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'-T]:na distribution of ganuna-radlation emitted in the dem}y of Ce nuelel alined in
or

nsgdyminm ethylsulfate single ctystals has been remessured

temperatures a8 low A3

00162 K and haz been found to be ecvnsiderably more snisotropio than previcusly thought.
The discrepancy ia eaxpleined on the basis of preferential seattering of the plane-polarized
radiation in the Dlewar system. Smilar measwroments with Ce™ nuelei orienfed io &

polarized eerium e:lt'lglﬂulfnt.e crystal have been made,
vlsulinte lattice is deduced 20 A =0.0305 + 0008 em?, and the E2fM1

in the neodymium

The hyperfine conatant for Cet

ratio for the 145-kev gamma ray in Privt g 40088+ l}-ﬂﬂS;

1. Introduction

In order to uss the gamma-ray distribution
(1]* Wig)=1+ZA,{.F, (cos &) from alined or polarized

Ce™ a3 a secondary thermometer in experiments
imvolving beta-ray distributions [2] or heat condue-
tion 1n rare earth ethylsulfate crystala, we have ro-
examined this distribution experimentally. We find
n congiderably greater anisotropy than that reported
by previous investipators [3, 4], and we find that
scattering may offer an explanation for the discrep-
NCY. oreover, wa are able to make an experi-
mental determination of the hyperfine constants for
cerium isotopes in concentrated ncodymium ethyl-
sulfate. Experiments with Ce™ in concentrated
corium ethylsulfate show that this system can pro-
duce almost total alinement when a small mognetic
field is applied,

2. Experimenial Procedure
2.1, General

The Ce't! used in this investipation was fission-
product material which econtained Ce'* and Pr' as
impurities. Conversion electron aspectre cbsarved
with a thick-lens heta-ray spectrometer were used,
together with data on the conversion coaffictenta [3],
to find the ¢ontribution of the 134-kev Co gamma-
ray to the experimental spectrum of the 145-kev
gamma-ray of Ce'!,

Approximately 1 microcurie of the activity was
grown into each of four singla erystals, each weighing
2 to 3 g. Two crystals contained only nesdymium
ethylsulfate and the activity. In another, 1 percent
of the neodymium wae replaced by atahle cerium.
The fourth erystal was concentrated carium ethyl-
su]faze:l. An jnactive layer was grown around each
cryatal,

I{Elt.hnugh the experimental procedure used with
the ceriuvm ethylaulfate crystal was somewhat dif-
ferent from that used with the other specimens, the
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gamma-ray detectors and the counting procedures
were the same in each case. Three gamma-ray de-
tectors, usually utilizing 2 in. long by 2 in. dism Nal
cylinders, were mounted in & horizentsl srray into
which the Dewar nssernbly was swung alter adiabatic
demagnetization of the specimen. Each detector
was monitored by a single-chennel pulse height ana-
lyzer, whose output was awitched % 1 min intervals
rom one to another of & pair of scalers. The output
of ona detector was also recorded by o 100-channel
pulze height analyzer dyring the orientution period.
After 2 counting time of from 2 to 10 min, the sample
was warmed to the helium bath temperature in order
to take a similar sampling of the isotropic radiation
for normalization. The ratie of the “cold” to “‘warm?”
counting rates was then corrested for background,
attermation doe to the finite solid angle subtended by
the detector, and the gamme ray impurity.

2.2, Necdymium Ethylauvifate Host Crystals

The eryogenic apparatus uvsed {or the threo na-
odymiuom ethylsulfate mﬁst&ls has been deseribed in
detail by de Klerk and Hudson [6]; & useful modifi-

cation has becn the usc of He* exc & gas, i.e. ghg
introduced to provide thermul contact betwaen %he
sample and the pymped He! bath during the magnet-
ization portion of the cycle. Pumping off the He?

