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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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' The study of hyperfine magnetic fields at nuclei of atoms in megnetic = . -
| "lattices'has‘receivéd-ﬁuch attention recently. In some cases the.ofigiﬁs of_\

" . these fields'are not even qualitatively understéod; and only for certain

" favorable examples doﬁquantitatiVe calculations exist.~‘0n,the other hand a .'

f_systematic knowledge of such fields is of considerable practical importance,_

":,particularly in connection with a "universal' method, discovered by Samoilov ;_J‘f-?*

", and co-workers.,1 for orienting atomic nuclei at low temperatures. This methqd';’

involvgs inducing large hyperfine fields at the nuclei of various atoms by

" dissolving them in magnetic lattices such as iron. Unfortunately these inducedzﬁ:i;iif
fields are. among those most difficult to predict theoretically, and for some =~ .-'w'. .
" time studies have been underway in this Laboratory to obtain enough_inforhation?f&}i%ff

‘about induced fields that systematic correlations could be made and used to

' . predict the field that could be expected in a given case.

Several'teqhﬁiqugﬁ, including nuclear pqiariza;ion,-speéific heaﬁé,
NMR, ‘and M&ésbguer spectroscopy, have béen employed tovmeésgre hyperfine Flelds. " .
None of theée is very génerally applicable at présent, ahd new methods'are -
" badly needed. In.ihis letter wé'discuss the‘megéﬁrement.of hyperfing fields
by'observapion'of the time dependence of perturbed'angular'éor:elations.  Al.
‘ ithough it has'long been nown that internal fie}ds ihfluence these.correlatioﬁs,
w’i the ﬁﬁwef‘of the method has not previously been fdlly ap?réqiaxed..'Two featuréé%{ibel

‘of special interest are: (1) No external polarizing field is necessary, i.e.,
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the sample can be. completely demagnetized, and (2) For e demagnetized sample
| the angular correla.tion will be modulsted by at least two frequencles, the
Larmor frequency and its first harmonic. .
B . Fér & denidgnetized source the magnetic domains may "be teken ;bd' be |
' z"andomljr orienﬁed, and the thedry is similar to that of a polycrystalline

. ‘sourc.e.g The anguler correlation f‘unction for each domain is given by5

RCEADR f\;ke ey (1) up(2) () [k + 2)(2ky + 1))
NN

B Mepe) B2 e @

The perturbation factor has the general form

) - Y ¢ e [k, +1)(Eiy 4 m% (ma I "J
. Mgy

I ko

(mﬁ omy N )(mblA(t)lm )(mblA(t)Im') L (2)

where A(t) 48 the time-evolution operator describing the change 1n popula.tiori .

. of the substa.tesl m ) a.nd| m.b) with time. This 0pere;bor 15 glven by the inter- °

-

action Hamiltonie.n H according to

+

A(t) = e-t.i/..nmm

(3)
.
The effect of 8 random magnetic intefact‘;;on can be calcu‘.‘l.ated' bjr choosing a
‘:réference frame in one domain and averaging over all directions (6,0) of the

deteétbrs with respect to this frame. The relative angle between the two

i
!
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detectors 1is Kept. fixed under the averaging process. Using the orthogonality -

properties of the rotation group and the addition theorem of spherical harmonics,

| Eq. (1) reduces to

w(e,t)-Z 5,000 A.2) 6,(5) B (cos'8) PR

with (t) = §E:I Gkk - The reference ~system was chosen-in such.a way that‘

its z-axis was the quantization axis for the interaction Hamiltonian.' -

%wmw%ﬁmW%%%%     w:

This simplifies the perturbaxion'factor in Eq.‘(a) to the‘exPressioq

GNN(t) (2K + 1)2( ) -(i/di)QE Em')’c___ e-iMLt ’.:(6) ) .

