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The x-ray and electron. excitation of silver and cadmium has been studied in the region from
their thresholds to 3.3 Mev. .The thick target x-ray excitation curve for silver shows the thresh-
old to be 1.18+0.03 Mev and higher activation levels are found at 1.59, 1.95, 232, 2.76, and
3.13 Mev, respectively. The half'-life of the metastable state of silver is 40,4+0.2 seconds. Both
the thick target x-ray excitation curve and the electron excitation curve for cadmium indicate
that the threshold for these processes is 1.25&0.03 Mev while other activation levels are found
at 1.68, 2.08, and 2.56 Mev. The energy of the metastable level of cadmium, as determined
from data on the absorption in aluminum of the conversion electrons emitted in the process, has
been found to be 195 kev and the half-life of the metastable level is 48,7&0.3 minutes.

DTTRO DUCTION

"'UCLEAR isomerism was 6rst observed
when lt was foUnd that thlec radloactlvc

periods could bc plodUccd by thc lrradlatlon of
bromine with slow neutrons. ' Since there are only
two stable isotopes of bromine, namely, 35Brv'

and 35Br", it was necessary to assign two of these
pcrlods to a single lsotopc.

It was pointed out by von %'cizsacker' that
such a condition may be explained by the as-
surnption that there is R large diR'ercncc of spin
between the two states and hcncc the stRtc of
higher energy may exhibit a relatively long life-

time against y-emission. In 1938, Goldhaber,
Hill, and Szilard' found that the stable isotope
IQ"' possessed such R metastable level which

could be excited by fast neutrons and which

decayed to thc ground Icvcl with R pcllod of 4.1
hours. Since this time, eleven stable nuclei

possessing metastable states have been reported. '
The presence of a low lying metastable state in

a stable nucleus affords a vcly accurate method
for determining R series of the energy levels of
that nucleus. Inasmuch as the transition from

the metastable to the ground level is forbidden,
because of the large diAerencc in angular mo-

mentum, the dllcct transition from thc groUIKl

state to the metastable state is just as strongly
forbidden. Therefore, to reach the metastablc
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3 M. Goldhaber, R. D. Hill, and L. Szilard, Phys. Rev.

55, 47 (1939).
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state, the nucleu~ must 6rst be raised to R higher
activated level, the spin of which is intermediate
between that of the ground and Inetastable
states. The nucleus can then leave this activated
level clthcr by dlrcct trRnsltlon to thc glound
state or it may fall to the metastable level with
a further change of spin, l„—l., and the emission
of energy, hv, —hv . After the nucleus is in the
metastable state it can only fall to the ground
state with the emission of energy hv Rnd a large
change of angular momentum, l, —l .

Nuclei, in general, can be raised to the activated
levels by inelastic collision with neutrons, pro-
tons, 5 alpha-particles, 6 electrons, ~ Rnd by the
absorption of x-rays. The latter two processes
RBord morc complctc Rnd RccuI'Rtc methods fol
studying the excitation and for the determining
of the positions of the higher activation levels.

If x-rays are produced by a beam of mono-
chromatic electrons striking R thin target, the
lntcnslty of a glvcn isochromat, ln thc continuous
x-ray spectrum thus produced, was shown, in the
energy 1RQges concerned herc, to IcInaln con-
stant at accelerating voltages equal to or greater
than the energy of this isochromat. Hence, one
should expect the activity in a sample irradiated
w'1th thin target x-I Rys to.l lse qUIckly to a certain
value when the threshold energy for the process
is reached and then to remain essentially constant

~S. W. Barnes and P. W. Aradine, Phys. Rev. 55, 50
(1939).

6 K. Lark-Horovitz, J.R. Risser, and R. N. Smith, Phys.
Rev. 55, 878 (1939).

6. B CollHls and B. Kaldfnan, Phys. Rev. 57' 1088
(1940).' E. Guth, Phys. Rev. 59, 325 (1941).



NUCLEAR EXCITATION OF SILVER AND CADMIUM

yr
e le|:tron beam

~ BRASS~ GOLD

FIG. i. Thick x-ray target arrangement with silver counter
in bombardment position.

until a second activation level is reached, where-
upon the activity will again rise in a similar
manner. The positions of these sudden rises in the
activity vs. accelerating potential curves then
indicate the energy of the activated levels.

Similarly, as has been pointed out by Guth, '
if we consider the thick target continuous x-ray
spectrum as composed of a multitude of thin
targets superimposed one behind the other, the
activity should rise linearly with accelerating

potential until-another activation level is reached,
whereupon the slope of the activity curve in-
creases. The intersection of the two linear por-
tions thus indicates the position of the activation
level.

