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Particle Properties

m = 1.674928 (1) x 10-27 kg
_ % 5
1 =-9.6491783(18 ) x 10-27 J/T
T=887(2)s
R=0.7 fm
o =12.0(2.5) x10-4 fm3

u-d -d - quark structure

CONNECTION

de Broglie

Ap = _h

m.v
Schrodinger

S\ ()
Hy(rt) = |h—5 X

&
boundary conditions

m ... mass, s ... spin, g ... magnetic moment,

T ... B-decay lifetime, R ... (magnetic) confine-
ment radius, o ... electric polarizability; all other
measured quantities like electric charge, magnetic
monopole and electric dipole moment are com-
patible with zero

Wave Properties

A =1 =1319695(20)x 10-15 m
m.cC

For thermal neutrons
=1.8 A, 2200 m/s

h

Ag = — =18x10-10m
m.v

A, = L2 108m
28k

A, = v.At = 102 m
Aq = v.t = 1.942(5)x 106 m
0<y<2n (4n)

Ae ... Compton wavelength, Ag ...
deBroglie wavelength, A ...
coherence length, A, ... packet
two level system length, A4 ... decay length, dk....
momentum width, At ... chopper
opening time, v ... group velocity, y
...... phase.
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— Coulomb field of Pb-208
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k (fm™) Phys. Rev. Lett. 66 (1991) p.1015
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Charge dependence and charge symmetry

n+n—n+n a, ~a, ~a, P

Focused Position sensitive detectors Focused
cold and thermal . — cold and thermal

neutrons neutrons ; 2
e S N _— a = 0 :
— - Interaction —— —
= =]

N I
olume i
From target station 1 From target station 2
[ -

Position sensitive detectors

= -23.678(28)fm

Experiment:

Ay
a;p =—-17.3(1.0)fm
A

= —16,8(1,3)fm
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Interferometer experiment

LATTICE
PLANES

PERFECT
SILICON
CRYSTAL

Schradinger cat-like part
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1, 1P
Ip < |yo +Vvp o« A+Bcosy
lo
x=fKdS =(1-m)kDegr = —NbADegr = A-k = AK - Degy _
THERMAL . | PERFECT
NEUTRONS _ SILICON
- ol CRYSTAL
St
0 Scm
. Neutron Interferogram
Self llltf:l’ff:l‘ellce A=2.71A frlnge v151b11ity = 88%
. 2000 j
(phase space density ~10-14)

X@{ Yol

H. Rauch, W. Treimer, U. Bonse, Phys.Lett. A47 (1974) 369 00 \\ / \\

NN \,/

H Beam
Efficiency of detectors, polarizers, flippers >99% 1200 / \;\. // ‘\\;g/i

Counts per 120 sec

Phase Shift (rad)
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\;“B / oyl et/ _ 1 ~iuBt/7
n > — e~ iHGBt/7 _ yle —ica/2
/ \ 2uBt 2uB
o= B2 _oBt=2"" "  Larmor angle
h h v
I —— ]
e—OL/Z 0 \VT (0) " 6000
v(a) = o2 I 5000
0 e v (0) T Iy
Theory: H.J.Bernstein, Phys.Rev.Lett. 18(1967)1102, ?Ei ggggE ‘—"““""”“G"’dl
Y.Aharonov, L.Susskind, Phys.Rev. 158(1967)1237 :;-" -1
_‘2 4000} 7
y(2n) = —vy(0) + 3000}/ ¥
\I’(4TC) — W(O) 20 40 60 80
0" 400 200 300 400 500
—= 4/Bds (Gem)
I (O) a
I OC‘\VO(O)-I-\VO(OC)‘ = 1+cos—

2

Experiment: H.Rauch, A.Zeilinger, G.Badurek, A.Wilfing, W.Bauspiess, U.Bonse, Phys.Lett. 54A(1975)425
S.A.Werner, R.Colella, A.W.Overhauser, C.F.Eagen, Phys.Rev.Lett. 35(1975)1053
A.G.Klein, G.l.Opat, Phys.Rev. D11(1976)523
E.Klempt, Phys.Rev. D13(1975)3125

