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ABSTRACT

Nuclel of Aglou and Agllom were polarized at temperatures be-
tween 0.01050 K and 0.970 X, employing the large hyperfine magnetic
fields induced at the nuclel éf sllver atoms dissolved in iron and in
nickel. The temperature and angular dependences of <y-ray angular
distributions were used to determine the magnitudes of the hyperfine
structure constants. Nonconservation of parity in beta decay was
used to determine the signs of the intgrnal fields, using germanium
detectors to count positrons from Aglobr and electrons from Agllom.
The hyperfine fields were‘found to be negative in both iron and nickel.
Analysis of the ~y-ray data on one-hour AglolL yielded approximate values
for the internal fields: Hi(Ag in Fe) = - 350 % 100 k%aqgs,‘ﬂi(Ag in Ni)
= - 108 % 30 kgauss. Cobalt-60'y-ray thermometry was used, and thé
problems of thermometry at 0.01° X are discussed. |

Nuclear spins of four levels in Cdllo were determined un-
ambigously, cénfirming earlier work, which was re;interpreted where
necessery. The energy levels (spins) are 2162 keV (3+), 2219 keV (b+),
2479 keV (6+), 2926 (5+). The 1384 keV v ray in ca™© wes found to be
(91.7 + 2.8)% magnetic dipole and (8.3 * 2.8)%Ielectric quadrupole. The
1505 keV -y ray was (78.9.% L.8)% magnetic dipole and (21.1 * 4.8)%
electric quadrupole. Aﬁ‘approximate value of‘+ 2.9 £ 1.3 nm was deter-

mined for the nuclear moment of AgliOm,
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I. INTRODUCTION

Since the‘discoVery by Samoilov; Sklyarevskii, and Stepanovl
that large hyperfine magnetic fields are induced at nuclei of atoms
‘dissolved in iron, several such fields have been measured. No éuan-
titative theory for these iﬁduced fields exists; in fact even an un-
ambiguous éualitative understanding is not présently available. It
.seéms importaht, therefore, to make systematic_measurements of induced
fields at nuclei of various elements throughout the periodic taﬁle, with
emphasis on those systems that are most accessible to theoretical study.
With this aim we have performed nuclear orientation experiments on silver
atoms in iron and nickel lattices. This study complements measurements

I
2,3 and gold. »2

on the other group IB metals, copper
The theory and applicability of-the technique are discussed in

Section II. The apparatus is described in Section III. Section IV

deals with the important subject of thermometry. In Section V nuclear

results are derived, and in Section VI the induced magnetic fields at

Ag nuclel in Fe and Ni are deduced.

II. THEORY OF THE MEASUREMENTS
The general theory of nuclear orientation has been formulated
by severa;vauthors.6_8 Only those parts of the theory:thatAare ap-
plicable to the polarization of nuclei in ferromegnets are summarized
'here.‘
Polarization of nuclei in a ferromagnet arises through inter-
action of the nuclear magnetic dipole moment,?ﬁi_yith"avhyperfine

magnetic field, E;. ‘'The sense and direction of ﬁ; are fixed in space
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by a small polarizing field, E;, applied externally. The orders of

magnitude of ﬁi and. ﬁe are 10° 5

-106”gausé ahd'lO gauss, respectively.
Thus ﬁ; establishes a quantization axlis along the resultant fieid,'
= H, + E '. Here E ' is the external field modified in the usual

| way by the Lorentz field and the demagnetizing field. It is important
to note that ﬁ; need not be parallel‘or antiparallel to ﬁ;.

The Hamiltonian governing orientation of the spin system is
—_ . ’ . .
3:{_ = "H' . ﬁr T - gBNIVI HI' . . (l)

Here g is the nuclear'g-factor, BN is the nuclear magneton, and M
is the component of nucleér spin along the quantization axis. . At
~equilibrium the spins are distributed according to the statistical

population function

Ww(M) = 77t

exp (-gByMH_/XT) (@

where Z is the partition function. Substantial nuclear orientation

~

occurs when gBNHr/kT is of the order of unity or larger. For g = 1

7

this requires that Hr/T be 2.8 x 10 gauss/degree. Thus temperatures

of the order <:):E"»lO_2 degrees Kelvin are pequifed for orientation even
in most of the large internal filelds avallable in ferromagnets}9

