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 ABSTRACT

10

NMMR absorption . in the 235 nsec state of Rh has heen detected by

angular correlations, employing the'hypérfine fields of Rh in Fe_ahd Ni.
Dependence of the resonance.éffeci onvrf pover and polarizetion of the host
foil has been studied. The obuervea line width as well as the power dependence
can he qualitatively understood by comparison‘with‘thebretical expectations.
Evidence for localized moments isg féund from the temperature variation ofxthe

100m . 103

resonance frequency. A possible Rh Rh hyperfine anomaly is discussed.
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1. INTRODUCTION
Perturbed angular éorrelatiohs hé&evbeen_ihcreasingly used for the deter-
mination of magnetic hyperfine fields of'impﬁfiﬁy atéms in ferromagnetic lattices.l
Most of the measurements have been carried out in a time-integral manner us ing
nuclear states with lifetimes shorter than a few nanoseconds. The accuracy of

such integral measurements is limited by the fact that only the product g-He . T

fr

can be obtained. Both the nuclear g-factor, g, and the lifetime, 7, must be

. ) . . —-’Hs '
known with good accuracy in order to deduce the effectlve field, ﬁ;ff:HB+ int?
with reasonable precision. lere ﬁg is the external polarizing field and ﬁ;nt
is defined as the sum of the hyperfine field, the demagnetization field, and

the Lorentz field, ﬁ;ntzﬁ;f—Dﬁlun/B . The accurate knowledge of T is no

longer required if it is suftficiently long to permit time-differential investi-

Time-differential determinations

of hyperfine fields have been carried out only with the cases of lQFZ, 99Ru,'

and lllCd 3

gations, which measure the gquantity g'Heff'
. The applicability of this type of measurement is limited by the
electronic time reéolution and by the nuclear lifetime, which provides a natural
time window. Thus, very small or very large interaction frequencies cannot be
observed time-differentially. Since hyperfihe fields are usually fairly large,

this constitutes a severe practical limitation for this technique. At first

0
glance, the Th.B-keV state in .

0 N _

Rh (Tl/2=255 ns) appears to be a favorable
candidate for time-differential measurements. The large g-factor of this state
(g=2.15)4, however, gives even for Rh in Ni a precession time of 1.5 nsec for
l‘T szn(g'H “u"/ﬁ)_l) which cannot be resoclved: with standard
2 7L eff TN ’ - ' ®

timing techniques. The spin rotation for Rh in Co or Fe would be still faster,

one wavelength (|
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- and the question arises whether it ié at all»poésible to measure large hyper-
fine interactions accuratéiy with angular cOrrelatiOns. 

The realization that MMR-spectra and'time—éﬁectra of  spin rotations
are Fourier transforms of each otﬁer points toward & solution: a sufficiént
number of spin rotations haé a well-defiﬁed freQuency transform. This meéns,
if the spin rotations can no longer be resolved in the time spectrum it should
e possible tQ perform a résonance experiment, in which.the large hyperfine
field can be used to drive the resonance5,

The possibility of an angular correlation—NMR experiment was suggested’
by Abragram and Pound6 and the first successful measurement of this type was
carried out with the Tb4.8-keV state of lOQRh in & nickel latticeY. In this
paper we give a more detailed report on further experiments and calculations
involving angular correlation-NMR. The resonance effect for lOORh in Fé is
discussed in Sec. II together with the power dependence and the magnetic
saturation behavior of the sample. In Sec. III a.redetermination cf the
resonance for lOORh in Ni is described. Section IV gives a brief theoretical

outline of the resonance effect in angular correlations. A summary and future

prospects of this method are discussed in Sec. V.




