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VERIFICATION OF COHERENT SPINOR ROTATION OF FERMIONS ~
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Theperfectcrystalneutroninterferometerwasusedto test thespinor rotationof spin-1/2-systems.Coherently
splitted unpolarizedslow neutronsexposedpartially to a variablemagneticfield showinterferenceoscillations
which areconsistentwith thepredicted4ir-value.

A spinor describingthetransformationof a wavefunction during rotationchangesits signwhenbeingrotated
by anangleof 2ir (1±)’= exp(—ie~/2)I±),a arePauli matrices).As observablesin quantumtheoryarequadratic
in thewave function,the changeof signcannotbedetectedby ordinaryexperiments.Nevertheless,thereexists
somediscussionin theliteratureon the observationof this effect. Thefirst Gedankenexperimentswerepublished
by AharanovandSusskind[1] andby Bernstein[2]. Furthersuggestionsfor an experimentalverificationwith
neutronor electroninterferometersarenoticesin literature [3—5],butup to now no successfulmeasurementof
this effecthasbeendone.

The perfectcrystalneutroninterferometer[6, 7] with two widely separatedcoherentbeams(I, II) gives the
opportunityto verify this effect. For thebeamin forwarddirection(0) behindthe interferometer,thereexists
aphaseshift betweenthe two partialbeamsassoonasa materialwith anindexof refractionn and a thicknessD
is insertedinto beamI. The ratio of thetwo wave functionsis givenaccordingto:

= exp(—ik(n— l)D).

Due to themagneticcouplingof themagneticmoment(ji) of theneutronto a magneticfield (B) (V =

thereexistsa differentindex of refractionfor the two spincomponents:

n~1— V/2E 1 ±mpB/h2k2.

In a magneticfield theneutronsperformthe Larmor-precessionwith a frequencyof: WL = 7B (‘i’ = 2p/J~:
gyromagneticratio of theneutron).The angleof rotationin a magneticfield canbewritten as:

a 7fBdt —(7/v)fBds= (2~m/h2k)fBds.

Separatingthewave functioninto the two spinorcomponents(e.g.,~ = + ~i~) one obtains:
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This equationreflectsthefact that a spinorchangesits signundera 2ir rotation.Calculationof the intensityof
the forward beamof the neutroninterferometerwith a magneticfield in beamI yields:

\ +~I( \ +~II(fl\
2 ,l~ ~

~ ~o~a)+ ~ + ~o’~)~ ~‘~‘~“) _1+cos(a/2)
‘~(°)j+~I(0)++~IJ(0)I2÷I~P~(0)+~(0)I2 2

This intensityoscillationcanbe observed.Forneutronswith a wavelengthof 1.82A, a 2ir rotationrequiresa mag-
netic field which givesfBds= 74.5G cm and a 4ir rotationneedsfBds= 149 G cm,respectively.

Theperfectcrystal interferometer[6, 7] now placedat one guide tube of theHFR-reactorin Grenoble,was
usedto verify the coherentspinorrotation.Unpolarizedneutronswith a wavelengthof 1.82±0.01 A anda beam
crosssectionof 8 X 1 mmwere used.Theyare coherentlysplit into beamsI and II, andexposedto variousmag-
netic fields alongtheir paths(see fig. I). An electromagnetwith a pole gapof 10 mm and a faceof 15 X 15 mm
was used.Themagneticfield alongthewhole flight pathof the neutronsis measuredwith a Hall probegiving

fBds(pathII)/fBds(path I) = 0.30

for thez-component.All othercomponentsare smallerthan 5%of thez-componentin beamI, andsmallerthan
8% alongpath II.

Intensity oscillationsof the 0- andH-beamwere observedwhile varyingthemagneticfield (fig. 2). Themeas-
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100 200 300 400 500.I I I2b 40 ob 8b[rr~]— Fig. 2. Observedintensityoscillationsof the0- andH-beamasa functionof the differenceof the magneticfield actionon
Fig. 1. Sketchof theexperimentalsetup. beamland II (L~fBds= fB~ds(pathI) — fB

2ds (pathII).
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ured periodwas(144±8)G cm, corresponding to a rotation angle of (704 ±3~)deg.Theuncertaintyismainly
caused by the magnetic field determination along path I and H.

The oscillationperiodclearly showsthat the identicalwavefunction is reproducedaftera spinor rotationof
4ir and a —1 occurs for a 2ir rotation.
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