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A B S T R A C T   

The absolute intensity for the 803-keV γ ray of 210Po was evaluated by α-γ coincidence technique. A liquid sample 
with a known amount of 210Po embedded in scintillation fluid was measured in a coincidence-based system that 
comprises a Liquid Scintillator (LS) detector and a High-Purity Germanium (HPGe) detector. A photo-reflector 
assembly that contains the 210Po sample provides 100% efficiency for detecting the α particles. The combina-
tion between the HPGe and the LS detectors allows to reject non-coincident α-γ events while maintaining high 
resolution γ spectroscopy. Consequently, the faint 803-keV photopeak from 210Po could be observed in a 
background-free environment, and its intensity could be evaluated with good accuracy. Sample measurements 
were carried out over nine months to gather statistics and verify the reliability of the experimental procedure. 
The absolute intensity of the 803-keV line was found to be (1.22 ± 0.03) × 10− 5, in excellent agreement with the 
adopted value in a recent data compilation and consistent with previous experimental works.   

1. Introduction 

Among the various radionuclides produced in the decay chains of the 
naturally occurring isotopes 238U and 232Th, 210Po is considered to be of 
special interest due to its relatively high effective dose coefficient for 
inhalation (3.3 × 10− 6 Sv/Bq) and ingestion (1.2 × 10− 6 Sv/Bq) (IAEA, 
2014). Following recommendations from various international organi-
zations (e.g., World Health Organization), 210Po is routinely monitored 
in the environment and particularly in drinking water in numerous 
countries (Grabowski and Bem, 2010; Landstetter et al., 2014; Matthews 
et al., 2007; Peck and Smith, 2000; WHO, 2018). Additionally, 210Po 
plays an important role in research related to astrophysics where the 
cross section of the process 209Bi(n, γ)210gBi is studied via the decay 
210gBi →210Po (Clayton and Rassbach, 1967). Therefore, accurate 
knowledge of the decay data of 210Po is essential. 

210Po (T1/2 = 138.4 d) predominantly decays by α emission to the 
ground level of 206Pb with an additional, weak branch for reaching an 
excited state of 206Pb (Fig. 1). The transition from the excited to the 
ground state of 206Pb is accompanied by one γ-ray emission (803 keV). 
Thus, identification and quantification of 210Po in samples using a high- 
purity germanium (HPGe) detector can only be accomplished by 

measuring the faint 803-keV emission. Although, determination of the 
activity concentration of 210Po in drinking water is often performed by 
measuring α particles using silicon detectors and following extensive 
chemical procedures (to minimize contributions from other α emitters 
present in the original water sample) (IAEA, 2010). 

The intensity of the 803-keV γ ray was evaluated mainly during the 
years 1951–1957 (Alburger and Pryce, 1954; Ascoli et al., 1956; Barber 
and Helm, 1952; Grace et al., 1951; Hayward et al., 1955; Ovechkin, 
1957; Ovechkin and Tsenter, 1957; Riou, 1952; Rojo et al., 1955; Shi-
manskaia, 1957), and only two results were reported more recently 
(Ohtsuki et al., 1999; Shor et al., 2018). The absolute intensities for the 
803-keV line appearing in two comprehensive nuclear libraries are (1.23 
± 0.04) × 10− 5 (Nucléide-Lara, 2022) and (1.03 ± 0.06) × 10− 5 (Kon-
dev, 2008). Namely, the adopted literature values deviate from each 
other by 19%; therefore, additional measurements are needed to resolve 
this discrepancy. 

One of the main challenges in evaluating the intensity of the 803-keV 
line is an insufficient sensitivity of common γ spectrometers for 
observing the corresponding photopeak as it is usually overwhelmed by 
events originating from background radiation. A typical experimental 
procedure for preparing a test sample involves the deposition of a thin 
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layer of high-purity 210Po with high activity (0.1–10 GBq) onto a metal 
foil (Ascoli et al., 1956; Hayward et al., 1955; Ovechkin and Tsenter, 
1957). The sample is then placed for measurements in separate systems 
that detect α and γ emissions. The uncertainty associated with past 
evaluations was within the range of 5–27% and mainly originated from 
detector calibrations, uncertainty of sample activity as well as counting 
statistics (Alburger and Pryce, 1954; Barber and Helm, 1952; Grace 
et al., 1951; Hayward et al., 1955; Ohtsuki et al., 1999; Ovechkin and 
Tsenter, 1957; Riou, 1952; Shimanskaia, 1957; Shor et al., 2018). 