II. RHODIUM-100 TN Fe

The first experimenf in which the 1arge‘hyperfiné field in a ferro-
magnetic lattice was Qsed_tb achieve a,résdnahcg destruction of an angular
correlation raised many quesﬁions which deménded fufther investigation of
this effect. The following points-are of interes£:'

1. Expected_magnitude of the_reSonance effect;

2. Inferpretation'of the observed line width;‘

3. Power dependence Qf the resogance effect;

4. Favorable geometries.

To solve these problems experiments were carried out with the 84-74.8
keV cascadé in lOORh, which has a large positive ahisotropy and whose inter-
mediate state has a half—iife éf 235 nsec and a g—factor of 2.15 .« The
geometry for sucﬂ a resonance experiment is shown in Fig. 1. The detectors
were placed at 6=180°. A thin foil of the ferromagnetic matériai into which
tﬁe activity had been diffused wag mounted with its plane parallel to the dc
field and to the (cpmmon)'axis ot both detectors. The pblarizing field, Hé,
applied parallel to this axis insures, in saturation, a completely decoupled,
unperturbed aﬁgﬁléfmégf;elation. The rf-field, Hi, has to be applied.perpen—
aicular both to the detector plane and consequently, to Hé. In all measure-
ments described below 3"x3" Nal (T1) detectors were used at & distance of 10 cm.
Since the detectors dobnotvresolve ylrand 72, both were taken together in the
window of each single channel. | |

A ferromagnetic host had been chosen’to take‘advantage of the enhance-

'mept factor that it provides for NMR absorption. For half-lives below l‘mséc
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this is necessary to meet the power requirement for this type of experiment
unless one employs a more elaborate pulsed¥rf technique. The amplitude enhance-

ment of the externally applied rf :f'ield5 (valid for domains only),

H
oH, (l+j;1£)}{i (1)
0
indicates the advantage of large internal fields for NMR experiments. For the
study of the resonance mechanism wé therefore concentrated on lOORh in Fe.
Figure 2 shows the result of a 5-hr frequency scan at room temperature, yield- .
ing an interaction frequency of 882.7+2.0 MHz.

Since all sources ﬁere prepared by electroplating lOOPd carrier-free
onto foils of about 10—& cm thickneés8 and subsequently diffusing the activity'
for at least 12 hrs at 950°C, we found it desirable to check the reproducibil-
iﬁy of this procedure. The results obtained with three different sources, rf-
coiis, and power levels are listed in Table I. The agfeément among the three
measurements is satisfactory and providé; trust in the method used for source
preparation. |

.The question of whether the resonance is observed in walls or domains

can be answered by measuring the_magnetic saturation behavior of the foil. 1In

Fig. 3 the coincidence counting rate at 180° is shown as & function of the

polarizing field, both without and with rf-field (at resonance)'. The foil

appears to be saturated a£ about hOO‘gauss in both cases. The resonance effect, i.e.,
the différence between the two curves, - is largest in the range near 200 gauss.

We attribute the decrease of the resonant effect with field to the decreasing
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. enhancement factor (Eq. (1)). In contfast to convéﬁtional MR a clear
differentiation between wall and domain'résonanées is impossible with the
present technique. Diffusion, solution, o;.implan£atidn processes do not
discriminaté against either walls or domalns énd.the'rédioactive atoms are
in all likélihood homogeneously distributed throughout the sample. Therefore,
éven at very smallsfields, one expeéts to see.a net'effect which originates
from nuclei both in walls andvaomains. However, we can establish in two inde-
_pendent ways that the obhserved resonance takes place in domains: (1) The
magnitude -of the resonant effect is much too large to arise in walls. First,
the nuclei in valls are fandomly polariéed and contribute to the angular corre-
lation only the "hafd core”»value, A2/5 2, Atvresonance»this‘hard core is
reduced by merely a small fraction, due to the _faét that only few nuclei happen
to be oriented parallel or antiparallel to the ohservation direction of the
v rays. Second, only a small fraction (< 5) of the %%y nuclei are expected

00 , L :
to be in walls if the 10 Pd parent is randomly distributed in the sample. How-

1
and it Hé is insuff}gient to sweep out the walls completély, then the amplitude

ever large the amplitude of Hi may be, 1if the criterion H. << Hé is maintained,

of wall motion can be only of the order of the wall thickness, 8, and only a
fraction 6/[4 where £ is the domain width, of lOORh nuclei can be affected. The
rest will add to the nonresonant background, and a wall resonance has thus an
upﬁer amplitude limit of ~1/5 AE(S/E) << 1%.

