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A Ge(Li) y-ray spectrometer and a Si(Li) electron spectrometer were standardized for mea-
surements of internal-conversion coefficients using y transitions of well-known && and ez
values from standard sources. The'internal-conversion coefficients of four y transitions in

Br and one in Se have been measured. The results for the conversion coefficients are as
followers: +He, 103 keV: ez ——7.1+0.3, ez ——1.6+ 0.3 Br 178 keV: ez& 0.05 ol & 0.003.
260 keV: 0. =0.038+0.001, e =0.005+0.002 ~ 276 keV: e =0.009+0.001, e =0.002+0.001;
290 keV: ez =0.012 + 0.001, er —-0.002 +0.001. The multipolarities are deduced to a fair de-
gree of certainty.

I. INTRODUCTION

The excited levels in the nuclide "Br have been
the subject of a considerable number of investi-
gations of various types. These include nuclear
reactions, ' Coulomb excitation, ~ and radioactive-
decay' ' experiments. The results of the various
investigators who have performed the latter type
of experiment are not in complete agreement with
each other. In the present work we have attempted
to measure the conversion coefficients of the low-
energy y radiations from levels in "Br populated
by the P decay of both the ground state and the 103-
keg isomeric state of "Se and thus deduce the
multipolarities of these radiations.

II. EXPERIMENTAL

The apparatus for the measurement of conver-
sion coefficients is identical to the one described
by the author in a previous mork. ' The method
consists of simultaneously measuring the y and
electron spectra by a Ge(Li) and a Si(Li) spec-
trometer, respectively. The relative efficiencies
of the electron and y detectors were determined
over a wide range of energies by using radioactive
sources with standard y rays of mell-known in-
ternal-conversion coefficients.

The sources mere mounted at the center of a,

thin-walled evacuated aluminum chamber. A
Si(Li) detector with a depletion depth of 2 mm
and area, of 60 mm' was also mounted in the same
chamber at a distance of 7.5 cm vertically above
and facing the source. The detector was cooled to
liquid-nitrogen temperature by means of a cold
finger arrangement. For the particular detector
used, the K conversion line from the y ray follow-
ing the decay of "'Cs had a, full width at half maxi-
mum of -6 keV. The K conversion peak was well
separated from the I. +M. ~ ~ peak. A Ge(Li) de-

tector of depletion depth 10 mm and active vol-
ume of 20.0 cm' was mounted directly beneath
the aluminum chamber at a distance of 15 cm
from the source. The following y rays and their
conversion lines were used to calibrate the sys-
tern:
(i) the 145-keV line from the decay of '"Ce,
(ii) the 279-keV line from the decay of '"Hg,
(iii) the 442-keV line from the decay of "'Au, and

(iv) the 662-keV line from the decay of "'Cs.
In each case the y and electron spectra were

stored simultaneously on two analyzers in order
to avoid errors due to to decay of the source, if
any. If we represent the area under any conver-
sion line A., and the area under the full energy
peak of the y line A, then the ratio A, /A must
bear some relationship to the corresponding con-
version coefficient a. Rather than make an in-
volved calculation involving the efficiencies and
solid angles of the detectors and the absorption
of the radiations by the various materials (see
Ref. I) intervening between the source and the de-
tector, it is simpler to make a plot of the ratio
r = I/o.'(A, /A ) as a function of the electron energy.
It is reasonable to suppose that the quantity y has
a smooth variation with electron energy. The con-
version coefficient of an unknown radiation can be
read off from such a plot.

Ra,dioactive sources of the 18.6-min 'Se and the
57.3-min 81™Sewere prepared by irradiating en-
riched "Se metal in the Virginia Polytechnic In-
stitute and State University Research Reactor at
a flux of 10" neutrons/cm'/sec for about an hour.
The sample was dissolved in nitric acid and evap-
orated to dryness on a piece of aluminized Mylar,
and mounted on a source holder in the chamber
referred to above. All the radioactive sources in
this experiment were identical in size and shape
and prepared by liquid deposition on 1-mg/cm2
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aluminized Mylar foil. An area of 5 mm diameter
was punched out of the activated surface and
mounted at the center of a Mylar foil of about 2.0
cm in diameter. The self-absorption of electrons
in the source is negligible. The measurements
were started only after transient equilibrium was
attained between the isomeric and the ground state
of "Se.

III. RESULTS

Because of the comparable lifetimes and com-
parable thermal-neutron cross sections of "Se
and 81™Seone can only produce a composite source
by neutron irradiation, and thus also the composite
electron and y spectra. In Fig. 1 we show the y
spectrum below 300 keV from the Ge(Li) detector
as stored in a 512-channel analyzer, and in Fig. 2
the conversion-electron spectrum from the Si{Li)
detector 1n a 1024-channel analyzer. From sev-
eral such spectra we were able to obtain the K and

{ I+M) conversion coefficients of the 103-keV iso-
meric trRQsltlon ln Se~ the 260-q 276-~ Rnd 290-

keV transltlons lIl Br w1th 1easonRble Rccul Rcy.
We were also able to set an upper limit to the E
conversion coefficient of the 178-keV transition.
We have made no attempt to establish a decay
scheme for the energy levels in "Br, but the one
published by Zoller and Walters' appears to us to
be the most reasonable one, which is the basis
for Fig. 3. The results of our measurement of K
and L, conversion coefficients are summarized in
Table I. We include in this table the plausible
multipolarity of the y transitions in the last col-
umn of the table.