An alternative method for determining the absolute intensity of the 
803-keV emission from 210Po was developed, tested, and presented in 
this paper. A liquid sample of 210Po with known activity was measured 
using a 4παβ(LS)-γ(HPGe) system that enables simultaneous detection of 
α particles and γ rays. Data was recorded in listmode and analyzed 
offline. By employing a timing constraint between the detected α and γ 
from 210Po, other events originating from the prominent transition (as 
well as from background radiation) can be rejected and the weak 803- 
keV photopeak can be observed practically undisturbed. The experi-
mental procedure is described, and results are presented and discussed. 

2. Materials and methods 

2.1. Experimental setup 

The experimental system, shown in Fig. 2 (left), consists of a mobile 
HPGe detector (model GC6022, Canberra) and a photo-multiplier tube 
(PMT), both facing a vial that contains the radioactive sample mixed 
with scintillation cocktail (Nissim et al., 2022, 2023). The HPGe detector 
exhibits a 58% relative detection efficiency compared to a 3ʺ × 3ʺ NaI 
(Tl) detector and achieves a 2.0 keV resolution when measuring a γ-ray 
energy of 1332.5 keV. The assembly, comprising the PMT, a socket, and 
the vial, effectively serves as a liquid scintillation (LS) detector used to 
measure α and β particles. The socket is made of polylactic acid (PLA) 

and coated with diffusive film for improved light transfer and is shown 
in Fig. 2 (right). Copper (1-cm thick) and lead (10-cm thick) are used to 
shield the detectors. Sheets of black polyethylene and a wood box (1-cm 
thick) that house the detectors and shielding materials provide a 
light-tight environment. 

The output signals from the pre-amplifiers of HPGe and the LS de-
tectors are connected to a digitizer (model DT5725, CAEN). The digitizer 
includes an amplifier, pulse shaper, multi-channel analyzer (16,384 
channels) and analog-to-digital converter for each of its eight inputs as 
well as an internal clock (125 MHz). Two function generators (model 
PB4, BNC) are connected in sequence to the inputs of the pre-amplifiers 
to provide a continuous logic pulse for synchronization and assessment 
of the measurement live-time (in addition to that provided by the digi-
tizer). Data acquisition and control over signal processing parameters 
are done by the CoMPASS software (version 1.5.2) (CAEN, 2019). 

2.2. 210Po sample 

An aliquot with 6060 ± 106 Bq of 210Po (Eckert & Ziegler Analytics, 
USA) embedded in 10 ml of scintillation cocktail (UltimaGold™ AB, 
PerkinElmer) was supplied in a sealed 20-cc glass vial. No further 
preparation arrangements were required, and the sample was placed for 
measurements as is, thereby reducing potential safety risks related to 
sample handling. 

2.3. Measurements and analysis 

Repeated sample measurements were carried out over nine months 
to (a) gather satisfactory counting statistics; (b) compare the time de-
pendency of the detected events from the 210Po sample with its expected 
decay trend (T1/2 = 138.4 d); (c) study potential contributions of events 
originating from background signal or from contaminants that may be 
present in the sample. Throughout the experimental campaign, an 
identical geometrical configuration was used where the sample vial was 
fixed to the same position and in contact with both detectors (Fig. 2). In 
each measurement, the timestamp and energy were recorded event-by- 
event and for each detector. Analysis was performed offline using a 
dedicated set of software codes developed and ran in MATLAB™. True 
coincidence events were identified by requiring a timing difference of up 
to 700 ns between the HPGe and LS detectors. Spectra of the HPGe (γ) 
and LS (α/β) detectors were generated in both singles and coincidence 
modes. To further suppress contributions from background events, 
coincidence spectra of the HPGe detector were generated upon selecting 
events that correspond to α-particles (i.e. around 4.5 MeV) in the region 
of interest of the LS spectra. Likewise, LS spectra were generated upon 
selecting γ events in the region of interest of the HPGe spectra (i.e. 
around 803 keV). It is stressed that the net number of coincident events 
did not decrease when applying these spectrometric cuts. 