(2) The survival of an effect after the foil is saturated is possible

only for domain resonance, as the walls are gone.
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The only well defined resonance 1s obtained with a magnetically
saturated foil, free of walls. From the nuclear p01nt of view it is this
domain resonance which is oi'interest since it allOWS us to measure the g-
factor directly by observing the 1inear'relationshiptbetween resonance frequency
and external field. |

At first sight the effects shown in Fig. 3 Secm nnduly small for a case
with A2=O.175, but they are actually about as‘exﬁected, in lignt of several
geometrical factors. It is important to understand these factors because then
bylcomparing theory with experiment we can decide unamb;guously what fraction
of the radioactive nuclei in a specimen are actnally contributing to a given
resonance. A rigorous theory is developed in Sec. IV; We can, however, get
a gencral impression of the expected magnitudes of the effects shown in Figs. 3

'and.h (where the poWer dependcnce'is shown) from simple ccnsiderations. With

G

Hé:O and H£=O we have the random fields case), and

WO = LTy G
k

o

For—this—case—@s{the—solid-angie—correction)—is—0+815A;=0-175;A-—=07and
7 EpT R P

) 1 : ———
W(m) = 1.028. As Ho(directed along the y-ray direction) is raised, W(w) rises to

W(m

= erQkAk

" or 1.142, an increase of 11.1%. The experimental.increase of 8% (¥ig. 3) is

consistent with this if we remember that con81derable scattering and absorption
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takes place at the rf coil surrounding the source and at the-associated
magnetic field coil (see Fig. 1).
. . e

On application of the rf field at resonance, W(m) should drop from
1+Q. A, to the "ward-core" value 1+1/L QA, (Sec.IV), in this case by 9.%
Although the hard-core was not completely reached, the observed decrease of
6.9% (Fig. U4) is consistent with this figure, considering that the decoupling
effect, also was attenuated by about 3.4%. The maximumn power point (at 2.1%
volté) in Fig. 4 corresponds to 100 watts. This seems to saturate the resonance.

. . <hzm—y

The fact that this saturation value is still well above W(rr)=1 confirms the
theoretical prediction of a hard-core value for this geometry (Sec.‘IV).

The run with source no. 2 (displayed in Fig. 5) was Jjudged to give
the ﬁogt reliable value of the frequency: it was used to evaluate the hyper-

i ) i ) -
fine field for 1'(ORh in Fe at room tewperature. With a g-factor of g=2.15 the

field is
i, (T=300°K) = 538.0£0.6 kG .

From Fig. 5 it appears that the shape of the resonance is symmetric and there
. , 100
is no evidence for more than one magnetic site for the Rh. The line-width

=0,47 MHz.

is in all three cases large compared to the natural width.Avrl/QﬂrN

This point will be discussed in Sec. IV.
The shift of the resonance due to the temperature dependence of the
hyperfine field is also demonstrated in Fig. 5. The resonance at 77°K is

shown in the lower part, and is comparéd to the data of the upper part, which



UCRL-17509

were observed at room temperature. Thé'resénéﬁcé_ffequency for T7°K is listed

under run 4 in Table I. It leads to a hyperfinerfield of

B, (T=7T°K) = 556f8i0’6'k§ , ;;

,vFor Rh in iron the large ffequency)éhift'bétﬁeen 300°K and 77°K indicates
that the magnetization of the Rh atém drops.pffvaﬁout 1.7 times as rapidly with
increasing temperature as does the lattice magnetization. Such weak coupling
to the 1attice.is often interpreted as  indicating a'ibcélized momentlo on the

99,

solute atom. The more complete data for Ru in nickelj‘suggest a localized

moment for that case, therefore a similar behavior was expected for the neighbor-

ing Rh in Fe.