The degree of orientation is most conveniently'.given by .the usual

statistical '{;ensors8

B, = (er +1)Y/2 Z IM o(rmgMm) wn) (3)

m
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and the angular distribution of radiation following the decay of oriented

nuclel can be written

N o , _ o
w(e) = ; : UF P (cosB) . - (k)
) Bk .
X =0
Here © 1s the angle between the propagation direction of the radiation

and the quantization axis. The fuhctions Uk and ¥, are discussed by

k
Blin-S5toyle and Grace.8 Angular momentum triangle conditions set an
upper limit N on the rank of nonvanishing tensors. For the work dis-
cussed here no radlation gquanta carried more than two units of angular
momentum from the nucleus; therefore A was 4. Because parity is con-
served in electromagnétic interactions, only tﬁe K = 0,2,4 terms contrib-
uted to the angular distribution of gamma radiation. Parity is not
conserved in beta decay, and the k = 0,1 terms were important in the
angular distribuﬁions of beta particles. Higher .k. gave no contributions.

10

to the beta-particle distributions from AgloLL “and Agl m becauselo the

transitions were allowed. ™
A bareful determination of the temperature dependencg of B2U2Fé,
together with knowledge of USRS yields BQ(T) directly. By combining
BQ(T) with Egs. (2) and (3), one obtains [uHrI. From eray.direqtional
distributions alone one cannot obtain the”sigﬁ of‘this product, because
there are no odd k terms in Eg. (4). (7-ray,éi£culaf polarization
measurements do yield the sign;) If enough is.known about the observed

beta transition, g determination of the sign of the "forward-backward"

beta asymmetry. yields the sign of the uHr product. For a pure Gamow-

‘

6,8

distribution is given by
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we,e®) =1t Y2 (D 5 cos 0 (5)

For Al = 0 and a Gamow-Teller transition, the distribution 1s given by

1 l/2.'v |
ET(T:TT}M (E) B, cos 6 . (6)

+
W(B,e”) =1 ¢

Tn both (5) and (6) v is the electron velocity and 6 1s teken as

zero in the positive sense along the quantization axis.

III. APPARATUS

It seems ve?y préﬁable that the orientation, by induced hyper-
fine fields, of nuclel of atoms dissolved in iron and .other magnetic
léttices will be exploited considerably in thevnear future. The cryogenic
techniques required for these experiments are somewhat demanding and not
generally known. Several features of our apparatus, inclﬁding‘its ability
to cool radioactive specimens to 0.01050 K and to keep them in this tem-
perature range for hours, are uniqué. Thus we describe the essential
poihts of this appafatus below.

The helium bath could be pumped to 0.97O K by the use of a
1250 CFM mechanical booster pump. At this temperature the equilibrium
adsorption pressure of Heh‘heat-exchange gas 1s very lbw and a cryostat
" pressure of lO-6 mn Hg céuld be obtained by only a few minutes of pumping.
The cryostat was made of glass to facilitate inductance méasurements and
to provide a clean surfgce; it was joinéd to the vacuum system by a
Housekeeper‘seal and soft solder. Care was taken to maké the entire
exchange-gas vacuum sysﬁemhgqulean as possible, using welded stainless-

steel tubing wherever feasible: ' - e
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The iron-alloy sample, of ap@rdximate dimensions 4 mm x 2 mm x 0.1 mm,
was soft-soldered.to a laminated fin assembly consisting of 25 pieces of

0.005" Cu foil, silver-soldered together at the top. The foils were cub

with a protrusion to support the sample at the top end; the bottom end of

each foil made contact with a "chrome élum-glycerine"_slurry. The slurry
was prepared by stirring powdered chromium potassium sulfate with a 1:1

by volume mixture of a saturated agueous solution of chromium potassium

sulfate and glyceriner The usual proportions were 12 g. of salt to 5 g.

of 1:1 mixture, but ﬁhe consistency 6f the slurry determined the exact
composition in each case.  The slurry was carefully spread onto both
sides of each fin and the assembly was placed into a glass containef
which was in turn suspendéd by spring-locaded nylon threads in the cryo-
stat vacuum space. The pfotrusion holding the sample was inserted into
(but dia not touch) a 3/8" long by 1/2" 0.D. by 3/8" I.D. ‘niobium metal
tube. At ld K this superconducting tube trapped over 2000 gauss during
the demagnetizétion, thus polarizing the sample. The total contact area
of copper fins and slurry was 800 cmg, and new slurry was madé for each

run.