M.E.Stoll, E.K.Wolff, M.Mehring, Phys.Rev. A17(1978)1561
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_ D Mmg, - p =
H=—- —oL=_——+mygz—oL +Vj
2m; r 2m;
« EXPERIMENT:
' == +  Colella, Overhauseer,Werner,
L = rxp 1975
. Werner, Staudenmann,
~ R, I1_»> 13. _ Collela, Overhauser, 1975,
r = r+vot——gt”+-t"oxg 1978
2 3 - Bonse & Wroblewski 1983
A 4 Atwood, Shull, Arthur 1984
- . m;.- .. . mm,; .. -
B ={kdr =—1§7df = —2mm;m —gk031n(|)+ LOx A
h e h2
« THEORY:
. Page 1975;
. Anandan 1977
A ...areaenclosedby thecoherentbeams . Stodolsky 1979
. Audretsch & Lommerzahl
¢ ...colatudeangle 1982

B = -dgraySing+qgsine

e N\

2mmimgghA/h? Anm;wAsing/h
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VERTICAL
SHIFTER— / <
) 50

COLLIMATOR

BEAM FROM iz -
WHPOMATOPWW
/

J.L.Staudenmann, S.A.Werner, R.Colella, A.W.Overhauser,
PR/A21(1980)1419
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 Quantum State Preparation and
Measurements
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Spatial distribution
. 2 ‘
E‘E @ A o :;f: Lo=50 A f_;_lE N ’tln')ll lﬂ E:]OD A
PN JIAA INAUA
0 = (AS)U 150 -150 —E;J (AE);O 150 750 -50 (Afio 150
2 L]
Coherent 3k/ko=0.02 Non-classical
3 state
state S il WVWNWV\W
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Coherent state Non-classical state

© R.J. Buchelt

© 1997 R.J. Buchelt

(Schrodinger cat-like state)
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Schrodinger Equation:
5 artial
- Av@E O+ VEOYE, = it waves fill the
m
le space

Wave Function (Eigenvalue solution in free space):

/ \- == == ) and others (Wigner

function etc.)
Momentum distribution:

okt = |yt

Coherence Function:

Spatial distribution:
. — 2
P = EL)

T=t—t'

Stationary situation: (t=0):

@) =<y y(&)>=2n* 2 g®e K
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BNI/IN=1%

Definition: R ik

W(k,x):ﬁj‘eimw* x+% \ x—% dA

Properties: .W(k,x)dk = ‘\p(x]Z

..W(k,x)dx = ‘w(k]z

SCHRODINGER CAT-LIKE PART m = 100
Interferometric Gaussian packets:

1/4 _
LII 2 2 2,. 4
Y (X) = (47'58X T eXp[— X"~/20x +1Xk0] SMILE OF THE WAVE FUNCTION
- | II
\V(X) =V (X) 4 (X + AO) QUANTUM I MIXED
STATE STATE

H. Rauch, M. Suda, Appl.Phys.B60 (1994) 181
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A=0nm A =15 nm Momentum

| ) distribution

Spatial distribution Spatial distribution

| = 5
o \ Momentum 4 j
AR distribution
6 . . : 3
4. |
3 | 1

¥

1 o

Zero order
(coherent state)

High order
(non-classical state)
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Schrodinger Equation:

2
I A+ VEDYED = i
2m

Wigner Function:

L VED
ot

Wik) = Qr ! [elkty* o+ X ol x=X |ay
Wave Function (Eigenvalue solution in free space): He) = )] )

. —3/2¢ i (KT >
Y(r,t) = (2n) 3 _[ \p(k,t)el( r mt)d3k Q-Function (Husimi-Function):

Spatial distribution: Momentum distribution:

Quk) = [JW,K)gx—x,k-K,y)dxdK

pnt) = ‘Wﬂdz g(l;’t) = ‘\P(Esdz

(x-x')?

g(x—x",k—-k') o« exp |:—
Coherence Function: A=7—-1'; t=t—t'

—ﬂk—wf]

Weyl Function:
Stationary situation: (t=0):

WK) = [[W(x,k)e KX gray

@) =<y(O)w@)>=Cn> }g®e™a’
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A=0 A=2 A=4

m = 100

4\'..

3"-.'..