Our extrapolated value th(Rh in Fe, 0°K) =>559.6t0.6 kOe Tpears to
disagree with the value 543 kOe reported by Kontani-and Ito‘h.l1 >However, we
believe that this discrepancy is not real,_but thatvit arises froﬁ a hyperfiné

anomaly. In future accurate comparisons of hyperfine fields-obtained from

different isotopes and excited states this factor will have to be considered

EE can—alse-be—used?$@—aseepxain-what—iyaet$@n~o£~Hﬁf—anises—£p@m—een$ant

interaction). We. therefore correct for the anomaly by a method that has proved

12,13

successful before. The apparent hyperfine fields obtained from lOORh and

103 2

Rh are related Byl

o (103) _ . (100) M€103 L - '
for = e Lteq o0 e (@)
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where ¢- the fractional hyperfiné—interaction'reductionv~ may be calculated
from published tableslLL if assignments are avallable for the nuclear states.

The hyperfine anomaly is defined as

l+e

103,200 7105 | | (5)

1+€1 00

100
. For this case the magnetic moments of the 74.8-keV state of Rh and the

107 ' :
ground state of 5Rh are helieved to arise mostly from proton g9/2 and p1/2
110m 0
orbitals, respectively. This is also the. case for the Ag - . 9Ag pair,

- 12 ' '
for which an anomaly of -3.7£1.0% was estimated , and an anomaly of llOQA109 =

13 : Y
: —2.5% observed ~. There are seversl possible semi-empirical procedures for

. . \ 100 1035, o e , .
estimating the anomaly for. the Rh - Rh pair, all of which yield values

2
of 105,100 ~ -%% which leads to

HYJ(103) (100m)

— B\Ln
hi = 542 KkOe,

= O 9MH

in very good agreement with experiment.
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ITT. RHODIUM-100 IN Ni™
_ 1000, 10wy . e
The experiment with the h in Ni source was performed to study
further the resonance observed earlier in this allOY~7 The source was ?rePared

100_, ' ' '
in the sdme way as for the Rh .in Fe measurements, by plating the carrier-

= - )+ '
free ]OOPd activity on a Ni foil, approximately 10 ecm thick. The diffusion

was carried out at 915°C for 20 hrs and thereafter at 975°C for 15 hrs. In

the mounting of the source, provision was made for much better temperature
control than in the earlier experiment.rv

As shown in Fig. 6, it was possible to resolve the earlier-observed
asymmetry of the resonance into two iines of unequal intehsity. The two
resonances are centered around 315.5 MHz and 334 .2 MHz, corresponding to
fields of 197.0 kG and 209.5kG.  The fr-equéncy"shift between the
main peak in Fig. 5 and the one obtained earlier7'(522.5 MHz) is causedipartly
by the fact that -the Qriginal value represents an average over-the‘asymmetfic
resonance shape énd partly by a temperature shift. ' Invthé first measurement
the sample was probably at slightly higher than room temperature. The ampli-

tude of the observed effect (1.8%) is identical with the earlier measured one

in Pig. 2 of ref. 7.

. . 100 .
»Slnce the lines for Rh in Ni are very broad and shallow this makes

their study difficult. Two cénclusions, however, seem to be justified. First,
the Rh-atoms are located at two different magnetic sites with corresponding
hyperfine fields of 197.0 kG and 209.5 kG. Second, a relaxation process is

strongly indicated since the line width is about three times larger thén for

100 . . ,
the Rh in Fe (compare with Fig. 5) which, as we show in Sec. IV, has about
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the theoreficallyfexpectéd line width. Tﬁis relaxgtidn process_is probably
associated with a localized moment Gn‘the rhbdium atom in niékel, which would
make spin—lattice relaxatidn anomalously fast.ls.

| However, a reliable interpretétion can hardly be based on this ohe
obsérvation at room temperature oﬁly.and the'nécessify of studying the behavior
of the resobance as a function of both.témperature and external field is obvious.
It also would be interesting to see whether the resulté obtained with lOORh in

. 103
Ni can be reproduced by conventional NMR using Rh. This has to be done with an iso-

mass
topically énriched even-/’Ni—sample, however, since the resonance of naturally
abundant nickel coincides with the lower one of the two expected frequencies

