ExperimentaReportHE810

Hyperfine Interactions in 1*'Dy CompoundsStudied via
the Nuclear Lighthouse Effect

Theaim of this experimentwasthe applicationof the recentlydiscoverednuclear
lighthouseeffect [1,2] to the 25.6-keV resonancef *1Dy. Comparedo previous
experimentsat the resonancesf "Fe [1,2], 1'9Sn [3], 4Sm [4], the challenge
of this experimentwasthe operationof the rotorsat low temperature®y cooling
with a streamof cold nitrogengas. Thiswasnecessaryo inducea magnetigophase
transitionin Dy metalfrom aferromagnetistateto anantiferromagnetistatewith
internalhyperfinefields of up to 600 T. The correspondingjuantumbeatperiods
around100pscanonly beresohedwith a conceptuallynew scatteringechnique.
Thenuclearighthouseeffect opensvery promisingperspectiesin this field.

We have modifiedthe existing rotor designusedin previous studiesfor operation
with cold nitrogengas. In afirst testexperimentwe achieved a stableoperation
for morethanonehourat a temperaturaslow as80 K. Unfortunately all subse-
guentattemptdo operatdherotoratthistemperaturéailedfor reasonshatarenot
completelyclearto date.After coolingdown, therotationwasstablefor afew min-
utesuntil it becameunstableandfinally stopped.During the following attempts
to getbackto stableoperation,onerotor wasdestryed. We got into touchwith
the vendorof the equipmentto solve the problem,but were not successful.The
mostreasonabl@xplanationfor the negative resultis the failure of the bearings
at low temperaturesWe are currentlyworking out to improve thesecomponents
andmake themsuitedfor operationat low temperaturesin addition,a new type
of rotorshasbeendevelopedtogetherwith a new cooling schemethat shouldbe
morereliableatlow temperatures.

Insteadof the originally plannedexperimentwe usedthe remainingtime to inves-
tigatesmall-anglex-ray scattering(SAX) from the rotorsat high photonenepies
upto 60 keV. SAX is the strongessourceof backgroundn experimentusingthe
nuclearlighthouseeffect, preventing measurementat very early times. Due to
its g~* dependencé is expectedthatthis backgrounds significantly reducedat
photonenegiesaround80 keV, sothatisotopeswith decaytimesin the rangeof
a few ns shouldbecomeaccessible This opensthe possiblityto performnuclear
resonanscatteringrom mary rare-earttresonances this enegy range[5]. Our
experimentsconfirmthe expectedg - dependenceAs a result, actvities towards
applicationof the lighthouseeffect to high-enegy resonancebave alreadybeen
initiated[3].
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