If the process is one of resonance absorption,
the electron excitation curves should show sharp
peaks when an activation level is reached and
then fall to a lower value once this energy has
been exceeded, similarly to the well-known exci-
tation curves of Franck and Hertz for electrons
striking an atom.

EXPERIMENTAL PROCEDURE

A. Silver

It had previously been found'that silver pos-
sesses a metastable state 93 kev above the ground
level which decays with a half-life of 40 seconds.
It has also been shown that this activity can be

' L. W. Alvarez, A. C. Helmholz, and E. Nelson, Phys.
Rev. 57, 660 (1940); G. E. Valley and R. L. McCreary,
Phys. Rev. S6, 863 (1939);A. C. Helmholz, Phys. Rev. 60,
160 (1941);E. Segre and G. T. Seaborg, Phys. Rev. 59, 212
(1941).
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FIG. 2. Thick target x-ray excitation curve for silver. The positions of sudden changes in slope give the position
of the energy levels which combine with the metastable state.
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produced by direct x-ray bombardment of silver. "
In the present work, the x-rays were produced

by a beam of electrons impinging on a gold
target. The electrons were accelerated by a high
pressure van de Graaff-Herb generator. " The
sample of silver being irradiated formed the
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FIG. 3. Nuclear energy level diagram for silver showing
the various transitions by which nuclei may reach the
metastable state.

cylinder of a counter which was placed directly in

front of the target as shown in Fig. 1.
The counters used were self-quenching and

were filled with an argon (90 percent) —ether (10
percent) mixture. It has been found that such a
counter could be irradiated for several hours with
very intense x-ray beams without showing a
change in threshold or counting efficiency. Argon-
alcohol counters, on the other hand, quickly
deteriorate under the action of an intense x-ray
beam.

In obtaining an excitation curve it is necessary
to find the activity produced as a function of the
accelerating voltage, keeping all other quantities
which might influence the activity constant. For

"J.Feldmeier and G. B. Collins, Phys. Rev. 59, 937
(1941)."This name seems appropriate for generators of the high
pressure type since much of the early work in their develop-
merit was done by Herb and his group.

the work with thick target x-rays, the electron
beam used was 200 microamperes, the irradiation
time was fixed at two minutes, and the activity
was taken as the number of counts above back-,
ground during the two-minute period starting
five seconds after the beam was turned off.

The curve thus obtained is shown in Fig. 2. It
can be seen that the threshold, which represents
the first activation level above the metastable
state, is found at 1.18 Mev and higher activation
levels, indicated by the sharp breaks in the curve,
are found at 1.59, 1.95, 2.32, 2.76, and 3.13 Mev,
respectively.

From these data it is possible to draw a nuclear
energy level diagram for silver (Fig. 3) indicating
the excitation and the subsequent decay of the
excited levels combining with the metastable
state.

Difficulties were encountered in observing the
excitation of silver by direct electron bombard-
ment since the energy of the conversion electrons
emitted in the transition from the metastable to
the ground state is very low (66 kev). These
electrons are completely stopped by a very small
thickness of material. As a consequence, it was
necessary to find an arrangement by which the
silver could be born barded and then placed
directly inside of -a counter with as short a time
delay as possible. To accomplish this, a counter
was mounted on a large brass stopcock (Fig. 4)
along with a ballast bottle filled with an argon-
ether mixture at the same pressure as that in the
counter. With this arrangement, the sample was
placed in a cavity (u) in the inner part of the
stopcock when at position (b). After the cavity
was evacuated at position (c) by means of a fore-

pump, it was turned to position (d). The cavity
was then filled with the gas mixture to the same

FIG. 4. Geiger-Muller counter mounted on a brass stop-
cock for admitting active sample to the inside of the
counter.
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Fro. 5. Thick target x-ray excitation curve for cadmium.

pressure as the counter after which it was turned
to position (e) within the counter. With this
arrangement the sample could be gotten into the
counter within two minutes after irradiation was
stopped. Activity produced by the electron bom-
bardment was observed but the complete excita-
tion curve has not as yet been studied for this
element.

The half-life of the metastable state was de-
termined from a decay curve extending through

six half-life periods with an initial activity of 8000
counts/15 seconds. These data give .a value of
40.4&0.2 seconds for the half-life.

This metastable state may belong either to
4yAg'" or 47Ag'" both of which have spins of ~ in
the ground state. From the decay period and
energy of the metastable state, this would imply
a spin of 9/2 for the metastable state" and a
probable spin of 5/2 for the level at 1.18 Mev.

