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Measurement of the half-life of 79Se with accelerator mass

spectrometry *
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Abstract: The accelerator mass spectrometry (AMS) is an effective method for the determination of the half-life

of long-lived radionuclides. In this paper, we report a method for measurement of the half-life of 79Se. The number

of 79Se atoms was determined from measured 79Se/Se absolute ratios with the AMS system at the China Institute of

Atomic Energy and the decay rate of 79Se was determined by counting the emitted β-rays with a liquid scintillation

spectrometer. The major improvements of our measurements include using the high abundance of an 79Se sample

which was cooled for many years to exclude the interference of short-lived nuclides, the extraction of SeO−

2 molecular

ions, that results in a suppression of the 79Br background by as much as about five orders of magnitude. Also, an

AMS measurement of the absolute ratio of 79Se/Se was developed to avoid systematic errors. The results show that
79Se/Se is (2.35±0.12)×10−7 in the reference sample and the radioactivity of 79Se is (1.24±0.05) Bq/g, so the half-life

of 79Se is (2.78±0.18)×105 a.
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1 Introduction

As a very important long-lived radionuclide, 79Se is
interesting in many research fields, such as the assess-
ment of nuclear repository, nuclear waste disposal and
management [1, 2] tracer techniques in vivo and astro-
physics. Up to now, the half-life of 79Se has been es-
timated to be in the range of 104–106a [3–6]. In 2002,
Songsheng Jiang and Ming He measured the half-life of
79Se with PX-AMS at China Institute of Atomic En-
ergy (CIAE) [7]. The measured half-life of 79Se was
(2.95±0.38)×105 a, which has been accepted by the
U.S. National Nuclear Data Center as the reference half-
life of 79Se. However, a new value for 79Se′s half-life
((3.77±0.19)×105 a) was determined by means of induc-
tively coupled plasma mass spectrometry (ICP-MS) and
liquid scintillation counting (LSC) on a sample source
isolated from a nuclear reprocessing solution [8] and some
German scientists got another value((3.27±0.08)×105 a)
with a similar method [9]. In the study of Jiang and
He, selecting CdSe as a sample of AMS and separating
79Se from 79Br with projectile X-rays detection (PXD)
reduced the detection efficiency of 79Se. At the same

time, some systematic errors were introduced into the
ratio of 79Se/Se when using the Faraday cup to measure
the stable isotopes. On the other hand, no instrumental
system presently available in ICP-MS is able to resolve all
interferences in samples. In the above-mentioned study,
for example, they just used a selective chemical separa-
tion procedure and electro-thermal vaporisation (ETV)
coupled with ICP-MS to improve the selectivity for mea-
surement, the 79Br background could not be measured
directly, but was deduced from measured 81Br ions. In
this work, a new method for the AMS measurement of
the half-life of 79Se is developed at CIAE.

2 Determination of the absolute ratio of
79Se/Se with AMS

2.1 Sampling

Our sample came from the purified selenium (en-
riched in 78Se to 57%) which was irradiated with the
high neutron flux from the heavy water research reactor
at CIAE in 2000. The 79Se/78Se ratio of the irradiated
sample was calculated with the software ORIGEN to be
(8.21±1.28)×10−5. After a short cooling, the sample
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was prepared by stepwise dilution with high-pure sele-
nium dioxide (purchased from the Alfa Aesar Company
with 99.999% purity) for some other experiments and
the value for the 79Se/Se ratio in the diluted sample
was about the level of 10−7. Before our experiment, the
sample(79Se/Se∼10−7) had been cooled for more than a
decade, and the interference of short-lived nuclides was
negligible. For the stable beam current extraction of
SeO−

2 , we used Ag2SeO3 as the target substance, and
the conversion of Se to Ag2SeO3 was done by the same
chemical process as our established method for measur-
ing 79Se with AMS [10].

2.2 AMS measurement

An AMS measurement was performed by the CIAE-
AMS system. The sample of Ag2SeO3 was pressed into
the standard NEC aluminum target holder and the mass
ratio of Ag2SeO3 to Ag (conductive medium) turned
out to be 1:30. SeO−

2 ions were extracted from an ion
source, which resulted in an effective suppression of the
79Br background by as much as five orders of magnitude
compared to the injection of Se−. Because the ratio of
79Se/Se in the reference sample was about the level of
10−7, 79Br will no longer be an obstacle for this mea-
suremet.