produvced thermal isolation for demagnetization
in approximaiely 3 min, an order of magnitude im-
provement over the use of Het. Each erysial was
mounted with the e-axs horizontal In order that the
horizontal 22-kilogauss field could be applied for
maxitnum eooling effect. The data of Meyer (7] were
used bo dedires the temperatures reached for the vari-
ous values of magnetic fielld and bath tempersture;
in these Tuns, the final temperaturs varied between
0.1 °K and 0.016 “E. In genersl, two of the gamma-
tay detectors were placed to receive radiation emitted
parallel to the e-axis, and the third samnpled radiation
emitted perpendicular to thia slinement sxs. Warm-
ing of the epecimen could be detected by change in
the gamma-rsy counting rate and by change in the
parsmagnetic susceptibility; there waa, however, no
systematic varintion in the gamma-ray data during
eny counting period, Furthermore, the initial rate
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of warming from the lowcat temperatures was diffi-
cult to assezs by the mutual inductance bridge, since
the perpendicular susceptibility appeared to change
very little below 0,020 °K. For higher initia] temper-
atures, the change in temperatura during the “cold”
counting period varied from about 5 percent at 0.026
°K to a.%out. 10 percent at ¢.100 °K.

2.3, Coerium Ethylsulfats Host Crystals

The experimental arrangement in this ense was dic-
tated by the observation of Johneon and Meyer [5],
indicaiive of sn antiferromagnetic transition, that
the sdiabatic demagnetisation process results in a
minimum temperature of & cerium ethylsulfate speci-
men when the high initind field is reduced to 500 to
600 gauss, rather than to zero field. For an initisl
field of 22 kilogauss applied along the crystalline
c-axis and s parallcl rﬂmgunl field of 550 gauss, the
final specitnen tempernture is calenlated to be within
the range 0.003 to 0.010 °K.  In order to achieve opti-
muth gemma-ray counting conditions in the present
experiment, thiz residual fleld was BEEPHEd by & &u-
pereonducting solenoid immersed in the helium bath.
Thiz coil consisted of 1,850 turns of 0.003 in. diam
formvar-coated niobium wire, wound in two layers
on the glass wall of the inner space of o light-guide

ostat designed for beta-ray distribution studies
@], Since this solenoid produced s wertical field of
no more than 1,700 pauss, it was necessary to nse the
larga hl}rizonta.l—ﬁelg magnet for the initisl field. In
order to apply each field, n turn, along the eryatalling
c-8xi3, advantage was taken of the highly anisotropic
g-values of cerium ethylsullate [10]. ]’E.[‘he saanple was
suspended by a nylon thread passing horizentally
through the crystal elightly above ite center of gravity
s0 that with zero ap edy field the ¢-axis was main-
tained vertical. Application of the 22.kilogauss field
rotated the sample until the e-axis was horizontal.
Upon demagnetization the crystal returned to the
gero-ficld pesition, and it remained there when the
solenoid was energized. ‘The assembly was X-rayad
nunder each of the above conditions to verify that the
correct position was achieved.

As before, the gamma-ray counters were placed in
& horizontal plave, which in thiz case sorresponded Lo
#=90° for each, Conirary io the observaiions with
the ncodymium ethylaulfate samples, the gamma-ray
counting rate changed noticesbly during euecoeding
1-min periods, necessitating an axtrapolstion of the
“gold” counting rate to the ime of demagmetization,
approximately 1 min beferc the start of counting,

3. Resulis

The angular dependence of the gamma-ray inten-
sity from cerium-141 alined in neodymium cthg*l-
sulfate was measured at approximately 0.0162 °K
Fnd found to he satisfactorily represented by the
unction

Wis)=1+41{0.2051 0.010) Py{cos )
+ {0.008 £ 0.018) F((cos )

where # denotes the angle between the axis of aline-
ment. {in this case the crystalling ¢-axis) and the
direction of gamma-ray emission. The cocfficient of
P, feos @) relative to that of P;{cos ) can be caleulated
approzimately, given an estimate of f; thiy ratio,
A%&Mdg, is caleulated to be 0.024.

be temperature dependence of W{0°) for the
neddyminm ethylsuliate cryztals iz shown in figure 1.
The date taken with the 1 percent cerium crystal
could not be distingnished from that taken with the
two essentially pure neodymium ethylsulfate crystals,
and therefore 1t 18 also included in figure 1. The
error flags denote the standard deviation of the mean
of & number of 5 to 10 mio counts st & given temper-
ature, Chverasll, some one hundred such counts were
made on the three samples, Corrections for detactor
solid le, background, and cerium-144 impurity
amounted to an aversge of 10 pereent of Ayfs. The
temperature scale was derived from the data of
H. Mayer [7] for & magoetic field applied parallel to
the crystalline ¢-axis.