- 16
tor 1%n 1n wi'°.

i

IV. FORMALISM TO DESCRIBE ANGULAR CORRELATION-IMR
. ) : . 100, . o ;

The experimental results obtained for - Rh in Fe raise the necessity
to discuss briefly the theoretical expectations for.line'width, line shape and
size of resonance effect. In the following the formalism leading to these
predictions is derived only for a time-integral correlation function and the

special geometry sketched in Fig. 1:

£ 17, 080° )7, IF, . (4)

In the following we use the notation ﬁl and ﬁ% for the effective ac- and de-

fields acting on the nuclear moment.
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It is obvious that the‘detection_df the resohance_by an angular correla;
tion introduces an additional directién not encountered in conventional NMR
experiments. 'Aé a consequence, the form of the resonance dépends not only
upon the angle between Y and Yo buﬁ also.upon the relati&e_orientations of HO
and Hl with respect to the detector plapé.

The formalism to descfibe the resonance destru¢tion has to be developed
from the general expression for a perturbed angular correlation. A ~y-ray cascade

influenced by extranuclear fields and studied with detectors at angles (Gl, ¢1)

and (92, ¢2) wiph respect to the quantization axis can be described by the

correlation function9
WK,k E: A (2)G 2 (2x l)(2k 1)1 1/2 1 (o yN (9 ) (5)
1°¥p) Ak kl o * K 1% 2:%p 2
NlNe

with the usual definition of Ak (l) and Ak (2). The time-integral perturbation
]\ (s

factor is defined as

N.N N 2Tim + T I k\ /T T k..
5 - [(2k1+1)(2k?+1)]1/’2m ey e o 2
re ) &b w 'o-m_ Nl lmb' -m_ N, |
m lm_bl v a a U J b T2
a
- (£)
1 -t/¢ -(i/n) [H(t)at 1) [H(t)dt
X:;OJ/ e/ Hm|e" /m)fh(e) lma>(mb'| (1/n)5(t) |m_ ’) “at

The interaction Hamiltonian is time-dependent and, if we chose the quantization

axis (z-axis) to be parallel to ﬁ’, has the form well-known from MR- theoryl7

H(e) = -ynlHyT e, (1, cos wt sy sin wt)) ° ’ (1)

-
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where ¥ = g pN/ﬁ,and g i's the nuclear‘v g?factor'. . .j ‘In'stead of solving the
1ntegral the time dependence onH(t) can be eliminated by transforming to a
coordinate system which rotates about H (z—ax1s) w1th frequency w. With f?
along the x-axis we get a transformed (effectlve) Hamlltonianln
3:1" = '-yn[(m/ﬂy + HO)IZ + HlIX] _ . 3 - 'A (8)
This transformation is described by the factor exp(F iN, wt) which has to be
multiplied into the perturbatlon factor. | |
The spec1al choice of a geometry in whlch the z-axis (ﬁ)) colncides
with the emission direction of yl(®l=0 ‘and ®2=180 ) leads to N =N,=0 and,
consequently, ma:ma' and mbzmb'. Thus, in this case the tnensformation into
a rotating coordinate system affects:only the interaction Hamiltonian, as the
angular correlation function is invariant-against-rotations‘abont the emission
directions of either yl' or Y,- Tt follows that the time-integrated angular
correlation influenced by a destructive rfw-field according to Fig. 1 is
described by . | | | |
W(180°) = Z a (1) A (2) kok o , N (9)
klk2 1 | 2 i o » ‘

with

' R T Tk iIT k
& 2T+m_+ lw ) 2
80, - [(2kl+l)(2k2+l)]l/,2 Z (1) & ) | -
12 o m, 1, | ma-ma "imb_mb
N .._~' N . . ‘ (10)

X}' £we‘t/c|(mble'(l/h)}{'tlma)[2 at .'b |
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The "effective" Hamiltonian in the rotating frame (Eq.(8)) is not
diagonal in the m-representation and has to be'diagonalized by a unitary

transformation

" e-(;/ﬁ)lﬂ‘t gL - (1/1)Et | (1)

