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Confinement Induced Phase Shift
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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);

. ll
RN mpy /
ATOMINSTITUT

transverse confinement

discrete transverse energy levels

increase of transverse momentum

decrease of longitudinal momentum — phase shift

A=1.86-10"19m
E = 0.023eV

E, =042, 1.7, 3.7, ...peV

Vo = Nb.2mh? /m =~ 54neV
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a = 20pum
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Interferometry Jo8 = '.ll
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Interferometry
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Interferometry
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Interferometry
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Measurements, at ILL S18 and at NIST
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H. Rauch, H. Lemmel, Measurement of a confinement induced neutron phase. nature 417, 630-632
(2002)
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Wave Functions
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i) = exp(iFa) = o) hen) = S un()n) out) = / da S(a, &) |a)

Wave Functions
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Wave Functions
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) = tn(z) exp(ikn 2)

bn = /K2 — 2mE, /B2

un (@) = (nfa).=o

= gl
W =l
ATOMINSTITUT

|'¢out> — /d&'S(a,&') |&>

S(a, a) = (al|Yen)2=L

= L un(a)ug (@) eilknbas)L

4 o=
0.0660°
cells=2
Levels
0 to 1600

Silicon

2
3_Ol\vl

25

Silicon 2.0

15

1.0

05
Silicon

0 1 Z [cm]

Hartmut Lemmel — confinement induced neutron nhases — n.5/12



Phase shift 38 = V7§

~ 109
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s 1N . 4 N TN
77Dout = S(a) wzn s
S — Zlun|2 eiAknL
n »
arg S = phase shift 5

abs S ~ interference contrast
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channel: Ak,, L ~ 2°, for L = 2cm :
silicon: Ak, L ~ 125 -360°, i.e. 360° per 160um
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Phase shift
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Phase shift

B take only Yout||in, (&= )
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Phase shift

O take only Yout||tin, (@ = a)

wout — S(a) 1pzn
S — Z|un‘2 eiAk:,nL

average over channel lenght L

<S>L — Z "U,n‘2 eiLAkn e—Ak%a%/Q

n

average over channel width a or wave
length A
(numerically)

abs(S)

arg(S) [°]

05—
§ L=2cm, dL=150um, N
{4 da=2.4pm (14%) yd AN
/ \
7 //f \\”
0.0 : '
4 —_
2 /| FWHM=0.0080°
1—
0 | | | | |
-0.10 -0.05 0.00 0.05 0.10

beam angle o [°]

Hartmut Lemmel — confinement induced neutron nhases — n.6/12




Phase shift

O take only Yout||tin, (@ = a)

wout — S(a) wzn
S — Z|un‘2 eiAknL

average over channel lenght L

<S>L — Z "U,n‘2 eiLAkn e—Ak%a%/Q

n

average over channel width a or wave
length A
(numerically)

average over beam divergence of =~ 0.2°
= expected phase shift: 0.9°

abs(S)

arg(S) [°]

0.5 e
§ L=2cm, dL=150um, N
{4 da=2.4pm (14%) yd AN
/ \,\
- / AN
- ) /' \\
0.0 d
4 p—
3 —_ N
2 p—
1 p—
0 T T T
-0.10 0.05 0.00 0.05 0.10

beam angle o [°]

abs(S)

arg(S) [*]

0 I I

0.0 0.1 0.2
beam divergence FWHM [°]

Hartmut Lemmel — confinement induced neutron nhases — n.6/12



Absorbing Wall Coating i =y /|

— Re(V)
- Im(V)

® Separation of time dependent Schrodinger equation

Wy (t) — e—iz—:t/h

® Complex potential V/

& complex eigenvalues: e = E +il" =  4(t) = e 1Et/Tlt/n
Reequ(E,I') =0
Imequ(E, ') =0

#® Hamiltonian not Hermitean, eigenfunctions not orthogonal

® complex eigenvalue equation:

Hartmut Lemmel — confinement induced neutron nhases — n.7/12



Absorbing Wall Coating il =y
Reequ(E,I") =0
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® Complex potential V/
& complex eigenvalues: e = E +iI" =  4(t) = e iEt/hlt/n
Reequ(E,I') =0
Imequ(E,I') =0
® Hamiltonian not Hermitean, eigenfunctions not orthogonal

® complex eigenvalue equation:
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Absorbing Wall Coating
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Question 1: Phase contribution by channel walls?

® Pro
® dependence on sample angle

® Con
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Question 1: Phase contribution by channel walls?
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Question 1: Phase contribution by channel walls?

® Pro
® dependence on sample angle

® channel = collimator
= wave length selector

®» Con
® phaseshift always close to zero

contrast intensity (counts/90s)
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Question 1: Phase contribution by channel walls?

® Pro
® dependence on sample angle

® channel = collimator
= wave length selector

®» Con
® phaseshift always close to zero
® no effect with different central wavelengths

phase shift [°]
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300 —
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-15 — P
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Hartmut Le

Bragg angle 0g
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Question 1: Phase contribution by channel walls? V- /
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’ Con £ N=6
-20 -
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. . sample angle o [°]
® no effect with different central wavelengths pg
10 —
® position llIb

® To be safe: Gd coating 5—

phase shift [°]

® position la

29.66° 29.77° 29.9°
Bragg angle 0g

C. Grunzweig et al, 2008, PSI
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Question 2: Phase by diffracted components?
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e interference between non-collinear plane waves depends on spatial position
e phase contribution of crystal blades depends on diffraction angle
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Question 2: Phase by diffracted components?

[ : b bd
S(Oz,&) :qun(a) u;l;(&) elAknaL abs (S) VL—>;:O> X SinCﬂ- @ , b=a— L«
n (. 7
slit formula

e interference between non-collinear plane waves depends on spatial position
e phase contribution of crystal blades depends on diffraction angle
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Question 2: Phase by diffracted components?

[ : b bd
S(Oz,&) :qun(a) u;l;(&) elAknaL abs (S) VL—>;:O> X SinCﬂ- @ , b=a— L«
n A - _J/
slit formula
.
g
Y =1 + P11
= Yin(trr +rrSt) o< (14 9)

e interference between non-collinear plane waves depends on spatial position
e phase contribution of crystal blades depends on diffraction angle
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Question 2: Phase by diffracted components? V- /

ATOMINSTITU

[ : b bd
S(Oz,&) :qun(a) u;kz(&) elAknaL abs (S) %} X SiIlCTr @ , b=a— L«
n (. 7
slit formula

Y =1 + P11

= /@bm(trr + rrSt)da

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

= simulation of complete system of interferometer + channel stack required
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Question 3: New physics?

Non-Newtonian gravitation potential: V(r) = gz (1 + « e_r/’\)
Tr

Neutron over flat surface: V(z) = 2rmpar?Ge=?/*
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4ppeV 2 N i 4 Deccaetal. 2003 7 2
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Further Improvements

ATO | I ll
'

® 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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