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The photoactivation of the 396 keV (T&&&-49 min) isomeric level has been studied with a

Co source. As in an earlier investigation of " In, evidence has been found for a non-

resonant process contributing to the excitation of the isomeric level.

RADIOACTIVITY "'Cd; studied photoactivation with Co, investi-

gated reaction mechanism.

The photoactivation of the 336 keV (Tl~2-4.3 h)
isomeric level of " In has been studied recently us-

ing a Co source. ' Prior to this experiment similar
investigations had assumed the mechanism for ex-
citing the isomeric level involved photons, in the
low energy tail associated with the strong Co
source, exciting the 1078 keV " In level via reso-
nance fluorescence, and that this level decayed to
populate the isomeric level. For our experimental
arrangement we showed that the excitation of the
isomeric level proceeds dominantly via a non-
resonant process.

We have extended these investigations by study-
ing the photoactivation of the 396 keV (Tl~2-49
min) level of "'Cd. The level structure and some
aspects of the y-ray branching scheme of '"Cd are
shown in Fig. 1. There is only limited information
available for y-ray transitions involving levels above
1020 keV. Measurements of the photoactivation of
the isomeric level using bremsstrahlung radiation
from an electron beam ' show that when levels at
about 740, 1120, and 1330 keV are excited with the
bremsstrahlung, they populate the isomeric level in
their deexcitation process. The photoactivation
cross section associated with excitation of the 1330
keV level is three orders of magnitude greater than
that associated with excitation of the 1120 keV lev-
el, and four orders of magnitude greater than that
associated with excitation of the 740 keV level.
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FIG. 1. The level structure and y ray branching
scheme of "'Cd.
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Pz(Ez ) is the flux of photons per unit area, energy,
and time, at the resonance energy. O.NR is the total
nonresonant cross section and pNR is the flux of
nonresonant photons per unit area and time

+NR 0NR(Eiso ) +y~NR(E' )~»o(t )~~' (2)

where E;„ is the energy of the isomeric level and
the ith level has an energy E; (E; &E», ), a width

I;, and a partial width I';,,(i) for decay to the
isomeric level.

The resonant and nonresonant contributions in
Eq. (1) are written in terms of an incoherent sum as
any possible interference between the resonant and
nonresonant amplitudes vanishes because the two
processes have different initial and final states.

Our experimental technique was the same as in
the indium measurements and involved interposing
lead pieces between the Co and the cadmium dur-
ing the irradiations to vary the relative values of
p~(E~) and pNR. The variations in the induced
cadmium activity allow a separation to be made be-
tween the respective resonant and nonresonant con-
tributions. The relative values of p~(Ez) and pNR
depend on the tail of low energy photons emerging
from the source and the scattering and absorption
in the lead and cadmium. Although the intensity k

Other investigations with bremsstrahlung and with
Co sources have also interpreted the isomeric

level's photoactivation in terms of resonance
fluorescence of a level near 1.33 MeV. The only
direct observation of the 1330 keV level was via the"Cd(dt)"'Cd reaction. 9 In the photoactivation of
the " In isomeric level a 1078 keV intermediate lev-

el is involved and both the 1172 and 1332 keV Co

y rays contributed to the excitation in our arrange-
ment. In the case of "'Cd the 1332 keV y ray will

be, by far, the dominant contributor to the activa-
tion of the isomeric level.

If we allow for the possibility of nonresonant pro-
cesses, the probability P of exciting the isomeric lev-

el per unit time is given by

~ =oR(( R(ER )+ONRNNR ~

T

where o~ ——n gk I'01;,Jl represents the resonance
fluorescence contribution. The parameters g, I o,

I;„,and I" are, respectively, the statistical weight,
the ground state transition width, the partial width
for decay to the isomeric level, and the total width
of the 1330 keV level.

— —,where E~ ——1330 keV .Ac

of the low energy tail emerging from the collirnated
(1.68+0.05)X10 Bq Co source was estimated by
the manufacturers to be 18% of the intensity of the
full energy Co photons, k was used as a variable
parameter in g comparison with the experimental
photoactivation data. The effects of the lead and
cadmium on the photon energy distribution were in-

vestigated using a smaller Co source which only
emitted full-energy photons. As the resonance ener-

gy of 1330 keV is close to the energy of the 1332
keV ~Co photons, the photon flux was investigated
in the energy range of 1196—1309 keV and an ex-
trapolation, involving the Klein-Nishina formula
and a 7 criterion, was used to estimate the flux at
1330 keV. The relative value of ptt (Ez ) to pNR was

quite sensitive to the lead thickness but it varied
only slightly with energy. For example, even when
1.6 cm of lead was used, there was only a 6%%uo varia-
tion over the energy range of 1196 to 1309 keV.