2‘-.'..
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m = 100

T=0 (T=1) T=1/4 T=1/2 T=3/4
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_via Wigner functions Neutron interferometry case (Gaussian packets) )
| +o . ' , W(x,k,A) = W(xk)+W(E+Ak) + 2coskAW(x+E,k)
Week) = oo ] My o ) wix =) dx!
2n 2 2
ho [T § —(Xg-sin®)/4b
4+ ., ' ' W(X ) — _\/: e 0
= L e e K x -2 s ax © 2n b{
2n 2
L o~ (Xg-sin®+kgAcos®)?/4b
(x & A = —NbgA*D/2m)

Quadrature operator

A
A

Xo = ko )Ecos®+£ sin ©
ko

Quadrature Wigner function

L e~ (Xe—sin@+kgAcos©)” /4b
e—cz (koA)? /2+6* (kogA)? sin® ©/4b

cos[(kpA) +(Xg —sin®+kpAcos®/2) o’ (koA)sin®)/2b] }

with: b = cos’@®/8c° +c%sin’@/2
Foo A0 koo . s = ok/k
W(Xg) = 2£ [ dte™™o [ dx [ dk elt(kox cosO-+k sin@/kg) vy 1y 0
T _w —o0 —00

Radon transformation

W(x,k) =

1 +00 1
5 | dift| [de
4n°h - 0

TU o0

+fodX®eit(X® —kpxcos®—-ksin®/ky) W(Xg)

—00




‘@‘ TWO LOOP INTERFEROMETER I

6 cm

21 cm
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normaljged CRNRIGINR AEIen

0.0 f = ——y

2.70 ' 272 ! 274!

M.Baron, H.Rauch, M.Suda, J.Opt.B5 (2003) S341 0 200 WMenRth (00 800
A Al
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10(1€)=%g(1€)-(1+0cos51€)

1600 —

.

N _

3

e 1200 —

= 1

) ——g

2 800

N

= 1

8

S 400 —

188 189 190 191 192 1.93

M.Baron, Diss. 2005 wavelength (A)




Triple Wigner Function I i
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Wigner Function of a Four-Plate Interferometer
W(x, k, A,=300 A, A,=500A), A.=15.9A, 5k /k,=1%

TWO LOOP INTERFEROMETER Schrédinger cat-like parts

smile of the
wave function

72 7o
k/k X /A,




T Triple Peak Wigner Function
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p
Magnetic noise field w
I
( B[G]
20
10
0
{
-10
~ "0 T T T | T T
\ 00 01 02 03 04 05 06
Magnetic noise field  #mh TE
pro 0.2G
2Q0006
800-
2B 6000
o7 | 600-
E N \
83100000+ S
= N | 400+
28 . *°H-Beedh
2 S8I0eT ST T L xABABGSG T, 200
572”0 O-BesBeam ~ °
06 ® o AB ABG 9G
LA L I L L B Y D'__!— + v r —
-H0o0 00 1000 -20 -10 0 10 20
ARDfnin) 816]

M.Baron, H.Rauch, M.Suda (in progress)
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~

Magnetic noise fields

20000 20000
n z —
S 15000 — = S 15000 —
2 2 2
§ “ = R4 8 g
< 10000 -1 S e 8 10000
z \ z =
2 "/ H-Beam % / S 7/ H-Beam Te 2
£ 8000 IS L waB=9G Lt £ 5000 L0 A +AB=9G R, 7 £ 5000 —
B g O O-Beam o7 O O-Beam © =
® +AB=9G . ® +AB=9G
0 — T T T T T T T T T 0 LA B B B B E B B B B =
-100 0 100 -100 0 100
AD (um) AD (um)

M.Baron, H.Rauch, M.Suda (in progress)
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O 18 mmAl—A=220A
E AB
® empty IFM

AB"'QG J} o}
O

Intensity [counts/360s]

1.89 1.90 1.91 1.92 1.93
M.Baron, H.Rauch, M.Suda, J.Opt.B5 (2003) S244 wavelength [A]
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20
10
= 0 ] .'
® 1.0 m Contrast reduction
-10 ® Momentum smearing
0.8 —— Theory
-20 | | | | | | g 067
00 01 02 03 04 05 06 E ., |
T [s] <
0.2 —
800
Q 0.0 - +
N
S 600
) | | | |
o
< 400 0 5 10 15
g AB [G]
200
. C= Coexp[-(pABDeH/hV)ZIZ]
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 Quantum Contextuality
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- 2