IV. CONCLUSIONS

The measurement of the conversion coefficient
of y radiations is primarily useful for the determi-
nation of their multipolarities. By comparison
with theoretically predicted conversion coeffi-
cients, one is often able to extract the mixing ra-
tios of the various types of multipole radiations in-
volved in a given transition. We have compared
our results with the theoretical prediction due to
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FIG. 1. Low-energy y-ray spectrum from 8~Se and 8i™Se.
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F'LQ. 2. Low-energy electron spectrum from 818e and 81 Se

Sliv and Band.
As seen from the table, the value of nr(7. 1+0.2)

for the 103-keV transition in "Se is consistent
with the value given by Drabkin, Orlov, and Rusi-
kov, ' while it disagrees slightly with that of Rao
and Fink. " The latter authors, on the basis of
their measurement, have obtained a value 4.5+ 0.6
as the percentage of M4 admixture in this predomi-
nantly E3 transition. Our results would indicate
2.6+0.. The L conversion coefficient of 1.6
+ 0.3 is not accurate enough to determine the ad-
mixture ratio to any degree of certainty, but one
can place an upper limit of + to the M4 admixture
ratio. It would appear then that our method of mea-
surement, although simple in concept, is a reason-
ably accurate one.

The K- and L -shell conversion coefficients of
the 276-keV transition from the first excited state
in "Br are 0.009+ 0.001 and 0.002+0.001, respec-
tively. This would indicate a predominantly M1
type of radiation with less than 2IPp admixture of
F2. Wolicki, Fagg, and Geer, "have performed
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FIG. 3. The relevant level scheme of Br.
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TABLE I. jC andL, conversion coefficients of y rays following the decay of 8 Se and ~ Se; and comparison with the
theoretical conversion coefficients of plausible multipole radiations.

y-transition
energy
(keV)

Present
Element experiment

Theoretical
{Ref.8)

Present
experiment

Theoretical
(Ref. 8) Multipolarity

103 81Se 7.1 +0.3 5.470(E3); 70.00(M4) 1.6 +P.3 1.3700(E3); 9.7000(M4)

178 "Br &0.05 0.090(E2); 0.023(M1) &0.003 0.0110(E2); 0.0020(M1) E2 '7

260

290

8kB

8'iBr

P.038 +0.001 O.P4P (M2); 0.020(E3) 0.005 +0.002 0.0049(M2); P.0149(E3)

0.009 +0.001 0.019(E2); 0.007(M1) 0.002 +0.001 0.0022(E2); 0.0008 (M1)

0.012 +0.001 0.015{E2); 0.006(M1) 0.002 +0.001 0.0018{E2); 0.0006(M1)

M1+E2

E2+M1

Coulomb-excitation experiments on "Br and have
shown that the reduced transition probability of ex-
citation eB(Z2},is of the order of 0.029x10 4'

e' cm'. The value is about 15 times larger than
the single-particle estimate, indicating an enhance-
ment due to collective phenomena. The level
scheme proposed by Zoller and Walters' would al-
so indicate a collective character for the lower ex-
cited states. It is, therefore, a bit puzzling that
this y radiation is mostly M1 type, a result that is
very consistent with the single-particle picture.

The K conversion coefficient 0.038+ 0.002 and
the L conversion coefficient 0.005+ 0.002 for the
260-keV y radiation are thoroughly consistent with
M2 character for this transition. Thus the spin
and parity assignment ~+ due to Zoller and Wal-
ters' for the 536-keV level in "Br is in agreement
with the result of our measurement, because the
first excited state to which this level decays is
well known to have spin and parity —', . The life-
time of the 536-keV level has been measured by
two groups who give a value close to 3'l p. sec.""
This result is also consistent with an M2 character

for this transition. "
The 290-keV transition from the 566- to 276-keV

level has K and L conversion coefficients 0.012
+ 0.001 and 0.002+ 0.001 indicating that this transi-
tion is a mixture of about 65% F2 and 35% Ml radi-
ation. The result is consistent with the decay
scheme proposed by Zoller and Walters, ' as well
as Rao and Fink. ' Our measurement for the con-
version coefficient of the 178-keV transition from
the 828- to 650-keV level is not accurate enough to
make any conclusive statements regarding its mul-
tipolarity. We simply include the upper limit of
the coefficients in the table.

Conversion coefficients of y radiation in the odd-
Z region between 29 and 40 should provide much
valuable information regarding the systematics of
the N = 3 shell. We hope to fill this need in the
near future with y rays from radioactive decay and
Coulomb excitation.

We wish to express our appreciation to Profes-
sor Andrew Robeson and his reactor facility staff
for numerous reactor runs in the course of this
work.
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