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COULOMB-RECOIL-IMPLANATION MOSSBAUER EXPERIMENTS WITH Gej'

Gordon Czjzek, J. L. C. Ford, Jr. , John C. Love, *
Felix E. Obenshain, and Horst H. F. Wegenert

Oak Ridge National Laboratory, Oak Ridge, Tennessee
(Received 17 February 1967)

It has been shown that nuclear states suitable
for Mossbauer studies can be populated by Cou-
lomb excitation. ' ' We have developed a new

method, combining the Coulomb-recoil-implan-
tation technique, recently used in conjunction
with perturbed-angular-correlation measure-
ments, ' with the Mossbauer effect. This meth-
od extends the range of application of Coulomb-
excitation Mossbauer experiments, providing
a wider selection of host materials for a giv-
en target nucleus. In many cases information
about solid state and nuclear properties goes
beyond that obtainable by Coulomb-recoil-im-
plantation perturbed- angular- cor relation mea-
surements. In this experiment, we have im-
planted Coulomb-excited ~Ge into metallic
chromium, and observed the Mossbauer effect
with the 67.0-keV de-excitation radiation.

Targets with 0.3 and 0.4 mg/cm of ~3Ge,

evaporated onto chromium-plated copper discs,
were bombarded with a 3- to 5-p.h beam of
unanalyzed oxygen ions (predominantly O~+ and
0 +) from the Oak Ridge National Laboratory
tandem accelerator. The terminal voltage was
5 MV. The temperature of the absorber was
maintained at 78'K using the equipment described
previously. ' The target was from 5 to 10'K
higher in temperature, depending on the beam
current. The Mossbauer effect with a given
absorber was measured as a function of the
beam current (i.e. , target temperature), and

all measurements were extrapolated to 78'K.
Since the detection of the backscattered ions

with a solid-state ring counter (cf. Refs. 4 and
5) is impractical with the large beam currents
used, the implantation ratio r)=(No. excited im-
planted nuclei)/(No. excited nuclei) has to be
determined. It is calculable by numerical in-
tegration from a knowledge of the Coulomb-
excitation differential cross section and range-
energy relations for heavy ions. ' With the sim-
plifying assumptions that (1) the scattering is
isotropic in the center-of-mass system and

(2) the target thickness d is small compared
with the maximum range R0 of the excited nu-
clei in the target material, the following ex-

pression for g is obtained:

d 3R s j.ny-d
q = —,'(1+ sin) )- p

3R 2R siny-d

where y is the angle between the beam and the
target plane, and Rp is the projectile range
in the target material. For our target (d=0.3

mg/cm', y= 45') this formula gives q = 0.78, a
a value which is only 10% larger than the re-
sult of a calculation with the differential cross
section given in Ref. 6.

Three Mossbauer spectra are displayed in
Fig. 1. The spectrum in Fig. 1(a) was obtained
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FIG. 1. Mossbauer spectra with 67-keV y rays follow-

ing Coulomb excitation of 73Ge, at liquid-nitrogen tem-
perature. All spectra include a correction for back-
ground gammas in the window of the single-channel an-
alyzer. (a) Target: 2.5-mg/cm2 ~3Ge on Al; absorber:
200-mg/cm2 natural Ge. (b) Target: 0.3-mg/cm Ge

on Cr; absorber: 140-mg/cm~ natural Ge. (c) Target:
0.4-mg/cm~ Ge on Cr; absorber: Ge02 (140 mg/cm'Ge).
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with a. 2.5-mg/cm' 'Ge target and a. 200-mg/
cm' natural-germanium absorber (cf. Ref. 3).
With this target thickness q is less than O. l.
The maximum absorption is 0.6'Fo. The spec-
trum shown in Fig. 1(b) was taken with a. 140-
mg/cm' natural-germanium absorber and is
one of a series of spectra which differed only
in the absorber thickness. All of these mea-
surements were performed with a 0.3-mg/cm'
target. The absorbers were powdered natural
germanium in araldite. The spectra were fit-
ted with a single line of I orentzian shape since
there was no evidence of hyperfine structure.
The results of this series of measurements
are summarized in Fig. 2.

In the absence of hyperfine interactions one
may obtain values for the recoilless fraction
of target and absorber from the thickness de-
pendence of the linewidth (Fig. 2, a) and of the
maximum absorption (Fig. 2, b).' The follow-
ing parameters have been used for the evalu-

ation of the recoilless fractions. the nuclear
spins + for the ground state and, for the 67.0
keV state, the internal conversion coefficient
o = 0.23,' the natural abundance of "Ge, 7.8 /(, ,
and the implantation ratio q =0.71. We obtain
for the recoilless fraction of Ge in germani-
um (absorber), f~(78'K) =(6.0+0.6)%, and of
7'Ge in chromium (target), fs(78'K) = (5.8+ 0.4)%.