IV. THERMOMETRY
Thermometry in ﬁhe 10-2 © X temperature range 1ls in a very

" for paramagnetic

primifive state. Most "magnetic temperature_scgies
salts yield absolute‘temperatures with quoted accurécies of only about
lO%, and various evidence obtained by nuclearborientation measurements
in this laboratory‘indicates fhat these estimated erfors are by no
means too large. .Thus, while a T-T* correlation for chrome alum is

avallable, it would be very unattractive to base quantitative results

on this correlation.
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There are additional objections against using only magnetic

thermometry. Thermal equilibrium between eample and slurry is not pos- .

©

sible because an apprec1able fraction of the total heat leak (1nclud1ng

radioactive” heatlng) comes in through the sample and fin assembly
The shape of the paramagnetic slurry, partitioned by the copper fins,
was such as to preclude an exact demagnetization-factor correction.
Finally the instability of chrome alum itself casts dohbt on magnetic
thermometry employing it.

wé elected to measure temperatures "internally" by incorporating
Co6o into the sample and using the angular distributions of the 1. 175
and 1. 553 MeV <y rays following the decay of oriented Co6 to.determlne
the temperature.‘ This procedure is thermodynamlcally 1mperfect in the
sense of not being completely empiricaln It is, however, valid'to the
extent that the Hamiltonian governing the orientaﬁron of Co60 nuclei

~in iron is known. This Hamiltonian has the form of Eq. (1), with'Hi

= - 289.7 lrcgau'ss,l-2 and He = + 2.3 kgauss. The nuclear moment of Co60

has the value + 3.80 nm..15 The absolute temperatﬁre,is contained'im-
plicitly in the formalism of Section II.
' 14-16-
Gamma-ray thermometry has been used before, ~usually to
compare nuclear moments. It should be emphasized that such a comparison

is possible only 1f the temperature of the specimen 1s homogeneous and

if the spin Hamiltonian of the "standard" isotope and the form of the

]
f .4

SPin Hamiltonian of the isotope to be investigated are known.

If the appropriate criteria have been met, we bellieve. that it ‘
is both theoretically valid and experimentally feasible to use nuclear
orientation to establish a primary temperature scale in the 0.0lo-K

range, with an absolute accuracy as high as l%. This applies both to
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experiments of the type reﬁorted here and to ionic crystals, and it would
constitute a tenfold improvement over the best accuracy presently available.
Figure 1 shows a "warming curve" for a well-insulated chrome alum

‘slurry and fin aésembly. The susceptibility maximum accompanyihg the
Curie point of chrome alum (at 0.0115° K)l7 is clearly visible, and it
comes one hour after demagnetization. In the experiments reported here

“this type of warming curvé served as a criterion of good apparatus
performance.

Temperatures obtained from the 0060 vy-ray thermometer and the
magnetic thermometer are compared in Fig. 2. ‘The.Co6Q»y-ray intensity
-for' the run £hat was used'in Fig. 1 and that appeared in Figf 2is v .
3plotted-againstvtime in Fig. 5. The lowest <y-ray temperature;was,QtOlQio X,
-substantiallyvﬁelow the accepted Curie point of 6.01150 K. However, the
sample temperature was O.Oll5O-K_fifty.minutes after demagnetizatipn, when
the salt in the slurry was at the susceptibility maximum. If the salt
ahd sample were in thermal equilibrium at this pdint, this agreement
-would support the established Curie point. We can say witﬁ confidence
that the Curie point of chrome aium is no higher than 0.011_15(> X.

In the early stages of this work a value of.-80_kgaus; for the
internal field of Co in Ni was used and the nickel data did not agree
with the iron data. The Co in Ni thermometer conslstently sqggestgd
- that temperatures in the 1/T % 120 range were béing reachedr;_Theg;8O
kgauss internalgfield»had been obtained by a:rather Questionable_extrap-
»olation of heat capacity data. 18, _After meny- experiments had established
ourgconfidence_in'the,Co6O thermometer, ‘we abandoned this internal field

L.

cvalue in favor of a value of -120 kgauss which we determined-and-were

19

prepared to report. An NMR measurement then became available,
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Hi = - 112.7 kgausé at 27.ho C. This may be corrected tb -123% kgauss

at Oo X, in very good agreement with our result.