. where we have used ﬁroperties of the 3 J symbols and the definifion of the

Larmor 'frequency;. mL = -gd ;—N . We therefore obtain for the real part of. the '

[
i .

perturbation fe,ctor .G (t) in Bq. (4) |

\

Gelt) = e }1-:' cos Nyt .o - L (7)

Thus, in a time-differential measurement .one observes a superposition of k

. frequencieé_with equal Emplitudes. In'Fig. la “the perturbation factors G2
 and Gh are shown as functions of time. .Note'that_becanee of the eqnidistant‘nf
o magnetic splitting the perturbation factor in Eq;'(7) is independent of éhe

‘nuclear spin I, in contrast to the situation for random.electric quadrupole

perturbations.



 with a sample of In'*t atssolved in Ni (less then ‘1 part in 10

.least square fit of the date yields a Larmor frequency @L (0.995 * - 0. OlO)xlO
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The integral attenuation factor G can be obtained from Eq. (6) and is

given by

G -.l b 1 T 8
Ok = 2%+1 W : e (Nva) o ,ﬂ )

The theoretical bebavior of G, as a function of the interaction strength (w %)

is demonstraxed-ih Fig. 1 b. ‘In the limit of a very strong’interattion the

amtenuation factor approaches a hard core value of ekil which 1s 1ndependent

of the nuclear spin, "in.contrast to the hard-core values for polycrystalline.:

- sources.

To demonstrate.experimenfally the_effect of a random'megnetic inter-

~action on thé'angular correlation we performed a.time-differential measurement -

lo). The result

confirms~clearly the prediction of two frequencies for k-: 2 (Bq. (7)). A
8 .

. which gives with a g-factor of g '-0.316 * 0.007 b a magnetic field for Cd

dissolved in,Ni of Co

|8 = 65.3 t 1:6'kgauss L

"‘1‘The accuracy of 'this value is ‘limited by'the uncertainty\of +the: timewcalibration

fa4)iend: by“ﬁﬁe fact that the g-factor is only known ‘within 2% ij

Several features of this method are worth pointing out‘ (l) The

'»presence of a low-frequency (ut) component allows the measurement of fieldS'
'A'twice as large as would otherwise be possible, with a given instrumental time
'resolution. '(2) Very small fields are also’ accessible. -In the present ex-

. periment any field between 5 and 500 kgausscculd havebeen observed. (3) Fiel&s

eis shown in Fig. 2. The large anisotropy of the 172-2U4T keV cascade in Cd}ll IR




" Commission.

5. UCRL-~11820

are measured throughout the sample, not just in domain walls. (4) Measurements
may be made et any temperature and pressure, provided that the spinecorrelation
time is loné compared.with l/ai.' (5) induced fields in antiferromagnets may
aiso be measured. (6) Polarization in an external field may be.followed inde-
pendently of frequency shifts by observing the disappearance of the low;frequency
component in the correlaxion function. ‘

Aside from the famous case of Cdlll it appears that there are quite a
few isotopes available'whioh‘would allow the investiéation of internal magnetic

fields yith the aid of this method.

. ACKNOWLEDGMENT

One of us (E.M. ) gratefully acknoiledges a fellowship from the Miller _

| Institute for Basic Reaearch in Science, University of California.

This work vas, performed under the\auspices ‘of the U. S. Atomic Energy

[



l,v‘-

\@9,

-6- .~ . UCRL-11820

REFERENCES .

B. N. Samoilov, v..'vl Sklysrevekii, end E. P. Stepanov, JETP 36, k48 (1959).

' A Abragam and R.- V. Pound, Phys. Rev. 92, ok3 (1953).

R. M. Steffen and H. Frauenfelder, Chap. I in "Perturbed Angular Correla-

tions" ed. by E. Karlsson, E. Matthias, and K. Siegbahn, North-Holland

‘Publishing Compeny, Amsterdam, 1964, .

“E. Matthias, L. Bostrdm, A. Maciel M Salomon, and T. Lindquist, Nuel.

- Phys. Lo, 656 (1965)

Lt



" a source of Ipl

~ best .fit of the points to thé function

-T- o - UCRL-~11820

FIGURE CAPTIONS .

Theoretical behavior of the timeédiffenentialupertﬁibaxion factors

"'Gé; and Gh as a function of time,

Integral attenuation factors Eé and ‘EL‘ plotted as & function of

'~ the interaction strength.

Time-differential measﬁrement of a random magnetic interaction with_'

1L dissolved in Ni. The solid curve represents the

[

",,F(f')g N_e"‘? (1+a '(1" {a goé (mL't +¢) + 2 cos é(th- + ¢‘))) + C.
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