| I +1

-1

Entanglement of two photon polarizations

-1
¥ =7 Thel Oy + 9@ T

—==> Entanglement between Two-Particles

A. Einstein, B. Podolsky and N. Rosen, Phys. Rev. 47 (1935) 777.




]  Two-particle vs. two-space entanglement Y,
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2-Particle Bell-State 2-Space Bell-State

|\P) = %ﬂ T>I®| ‘L>H +| ‘L>I®| T>II> I |\P) = E{| T>s®| I>p +| ‘L>s®| II>p>

I, Il represent2-Particles s, p represent2-Spaces,e.g., spin

Measurementon each particle : Measurementon each property

{AI( 2<S<?2 "

gl

Bl S=E(as,Xq) - E(ay,X2) + E(05,Xq) + E(0z,X2) b
where 2.,) = %Q DELEDUETRD) I where £, :%(l o) +e1 ) (@] +e ™))

Then, [A"8"]=0 | Then, [A,B7]=0
==>> (Non-)Contextuality

(In)Dependent Results for commuting Observables
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Magnetic Prism (Guide (i:ield)
Incident  Polarizer Helmholtz Coil
Neutrons
Result:
S=2.051%0.019
H-Detector
Theory: S, = 2.82
Fl
p lpper) Magnet Yoke

’ Classical correlation:
" (hidden variables)
%

Mu-Metal
Spin-Turner
Z

Neutron Interferometer

B 1)

t _
V! | 2 < S <2
| b-” yJ Spin Rotator (o) \ S
25 " (zZ ~  Heusler ‘
'. Analyzer ()
SN O-Detector
g

.Y.Hasegawa, R.Loidl, G.Badurek, M.Baron, H.Rauch, Nature 425 (2003) 45 and
Phys.Rev.Lett.97 (2006) 230401
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: 388 EC=0759 i (X:O—f E'(OLZO, Y = 0.79712)

600 F Nt 4= [N'(0,0.797) + N'(r,1.797)
2 ok L ~ N'(0,1.791) — N'(r,0.797)]
= 900 07 AT £ [N(0,0.797) + N'(,1.797)
5 ol 7] ] + N'(0,1.797) + N'(1,0.797)]
S of Tl ] —
\jg—/ 900 E_C:[)jgg (t:)‘) (d) (b) (2:11) ()L—T[_E 0542
2 600f L L In the same manner,
Z  300F A
g8 of | e | E'(a=0, x = 1.297)
- [ =0 726 I ! o=31/2
= 900F | |1 E'(a=0.57, x = 0.797)

600 F | :

300 f | | . E'(OL:OSR, X = 1297[)

ot ' ]

S -t 0 w2 were determined.
Phase Shift, y (radian)
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Kochen-Specker phenomenon ‘f’*
Cnon-contextual = Cclassic =2
Ccontextual = Cquantum =4
Coxverimental = 3-138(15) 3
A cartoon-like experimental

The colour of a s
1s undetermined, re
After a ‘measurement
on the path in our experi
its own colours (the direc
depending on what was
Basically no correlatio
is expected!

Y.Hasegawa, R.Loidl, G. Badurek, M.Baron, H.Rauch, e
PRL 97 (2006) 23040

colours of jacKeramma trousers
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* Spin State Reconstruction
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Experimental setup Measurement principle:D.F.V.James, P.G.Kwiat,
W.J.Munro, A.G.White, PR/A,64 (2001)052312

Helmholtz Coil
© B, (Guide Field)

H-Detector

/>}“ Beam |

Beam i

SMu—lF}/Ietal Phase Shifter (y)
in-Turner s
Magnetic b

Prism

| ®[«)
Blf

Beam I+, x =0, 11/2

|Z>! | -Z>, |X>! |y>
Spin Rotator (o)

Heusler — 16 pOSitions
Crystal

Larmor
Accelerator

Beam stopper /

Neutron Interferometer

O-Detector

Y.Hasegawa, J.Klepp, S.Filipp, R.Loidl (in progress)




T Quantum state tomography TU

_ ATOMINSTITUT of neutron’s Bell-state iEuns
P=VIY
where (y[=1{t} ([} ®3b{ul

imaginary part
real part
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Berry Phase (adiabatic & cyclic evolution)
[ Berry; Proc.R.S.Lond. A 392, 45 (1984)]

w(t)) = e %e%n(R(r)))