The method for calculating the intensity of the 803-keV line is 
described hereafter. The general expression for the activity of an α 
emitter measured by a LS detector (singles mode) is given by (Knoll, 

Fig. 1. Simplified decay diagram of 210Po (Nucléide-Lara, 2022).  

Fig. 2. Left: Side view of the 4παβ(LS)-γ(HPGe) measurement system. Right: Front view of the reflective socket (Nissim et al., 2023).  
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2010): 

A=
Nsing

α

τsing
L • εα • Iα • Fd

(1)  

where Nsing
α is the net α-peak counts, τsing

L is the measurement live-time of 
the LS detector, εα is the detection efficiency of the LS detector for α 
particles, and Iα is the emission intensity. Fd is the correction factor ac-
counting for the decay during the measurement real time (tR) and is 
given by Fd = (1 − e− λ•tR )/(λ • tR), where λ is the decay constant of the 
measured radionuclide. The general expression for the activity of a 
radionuclide measured by a HPGe detector (singles mode) is given by 
(Knoll, 2010): 

A=
Nsing

γ

tsing
L • εγ • Iγ • Fd

(2)  

where Nsing
γ is the net photopeak counts, tsing

L is the measurement live- 
time of the HPGe detector, εγ is the detection efficiency of the HPGe 
detector for γ rays, and Iγ is the γ-ray intensity. Similarly, the activity of 
an α-γ emitter measured by the HPGe detector in coincidence with the LS 
detector can be expressed by: 

A=
Ncoin

γ

tcoin
L • εγ • εα(γ) • Iγ • Fd

(3)  

where Ncoin
γ and tcoin

L are the net photopeak counts and the measurement 
live-time in coincidence mode, respectively. εα(γ) is the detection effi-
ciency for an α particle which coincides with the γ ray. Based on 
Equations (1)–(3), it is possible to derive the intensity of the 803-keV γ 
ray from 210Po with two approaches: 

(i) Using the known sample activity (decay corrected to the mea-
surement time): 

Iγ =
Ncoin

γ

A • tcoin
L • εγ • εα(γ) • Fd

(4)    

(ii) Using the well-known intensity of the main α branch (Iα =

99.99876%): 

Iγ = Iα
Ncoin

γ

Nsing
α

1
εγ

εα

εα(γ)

τsing
L

tcoin
L

(5) 

The detection efficiency of the system was established for α particles 
and γ rays using calibrated sources having identical geometry as the 
210Po sample (subsection 2.4). In addition, a blank sample (i.e. a vial 
containing only 20 ml of scintillation cocktail) was prepared and 
measured for seven days to evaluate potential background contributions 
in the regions of interest in spectra acquired by the HPGe and LS de-
tectors (subsection 3.1). 

2.4. Calibration 

The detection efficiency of the HPGe detector for γ rays was deter-
mined using a mixed solution of radionuclides (241Am, 139Cd, 137Cs, 
109Cd, 88Y, 65Zn, 60Co, 57Co, 54Mn and 51Cr) with known activity con-
centrations that cover the photon energy range of 59.5–1836.1 keV. A 
weight of 0.160 ± 0.001 g was extracted from a master solution (having 
certified activity concentrations) and injected into a 20-cc glass vial 
containing 9.84 g of carrier solution. This calibration source was 
measured in singles mode for 3 h. The dependence of the detection ef-
ficiency on the photon energy was established according to standard 
procedure (Knoll, 2010). Fig. 3 shows the determined detection effi-
ciency together with the fitting function log (εγ) =

∑4
i=0ai • Ei− 1

γ (solid 
line). The Monte-Carlo software GESPECOR (Sima et al., 2001) was used 

to estimate the cascade summing corrections for 60Co and 88Y assuming 
approximate detector-sample geometry. Statistical uncertainties of the 
data points are typically 1% and the deviations from the fitted values are 
below 1% in the energy range of 800–900 keV (inset of Fig. 3), which is 
of interest for 210Po. The adopted detection efficiency of the HPGe de-
tector for 803-keV is 0.0276 ± 0.0005. 