V. NUCLEAR RESULTS

The energy-level scheme of Cd;lo, as deauced-from.the decay of

110m
g

A , is shown in Fig. 4. Most of the information given there was

taken from electron and <y-ray spectroscopy measurements and angular

11,20-26 The nuclear orientation

correlation work in the litefature.
reéults that we report here serve to éstablish some spins uniquely, to
confirm others, and (especially in conjunction with the angular correla-
tion data) to detefmine‘multipolarity mixtures in mixed M1-E2 transitions.
with good accgfacy;

The approach used in analyzing the data was to determine BQUEF2

(the coefficient of P, in Eq.(h» with high precision for each vy ray,

2
where possible. The spectrum is complex (Fig. 5), and several <y rays
are unresolved. Fortunately the energies and approximate relative

21,2L,26

" intensities are available. The analysis was necessarily im-

plicit, and the B;Uth term, which was always smgll,>was treated as a
correction. Thevbackground correction for iowef energy Yy rays, which
arises largely from Compton scattering of higher-enérgy yvrays, presents
a very difficult problem. One cannot, for example, aséume that thié
backgroﬁnd is isotroplc, as it certainly-isn't. .The anisotropy of
Compton-scattered radiation isn't equal to that of the correspopding
photépéak; either (as it wbuld very nearly be if scattering occurred
only in the Nal cryétal); in fact it may even haVe fhe opposite éign,
27 '

because of the vy ray polarization. An estimate of the experimental

background anisotropy may be obtained from Fig. 6, in which the intensity
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at @ =0. and T = O.Olo K is plotted against photon energy. The

photopeaks that will yield the most reliable anisotropies are those at

. the-highést energies, in this case the 885, 937, 138L, and 1505 keV

beaks.
In Table I the average>values of B2U2F2 for seVeral peaks are
set out. These were obtained by averaging data for each peak from sev-

eral runs for which the reciprocal temperatures were near the average

value of 90 deg.-l. ‘We note that the values of B2U2F2 have relative

preciéions in some cases far better than their absolute accuracies.
Thus the figure l/T = 90 deg.-l is a nominal value, known to no better

than 2%. We discuss the peaks separately below.

The 885-keV peak. This -y fay is known to have E2 multipolarity and has

a well-establiéhed position in the decay scheme. We use it as our in-
ternal standard of'comparison to determine F2's for the other 7y rays
(lea@ing to a 5% correctién‘noted at the end of this section). For the
spin-multipolarity combination 4(E2)2, we have F2(885) = - 0.448. The
U2 for this transition can be calculated from the épins, multipolaritie;,

and relative intensities of preceedirng tranSitions (although this is a

"bootstrap” operation in that: the resﬁlting quantities will be used to

‘determine these spins and multipolarities, Ue'is.a slowly . varying function

of these paramefers, and it is not poSsible; in this case, to converge on
a spurious solution by iteration). By this ﬁfocedure‘we find U2(885)=O.765
+ 0.034. Comparison with Table I yields B2 = + 0795 i.0.0S, The quoté@
error arlses from.uncertainties the temperature scale, bhackground cor-
rections, and the error in the determination of U2(885). At the end of
this Section this B2 will be revised downward by 5% to bring it into

better agreement with other angular distribution data.
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The7658%kevhpeakm_ This peak includes the 620 and 677 keV -y rays as well

- 658-keV <y ray should, from the decay scheme, be + 0.964 * 0.0k1 times

as its main componeﬁt, the 658-keV Y ray.. The value. of BQUQF2 for the

‘that of the 885-keV <y ray. From Table I, the ratio B.U.F. ("658 peek")/

2722 ¥

B2U2F2 (885) is in fact + o.66 ¥ 0.02. This lower ratio must arise from

contributions to the "658 peak" of the 620- and 677-keV <y rays, which
must have values of BU,F, quite different from that of the 658-keV'vy ray.
Detailed analysis gave the limits on BUF, (620) and BU T, (677) that

afe listed in Table I.

The 138L-keV peak. From Table T we find U2F2(i58&)/U2F2(885) - - 2.10

'+ 0.05. For a pure Gamow-Teller transition from the 6+ state in Ag

. periments do not quite overlap, but the .errors quoted for the angular

110m

to ﬁhe 2025-keV level, we have U2 =+ 0.97. A 6+_spinband,parity com-
bination for this level is immediately ruled out by the sign of
32U2F2(1583)._ Thus we flgd

CF,(1384) = + 0.7k £0.05

whére "L" denotes last in a cascade.28 The amplitude mixing ratio,:
6(E2/Ml),Afor_this.céscade ié thué either BL = '10'275,i 0.027 dr

5 = - 2,21 £ 0.15. This }atter pdssibility i1s easily ruled out by the
angular correlafién daté, which are in reasonable agfeemept_forAthe

former value. Actually the quoted error limits for the various ex-

correlation data are too small, considering that little or no cor-
rection was made for interfering radiatidns for which the intensities
were then unknown. The angular correlation results and the values of :

FQF(158h) obtained from the available angular correlation data are

4

-k
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listed, along with the derived values of BF, in Table IT. We note
that by definition’2? &° = .67, 'The data are all consistent with
the 138l keV transition being of (8.3 % 2;8)% dipole and (91.7 * 2.8)%
.quadrupole multipolarity and proceeding from a 5+ state at 2925 keV to

a b+ state at 1542 keV in cattC.