1 [
0ut) = [ d'EAC)
hoIn
b, = _‘_2 (for 2-level systems)
¢ 2
Non-adiabatic evolution Non-adiabatic & non-cyclic evolution

[Aharonov & Anandan, PRL 58, 1593 (1987) [Samuel & Bhandari, PRL 60, 2339 (1988)]




T Topological Phase m
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Theory:
S.Pancharatnam, Proc.Ind.Acad.Sci. A44(1956)247 R (220)SKEW
M.V.Berry, Proc.Roy.Soc.London, A392(1984)415 | STMETRC y
J.Anandan,Nature360(1992)307; R.Bhandari,Phys.Rep.281(1977)1 e : ¥ e,

. Ap2 [/

i o % N

y(h)> = e ¢ “I’(O) > A magnetic quide fleld  DUALSPIN He 3NEUTRON

B= Boz permeates
entire region

I e
N

¢ = ——[<y®H(t)>dt+i[<y(t)Jyt)>dt=3+7Y
h dt
0 0
To Heusler
—— r nal r
8 _ (04 0 dynamical phase INCIDENT |z> POLARIZED \ ‘ cystal anslyze
= 5 COSTY ceeeoenoees Nﬁﬁ%gmﬁ" Mo o DUAL SPIN
PHASE i\ FLIPPER COIL
(A) ROTATOR H N
o . 800 o T M AR =-20°
Yy = E (1-co0s0) ... geometric phase 600 W
400 A 1
g 800 | ‘x'“f x::/kﬂ ®)
600 E 60
< % Geometric Phase w0
[ _ 0.0 2 pa % in vsin Leos ® £
(x,a) = ‘\VO( ,0)+ \IIO(Xﬂa)‘ oc COS X COS > sin xsin 2cos %600_ W Lol o
C 2 140 20
3 400 £ 40
= D+ Acos(y + ) cos® 8 800 | e, 10° m S
600 - -40 -20 o 20 40
2 2 a coS ¢ — 2 w00 | ‘4‘/ v AB, Angle between F, and F, (deg)
— ot . haed 2 a 2 a 2 800 -
A \/ 1 —sin” @sin cos” —+cos” —cos“ @ 600 - ]
2 2 2
400 A . . . . 1
Exp.: A.G.Wagh, V.C.Rakhecha, J.Summhammer, G.Badurek, H.Weinfurter, 200 0 200 400 600

o (deg)

B.E.Allman, H.Kaiser, K.Hamacher, D.L.Jacobson, S.A.Werner, Phys.Rev.Lett. 78(1997)755




LJ I Non-adiabatic & Non-cyclic Phase
ATOMIthTlTI 1T

Ip*) (P

__________________

-

ey

A1+ X2 Ay [(1=VT
(DE{! W:L—"Tc tan —
arg(y,.|y;) 5 arctan |tan 2 \ 1o v7

D, =P— Dy =D

Cancelling dynamical phase, if

XI+TX2:

0
1+T

(Dd —

S. Filipp, Y. Hasegawa, R. Loidl and H. Rauch, Phys.Rev. A72 (2005) 021602
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[De Chiara and Palma, PRL 91, 090404 (2003)]

0.04;

0.2 0.4 0.6
T [ms]

Variance of geometric phase (54°) tends to 0 for
increasing time of evolution in magnetic field.




_I
P
S

S
ATOMINSTITUT VIENNA

 Ultracold Neutrons and
 Phase Space

'ﬁ'f@ﬂfsfﬁf mation




_ ATOMINSTIT UCN — PST beam tailoring ==

Thermal cloud

cooling
UCN cloud

PST transformation

T :' PST transformed beam
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Klassische Gibbsche Statistik im Phasenraum I

~

dN = w(Z, k)NdZ dk

A
1 __h2? ~
dN = ———=Ne 78T 47 dk
T ek
4
2N
b= —uvp
P h2k?

e 2T dT dk.

i

AN = —
2mvr ki,

Maier-Leibnitz Formel
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g N\
™\, — n(T, = 293.6 K)
1510 N0 n(T, = 50 K) - 200
\ n(T, = 20 K) i
\\ == Gy = n(T,)/n(Ty)

s — Gpgy = N(T3)N(TY)| L 150 .

