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The Nuclear Excitation of Ag'" and Ag'" by X-Rays*

Er.rorvs J. %or.rcxr, f BERNE WALoMAN, AND WAr. TER C. Mrr. r.ER
Department of Physics, Universe'ty of Notre Dame, Notre Deme, Ied&ea

(Received January 15, 1951)

X-rays, produced by monoergic electrons, were used to excite the separated isotopes of silver to their
metastable states. The half-life of Ag'o * was found to be 44.0+2.0 seconds. The half-life of Ag'0'* was
found to be 40.0&2.0 seconds. These measurements are in agreement with those of Bradt, et al. , and the
isotopic assignment of Helmholz. The electron energy was varied between 0.8 Mev and 2.3 Mev in order
to obtain the excitation curves. The thresholds for x-ray excitation of both Ag'0' and Ag'0' were found
to be below 0.8 Mev. An activation level in Ag'0' was found at 2.285~0.028 Mev. An activation level in
Ag'~' was found at 2.220~0.028 Mev. The over-all cross section {i.e., per incident electron on thick gold
target) is of the order of 10 '4 cm~ for both isotopes at 1.4 Mev.

I. INTRODUCTION

'HE x-ray excitation of the isomeric state of silver
was first observed by Collins and Feldmeier. '

Further work' showed that, similar to indium, ' one
could obtain, from an x-ray excitation curve, two
activation levels, at 0.85 Mev and 1.25 Mev. Kieden-
beck' repeated these experiments and was able to
analyze the resulting x-ray excitation curve into evi-
dence for some six activation levels, at 1.18, 1.59, 1.95,
2.32, 2.76, and 3.13 Mev. All of these experiments used
ordinary silver consisting of essentially equal parts of
the two isotopes 107 and 109.

The original investigation of Alvarez, Helmholz, and
Nelson' established the metastable state in silver by a
study of the decay of cadmium but did not identify
the isotope. Helmholze showed that in order to account
for the presence of two internally converted gamma-
rays, it was necessary to postulate that both isotopes of
silver had metastable states of approximately 40-sec
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Fro. 1. (a) Decay of Ag'e~*. {b) Decay of Ag'~*.

half-life. Bradt, et a/. ,' measured the half-lives and
associated disintegration schemes of cadmium and
silver, not knowing the isotopic assignment until
Helmholz' identified the parent cadmium isotopes. The
94-kev gamma-ray of half-life 44.3 sec was assigned to
Ag'"*, and the 89-kev gamma-ray of half-life 39.2 sec
was assigned to Ag'0'*.

%ith the availability of the separated isotopes of
silver, it became desirable (a) to determine Chrectly the
half-lives and isotopic assignments, and (b) to obtain
the x-ray excitation curve for each isotope.

The analysis and interpretation of x-ray excitation
curves has been discussed by Miller and %aldman. '

II. EXPERIMENTAL PROCEDURE

(A) Irradiation

The separated isotopes of silver were obtained as
chlorides, and metallic foils were prepared by electro-
plating on platinum disks s" in diameter. The isotopic
proportions and the foil thicknesses were as follows.
The Ag'" contained 3.2 percent of Ag'" and was 10.3
mg/cm' thick; the Ag"' contained 0.1 percent of Ag'"
and was 10.8 mgjcm' thick. These thicknesses were
greater than the range of the conversion electrons to be
detected.

The x-rays were produced with the Notre Dame
electrostatic generator by stopping a well-collimated
beam of monoergic electrons in a thick (—,'&") goid
target. As in previous experiments, ' the current was
monitored by a Brown recording potentiometer, and
the voltage was measured and stabilized by a null-type
generating voltmeter and associated control circuits.
The voltage calibration was based on the photo-disinte-
gration thresholds of beryllium and deuterium as
measured by Mobley and Laubenstein. '

*This work was supported by the joint program of the ONR (3) Counting
and AEC.

HAEC Predoctoral Fellow now at the University of Iowa, The activities encountered in this experiment were
Iowa City, Iowa. low owing to the following facts:

~ G. B.Collins and J. R. Feldmeier, Phys. Rev, 59, 937 (1941).
~ J, R. Feldmeier, Ph.D. thesis, Univ. of Notre Dame {1942). ~ Bradt, Gugelot, Huber, Medicus, Preiswerk, Scherrer, and
I Qf. C. Miller and B.Kaldman, Phys. Rev. 75, 425 (1949). Steven, Helv. Phys. Acta 20, 153 {1947).' M. L. Kiedenbeck, Phys. Rev. 67, 92 (1945). 8 A. C. Helmholz, Phys. Rev. 70, 982 {2946).
g Alvarez, Helmholz, and Nelson, Phys. Rev. 57, 660 (1940). 'R. C. Mobley and R. A. Laubenstein, Phys. Rev. 80, 309' A. C. Helmholz, Phys. Rev. 60, 1|N (1941). (1950).
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FIG. 2. {a) Thick tar etget x-ray excitation curve of Ag'o . (b) Thick tarick target x-ray excitation curve of A "'g
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FIG. 3. Thi target x-ray excitation curves.