The 1505-keV peak. This peak is complex; it consists. of <y rays at 1476,

1505, and 1561 keV, in relative intensities 5.5:14:1.3. The 1476 and
1561 keV transitions are "stretched" E2 tranéitions between states of
known spins. Thus their angulér distribution coefficients may be
calculated.

Angular correlation data are avallable for two cascades involving
the 1505-keV transition. iaylor and Frishen studied the 764-1505 keV
cascade, finding A, = - 0.1627 % 0.006% and Ay = - 0.0031 ¥ 0.0098.
These results require FEL(1505) =+ 0.79 % 0.03, if ﬁo corrections are
made for competing radiations. This F2 should be revised slightly
upward to account for inclusion of the 1476 keV vy ray in the correlation,
both thﬁough the Thb-1476 cascade and through the 764-687-1476 keV cas-
cade. We cannot assess the corrections accurately because not endugh
information is available, but an estimate may 5e méde f;dﬁ known relative
‘inténsities,‘SPins, and multipolarities. After this correction, we
find FQL(15O5) -+ l.OS‘i 0.06.. After corrections for the angular dis-_
tributions of the 1L76- and 1561-keV vy rays,‘our_nuclear orientation
data give FQL(15O5).= + 1.06 % 0.10, in excellent agreement./

Angular correlation data are also available, for the 1505-658 keV
cascadé, in which the l505-kéV vy ray is first.in cascade. The_Ag's and

derived values for FQF(15O5) afe given in Table III. We conclude that

all the data are consistent only with the 1505-keV transition being a
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(78 9 % h 8)% ML and (21.1 = L, 8)% E2, proceedlng from a 3+ state at

2162 keV to a 2+ state at 658 keV.:

"The 937-keV peak The ratioAU F (937 /U (885>'= 0;957 * 0.031 ieads

to F,(937) = - 0.364 % 0.027, based on F ,(885) = - 0.448, U, (885)

=+ 0.76% % Q.o3h, and U2(2479) = + 0.90 * 0.03. This is slightly lower
than the theoretical F, = - 0.402 for a 6(Q)4 trahsition, but we regard

the agreement as satisfactory. The other spin possibilit& of 5+ fofithe
2479-keV level, would‘require an F2L of -0.20 to be consistent with the

angular correlation data. | | |

The T06-keV peak. A large positive value for'FgL(706) was observed.

An F2L of -0.420 would be required if this transition were 5(Q)3. Thus

the spin of the 2219 keV level is not 3. A spin of 5 would require
that the Thl-keV transition be octupole, and would probably be accom-
"panied by a beta branch from Agllom} Thus we conclude that the 2219-keV

level has spin k.

Thevabove aiguments leéd to the spins iﬁdicated in Fig. U4 for
the upper levels in Cdllo., These assignments ére unambiguous aﬁd élter-
natlve as51gnments would require very different angular dlstributlons as
dlscussed above. At the same time the derived F2 coefflclents for the
thrée transitiéné for which accurate data are available are not in perfect
agreement. 'Using the 885-keV transition as a standard; as we have above,
our derived values for E2(937)_and F2(138h) are; reépectively, 9% and
12% lower then the best values from engular correlation, and thé ?prob-
able error" inter&éls-&on't' quite overlap. The choice of the 885-keV
transition as a standard was somewhat arbitrary, and We'havé therefore .

corrected the emplrlcal s 2F2(885) upward by 5%, ﬁo obtain a most

probable value, for the determination of hyperfine structure constants
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in the next Section. This adjustment, which 1s within the possible
error of the measurements, is entirely éQuivalent to taking the weighted

average of the 885-, 937-, and 138k -keV data.

VI. HYPERFINE STRUCTURE AND INTERNAL FIELDS

(A) Magnitudes of the Hfs Constants for Agr Om

From the above analysis enough was known to obtain quite con-

sistent values of U,F, for the peaks at 658, 885, 1384, and 1505 keV,

especially considering the complexity of the spectrum. Samples.of

Agllom in iron and nickel were run, using Co60 as a thermometer. - Values

of B2(T) were obtained, using Eq. (2-4).:.These are compared with theo-
retical curves in Figs. 7 and 8. Only the absolute values, |uH|, coula

be derived from these data. These values are

10m

2 in Fe)

nm gauss (Agl

[l

. |uH] = (10.0 % 0:07) X 10

110m

Il

|uH| = (3.1 £ 0.4) x 10”nm gauss (Ag in Ni).