Q

@C 1.0 1 T \\ G, 31 2.

= ‘ y

)

\ C':'n21




LUMINOSITY

L.(T) = n(T)

2

dVp ®,, v, v ( v?
= exp| —
T

dtdAdQ 27 vi

dVp = dzr dy dz dv, dv, dv,

it = 2
Uy
dA = dxdy

dQ = dv dv

) dv,
v
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rotating

~

linear

dmaz

0o AR wed
MR SO L,
PN |l

y / ‘D v dmin

Example: r =35 cm, v = 13,648 rpm
— v,.= 500 m/s (v=1000 m/s)
d,=4.0A, Ad/d,=6%
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] 3 104
1072 .
1 3
= 10
107"° 3 A
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i = 10
£ 10 . E 8"
] [ )
15 | = 101
107" = 5
- ,/o. -
1046 ‘r“'° ' I ' I ' I ' T 100
0 1000 2000 3000 4000
v (m/s)
QM — nS(T3)

* 7 max{n(T1), n(Ty), n(T3)}
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Phase Echo
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skew symmetric
interferometer

C3 Counts / 3 Minutes

Clothier R., Kaiser H., Werner S.A., Rauch H., Wolwitsch H.,

Phys.Rev.A44 (1991)5357

4000
3000
2000

1000

2000 A

1000

2000
1000
0

2000 H

1000

0

(@) Open Beam

-~

(b) 8mm Bi Sample

& PY SPe stesegttettiag s 209

| " Il - i
M T

(¢) 10mm Ti Sample

& - . - P

I\

+
p

Ll

(d) Bi + Ti Samples

M NN

+ e — -
+ +

-1.0 -0.5 0.0 0.5 1.0

-+ 4
T A T

Phase Rotator Angle a (deq)

N




N

_I
P
S

| [EE ReversibiIity-lrreversibility

ATOMINSTITUT

VIENNA

> Yo
1 2
— N[
>

Source) S (Detector




Eeis Barrier Reflectivity I
ATOMINSTITUT kool

- N

— T+R=1

Fixed L

—’H‘—5Ef > T<1
o Ev, —N____——— &,

Total transmission

I
[
|
|
!
|
I
[
[
[
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(a)

Ry, = (V/2E)?5k2L2 > 0

Fixed V, E

I
|
|
|
|
|
-1
|
|
|

~Y

Total transmission

(b)
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QUANTUM ZENO EFFECT
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a

B. Misra and E.C.G. Sudarshan 1977

Probability of finding the system undecayed:
2 2
P(t) =|ay (1) =|(u|exp(-Ht/ 7|u)
~1—(AH/1)*t? +O(tY) ...

(AH)? = (ulH )~ (u ]’

Measurements: N-times in [0,t]

2 N
2( t
PN(t)=[1—(AH/h) (Ej ]

N > ®

2 t2
=1-(AH/h) N +e—1

\u‘
d ‘\p(t)> = exp(—iHt/ h)‘ u>

d  =ay(®]u)+Zag; (0]d;)
1

a) Spin rotation

1
P, = cos? (—O)L OJ
2v

lo = (Cm+Dnv/og,
(o, = 2ju/B/n)

b) Zeno situation (ideal)
n
(2]
2v
¢t = {lg/n

¢) Zeno situation (real)

n
I,=P, T =P,(1-R)"=P, -1 Yo
2\ 2E
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Set-up at ISIS Spallation Source

Stored neutrons for several back- and forth reflections

A Tawenea : 10 Taveres 16 Traversen

- ~ | aght ‘.." E Ak ' f\\
detector ] N & I8 | -

——_ R Py i -1 A - . :
\ : 7 4 ' | [ SR P P - k. . AR PR PR PR - » oo P Y. I .
- g timwe oF Migh [5] tame of Might [s] time of Might [s]
. — i

. S

4 1 g £ -

< i -

™ o

Improved usage of the available beamtime :
(up to 20 times more efficient)

SO0 —
& VESTA Il
= 300 o (20 min)
E
E
; o0 —|
VESTA @ ISIS E oo Yeerd

2] (36 min)

[~ =

T
66.5 67.0 6.5 68.0 68.5

time of flight [ms]

