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MOSSBAUER EFFECT RESULTING FROM THE REACTION Fe%®(d, p)Fe®f

D. A. Goldberg, P. W. Keaton, Jr., Y. K. Lee, L. Madansky, and J. C, Walker

Department of Physics, The Johns Hopkins University, Baltimore, Maryland
(Received 7 July 1965)

We have observed a large Mdssbauer effect

in y rays resulting from the reaction Fe**(d, p)Fe®

with a natural iron target. From the present
result, together with the previously reported
Mossbauer effect! from Coulomb-excited lev-
els in Fe®, one reaches the conclusion that

the conditions for recoilless emission are rel-
atively insensitive to the reaction process lead-
ing to the excitation, and to the amount of re-
coil momentum imparted to the nucleus during
such reaction.

A MoGssbauer effect with y rays resulting from
a nuclear reaction was previously observed,?
but observation of a large effect with resolved
hyperfine structure induced by (d, p) reaction
is of particular interest in that the measure-
ment of the hyperfine splitting in the target
environment would shed additional insight into
the still unknown process in which a recoilling
nucleus with a large momentum is rapidly re-
stored into a lattice before a recoilless y emis-
sion occurs.

In the present experiment a 20-mg/cm? tar -
get of natural iron was bombarded with a 0.025-
LA beam of 2.8-MeV deuterons from the Johns
Hopkins University Van de Graaff accelerator.
Due to the low beam currents employed, the
target holder was merely cooled by means of
room air convection.

The 14.4-keV y rays were detected in coin-
cidence with the preceding 122-keV y rays in
order to discriminate against the high background
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which was mainly due to bremsstrahlung and
Compton-scattered y rays. The experimental
setup is similar to the one described earlier.!
Both y rays were detected using thin NaI(Tl)
crystals, and the coincidence-circuit resolving
time was approximately 100 nsec. With the
beam current used, this gave rise to a coinci-
dence counting rate of 2 counts per second,

% of which were accidental coincidences. Des-
pite these precautions, the 14.4-keV coincidence
spectrum exhibited a background counting rate
roughly equal to that of the 14.4 y rays.

The Mé&ssbauer apparatus consisted of a loud-
speaker driven by a parabolic wave form, and
a multichannel analyzer operated in a multi-
scaling mode. A 91%-enriched Fe®" coil with
a split absorption pattern was used as an ab-
sorber in this experiment, since such an ab-
sorber gives a very large central absorption
peak in conjunction with the split emission pat-
tern from a natural iron target.® The velocity
range was chosen to exhibit just the central
three peaks for the convenience of rapid accum-
ulation of statistics for this initial experiment.

The width and depth of the absorption dips
indicate that the difference in hyperfine split-
ting between source and absorber is less than
10%. The central absorption dip, uncorrected
for background, is 15% of the nonresonant trans-
mission (see Fig. 1). Comparison of the (d, p)
results with those obtained using a standard
split Co® source placed in the same geometry
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FIG. 1. M0dssbauer spectrum of 14.4-keV vy rays
resulting from the reaction Fe®(d,p)Fe’’ taken with
an enriched Fe®? absorber.

indicates that the MOssbauer fraction f is larger
than 0.5 for the (d, p) results.

The Mossbauer spectrum obtained by (d, p)
reaction in the present experiment is approxi-
mately the same as the spectrum obtained by
Coulomb excitation under similar experimen-
tal conditions.! The main differences between
the two experimental situations are that (1) the
dry-ice cooling of the target used for Coulomb
excitation is no longer required in the present
experiment; (2) in the present experiment the
majority of 14.4-keV y rays were created in
the first 300-keV thickness of the natural iron
target so that self-absorption is considerably
lower than in the enriched Fe® target used in
the case of Coulomb excitation; (3) the recoil
energy is somewhat greater in the case of the
(d,p) reaction. However, the linewidth, dip
of the absorption peak, and the relative mag-
nitude of the central peak to the side peaks are
all comparable in the two cases.

The facts that both here and in the case of
Coulomb excitation’ the Mdssbauer fraction
and the hyperfine splitting show little signifi-
cant deviation from those obtained with the

Co® source lend support to the speculation®®
that an appreciable fraction of the reaction re-
coils come to rest in a normal-lattice environ-
ment. However, the mechanism of the recoil
and stopping process is at present not complete-
ly understood.

The cross section for the (d, p) reaction with
an Fe®® target at deuteron energy of 2.8 MeV
is sufficiently large that the optimum counting
rate is obtained at 25-nA beam current. In
the present experiment the counting rate was
limited only by the consideration of the true-
to-accidental ratio with a time resolution com-
parable to the half-life of the level. With such
a low beam current the problem of target heat-
ing is minimal, and the method can be applied
to targets consisting of insulators.’

The study of the hyperfine structure by Moss-
bauer effect from the recoil nucleus will per-
mit, under certain circumstances, the direct
study of nuclear polarization following a nuclear
reaction.
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