‘The solubility of Ag in Fe is reported3ohto bé less than

2 X 10'?%.' These experiments were run with concentrétiqns of 10'5%
and 0.5 X 16_3% to test the possibility that the Ag was imcompletely
dissolved. The results for these two goncentrétions were ldentical,
indicatingAthat the Ag’présent wag all in solution in both’caseé (this
of course implieélnothing about the eduilibrium solubility). beterf
mination of theanUuFu(885) product provides an independént test of
whether the Ag atoms are in the Fe lattice. It is easily shown that,

1f only a fraction of the Agllom nuclel are oriented and contribute to
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BQUEFQ, an anomalously large BuUhFu»will be'dérived from the analysis
(because an erronecusly low hfs conStaﬁt'will'be calculated). The
actual B&U¥F4(885) products indicate no such behavior (Fig. 9), and lend

further support to.our'valuesvfor [qu.

—

(B) sSign of pH for Agllom

- Determination of the sign of uH by ﬁhe:use of parity noncon-

servation in beta decay is a straightforward process if enough is kﬁown

about the beta decay. In the decay of Agllqm only the 530-keV beta

- branch may be conveniently studied. We used germanium beta counters,

31

‘which had been shown by Navarro to glve good resolution‘for”eleCtrons

at 1° K, to study the asymmetry of the 5%0-keV beta branch from po-

larized Agllom.

This beta branch_is almost entirely a Gamow-Teller'tranSition;

Daniel et a1.5? give CVMF/C = 0.05 * 0.04, For a pure 6+ to 6+

AMor
Gamow-Teller transition A- is -1/7, and we may write for the expected

angular distribution of 511l-keV electrons:
W(6) =1 - 0.0775 B (T) cos 8

where O 1is the angle between the polarizing field (vector) and the
direction of the counter (from the source). For Agllom in Fe the vy ray

data yield a hf's constant that implies Bl ~ 1.3 at. the lowest temper-

llom in Ni this figure is B.. ~ O0.7. Thus

1

asymmetrieé of a few percent were expected in eéither case. Asymmetries

atures attainable.ﬁ For Ag

were found, of ~11% in Fe and ~ 6% in Ni. In both cases the upH pro-

duct was found to be negative. Measurements were made at several electron
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energies and for 6 = 0 and 7 1in each case. Neither the energy cal-
ibration nor the scattering properties of the source were of a gquality
to allow a precise'measurement of the asymmetry but its_sign was easily

determined. Typical spectra are shown in Figs. 10 and 11.

33

There 1s 1ndependent evidence from atomic-beam measurements

10m

l .
that the magnetic moment of Ag is large. The largest nuclear

‘moments are always positive (because of the>proton's'orbital contribu-

tion); therefore the most probable Interpretation of the negative pH
products is that | is positive and H negative. Negative internal
fields were expected for these cases. The signs were determined directly

as described below.

: (C) The Hyperfine Structure of Agl,OLL in Iron
After the Agllom measurements were complete we did an experiment

on 69-minute Ag,lol'L in iron to determine the signvof the internal field

3k, 35

+0.2

to be I =5 and ¢ = +M.O_O’lnm.

directly. The spin and moment are known

36

This isomer decays

Pdlou. The angular distribution parameters may be calculated from the

by positron emission to a b+ state at 2270 keV in

decay scheme. The P+ branches to the known ﬁ+ states (Fig. lé) should
be pure Gamow-Teller, and the 920-keV <y ray should be pure E2. The
short lifetime‘ﬁrecluded highly accurate measurements, but we were able
to obtain some iﬁformation about the internal fieldvfrom the experiment.
The Aglou was prepared by a (ﬁ,p) reaction on Pdlou, and the allcy con-
tained 5% Pd. This may affecf the internal fiela at the Ag nuclei;_it

is probable.that the error thus introduced is small compared to other

.errors in the experiment.

