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MAGNETIC RELAXATION OF 3He-BAFTER A LARGE TIPPING PULSE
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A time dependentprecessionfrequencyis observedin 3He-Bafteralargetippingpulse(>104°)in transverseNMR.
Relatingthefrequencyto thetipping anglerevealsthetimedependenceof thelongitudinalmagnetization.A fit of Fomin’s
theoryto the datayieldsthe Leggett—Takagicollision time atvarioustemperatures.

Spin relaxationphenomenain superfluid 3Hehave was detectedby the steepdropof the spin—lattice
gainedconsiderableinterestrecently [1]. Thoughsome relaxationtimeof 3Hebelowthe transitiontempera-
of the observedphenomena[2—6]canbe understood ture.The 3HeNMR coil waslocatedneartheplatinum
quite well in termsof the knownequationsof motion coil andoperatedat Larmorfrequenciesv

0 of 529
describingthedynamicalbehaviorof themagnetiza- kHz and874 kHz. In thesuperfluidspinrelaxation
tion, severalimportantaspectsof spinrelaxationre- was studiedwith tipping pulseswhich typically were
main to beinvestigated.Forexample,asfar aswe in therangebetween130°and140°.Thefree induc-
know a detailedunderstandingof intrinsicspin—orbit tion decaywas recordedwith a transientrecorder.In
relaxationeffectsin the superfluidstateshasnot yet fig. 1 a photographof a signal(actuallytakenfrom a
evolved. In ourpresentwork wehavestudiedlongitu- storagescope)is shown.A beatpatternisobserved
dinal spinrelaxationof bulk 3 by meansof puls- whichwe foundto becausedby a superpositionof a
ed transverseNMR at tipping angleswell above104°. signalat Larmorfrequency,mainly comingfrom re-
Ourdatacanbedescribedby a relaxationlaw which gionsneartheedgesof the

3Hecoil, anda frequency
wasderivedby Fomin [7] as anapproximateanalytical shiftedsignalfrom thecenterof thecoil. Similar sig-
solutionof the Leggett—Takagiequationsof motion. nalswereobservedearlierby otherauthors[31.How-
Fromour datawe thencandeterminethe Leggett— ever,it isalsoevidentfrom fig. 1 that the frequency
Takagicollision time TLT which setsthe timescale shift decreaseswith time.This hasnot beenobserved
for themagnetizationsof thecondensateandthe earlier~‘.

quasi-particlesto comeinto equilibrium [8]. Our re- In theB phaseat tippingangles!3>Oo = arccos(—~)
sultscompareverywell withcalculationsof TLT by 104°thefrequencyshift i~vis givenby the
Einzel [9]. Brinkman—Smithrelation

At a pressureof 18.7 barthe 3Hesamplewascool- 16 2
~~‘/VO r~(V~/~o)(1 +4cosj3), (1)

edbelowthesuperfluidtransitiontemperatureTc by
meansof adiabaticdemagnetizationof 0.25mole of whereVB is the characteristicfrequencyof the B phase
PrNi

5. Temperaturewasmeasuredby meansof a at a given temperatureandpressure.Hence,from the
platinumNMR-thermometerwhich wascalibratedat time dependenceof theshift(as determinedfrom the
Tc andat temperaturesin the vicinity of 50 mK. Tc zero crossingsof thebeatpattern)the relaxationof the
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Fig. 1. Freeinductionsignalaftera128°tipping pulse.Time scaleis 1 ms.

tipping angle(3 canbe inferredas long as(3> 00. A par- I

ticular relaxationlawwhich appliesto our experimental 18.7 bar v
0 r 529 kkz

situationhasrecentlybeenderivedby Fomin [7]. T/TC = 0.920 -

It is calculatedfrom the Leggett—Takagiequations
andis valid in the hydrodynamiclimit (~BTLT~ 1) 6

for strongandhomogeneousmagneticfields(~

dP/dt_K(16v~/l5v~)
2P(P+2)I1P+~)2, (2)

whereP = cos13 — 1, andthe parameterK is related
to theform of energydissipationasdiscussedby
LeggettandTakagi [8], i.e. 2

K = WOTLT[(l — X)IX](xlxo)
(notationof ref. [8] is used).Eq. (2) caneasilybe
integratedandin combinationwith eq.(1) befitted 0 I

to ourdata.Fitting parametersareK andtheinitial 0 0.8 1.6

tippingangles13(0). As canbe seenfrom fig. 2 our TIME I msl
dataare consistentwith eq. (2). Fig. 2. Time dependenceof the frequencyshift aftera 146°

It shouldbementionedthat theanalysisis very pulse. Thesolid line is afit to Fomin’slaw, seeeq. (2).

sensitiveto PB(T/Tc)sincediXv/dt ~ i4 for given (3.
We tooktheHelsinki ~B dataat 18.7 baras tabulatedin expectedthat eq.(2) which predictsrelaxationto ap-
ref. [1] (aboveT = 0.9T~an extrapolationwasused). proach0~asymptotically,will notbe valid theresince
It alsoturns outthat therelativechangeof the fre- relaxationis knownto proceedbelow00 by a mecha-
quencyshift scalesas v~2therebyfavoringsmall nism which is not includedin the Leggett—Takagi
Larmor frequenciesfor observingtherelaxation.We equations.
alsonoticedthat the decayconstantsof the free induc- In fig. 3 our resultsfor KIw~areshownasa func-
tion signalpreventedus from obtainingreliabledata tion of reducedtemperature.Calculationsby Einzel
over a largertimeinterval. Theregioncloseto 104° [9] andWölfle [11] comparewell with our data.
could notbeinvestigatedin this work. It is, however, SomediscrepancyexistsaboveT/TC = 0.9 thereasonof
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I I a consistentpictureof the longitudinal spinrelaxation
at largetipping anglesin bulk superfluid3He-B.

° 529 kHz 18.7 bar
• 874 kHz
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