∆k2

n
σ2

L
/2

average over channel width a or wave
length λ
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average over beam divergence of ≈ 0.2◦

⇒ expected phase shift: 0.9◦
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Absorbing Wall Coating
Re(V )

Im(V )

x

Separation of time dependent Schrödinger equation

ψt(t) = e−iεt/~

(
−

~
2

2m

d2

dx2
+ V (x)− ε

)
ψ(x) = 0

Complex potential V

complex eigenvalues: ε = E + iΓ ⇒ ψt(t) = e−iEt/~ eΓt/~

complex eigenvalue equation:
Re equ(E,Γ ) = 0

Im equ(E,Γ ) = 0

Hamiltonian not Hermitean, eigenfunctions not orthogonal
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Absorbing Wall Coating
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Question 1: Phase contribution by channel walls?
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Question 2: Phase by diffracted components?

S(α, α̃) =
l

λ
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n

un(α)u
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i∆knαL abs (S)
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V →∞

b
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π b δα

λ

∣∣∣∣
︸ ︷︷ ︸

slit formula

, b = a−Lα
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• interference between non-collinear plane waves depends on spatial position
• phase contribution of crystal blades depends on diffraction angle
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Question 2: Phase by diffracted components?
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, b = a−Lα
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Sψin

• interference between non-collinear plane waves depends on spatial position
• phase contribution of crystal blades depends on diffraction angle

ψ = ψI + ψII

= ψin(trr + rrSt) ∝ (1 + S)
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Question 2: Phase by diffracted components?
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• interference between non-collinear plane waves depends on spatial position
• phase contribution of crystal blades depends on diffraction angle

⇒ simulation of complete system of interferometer + channel stack required

ψ = ψI + ψII

=

∫
ψin(trr + rrSt̃)dα̃
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Question 3: New physics?

Non-Newtonian gravitation potential: V (r) = −G
m1m2

r

(
1 + α e−r/λ

)

Neutron over flat surface: V (x) = 2πmραλ2G e−x/λ
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1  Leeb, Schmiedmayer 1992

2  Nesvizhevsky 2009

3  Fischbach et al. 2001

4  Decca et al. 2003

5  Mostepanenko 2003

6  Chiaverini et al. 2004

7  U. Schmidt 2005

8  Hoskin et al. 1995
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Further Improvements

Theory

diffracting sample in neutron interferometer

collimating sample in neutron interferometer

Experiment
absorbing walls

different geometries (width, length)

less beam divergence
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