1f E_ are the eigenvalues and (n|m) the corresponding eigenvectors of the
1
interaction Hamiltonian, #', the time-integral perturbation tactor in Eg. (10)

can be expressed in the form

. j I I k\/I I k.
~00 2 2Lam, vmy, Lot e
Gy = [(akyv1) (2k+ )17 £ (-1) v
kl 2 ) m mb m-m O m -m O
g, a a m b
nn' (12)

X (n!mb)*<n|ma}(n'imb)(n'!ma)*[l+[(En~En,)T/ﬁ]2}_l
This equation is best solved by numeriqal methods.for a certain set of
parameters characteristic of the experimental conditions.
The behavior of the resonance is illustrated in Figs. 7, 8, and 9 for
a huclear spin I=2 which corresponds to the lOORh case. TFigure 7 shows the

resonance effect for some realistic values of the parameters wOT and

-5

The negative sign of . t originates from the fact that the calcu-

[ =1t
Hl/HO 10 0
lations were performed for one circular polarization direction only (plus sign

in Eq. (8)). 1t is apparent that the perturbing effect of the rf-field vanishes

e

for w :j —(DO and Hl/HO constant. Further, the effect is measurable only for
_!mOT|>>|l..For . Rh in Fe at room temperature we have IwOTI- 1.9 x le which

00

corresponds to 622 < 0.25 for a power level of Hl/HO=10_5.
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A notable feature of the resonance béhaviarvfor k=2 -is that the line
is split in two minima, symmgtric about»fhe reéonance frequency. In geﬁeral,
the resonance of Gﬁi shows a fine stfucturelcohsisting of 'k minima. This
is & remarkable feature'whicﬁ is encountered dlways when the resocnance is
detected by means of" an anisotropic radiation field. In conventional NMR
where the macroscopic susceptibility is measured this effect does‘not oceur .
Another consequence éf the complex structure of the resonance is that the
width increases with increasing k for a fixed power level.

It is now of interest to see how the resananceveffect varies with rf-
amplitude. Figure“8 shows the powér dependence at resonance (w:-wo). The
most remarkable result of this Tigure is tlhie occurrence of a "hard.core"

value. Even for very large power levels the anisotropy cannot be wiped out

completely but remains at a value of

e§2<m> = 1/k

Analytically, the hard core value is given by the relation

‘Ggﬁ(w).—.(kz)-e/(k:z)” | o ' - (13)

and 1s independent of the nuclear spin, as expected for a purely magnetic

19

interaction.”™ It should be noticed, however, that the "hard-core" value is
.geometry effect and exists ohly for Né=Q terms. IT NE%O, which happens for any

angle 0£0°% 180°, the factor exp(+ iNéDt) describing the rotating coordinate .
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system enters. bThis leads to a'perturbation‘factor of the form

N.N |
.12 . l

C
Gkk )c

- — (14)
12 1+ {hT(En—En')iNEwt}

which cléarly does not exhibit a hard—core'behéviér.for large_amplitudes
Hlﬁnlt >> 1). The geometrical nature of the hard core effeét has the consequence
that it occurs only at the exact resonance frequency(bo. Slightly to the left
and right of Wy GEE does becqme zero for a sufficiehtly large pdwer level, as
shown in Figs. T and 9.

For maximum power in Fig. 4 and a polarizing field 0f uOO G, an
exper imental ratio of Hl/HO T 2x 10—5 wag achieved. .From Fig. 8 it can be

b

éeen that this was close to saturétion for kgrolr 1.9 x 10 in'agreement-with
the experimental behavior in Fig. k.

After the angular correlation is reduced to its "ard- core" value,
any increase in rf-amplitude merely‘results in & broadening of the resonance.