The cadmium disc had a diameter of 3 cm and a
thickness of 0.45 cm; it was placed 34.5 cm from
the Co source. Five two-hour irradiations were
made; one without any lead interposed and others
with 0.4, 0.8, 1.2, and 1.6 cm of lead placed between
the Co and the cadmium. The photoactivities
were measured with a calibrated Ge(Li) detector by
observing the 245 keV y ray emitted in the cascade
deexcitation of the isomeric level.

A P analysis of the experimental data was made
with k, o.z, and o~R as variable parameters. The
agreement was relatively insensitive to k, which was
allowed to vary between 0.14 and 0.23. The best 7
value was when k=0.18, which was in agreement
with the source specifications. The sensitivity of
the analysis is illustrated in Fig. 2. The best 7
value of 1.32 gives crz ——(5.8+0.8) X 10 cm keV
and aNR ——(1.57+0.22) )& 10 cm . The uncertain-
ties allow for statistical and systematic errors. Our
results show that, when no lead is interposed be-
tween the Co and the cadmium, only 42% of the
excitations proceed via resonance fluorescence of
the 1330 keV level. This contribution rises to 75%%uo

when 1.6 cm of lead is interposed.
Other results for photoactivation of '"Cd with

photons in our energy range are shown in Table I.
These investigations did not allow for nonresonant
contributions, so discrepancies are to be expected.
Chertok and Booth assumed a level at 1.34+0.02
MeV was the dominant contributor to the resonance
fluorescence mechanism and used a self-absorption
technique to extract gI 0

——(1.7+ 1.1)X 10 3 eV. Ex-
periments with Co indicate this level is below
1332 keV. %e can use this result, and our value for
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FIG. 2. A comparison of the experimental and in-

duced isomeric level excitation probability as a function
of dpb, the lead thickness. The line for the calculated
values are hand-drawn through five calculated values.
The values obtained for g, o.~, and O.~R are the follow-

ing: (1) g =60.6, oq ——9.1X10 cm keV, 0NR ——0; (2)

X =1.32, cry ——S.79X10 ' cm keV, 0NR=1.57X10 '
cm; (3) g =16.2, o~ ——3.98X10 cm keV, 0.NR

——2.34
X10 cm ' (4) g =52.6, cr~ ——2.34X10 cm keV,
0'NR ——2.93X10 ' cm.

oz, to derive I;,JI =0.016+0.010. If we assume
the nonresonant excitation of the isomeric level also
proceeds via the 1330 keV level we obtain
tTNR =(9.g+6.3)X 10 ' cm for the 1330 keV level.

The small energy difference between the Co en-

ergy and the 1330 keV level reduces the possibility
of nuclear Raman scattering being a possible expla-
nation of the nonresonant cross section. For exam-

ple, the dynamic collective model predicts a value
of only 3.45)& 10 cm . The cross section for the
proposed inelastic photoelectric effect' is also too
small to explain the phenomenon. In the case of" In the possibility of a contribution from the tail
of a level via resonance fluorescence could be com-

TABLE I. Experimental values for the cross section
for photoactivation of the isomeric level.

Reference Photoactivation cross section
(10 cm keV)

8-o.s+4

6+2
15+3
10.2+2.6
35+4
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pletely eliminated. For "'Cd Doppler broadening is
of the order of eV and the energy difference of 2
keV between the Co photons and the 1330 keV
"'Cd level would give a resonance fluorescence in-
teraction well below the observed effect. However,
there is some uncertainty in the exact energy of the
"'Cd level and the situation is less clear than for" In, although it is improbable that change overlap
would occur and allow a resonance fluorescence
contribution.

When we consider together the nonresonant con-
tributions found in both the " In and "'Cd investi-
gations they suggest that some new, or uncon-
sidered, photon-nucleus interaction mechanism
must be contributing to the activation of the
isomeric levels.
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