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Half-lives and emission probabilities of delayed neutron precursors ' ' ' Ag
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Half-lives and delayed neutron emission probabilities have been measured for ' ' Ag. The
new isotope ' Ag has been identified by its delayed neutron decay. Its half-life is 0.54+0.08 s
and its neutron emission probability is ) 0.1%. From beta decay measurements, a half-life of
2,07+0.03 s was found at mass 123 and assigned to the previously unknown ' Cd. An im-

proved half-life for ' Cd of 1.2+ 0.1 s is reported.

RADIOACTIVITY ' ' ' Ag ' ' 4Cd [from U(n f)]; measured t&~2,

P„, on-line mass separation, n, P multiscaling.

We report here the first measurements of delayed
neutron emission probabilities (P„) from three iso-
topes of Ag and also the first observation of the new
isotope ' Ag. Delayed neutron emission from iso-
topes of Ag has been reported previously by Lund
and Rudstam. ' In their work, weak neutron activity
was seen at masses 121 and 122, but good half-life
data could not be obtained. A half-life of 0.39+0.03
s was measured for '"Ag. No measurements of de-
layed neutron emission probabilities were made.

At the TRISTAN on-line isotope separator facility
at Brookhaven National Laboratory, an ion source of
the forced electron bombardment induced arc
discharge (FEBIAD) type has recently become opera-
tional. This source provides Ag, Cd, and In fission
products (among others) with appreciable yields.
During a recent survey of neutron count rates as a
function of mass number, we observed sufficient ac-
tivity at mass numbers 121—124 to permit measure-
ments of half-lives and P„values. These neutron ac-
tivities are assigned to Ag isotopes because Rh and
Pd fission products are not produced by this ion
source and delayed neutron emission is energetically
forbidden for Cd and In fission products at these
mass numbers.

A single mass ion beam from TRISTAN passed
through a slit at the focal plane of the magnetic
separator and was deposited on a movable tape about
4 m downstream from the slit. This deposition point
was surrounded by a high efficiency neutron counter
consisting of 40 He proportional tubes embedded in
polyethylene. This counter has been described in de-
tail elsewhere. " The neutron counting efficiency de-
creases only slightly in the energy region from
100—1200 keV and is about 59'/0. The neutron energy
spectra of the precursors studied here are not known
so we have assumed the same efficiency for all pre-
cursors. This assumption contributes, at most, a 10%

uncertainty to the P„measurements.
The P„experiments were made by simultaneously

measuring neutron and beta decay curves. The beta
particles were counted with a 450 mm' totally deplet-
ed surface barrier Si detector 1000 p, m thick. This
detector was located behind the ion beam deposition
point but outside the vacuum system. Beta particles
penetrated the 25 p, m thick Mylar tape and 75 p, m
thick Al vacuum window before reaching the detec-
tor. All the Ag isotopes of interest here have Qs) 6
MeV. High energy beta particles completely pass
through the Si counter and leave about 370 keV. A
discriminator was set at 250 keV in the valley
between this broad peak and the noise pulses. For
the P„measurements, we assumed that the beta effi-
ciency was the same for all precursors.

The neutron and beta decay curves were analyzed
for the saturation activity for each component. The
P„was determined from the neutron saturation ac-
tivity (A,"„)corrected for neutron counting efficiency
(e„) divided by the beta saturation activity (A„, )
corrected for beta counting efficiency (ep), as shown
in Eq. (l):

The P„depends only on the ratio of efficiencies.
This ratio can be determined from decay curve mea-
surements on a precursor for which the P„value is
already known. In this mass region '"In is the
nearest precursor with a measured P„value.

In a single set of experiments, we measured neu-
tron and beta growth and decay curves at masses
120—124 and at 127 by means of the pulsed beam
technique. The ion beam was s~itched by electro-
static deflection plates located immediately after the
mass selection slit. Neutron and beta multiscalers
were started before the ion beam was switched on to
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provide a background measurement. Cycle times
were adjusted to give about two precursor half-lives
for beam on and more than ten half-lives for beam
off. At the end of a multiscaling scan, the tape was
moved to reduce the buildup of long-lived activity.

The growth and decay curves were analyzed by the
least squares fitting program MAsH. This code
analyzes the growth and decay curves simultaneously
and accounts for parent-daughter-granddaughter rela-
tionships. Branching to isomeric states was included
in the analysis whenever data were available from the
literature. ' "

The neutron decay curves consisted of a single
component plus a constant background of about 3
counts/s. The MASH program determined the best
half-life as well as the saturation activity.

The mass 127 neutron and beta decay curves were
analyzed to obtain the efficiency ratio ea/e„ to be
used in Eq. (l). The neutron decay curve gave a
half-life of 3.69+ 0.05 s which was assigned to ' 'In .
The neutron and beta saturation activities for "Iri™
along with the P„v luae of (0.68 + 0.06)% from Ref.
6 were used in Eq. (l) to give an efficiency ratio of

0.302+0.027. Even though the 1.1 s ' 'Ing was the
most prominent component in the beta decay, there
was only marginal evidence for a 1.1 s component in
the neutron decay curve. A limit of ~ 0.002% was
determined for the Pn of ' 'Ing, which is lower than
the limit of 0.04% given in Ref. 6.