79SeO−

2 ions were then selected by the injection sys-
tem and injected into the accelerator. The negative
molecular ions were accelerated by the tandem terminal
voltage (7.95 MV). Stripping foil (3 µg/cm2) was em-
ployed to break up the molecular ions and to produce
atomic ions with high charge states. The resulting posi-
tively charged ions were further accelerated by the same
terminal voltage. A 90◦ double focusing high energy an-
alyzing magnet was used to select 79Se11+ with an energy
of 93.2 MeV. After a switching magnet, the 79Se11+ was
transported to the AMS beam line, then the 79Se11+ was
selected by using a 15◦ electrostatic deflector and finally
detected with a fully depleted gold silicon surface-barrier
detector (FGSBD). The 79Se optical guidance in the ac-
celerator was simulated with a 78Se beam with the same

magnetic rigidity as 79Se. The difference of the trans-
mission efficiency in the AMS system between these two
isotopes is mainly rooted in the stripping probability of
foil. For the correction of transmission, 80Se was selected
to be another pilot of the 79Se transmission.

Usually, the beam intensity of 78Se and 80Se are mea-
sured with a Faraday cup, and the count of 79Se is mea-
sured with the FGSBD. This will cause a larger system
error for the ratio of 79Se/Se by using the different detec-
tion system [11]. One straightforward method for the de-
termination of the absolute ratio is to measure the counts
of 79Se, 78Se and 80Se with the same FGSBD. However,
due to the very strong beam intensity of the 78Se and
80Se, the detector can not be used to measure them di-
rectly. In order to reduce the counts to an accepted high
counting rate for the detector, we chose the mass ratio
of Ag2SeO3 to Ag, the tandem terminal voltage and the
selection of charge states as above. We also installed two
attenuators in the CIAE-AMS system. This was done to
bring the intensity of the beam to a value which is com-
patible with the detector’s maximum counting rate. The
attenuator consists of a perforated steel sheet. The holes
are uniformly distributed on the sheet. The diameter of
each hole is 50 µm and the distance between the holes
is 1 mm. By locating the two attenuators at a distance
of 5 m from each other and also separating them by one
optic element, their effects are statistically independent
and can be multiplied as a whole. One attenuator was
installed just before the 15◦ electrostatic deflector. An-
other attenuator was installed 10 cm before the FGSBD.
At these locations, due to the defining apertures and
slits, the ion optics remain nearly unchanged for the dif-
ferent beam tunings.

Two pilot beams, 78Se and 80Se, were used for check-
ing the influence of these attenuators. In the first step,
the two attenuators were retracted and the relevant set-
tings for the optimal transmission efficiency (from the
Faraday cup in the low energy terminal to the target
Faraday cup) for the 78Se and 80Se pilot beams were re-
spectively obtained (Table 1).

Table 1. Transmission efficiency of 78Se and 80Se in the CIAE-AMS system.

parameters value

isotopes 78Se 80Se

implanting ions 78SeO−

2
80SeO−

2

beam intensity in the low energy terminal(LET) 11 nA 24 nA

tandem terminal voltage 8.05 MV 7.85 MV

charge states 11+ 11+

beam intensity in the target 0.24 nA 0.41 nA

stripping efficiency 2.96% 2.43%

the total transmission efficiency from the LET to the target 0.198% 0.155%

We define the transmission efficiency of 78Se from the LET to the target as follows:

Te(78Se)=
Beam intensity of 78Se in the target

Beam intensity of 78Se in the LET
÷11×100%. (1)
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Where 11 is the charge states of 78Se and the trans-
mission efficiency of Te(78Se)=0.198% was obtained. We
also measured the total transmission efficiency of 80Se
with the same method and Te(80Se)=0.155% was ob-
tained. The total transmission efficiency can be de-
scribed as follows:

Te(Se)=ηSestrip×ηSeRtran, (2)

where ηSestrip is the stripping efficiency of Se and ηSeRtran

is the revised transmission efficiency of Se. By us-
ing the date in Table 1, the η78SeRtran=6.69% and
η80SeRtran=6.38% were obtained, which means the total
transmission efficiency of Se is mainly effected by strip-
ping efficiency. The total transmission efficiency for 79Se
over the whole AMS system could be obtained by inter-
polation between the η78SeRtran and η80SeRtran. The total
transmission efficiency of Te(79Se)=0.175% was obtained
(Eq. (3))

Te(79Se)=η79Sestrip×
η78SeRtran+η80SeRtran

2
, (3)

where η79Sestrip=2.68% was measured by WINBEAM
1.3.0. After that, the two attenuators were inserted,
the 78Se and 80Se were measured with the FGSBD, and
the mean value of 80Se/78Se=1.65±0.05 was obtained
(Fig. 1). After the correction of the total transmission
efficiency:

80Se/78Se=(80Se/78Se)target×Te(78Se)÷Te(80Se), (4)

the revised ratio of 80Se/78Se=2.11±0.06 was obtained.
As we know, the natural abundance ratio of 80Se/78Se
is 2.09, which means that the two attenuators did not
cause the difference of ion beam transport for 78Se and
80Se. Our method of absolute determination with AMS
is reasonable.