"A. C. Helmholz, Phys. Rev. 60, 415 (1941).
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FIG. 6. Electron excitation curve for cadmium. The positions of sharp rises give the
energy of the excited levels in the resonance absorption,
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cadmium directly with the electron beam. The
activity produc'ed in the samples was measured

by the counter previously described (Fig. 4). The
excitation curve (Fig. 6) shows a series of rather
sharp peaks superimposed on a continuous back-
ground. The positions of these peaks occur at the
same voltages as the breaks in the thick target
x-ray excitation curves. The relative sharpness of
these peaks in the electron excitation curve gives
further evidence that the process is one of line
absorption.

The energy of the metastable state was also
determined by measuring the absorption of the
conversion electrons in aluminum foils. Several
runs were taken at a constant accelerating voltage
and with constant beam current with various
thicknesses of aluminum between the cadmium
and the counting region. The activity was thus
found as a function of the thickness (Fig. 7). The
energy of the metastable state is then the energy

Frg. 7. Absorption curve for the conversion electrons
emitted in the transition: Cd*~cd+y.

B. Cadmium

The fifty-minute period of cadmium"" has
been studied in a manner similar to that used
with silver. The positions of the activated levels

have been found from a thick target x-ray exci-
tation curve. The activity was taken as the
number of counts obtained during the first half-

hour after irradiating a counter with a cadmium

cathode for a time of ten minutes with a beam
current of 250 microamperes. This curve is

shown in Fig. 5 and as is seen, the threshold for
this reaction, Cd+y —+Cd*, is 1.25&0.03 Mev
and higher activation levels are found at 1.68,
2.08, and 2.56 Mev, respectively. In the region of
the threshold, the samples were irradiated for
much longer ™eswith beam currents up to 700
microamperes so that the activity of the cad-
mium would greatly exceed the normal back-
ground of the counter. These activities were then
corrected to the proper value of irradiation time
and beam current.

An electron excitation curve for cadmium was

also obtained by bombarding thin samples of

energy
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Fze. 8. Nuclear energy level scheme for cadmium.

of the conversion electrons plus the binding
'3 M. Dode and B.Pontecorvo, Comptes rendus 20'7, 287 energy of the X electrons of cadmium The value

(f938); M. L. Wiedenbeck, Bull. Am. Phys. Soc. 19, No. 3
(1944). thus found is f95 kev.



From these data one can draw a nuclear energy
level diagram for cadmium (Fig. 8) showing the
various energy levels combining with the meta-
stable state.

The isotope of cadmium which possesses the
metastable state can be ejther Cd" o "' '" "3si~~e
this activity has. also been produced by Scherrer
eI'al. '4 by the Cd y —n reaction. Of these, Cd"'
can probably be eliminated in as much as ma-
terial with this period cannot be grown from
silver having the 22-second period.

It is of interest to notice that metastable levels
were found for two "triads:" silver, cadmium,
and indium; and platinum gold and mer-
cury. " It is very likely that the group, kryp-

"O.Huber, O. Lienhard, P. Scherrer, H. WafHer, Helv.
Phys. Acta 16, 228 (1943).

's B.Waldman and M. L. %'iedenbeck Bull. Am. Phys
Soc. 1V, No. 5 (Nov. 1942); M. L. Wiedenbeck, Thesis
on nuclear excitation of Indium. Both thick, and thin target
x-ray excitation curves and the electron excitation curve
has been obtained for indium and will be reported in the
near future.

'6 R. Sherr, K. T. Bainbridge, and H. H. Anderson, Phys.
Rev. 60, 473 (1941).

~~ Data on gold will be published in a forthcoming issue of
Phys. Rev.

'8 F.A. Heyn, Nature 139, 842 (1937);E. McMillan, M.
Kamen, and S. Ruben, "Phys. Rev. 52, 375 (1937); M. L.
Pool, J. M. Cork, and R. L. Thornton, Phys. Rev. 52, 239
(1937}.

ton, " strontium, " and rubidium, may form
another such "triad."

The level schemes in the "triad, " silver,
cadmium, and indium, show that the spacing of
these levels is approximately uniform in any one
of the elements. A similar condition has been
found to exist in the case of nitrogen. "However,
it should be noted that nitrogen is among the
light elements while the elements studied here are
of intermediate weight. It is possible that with
the extension of these excitation curves to higher
energies the levels will converge as in the case of
atomic spectra.
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