The half-lives and Pn values for the Ag precursors
are given in Table I. The uncertainties given in
Table I for the P„ include the statistical uncertainties
of the neutron and beta saturation activities as ob-
tained from the MASH program. The uncertainties do
not include the systematic error of 9% in the efficien-
cy ratio which is due to the uncertainty in the Pn
value of "In, nor do they include possible varia-
tions of a few precent in the neutron and beta count-
ing efficiencies for different precursors. We estimate
that the total systematic error on the P„values is
about 15%, although this does not include the possi-
bility that unknown isomers may distort these results.
Both our neutron and beta decay curves could be fit-
ted with a single Ag component, so we have no evi-
dence for additional isomers except possibly at mass
121.

TABLE I. Half-lives, Pn values, and energy windows for Ag delayed neutron precursors.

Mass

n sat.
activity

(counts/s)
Half-life

(s)
Method
for t~~~2

Pn
(ok)

QP
—~n

(MeV)

120

121

122

123

124

127'

0,21 + 0.09

1.98 + 0.07

2.99 + 0.08

3.83 + 0.09

0,85 + 0.06

107,3 +07

1 ~ 25 + 0.03'

1.17 + 0.05'

0.78 + 0.01 '
0.91 + 0.06'

0.8 +0.14

0.72 + 0.10'

0.57+ 0.03'

0.48 + 0.08 "

1.5 +0.5'

0.30+ 0.01'

0.39+0.03 '

0.54 + 0.08 '
3.69 + 0.05 '
3 76+003

37 +01

&0.003

0.080 + 0,013

O, 186+O.OO6'

0.55 +0.02'

& 0.1

0.68 + 0.06 "

0.10+0, 12 b

1.42 + 0.18 b

1.1+0.2'

'Present work.
Reference 18.

cReference 9.
Reference 10.

'Reference 17.

Statistical uncertainty only; see
text for systematic uncertainty.

~Reference 19.
"Reference 11.
'Reference 1.

In (used for efficiency determination).
"Reference 6.
'Ground state mass from Ref. 18+ isomer

mass difference from Ref, 12.
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The neutron decay curve at mass 120 gave a very
weak neutron activity but the half-life could not be
determined. If we assume the neturon activity seen
at mass 120 is all due to 1.25 s "Ag, we obtain the
upper limit for the P„shown in Table I.

At mass 121, the neutron and beta decay curves
gave half-lives for ' 'Ag which disagreed with each
other outside the estimated uncertainties. The beta
decay curve could not be fitted with the 0.91 s half-
life obtained from the neutron decay curve unless an
extra component of about 0.5 s was included. The P„
values for ' 'Ag was calculated assuming either the
0.91 s half-life from the neutron decay curve or the
0.78 s half-life from the beta decay curve. The P„
values were (0.093 +0.002)% and (0.067 + 0.002)%,
respectively. In Table I, the P„ is given as the aver-
age of these two values and the uncertainty is half
their difference.

At mass 122, the neutron decay curve gave a single
component with a half-life of 0.57 +0.03 s, which is

consistent with the half-life of 0.48 + 0.08 s reported
by Shih, Hill, and Williams" for "Ag. At mass 122
and 123 the beta decay curves were dominated by the
Cd and In activities which made it difficult to deter-
mine the half-life of the Ag component. The beta
decay curves were therefore analyzed with the half-
life of the Ag component fixed at the value deter-
mined by neutron counting.

The neutron decay curve at mass 124 is shown in

Fig. 1. The observed half-life is 0.54+0.08 s and is

assigned to a new isotope of Ag. The beta decay

10.0

curve at mass 124 was dominated by the In activity
which meant that the magnitude of the "Ag beta ac-
tivity could not be determined unambiguously. We
therefore report in Table I a lower limit to the P„
based on the maximum "Ag activity which gave a
reasonable fit to the beta decay curve.

To get good fits to the beta decay curves, it was
sometimes necessary to adjust the half-lives of the
major components. Since Cd is prominent in the
mass 122—124 decay curves, we present our values
for the Cd half-lives in Table II. No other experi-
mental value for the '"Cd half-life is available in

the literature. At mass 124, the uncertainty on the
Cd half-life has been adjusted to account for the un-
certain magnitude of the Ag beta component.

The assignment of the observed neutron activities
at masses 121—124 to Ag precursors is supported by
calculations of the energy window available for de-
layed neutron emission. The energy window is the
difference between the total beta decay energy (Qp)
and the neutron binding energy (8„). We have cal-
culated energy windows for Ag and In nuclides based
on the 1981 experimental mass table. ' For In, de-
layed neutron emission cannot occur until mass 127.
The mass excess data for Cd are not measured above
mass 121 so we have used mass formula predictions
from Monahan and Serduke' for Cd precursors.
These calculations indicate that "Cd would be the
lightest mass Cd precursor. The energy windows for
Ag precursors are given in Table I. The very low
limit reported here for delayed neutrons from "Ag
is consistent with the vanishingly small energy win-

dow calculated from the mass table. The heavier Ag
isotopes all have positive energy windows. The ob-
servation of ' "Ag was possible because of its delayed

1.0—

~ '~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I~ ~ ~

TABLE II. Half-lives of Cd isotopes.
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Mass

122

123

124

Half-life

(s)

5.10 + 0.13 '

5 24+003'

5.78 + 0.09'

3.13 + 0.12 d

2.07 + 0.03 '

1.2 +0.1'

0.9 +0.2'

1.7 +0.6b

Method

FIG. 1. Growth and decay curve for neutron activity at
mass 124. Upper points= total activity. Lower points= total
activity —background. Solid line = calculated component
with 0.54 s half-life.

'Present work.
Reference 13.

'Reference 14.

Reference 10.
'Reference 15.
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neutron emission even though it could not be con-
clusively seen in the beta decay curve.
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