Fig. 1. The measured value of 80Se/78Se in the sample.

The attenuation coefficient of the attenuator was de-
termined as follows:

Ac(78Se)=
N1(

78Se)

N2(78Se)
, (5)

where N1(
78Se) and N2(

78Se) are the counts of 78Se at
the condition of retracting and inserting the attenuator,
respectively. We repeated the measurement of N1(

78Se)
and N2(

78Se) for 6 times in each of the beam intensities,
which was chosen in the LET (there are 5 different beam
intensities at the same terminal voltage). The results are
shown in Fig. 2. An attenuation coefficient of 108.0±1.0
was obtained.

After the system was checked with 78Se and 80Se, the
79Se was measured with the FGSBD when the two at-
tenuators were being retracted, and then the 78Se was
measured with the same detector after inserting the two
attenuators. The ratio of the counting rate for 79Se and
78Se was obtained. The results are shown in Fig. 3. The
mean value of 79Se/78Se is (1.02±0.04)×10−2. After con-
sidering the attenuation coefficient, total transmission
efficiency, and natural abundance of 78Se,

79Se/Se=
(79Se/Se)target
(108.0±1.0)2

×23.78%×Te(78Se)÷Te(79Se),

(6)

Fig. 2. The attenuation coefficient of the attenuator.

Fig. 3. The measured value of 79Se/78Se in the sample.
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where 23.78% is the natural abundance of 78Se. Intro-
ducing errors of the natural abundance of 78Se, the total
transmission efficiency of 79Se and 78Se. The absolute
ratio of 79Se/Se= (2.35±0.12)×10−7 in the sample was
obtained. We also measured the concentration of total
selenium in the sample with atomic absorption spectrom-
etry and the result is 8764 µg/ml.

3 Determination of the decay of 79Se

79Se decays by β-emission with a maximum energy
of 150.7 keV and no γ-emission. The decay rates of 79Se
in the samples were determined by counting emitted β-
rays with an A317001 liquid scintillation spectrometer
at CIAE. The quenching and counting efficiency were
checked by using a standard solution of 14C, the decaying
β-rays of which have almost the same energy (156 keV)
as that of 79Se. In view of the low 79Se activity, a back-
ground correction was performed with a blank sample
(solution of H2SeO3), which was prepared with the same
chemical procedure as the 79Se sample, but with no 79Se
added. We used a 1.03209 g blank sample and a 0.96122 g
reference sample (79Se/Se=(2.35±0.12)×10−7, the same
sample as we measured above) for the measurement. The
room temperature was 24 ℃, relative humidity was 50%,
and the time of detection was 600 minutes. The un-
certainty of the determination of decay rates was about
2.4%, mainly coming from counting efficiency calibrated

with a standard 14C solution. Considering the recovery
efficiency of 79Se for making the Ag2SeO3 sample and
statistical uncertainty, the uncertainty of the decay rate
for the Ag2SeO3 sample was 4%. The decay rate of 79Se
in the sample was (1.24±0.05) Bq/g.

4 Results and discussion

Considering the total amount of selenium in the sam-
ple and combining the decay rate with the ratio of
79Se/Se, the half life of 79Se can be deduced by the rela-
tionship:

dN/dt=−λN(t), (7)

where dN/dt is the decay rate, N(t) is the number of
79Se at the time t, λ=ln2/T1/2 is the decay constant,
and T1/2 is the half-life. The half-life of 79Se is deduced
to be (2.78±0.18)×105 a and the relative standard de-
viation is 6.5%. This result is similar with the value of
(2.95±0.38)×105 a (Jiang and He et al., 2002). Com-
pared with the previous method, the uncertainty from
the 79Br isobaric background and systematic errors of dif-
ferent detectors is negligible and the detection efficiency
of FGSBD is better than PXD. So, the relative standard
deviation of the half-life of 79Se is reduced from 12.9%
to 6.5% in our measurement. In view of the general dif-
ficulty to know all systematic uncertainties correctly, we
want to do an independent half-life measurement in the
future.
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