M.R.Jaekel, E.Jericha, H.Rauch, Nucl.Instr.Meth. A539 (2005) 335
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Quantum Zeno Effect

o o WBLY o ™l
Psyrvival = €Os <—hv> = COS (2]0) P 0

—Neutron Guide Detector

Si-Crystal

incomi:ﬁ
neutron

Static Magnet

flipper current I
A
1o ] feeding 7] release
pulse pulse

Zeno pulses
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 The neutron is an ideal tool for guantum experiments

 Quantum mechanics has been verified illustrating some
of its strange features

 Thereis no natural limit between quantum and classical
world

* Non-locality and contextuality are fundamental laws

 Thereis much more information in a quantum system
than usually extracted

 Unavoidable quantum losses may play an important role
In the understanding of decoherence phenomena
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Magnetic noise fields

Magnetic noise field

20000 —

20000 — 20000 —
8 15000 @
% g 15000 — & 15000 —
) 5 =
§ 10000 —1 E g
< 8 10000 8 10000 -
2 2z =
% y 4 H-Beam R 5 2 \ H-Beam 2
— J A -
E 5000 b\ . ~ A +AB=9G° - o 4 9 5000 — a o - b\ g % 5000 —
oS O O-Beam - = v d AT AB=9G 2o o7 -
o +AB<O o~ O O-Beam ©
0_ T T I T T T T I_ T T T T I T O_ . +AB=9G 0_ T |. :—AB _|9G| T T T
100 0 100 T T I T T T T I T T T T I T T T I ! I I
- -100 0 100 -100 0 100
AD (um) AD (um) AD (um)

M.Baron, H.Rauch, M.Suda (in progress)
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Quantum State Preparation and Measurement
Magnetic Noise Dephasing

Confinement induced phase

Contextuality
Quantum State Tomography and Topological Phases

Unavoidable Losses
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a

Spatial Confinement
(Casimir-Effect)

walls
l i‘ ; i

Decay depends on
Distance

Temporal Confinement
(Zeno-Effect)

3

optical puls

2
—_—
fluorescence
radiation pump laser
1

»apparature® ,»object"

1

Decay depends on
Observation Frequency
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" Proposal by: J.M.Levy-Leblond 1987; D.M.Greenberger 1988 )
> 187 levels Level excitation

> E0= 0.4872 peV g 0.1 L excitation for o = 0.005°

—7 . 1IN | I

100 E go5e 200 300 ...

a=22.1+3.1um

Il

Phase Shift arg(S) [°]

2.0

1.5

1.0

0.5

0.0 -

I I I |
-0.06 -0.04 -0.02 0.00 0.02 0.04 0.06
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Experimental Setup
incoming
beam
' . Dhase
—y o shifter
- /
|||||||||||||||||Mn|||||||[|l|||m| . 1 ; ..
i =
:: 3 perfect silicon|
N L3y L.} 1 interferometer
channe
stack

Calc. A® = 2.50°
Exp. A® = 2.8(4)°

\ 'H'-beam

H.Rauch, H.Lemmel, M.Baron, R.Loidl, oSem O e
Nature 417 (2002) 630
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120x10° =7/ Dmmgtﬁ?m\m%mipﬂﬂ— 10x10°
g g Measured
g | -6 8
= | Interference Pattern
2 60 — ~ 4 e

| | | | |
-300 -200 -100 0 100
AD (um)
— Summary of

6 eam
o , - Hhean Measured Phase
= I Sample in Beam | : Ap=2.29+045 ]
E 2 I Shlfts
g 2 Sample inBeam Il 01 A¢=-3.30+0.54
0l : ! Calc. A® =2.5°

% ' ' Exp. AD = 2.8(4)°

1 2 3 p' °

H.Rauch, H.Lemmel, B.Baron, R.Lemmel; Nature 417 (2002) 630
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phase shift [°] phase shift [°]

phase shift [°]

C:Save:Cycle140:IFM:sereZposthetal.inf

8=2975°
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5 -
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MONOCHROMATOR

Bi SAMPLE

BEAM FROM (& _
SLIT /go/ﬁ
PHASE /
ROTATOR ADDITIONAL
8.3cm MONOCHROMATORS

P2+V2<1 27

Englert's Law

O-DETECTORS
I=A[1+]|[(A)] cos x] LF' D

IF(A)] <1 forA#0 I, m

1L

V<1 V.20 tot e \/, . = 0
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