By measuring an α-γ emitter in the system the efficiency of the LS 
detector for α particles can be established from the ratio between the 
rate of net photopeak counts in coincidence mode to that in singles mode 
(Cooper et al., 2013): 

εα =

(
Ncoin

γ

tcoin
L

)/(
Nsing

γ

tsing
L

)

(6) 

The radionuclide 226Ra was selected for calibration as it emits an α 
particle with an energy of 4.8 MeV, similar to those emitted from 210Po 
(Fig. 1). A weight of 0.0129 g (equivalent to 431 Bq) was extracted from 
a solution with a certified activity concentration of 226Ra and injected 
into a glass vial containing 10 ml of scintillation cocktail (UltimaGold™ 
LLT, PerkinElmer). The spectral quenching parameter (SQP) of the 
prepared calibration source was evaluated by a commercial LS counter 
(model Quantulus GCT6220, PerkinElmer) and found to be ~650 and 
similar to that of the 210Po sample (~700). Such a value for the SQP 
represents a negligible quenching effect (Piraner and Jones, 2020). The 
calibration source was measured for 20 h, thereby achieving a counting 
uncertainty of 0.6% in the 186-keV photopeak of 226Ra. It is noted that 
the photopeak 186 keV also appeared in the blank measurement in 
singles mode (Fig. 4), therefore its relative contribution to the source 
counts (1%) was accounted for in the efficiency calculation. Thus, it was 
found that εα = 1.000 ± 0.015, in a very good agreement with previous 
tests (Nissim et al., 2023) and as expected for liquid scintillation systems 
(Feng et al., 2017). The determined α-efficiency was adopted for the two 
α particles from 210Po as their energies are very similar (Fig. 1). 

3. Results 

3.1. Blank measurement analysis 

Fig. 4 shows a spectrum of a blank sample that was acquired for 
seven days by the HPGe detector (left) and LS detector (right) in both 
singles (black) and coincidence (blue) modes. The coincidence spectrum 
of the HPGe (LS) detector involves a spectrometric cut in the region of 
interest on the spectrum of the LS (HPGe) detector. Specifically, the 

Fig. 3. Determined detection efficiency of the HPGe detector in singles mode 
together with a fit (solid line). The inset shows the relative difference between 
the data points and the fit in the energy range of 600–1200 keV. 
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region of interest in the HPGe spectrum is 795–810 keV, and the region 
of interest in the LS spectrum is channels 2000–6000 (see also Fig. 5). 
Common background photopeaks (e.g., 583.2 and 609.3 keV) as well as 
Compton scattering associated with radionuclides of natural origin (e.g., 
208Tl and 214Bi) are observed in singles mode only. Similarly, the 
prominent peak appearing in the low channel range of the LS spectrum 
in singles mode (probably originating from electronic noise) was 
completely rejected in coincidence mode. The gross count rate in the 
region of interest of the HPGe spectrum was found to be 4 × 10− 5 s− 1 

which is significantly lower than the expected γ event rate of ~10− 3 s− 1 

from the 210Po sample, considering the sample activity, the detection 
efficiency and the literature value for the γ-ray intensity (see Equation 
(2)). Similarly, the rate of background events in the region of interest of 
the LS detector is 5 × 10− 2 s− 1 which is considerably lower than the 
expected α event rate of ~103 s− 1 from the 210Po sample (see Equation 
(1)). In conclusion, it was demonstrated that the 4παβ(LS)-γ(HPGe) 
system is effective in rejecting events originating from background ra-
diation and provides sufficient sensitivity for conducting this experi-
ment, as predicted for coincidence-based systems (Grigorescu, 1996). 

3.2. 210Po sample measurements 

Table 1 shows the details of the measurements of the 210Po sample. 

Altogether 12 individual measurements were performed over nine 
months. The total measurement duration was 57 d, where each run was 
performed between 2 d and up to 7 d. The elapsed times between the 
reference date of the certified activity and measurement start times 
ranged from 18 d and up to 294 d. Data was recorded in both singles and 
coincidence modes for the HPGe and LS detectors. The net counts of α 
particles (singles mode) and coincident α-γ are presented in Table 1. The 
decay correction factor Fd was calculated for each run, being 
0.982–0.995 (depending on the measurement duration). The accumu-
lated net counts for Nsing

α and Ncoin
γ was found to be 1.81 × 1010 and 6070, 

respectively. The counting uncertainty for each run was found to be 
typically <0.1% for Nsing

α and 4–15% for Ncoin
γ , depending on the mea-

surement duration and sample’s age. As expected, the dead time of the 
HPGe detector (singles mode) was <0.5%, given the low γ-emission rate 
from the sample (see also Fig. 6 (left)). In comparison, the dead time of 
the LS detector during measurements was 2–9% (depending on the 
sample age) due to the high count-rate of α particles (i.e. 2000-6000 

Fig. 4. Spectra of a blank sample measured for seven days by the HPGe detector (left) and LS detector (right) in singles (black) and coincidence (blue) modes. 
Coincidence spectra include spectrometric cuts. The insets show the regions of interest in coincidence mode. (For interpretation of the references to colour in this 
figure legend, the reader is referred to the web version of this article.) 