The <y-ray spectra for typical "cold" and "warm" counts are

A shown in Fig. 13. A large source of possible error is the background
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correction for the 920 keV vy ray, which coul@ be made only approximately
in view.of the Incomplete knowledgé of fhis decay. We can set extreme
upper and lower limits on the internal field (Fig. 14) as follows:
‘(a) The upper limit. The background under the 920-keV peak cénnot be
more than 43% of the total "warm" intensity, and the best estimate is
28 . If the extreme value of 43% is used; and the corréction is made,
the internal field required to fit the data'varies from 700 kgauss at
O.OBO X to héo kgauss at O.015O K. We thus find that this latter value
1s an upper limit for thé_internal field. An independent check is the:
fact that the sméll BEUAFA coefficient of -0.04 * OLO3.for.this-lowest.temperature-
implies an internal field of 320.¢ 130 kgauss. (b) The lower limit. If no
baékground corrections whdtever are made (or if the background is as~
sumed to have the same angular distribution as the 920-keV peak), the . .
A.fields required to fit the data fall between 300 and 400 kgauss. Taking
into accoﬁnt all the possible sources of error, a field of 250 kgauss‘
~for Ag in Fe seems a conservative lower limit. -
With these limits, we suggest 350 * 100 kgauss as a tentative ‘
value for the mégnitude of the hyperfiﬁe field at Ag.nuclei in Fe. It

110m

follows from the above Ag results that the corresponding value for

Ag in Ni is 117 * 33 kgauss. Because of experimental difficulties the

Agth Y-ray experiments are intriﬁsically of low accuracy. Rather than

v L ' ' , L
trying to lmprove this accuracy slightly by further-experiments,inuAglo_, "

llOm by resonance methods and to

we prefer to determiné the moment of Ag
obtain the interﬁal fields by comparison of this moment with the hfs con- -
stants for Agllom in Fe ahd Ni. Such experiﬁents are underway.

The main purpose ofvthe Ag;ou éxéerimentsﬂwas avsign'determina-“
tion of the hyperfine fieids. This was eaéilyﬂdpne, with the resﬁlts

' : ' + _ .
shown in Fig. 15. For a 5+ (B )4+ transition, the coefficient of cos 6
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in Eq.Qﬂis positive; that is, positrbns are preferentially emitted
along the direction of the angular momentum vectors (i.e., along the

polarization direction) of the parent nuclei. The higher intensity was

‘observed with the small polarizing field at 1800 from the counter direc-

tion. Thus the internal field must have oriented the nuclei antiparallel

to the polarizing field. Since the nuclear moment is positive, it fol-
lows that the internal field was itself antiparallel to the external
field, or negative. The tentative valﬁes for the internal fields now

become

i+

jas
1

= - (350 % 100) kgauss (Ag in Fe),

.
1
H+

- (108 % 30) kgauss (Ag in Ni);

It should be noted ﬁhat the magnitudes of thése fields are based on

nuclear orientation experiments with an isotope of l-hour half-life,
in an iron-palladium alloy. More relisble (and more accurate) values

awalt a determination of the magnetic moment of Agllom.

(D) Inﬁerpretation of the Internal Fields
Ihe intgrhél flelds determinéd h¢r¢ can best be Interpreted
as part of a systeﬁatic discussion 6f induced internal.fields. Such
a discussion appears sep;rately in the following paper. We note here

that the field derived above for Ag in Fe 1s in good agreement with the

 value predictedu 6n the basis of the systematics, H = - koo kgaués.

The quahtitative agreement must not be taken too seriously, because
neither value is very accurate.: Still the sign is negative, as pre-
dicted, and we conclude that the systematic correlation has some

predictive value.
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Table I. Experimental values of B U F for v rays from Ag nuclei
' orlented 1n iron.
Energy,a | latire ‘ ‘
keV ' intensity,  with errors B U ¥, at 0, 111°
in parentheses (errors in parentheses)
Ll ‘ ' 6.4 (0.8) ‘ <0
620 3.9 (0.5) , > - 0.3
658 f 100 N < - 0.215°
617 0@ }> .
687 - o 7 (1) :
706 : 19 (2) >+ 0.30
Thly 6 (2) |
764 2l (2) -~ 0.30 (2)
818 8.5 (1) ' -—--
885 | 76 (4) - 0.32k
937 ' . 33 (2) N - 0.31 (1)
138k R 27 (2) ' "+ 0.680 (10)
1476 . ' 55 (?) N o +.0.480 (6)
1505 1 (1)
1561 1.3 (0.2)

,aFrom Refs. 25 and 26.
Prrom Refs. 21 and 2k.

®The value - 0.215 includes contributions from the 620, 677, and 687 keV
transitions. - .
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Table IXI. Angular distribution coefficients and derived amplitude mixing ratios
for the 1384 keV <y ray in cd11O.