III. RESULTS

(A) Half-Lives

Irradiations were made at 2.6 M hev wit a 200 gamp
earn current, and initial activitie f b 1so a out counts

sec resulted. Data were obtained b hoto ra

a out 00 sec. Statistical errors were reduced by adding
corresponding points from separate decay curves. The
decay curves for Ag'"* and A '"* h
The half-life of Ag'"* is 44.0+1 0 d

g are shown in Fi . 1.

is 40.0+1.0
sec and that of Ag'"*

is . +1.0 sec. Bradt, et u/. ,
' measured half-lives of

44.3+0.2 sec and 39.2&0.2 sec, and Helmholz' assi
an g, respectively. The direct

measurements obtained in this experiment verif
assignment.

n ver yt is
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(3) Excitation Curves

The thick target x-ray excitation curve is obtained
by plotting the normalized activity as a function of the
electron beam energy. Since the activity has a short
half-life, the varying target current was weighted
exponentially from the end of the irradiation period.
Thus, all activities were normalized to inhnite irradia-
tion with constant current. For each isotope, several
irradiations were made at each voltage, and the
activities were averaged to reduce the statistical error.

Figure 2 shows the lower energy portions of the
excitation curves for Ag'" and Ag'", respectively. The
thresholds in both cases are below 800 kev, although the
data do not permit accurate location. The breaks in the
curves indicate an activation level in Ag'" at 1.285
&0.0j.8 Mev and an activation level in Ag'" at 1.210
~0.018 Mev. Figure 3 shows both excitation curves
over the entire energy range investigated and empha-
sizes the 75-kev difference between the corresponding
levels in the two nuclei. In considering the close simi-

larity between the two nuclei in other respects, it is to
be expected that such a small di6'erence between the
energy levels exists. The approximate over-all cross
section (i.e., per electron incident on a thick gold
target) at 1.4 Mev is of the order of 10 ~ cm' for both
isotopes. In Figs. 2 and 3, to convert activity to over-all
cross section, multiply the ordinates by 4X10 "cm'.

These excitation curves agree with the early work of
Feldmeier' in this laboratory but are contrary to that
of %iedenbeck. 4 This experiment is further confirmation
that, as has been previously discussed, ' one cannot
obtain more than a few energy levels by x-ray excitation.
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The effect of the finite size of the nucleus on the elastic scattering of electrons with energies in the
neighborhood of 20 Mev has been calculated for two simple spherical nuclear models: a uniform charge dis-
tribution, and a uniform shell charge distribution, both of radius R = 1.45 X 10 "A & cm. An exact phase shift
analysis has been made, the phase shifts difFering appreciably from those for a point nucleus only in the
j=$ state.

Phase shifts for elements of Z=13, 29, 50, and 79 have been plotted as a function of energy over the
interval from 15 to 35 Mev, permitting the calculation of any desired cross section within this range.
Representative curves of the ratio of the scattering cross section for the finite nucleus to that for a point
nucleus have been plotted.

The difFerence in the scattering due to the two models is large enough so that accurate experiments might
distinguish between them, the actual average nuclear charge distribution probably falling somewhere
between these two cases. The ability to difFerentiate between the two models, however, depends on the
accuracy with which nuclear radii are known.

I. INTRODUCTION

HEN a beam of high energy electrons ( 20 Mev)
falls on an atom, a significant part of the scat-

tering results from electrons which have actually
penetrated the nucleus, so that the scattering cross
section depends on the nature of the nuclear charge
distribution. Previous calculations for lower energies
have taken the nucleus to be simply a point charge. It is
the purpose of this paper to calculate the efkct of the
6nite nuclear size on the scattering of these high energy
electrons. Two simple nuclear models are assumed: (1) a

~ This paper was supported in part by the joint program of the
ONR and AEC.

t Now at Hughes Aircraft Company, Culver City, California.

uniform spherical charge distribution, and (2) a shell
charge distribution, with the charge distributed uni-
formly over the surface of the nucleus.

Rose' has already treated this problem by means of
the Born approximation, which is valid for the light
elements. Here exact results are obtained by means of
a phase shift analysis.

For the energies of interest here, it is necessary to use
the Dirac relativistic theory of the electron. Relativistic
scattering theory, for spherically symmetric scattering
centers, involves the solution of a pair of simultaneous
6rst-order diGerential equations, the well-known Dirac

' M. E. Rose, Phys. Rev. 73, 279 (1948).


