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To be published in the Proceedings of the VIIth Internationsl Coaference
an Lowv Temperature Physcics

@ Ruclear Spin Thermometry and Pulaxation Below 1°K)

t"'
@n ( Froidevaux,

E. L. Hahn and R. Walstedt,

Fhysics Department, University of California, Berkeley 4, California

The need for & nev téchnique vhich provides clear measurements
of thermodynamic temperatures below 1°¢ has been motivated by the
muclear coaling experiments on copper of Kurti and his cqllabore.t:rs.l
The limited temperature range of applicability and the laborious cali-
brétion procedures aasociated with temperature measurements in terms
of electrical resistance or the varamagnetiam of magnetically ccoled
salts are well lmoim. Kurt! and his collaborstors bave demonstrated,
by mutual inductance methods, that muclear spin susceptibilities in
the 1079.107° % spin-temperature rarge can be measured. Above this
temperature range, however, there is insufficient sensitivity for
practical measurement by their method. DBecause the total susceptibility
is measured, there exists also the poesibility that electronic p:.a-
magnetic impurities may contribute to the measurements. A pulsed
nuclear free-precession type of experiment is reported bere, vhich
avoids the above limitations by measuring dirsctly the nuclear magnet-
ism due to known nmuclear spins, at thermal equilibrium among themselves,

in various metals over a wide range of spin temperatures. The muclear
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spins in metals may or may not be in thermal equilibrfium with the
electrons, vhich serve as the important lattice degrees of freedam at
very lov temperatures. Measurcuents of nuclear signal amplitudss pro-
pertionel to the nuclear magnetization Mz’ &nd spin-lattice relaxation
times '1‘1, permit severate measurements respectively of the nuclear
epin temperature 'I"n and the electron or lattice temperature 'I’&.

Folloving the process of adiebatic demagnetization, a sample
of many metallic wires (~1/20 mi diameter vire size) embeddsd in a
paramagnetic salt acquires aa earilibrium temperature of the order of
0.0lol( in our exweridents. The pulse technique injects a contralled
minimum ¢f heat into the system by the use of small magnetic fields;
80 that the sarrle 16 not varmed appreciably above the temperatur.s
achievad by dewagtetization.

Escenticls of the pulce method® ers indizated in Fig. 1. A small
macnetis field HO providss a z axis about vhich free Hrecessiom of L&
takes place at frequency W = 7H,, where 7 is the gyromagretiz ratio:
At t = 0 a haif sine vave of mametic fisld }i( t) alceg the y axis is
turned on by iaitiating the discharge of a capacitance thrceugh an
indyctive coil oriented along the y axis. Assuming for simplizity
that Hl(t) is a constant field in the short pulse time interval
0Osts tp 16t N precess about the po + gl field for a time t =
/(7 \/%: >+ B°). At t =t the maximum camponent of megnetization
Mxy = ﬁz sin 26 appears in the xy plane, vhere 8 = tan"l(i’l/Ho)-

For t 2 ¢ » Mxy precesses freely about H ) and decays roughly in a

time T, determined by spin-spin interactions (see Fiz. 2). The



muclear sigaal due to M’Q’ 18 induced along the x axis in aa untufied
receiver coil consisiiug of 700 turns of musber 40 mesganin vire,
vhich 1s connected to & wide-tand amplifier.

AvilLough the largest signal is obtained for 171 n Ho, it is
desirable to let Hl << Ho end tip I-lz through a small angle 8. It 18
then poséible t6 measure signal arplitudes following succesgive pulses.
in che ¢obling eiPeriment, and therefore measure 'I‘l. Al8qQ overheating
of the vire samle is avoided by Ziaim!zing inluced eddy currents.

At ~he tewperature of J.OK, wlere Tn - '2&, and '113/ is neesurzd by
éénventional methods, the nuclear eighiel Mxy « Z}./E_,l‘n ¢un be ealibro.ed
and referred to Mxy signals vhich measure t@peratzres Tn less than

5

1¢. The averese of tne relaxation times of Cu’ >’ spins in tre Ty

téaperature ranje of 0.02% to 1..0°K obeys the Kerriaga .l.a.w3 T].T& =
1.12%K eec. This conforms with the reswit found by Kurti end Hfo‘cden,k
that the electrcn temperature "i‘,& does rot follovw Tn upon achieving

'T‘n < T‘L follewing a second stage of nucleer doingnetizatica. Relawas
ticn measuremerts in 1\.’2.23 xzetel (Mg. 2) at T 0.02K giva ‘1‘1'1‘{3’ =
h.5K sec at kigh fields, in agreement with the data of Ardsrscn and
Redfield 2 Hovever, the dapendence of T, Tp, for sodiwm at lover fields
15 Dot in agresment vith their results st 1.1°¢, vhile the saze data
for coprer does agrees The sodium metal, dispersed in oll, was
successfully cooled by contect with a bundle of copper wires which

is mainiained at 0.02°K by the paremagnetic salt. Measureasnts of
platimm signals (Pt™9%) fram the vire bundle in the vicinity of Ty =

0.% gives T1T£ = 6.9 X J_.O’2 % se2, which contrasts with values of




1.64 x 10" %K sec (at Ty = 76%) and 2.25 x 102 % gec (at Ty =
300°K) measured by Rowlm‘ad6 using the saturation rescnence method.
Relaxaticn messurements on platinum, sodium, end other metals are

baing continued; including also measurements of the Knight shift.
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FIGURE LEGENDS

Fig. 1. Precessicn of masnetizetion, M, about resultant field

};Io + 'gl, producing an Mxy canponent in the Xy plane.

Fig. 2. Oscilloscope trace, showing free induction decay
oscillations ef Na23 metal povder in Ho a 22 geuss, vith 'i‘& = 2%
and total time of trace & 900 psec. Clearly deionstrated is a fields=
independent beat structure due to dipolar interacticns among the Ne

nuclei.

Fig. 3: Curves showing nmuclear spin témperature Tn as a functich
of time after nucleer demagnetization of N3 frominitial field and
temperature of 6000 causs and .CEOK respectively. '1‘1'3 are camputed

from the slopes of thsse curves.
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