This is demonstrated in Fig. 9. A comparison between the expected resonance

width Ay=Aa/®0 and the natural line width I'sh/7T is very interesting. For

v 100 , : ‘
the 15 kev-lével of R the natural width is ['=0.47 MHz and correspondingly

L

at 100 . ) -1 o
A%gt(l Rh in Fe) = 5.3 x 10 '. It is obvious from Figs. 8 and 9 that in

case of 4»dr=loj a resonance width comparable to this natural line width can
0 ' - .
only be observed for G,, 2 0.9 (Hl/HO <2.5x 10 h), and the effect is very

small. For a more practical size of the resonance effect the expected line

width is considerably wider thgn the_nafufal width. Frdm Fig. 9 it can be seen

3

AN

that for Hl/HO=1O— the theoretical width of the resonance is Ay=lb x 10 7 or
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about 7.5-058% uhile for Hl/HO=1'of2 one finds Ay =4 x 1072 corresponding to
75.A§at. After saturatibnv(hard-coré) is readhéd; the only effect of a power
increase is a tremendous line broadening.v

The fact that the line width observed in angular correlation NMR‘is
for any reasonably sized effect far greater than the haﬁural‘line width
characterizes the basic difference between this‘technique and, e.g., MBssbauer
absorption and conventional NMR measureﬁents. Whiie the latter two are éure
energy measurements, the angular correlation involves phase relations between
two sﬁccessive tranéitions. Perturbing interactions cause both a change of
the ensrgy of the system and introduce new phase factors. Only in tﬁe limit
of a vanishing perturbation, if the phase factors are small, one approaches
the natural line width,. but large phase factors lead to broad resonances

nnrelated to the natural width.

V.  SUMMARY
\Following the first notice7 that MMR detection by angular correlations
is possiblé some fﬁfﬁhér experimentai results are repcrted in the present paper.
The theory was outlined briefly for the simplest geometry end a qualitative

understanding of the data was reached.

The accuracy of angular correlation NMR is greatly superior to conven-

~ tional PAC measurements. A search for possible candidates, however, shows .

that there are, in radiocactive decays, only a few levels with proper half-lives

suitable for this technique. Thus, in connection with angular correlations
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from radioactive sources. its importance will remain limited. ‘I’he major applica-
tion V.Jili be for isomeric states populated in nuclear rea’ctidn's.zo The general-
1y non-isotropic angular distribution of gamma rays.emitted in the decay of bthe
product nuclei can be used to detect the resonance. The basic formalism out-

lined above applies for angular distribution NMR as well.
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Table I. Summary of resonance frequencies obtained for - Rh in Fe with different
' sources and different power levels. - : :

source no temperature VR(MHZ) L - width .» U effect average
CK) o ol (MHZ) . (%) v pover
- . o (watts)
1 - 300 | 882.7:2.0 . ~T. 3.8 80
2 : 300 881.7#1.01 6 2.5* . -
3 300 883.41.3 B 0.8 20
I I 912.5t1.0 ~T - T 50
*

not correctad for accidental coincidences.




Fig.

Fig.

Fig.

~-22~- ' UCRL-17509

Figure Captions
1. Sketch of the geometry of a resbnénce"exPeriment with angular correla-
tions.
. . 100, . . : '
2. Resonance effect for Rh in Fe at room temperature (source no. 1 in
Table I). The polarizing field was 385 gauss and the average power was 80

watts.

3. Saturation behavior of the foil as a function of the polarizing field

_ without rf—field and with 100 watts power at resonance frequency.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

4. Power dependence of the magnitude of the effect at resonance. The power
range extendsfrom O to 100 watts. ;

5. Resonénce effect for lOORh in Fe at two different temperatureé. The
polarizing field was 100 gauss and the rf amplitude was about 1.5. gauss. The
data points are not corrected for acgidental coincidenées.

6. Resonance effect for lOO_Rh in Ni at room temperature. The polarizing
field was 450 gauss and the average power was 35 watts.

T. Typical resonance.curves fbr some realistic parameters Hl/HOjand Wyt
in the case of a spin I=2.

8. Theoretical power dependence of the perturbation factors agg at reﬁonance.
~00

G22 is shown- for two realistic values of &bT.

9. Theoretical dependence of the shape of the resonance on the rf-amplitude.
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