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The Mossbauer spectra of Fe 7, with the Co 7 source in iron and palladium matrices,
respectively, have been measured in a He~/He4 dilution refrigerator Both th. e magni-
tude and sign of the effective field at Co~7 can be determined from nuclear polarization
effects in the spectra, without recourse to an external magnetic field. Experimental
data are also presented on the Kapitza thermal boundary resistance which, together with
radioactive self-heating, prevents the source from cooling below 0.15'K.

The possibility of observing nuclear polariza, -
tion by using the Mossbauer effect was first sug-
gested by Dash et al. , who also made the first
quantitative measurements on Co" nuclei in an
iron matrix. ' ' Later experiments'~' in our lab-
oratory, employing a Hes/He' dilution refrigera-
tor, extended this work to considerably lower
temperatures. The present paper discusses sim-
ilar measurements made on Co" in a Pd matrix
and shows that the intensity ratios of the Moss-
bauer lines can give not only the magnitude but
also the sign of the hyperfine field on the parent
Co" nucleus.

When we study the nuclear polarization of Co"
by the Mossbauer effect we have to take into ac-
count several nuclear levels. ' The Co' ground
state with spin Is = & (the subscript refers to the
nuclear level in question) decays by electron cap-
ture to the Fe" 136-keV level with spin I, = 2 and
mean lifetime 9&10 ' sec. This state decays
principally by the emission of a 123-keV gamma
ray to the first excited state of Fe", with I, = 2

and lifetime 1.1&&10 ' sec. The well known 14.4-
keV Mossbauer gamma transition occurs between
this state and the Fe" ground state, Io 2.

If the degeneracy of the long-lived Co" parent
ground state is lifted by a negative magnetic hy-

perfine field, as in an iron matrix, then the sub-
level with magnetic quantum number m~ = -& will
become preferentially populated at low enough
temperatures. When the Co" decays, the selec-
tion rules operate in such a way that some polar-
ization will be preserved right through the decay
chain to the 14.4-keV state of iron to give for in-

3 1 3 1stance more m, -m, = —2--&- than 2- 2 gamma
transitions, i.e. , the line of most negative veloc-
ity in the Mossbauer spectrum will be more in-
tense than the corresponding positive velocity
line. If jeff at the parent nucleus is positive the
situation is reversed.

We can assume that the nuclear spin popul, a-
tions of the two intermediate states 1 and 2 re-
main constant during the decay process because
their lifetimes are short compared with esti-
mates of the nuclear relaxation time. ' We thus
need only the nuclear magnetic moment of Co"
in its ground state, the appropriate Clebsch-Gor-
dan coefficients, and the temperature for calcu-
lating the hyperfine field at the Co" nucleus from
the intensity ratios of the Mossbauer spectrum.
Whether the most enhanced line is at the positive
or negative end of the velocity spectrum gives
the sign of the field. This conclusion relies on
our assumption that there is no significant change
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57FIG. l. (a) Polarized Mossbauer spr s ectrum of Co
of Co"=0.15'K. (b) Comparison spectrum of Coin Pd at 7 =0.1

in Fe at 0.1O'K The same 0.025-mm stainless-s
absor el ab t 300'K was used in both cases.
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uid helium this law is only valid below 0.1'K. Us-
ing the best fitting values of Ti;m and $, 1/T~ vs
1/THe can be plotted as shown in Fig. 2.

The present experiments demonstrate that
Mossbauer measurements at very low tempera-
tures are a useful means of determining the mag-
nitude and sign of the hyperfine field at the par-
ent nucleus without using any external magnetic
field, provided the nuclear transition parameters
are known. In absorber materials the sign can-
not be determined without an external field.
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