F, Type’ s (m2/M1)%7°¢ Ref.
+ 0.7% (5) . L - 0.27h (34) this work
+ 0.634 (16) F + 0.341 (12) 11
+ 0.688 (29) F + 0.387 (30) 20
F + 0.349 (22) 23

+ 0.643 (27)

a : ;
Errors in last place are given in parentheses.

bThe "Firgt" and "last" in cascade classification is discussed in Ref. 28.

By definition, &% = - & .
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Table III. 'Angular'distributibn.éoéfficiéntsvand'derived -
amplitude mixing raxios for the 1505 keV vy ray in callo, '

[

Observed Value (errors ; - 5(333) |

.Function in parentheses) Derived F, M1 ‘ Reference

F2(15O5) +0.506(25) . +1.06(10) -0.43 > 5¥ > -1.32 this {rork
A2(761+-1505) -0.1627(63) +1.03(6) 0.4 > 8P > -1.29 11
A2(l505-658) -0.34(7) +0.63(13) +0.31 < 5 < +0.59 | 23
A2(15O5-'658) -0.%o J_“g:g% +0.78(18) »+o.l+i < &' < +4.6 20

-.515(75) .

Value adopted from overlap of allowed ranges: ©

@The measurements were made on the ”1505 keV peak," which includes much
of the 1476 and 1561 keV <y rays.

bCorrectlons have been made for 1nterfer1ng radlatlons, as discussed in
text. .
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FIGURE CAPTIONS

Warm-up curve for chrome-a;um slurry and fin assembly. The
maximﬁm susceptibility occurs jﬁst below the Curie temperature.
Note that after 3f8 hr the slurry has warmed up only to a

l/T* of 23. This corresponds to an absolute temperature of
0.02° k.

Plot of alloy temperature against magnetic temperature of

~salt slurry. Solid curve is the salt temperature, based on

the T-T* correlation. Three sets of points give temperature
obtained from Co60 thermometer in three different assemblies.
Magnitude of W(0O) for Co60 in iron as a function of time after

end of demagnetization. This run was used for Fig. 1 and

.data from it appear as shaded rectangles in Fig. 2.

Decay scheme of Agllom.

Gamma~-ray spectrum of Agllom obtained ‘along polarizing axis

with the iron alloy cooled to near 0.01°K (dashed curve) and

about 1°K (solid curve).

Plot of W(0) vs photon energy for Agllonlnuclei‘o:ientedﬂat 1072

OKnin;iron;;Several_unresolved Y-rays:are .clearly aniostropiec.

obtained by analysis of three y rays

2
~ . 110m : . _ ~
from Ag in iron plotted as & function of l/Tr The curves

were calculated by using the values of 'pHI shown. The curves

: 6
are (from the top) for |pH| of 1.1 X 106, 1.0 X 10°, and

0.9 X 106 nm gauss, respectively.
Average value of B

2
110m ' .
from Ag in-nickel plotted as a function of l/T. The curves

obtained by analysis of three y rays

were calculated by using the values of uH shown.

e T
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15.

_zation. Note that W(0)< 1 and W(x) > 1 for positrons,
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Experimental ‘B, U)F) (885) for 2g™0" in iron vs 1/T. Curves
calculated for values of pH of (from top) 1.1, 1.0, and -
0.9 X 106 nm gauss are shown.

Beta 1nten51ty from.Agllom nuclei polarized in iron at 0.01°K,

"taken with and against the:pblarizing field, and normelizing

1ntenoity for randomly oriented nuclei at 1 K For this

6+ to 6+ decay electrons are emitted preferentlally in the
direction away from the angular momentum vector. Enhancement
of intensify alongAexternal field direction indicates that

nuclei are oriented against this field. No enefgy scale is

_given,because an accurate calibration was impossible, but this

is the 400 keV region and consists almost entirely of the

530-keV branch.

Beta intensity from Agllom nuclei polarized in nickel at

' \
O.OlOK; with normalized intensity, as in Fig. 10C.

Partial decay scheme for Agth, after Ref. 36.

Gamma-ray spectrum of Aglo% polarized in iron. Spectra

obtained parallel and perpendicular to axis of'polarization 
are shown.> Solid curves are isotropic spectro no;malized |
to cold counting period. Dashed curves are for 1/T » 60.
Ww(0)-1 for 920-keV y ray from Ag 10k as function of temper-
ture. Two extreme leues are shown at each temperature..

Curves are for various values of the hyperfine field. Ny

Positron counting rate as function of time'after demagneti-

indicaxing a negetive hypeffine field.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method; or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