Salter' has shown that within the framework
of the quasiharmonic approximation of lattice
dynamics, certain scattering properties of crys-
tals may be predicted from thermodynamic
data. He gives for the characteristic temper-
ature of germanium which may be used to cal-
culate f the value 8~ = 298'K. The value derived
from our measured f is B~ = (292+ 10)'K.

An extrapolation of the linewidth (Fig. 2, a)
to zero absorber thickness gives 2I"=2.2+0.2

mm/sec. This should be compared with 2I'e
= 2. 5+ 0.2 mm/sec calculated from the electron-
ically measured lifetime of the excited state,
T= (2.33+0.2)&&10 9 sec. The agreement be-
tween these values supports the assumption
of no hyperfine interaction made in the compu-
tation of the recoilless fraction.

The maximum absorption versus absorber
thickness for the 2.5-mg/cm' germanium tar-
get is shown in Fig. 2, c. The recoilless frac-
tion of the target obtained from these data is
fs(78'K) = (0.84+ 0.08)%, a value which is very
small compared with the result for a germani-
um absorber. An x- ray inve stigation of the
targets before and after irradiation showed
a complete conversion from the crystalline
to an amorphous state. The small recoilless
fraction must certainly be a consequence of
this drastic change in the germanium structure.

The data shown in Fig. 1(c) were taken with
a GeO, (hexagonal) absorber. Here we are in-
terested in the isomer shift of Ge in Ge02
with respect to that in pure germanium. Com-
bining the isomer shifts of the two spectra in
Figs. 1(b) and 1(c), we obtain (e.g. , Wegener")
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FIG. 2. Dependence on absorber thickness (natural
Ge) of a linewidth, b maximum absorption with a tar-
get of 0.3-mg/cm Ge on Cr, and c maximum absorp-
tion with a target of 2.5 mg/cm Ge on Al. The solid
curves were calculated vnth the relations of Ref. 8 and
the parameter values given in the text. Broken lines in
b and & indicate the saturation absorption for infinite
abs orber thickness.

where C=1.8&&10 ' cm /sec for a spherical
nucleus of constant charge density, including
relativistic corrections. We assume the elec-
tronic configurations 4s'4P' for germanium,
and for the Ge'+ ions in Ge0„4s 4P . It is then
possible to calculate from the tables of Watson
and Freeman" that the difference of the elec-
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tron densities at the 7 Ge nuclei is (1(G O (0) I'
Ge02—l(G (0) I') = -5.6&&10" cm '. With these as-

sumptions the change in nuclear radius is AR/R
=+1x 10 . A small isomer shift between
Ge absorbers and germanium in chromium tar-
gets, 5=+0.17+0.07 mm/sec, indicates a re-
duction in s-electron density for germanium
in chromium.

We cannot exclude the possibility of radiation
damage in the chromium from our present re-
sults. However, no changes in the Mossbauer
spectra were observed during an irradiation
time of approximately one week. It may be as-
sumed that any radiation damage occurring in
the target takes place in a time short compared
with a few hours.

We wish to thank C. J. Sparks for making the
x-ray analysis of our targets.
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LASER-PRODUCED DIELECTRIC BREAKDOWN IN LIQUIDS
WITH RESULTING ABSORPTION OF A SECONDARY LIGHT BEAM

M. W. Dowley, K. B. Eisenthal, and W. L. Peticolas
IBM Research Laboratory, San Jose, California

(Received 13 February 1967)

We have observed phenomena in various liq-
uids which we attribute to laser-produced di-
electric breakdown. They are (a) a long-lived
attenuation of a secondary light beam, (b) a
small amount of forward scattering of the sec-
ondary light beam, (c) a distortion of the trail-
ing edge of the la.ser pulse, and (d) a lumines-
cence, coincident with the laser pulse, and
having a low-intensity long-lived tail. The break-
down we believe is localized at particle sites
in the liquids and results in pockets of dense
plasma. In a liquid with particles of well-de-
fined size, we observe a threshold in laser
power below which no luminescence is seen
and the other effects are also apparently ab-
sent. A threshold in field strength for lumines-
cence is strongly suggestive of dielectric break-
down. These effects are produced at relative-
ly low laser powers of the order of a few mega-
watts per square centimeter depending some-

what on the liquid and the number and size of
nucleating sites. No extensive macroscopic
cavitation occurs. '

A xenon flash tube together with a monochrom-
ator was used as a secondary source. The flash-
tube output of approximately 2- p.sec duration
was made to coincide with the output pulse of
a Pockels-cell, Q-switched ruby la.ser, OTI
Model 130. The attenuation of the secondary
beam was monitored with an RCA 1P28 photo-
multiplier. The laser and flash tube beams
could be made to intersect in the sample cell
at various angles and over path lengths from
0.5 to 10 cm. Changes in intensity of 0.3/o in
the secondary beam could be measured reliably.

The most striking phenomenon is the atten-
uation of a secondary light bea.m (see Fig. 1).
The attenuation rises sharply coincidentally
with the laser pulse and decays slowly with
a time constant of a few hundred nanoseconds