The datsa of Cacho et al., [3] were taken with low
specific activity cerium-141, so that the sample
correzponded almost exactly with the present 1
pereent. cerium crystal. Since A.f; wae plotted by
them aa a fanction of 1/T*, approximate corrections
for the nonspherical shape Dfp the specimen and for
Mayer’s J-T* (aphere) relation have been made.
The adjusted data, shown m figure I, are in agreement
with similar corrections made by Securlock [11].
The trianpular point in figure 1 represente the value
of A, caleulated from the experimenta of Ambler
Hudson, ond Teminer [4], using planar alinement o
cerium-141 in cerium magnesinim nittate, multiplied
by the f; deduced from the prescot experiments for
tl{e temperattrg 001686 °K.

An interesting feature of the gamma-ray distribu-
tion was the change in W{# with decrensing energy
of the detected photon.  The spectrum measured at
0.016 K and an isotropic comprbtison spectrum
taken 1 K wre shown in e 2 W) was
1.20540.010 for photon energies between approxi-
mately 140 and 170 kev; betwesn 140 and 125 kev,
however, the intensity decreased uniformly until at
115 kev it reached s minimum value of 0.8010.04.
Clorrespondingly, W{30°) wus 0.9040.01 st the
photopeak energy, rizing to a maximum of 1.1040.05
at approximately 115 kev, This reversal in the
enieotropy at lower energies was demonstrated io be
& seattering phenomenon by the use of a collimating
svatem consisiing of a 1 cm hele in & gold fedl sur-
rouading the vacoum jacket and tin-lined lead cones
which were placed in front of the detector crystals.
Multichannel analysis of the photon spectrum vnder
thesa conditions ehowed no raversal of the anisot-
ropy around 115 kev. It should be pointed out
that most of the data shown in figure 1 were taken
with single-channel analyzers and that, to avoid the
attenuation due to this scattering aﬁ'ect, the dis-
criminator thresholds were set at about 135 kev.
This scloetion made the counting rate scnsitive to
gmall ghifis in the pulse heiﬁht, ar iz evidenced by
the relatively large standard deviations shown on the
data of figure 1.
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The results of the cerium ethylsulfate experimests
are illustrated in figure 3, in which the experi-
mantal A.f; is plotted against applied field. The
muximum valoe of A.f; is 3een io be about 0.3254
0.03. The corresponding magnitude of A cann be
eatimated, assuming the hyperfine interaction to be
similar to that deduced for necdymium ethylsulfute
83 the host lattice, to he nearly 0.571, the value
characteristic of complete slinement. The fact
that #:50.571 allows a lower limit of 0.508 to be
placed on ;. This limit A» was used in the analysis
of the needymium ethylsuifate data that follows,

4, DHgcussion

The change in sign of the experimental anisotropy
at enargies bolow about 130 kev can be aceounied {or
by noting that the gamuna-rays emitted from the
alined eerium-141 are plane-polarized, and consider-
ing the effect of this pelarization on subsequent
scattering of the photons from the vacuum jacket
and the %ewnr walls {see fig. 4. With a typieal
{uncollimated) counting geometry the radiation de-

DEWAR SY5TER I !

Froure 4. Schemalic diagrom dﬂf aourca, Dewwar syaies, and
detector placed af f=0%,
{Radiallion emittad ju the 0=f)® dimebion aoed ssttared Ly the Dewar
tbprugh an gnple of F cun Implnge on the |mester debectac, mm
;:amnj': ?! Il’l'ﬂ"fand W0®) ara those ot ved ot =l 018 °K ki tbe codimated
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fined as N [12], taking the scattering medium as tha
Dewar system, eould impinge direetly upon tha de-
tector pleced a:]tmg the axis of alinement. A photon
beam of 145 kev must he scattered through 907 in
order to bad dad to wn average energy of 115 kav
according 10 the simple Klein-Nishina relation [13];
thus, without ¢onsidering polarization of tha gamme-
rays, the ratio of “cold™ to ' warm™ counting rates
meagured at 115 kev energy i3 seen to be less than
unity. The ({coldfwarm} counting rate for ihe
scattered beam identified as &) in fipure 4 would in
fact be .99, but taking account of the detector
solid angle and en regolution raises this ratio to
about .94, Onecan meleda the affect of preferentinl
seattering of the radiation emitted at 8=<90° dua to
it plane-polarized nature by use of the measurement
of NJ_H\}:O:LE:-S at T=0.025 °K [3]. In this case
the value of N}, normalized to unity for isotropie,
unpolarized mdiation, is 0.78 [12]. This is in agree-
ment with the experimentsl measurement nt that
enprgy. Ii iz seen that for Jnhotuns loging more or
loss energy than those included in A, the normal-
ized intensity would be nesrer unity, agsin in accord
with experiment. A similsr argument holds for
mesgurements made with the gamma-ray detector
placad to receive radiation emitted perpendicular to
the ¢-axia

The scattering phenomenon takes on particular
significance in the present experiment because the
small energy loss in 907 zenttering places the “re-
verse aniaotropy’ region adjacent to tha en
region of interest. Inclusion of some or all of this
scattered radiation can be shown by multichannel
snalysis to reduce the measured value of A f; by a
factor as high as 0.55. The discrepancy beiween the
present data and that of the previous investigptors
{3] ia of just this mapnitude, and may in fact le in
the various gumma-ray pulse hexght analyzer settings.
It might be pointed out that no sttenuation factor
for imperfections in the crystal lattice has heen taken
account of in the analysis of the present data. As
was obaerved bafore, the prezenee of 1 percent cerium
in the neodymium ethylsuliate erystal was found to
havs no measurable effect on the alinement results.

From the data taken with the cerium ethylanlfate
eryetal, (Asfolus—=032+£0.03. Since f=0.571 for
complete alinement, A, 0.30/0.57=052. Assumin
tha zero-field Hamijtonian in pecdymium athyl-
sulfate #=A9. -+ B(S 14 5L1HC8.T., where
T, ia the totsl spin component of the two newrest
neighbor cerium tons [14] and where B~0.05 A, the
energy levels and consequently the parameter f(T)
of the system can be calcolated. From a comparison
of the caleulated temperature d?_%endence of f; for
for wvarious values of the hyperfine parameter A
with the experimental Asf: curve, taken with the
limit on Ay deduced from the eerium sihylsullate
data, the hyperfine constant A=10.0305+ 0.003 cm™".
If one assumes that A=(constant} uy/I, then using
the value of the nuclear magnetic moment of Ca™
determined by Kedzie et al., [15] corrected by use
of the more aceurate value of <r~? 2> due to Judd and
Lindgren [16], cne obtains the value 0.091 +0.01 for
the constani. The constant thus calenlated is

somewhat larger than the value caiculated by Haa
et al,, {17] on the basis of the theory of Elliott an
Stevenas, [18] for cerium ethylsulfate.

The walue of f; caleulatad at T~0.0162 °K iz
0.414 1L0.025; this number, taken with the expen-
mental A, f; at the same temperature yields for A,
the value 0.49540.03. The calculated temperature
dependence of 4,7 lor A:=0.4%5 wnd A=0.0305 co—?
is shown in Kpure 1. Taking the attenuating effect
due to the unobserved beta decay to be represented
by the factoer 0.97 [19], we find for the 145 kev
gamma-ray of Pr'! an K2 to M1 mixing ratio [17}
&= -0.06% 4 0.008,

The nuthors wish to acknowledge the helpful
Eugg&stiﬁns of E. Ambler of the Cryogenic Physics

ection.
Kore: Since this Eaper was prepared, data on the
pamma-ray distribution [rom Ca  grented in
peodymium ethylsulfate has been noted in the thesis
of J. N. Haneg (UCRL 9872, September 29, 1961
(un}published}j. These data are in close agreement
with the cortesponding data of the present authors.
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