Fig. 5. 2D α-γ coincidence spectrum of the 210Po sample measured during 7 
d (run #1, Table 1). 

Table 1 
Details of the measurements of the 210Po sample. Uncertainties are given at a 
confidence level of 1σ.  

Run 
number 

Time since reference 
date (d) 

Duration 
(d) 

Nsing
α ( ×

109) 
Ncoin

γ 

1 18 6.8 2.941 ±
0.001 

950 ±
35 

2 33 5.5 2.204 ±
0.001 

758 ±
31 

3 45 6.3 2.384 ±
0.001 

781 ±
33 

4 53 4.8 1.748 ±
0.001 

573 ±
24 

5 59 6.5 2.316 ±
0.001 

777 ±
31 

6 67 6.0 2.063 ±
0.001 

741 ±
30 

7 73 6.5 2.170 ±
0.001 

702 ±
29 

8 172 1.9 0.411 ±
0.001 

136 ±
17 

9 192 2.5 0.479 ±
0.001 

168 ±
18 

10 220 3.5 0.584 ±
0.001 

198 ±
26 

11 269 3.0 0.395 ±
0.001 

138 ±
21 

12 294 3.8 0.442 ±
0.001 

148 ±
26  
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s− 1). Thus, the effective live time in coincidence mode was that of the LS 
detector in singles mode (i.e. tcoin

L ≈ τsing
L ). When also considering that 

εα = 1 and Iα ≈ 1, Equation (5) which is used for calculating the 803-keV 
intensity according to approach (ii), can be simplified to 

Iγ =Ncoin
γ

/
Nsing

α

/
εγ (7) 

Runs #1, #11 and #12 were performed without applying the pulser 
(see subsection 2.1), and their corresponding live times were retrieved 
from the data acquisition software. For consistency in the analysis, the 
data from these runs was used only in approach (ii) as it is independent 
on the measurement time. 

Fig. 5 shows an example for a two-dimensional coincidence spectrum 
of the sample. The prominent peak at Eγ = 803 keV (with the corre-
sponding channel of ~3000 in the LS detector) originates from the weak 
γ emission of 210Po. Peaks within the low photon energy range of 72–87 
keV (with the corresponding channel of ~3800 in the LS detector) 
probably originate from the very weak (~10− 6%) x-rays emitted from 
206Pb following the α decay (Fischbeck and Freedman, 1975; 
Nucléide-Lara, 2022). Other events mostly appearing in the low photon 
energies may originate from electronic noise and/or random coinci-
dence. As shown in Fig. 5, the 803-keV photopeak is well separated from 
other events in the spectrum, and its area can be determined reliably. 

Fig. 6 (left) shows the γ spectrum from run #1 (Table 1) in singles 
(black) and coincidence (blue) modes. The coincidence spectra of the 
HPGe (LS) detector include an energy cut on the corresponding region of 
interest in the spectrum of the LS (HPGe) detector (see also Fig. 5). The 
γ-singles spectrum shows the usual photopeaks associated with back-
ground radiation and is practically identical to the spectrum of the blank 
sample measurement (Fig. 4 (left)). In comparison to the high level of 
continuum counts observed in singles mode, the γ spectrum in coinci-
dence mode exhibits a prominent peak at 803 keV (inset of Fig. 6 (left)). 
No other photopeaks were observed that could indicate the presence of 
radioactive contaminants in the 210Po sample. 

Fig. 6 (right) shows the LS spectrum from run #1 in both singles 
(black) and coincidence (blue) modes. The prominent peaks in singles 
mode and coincidence mode correspond to the main (5.3 MeV) and 
weak (4.5 MeV) α emission from 210Po (Fig. 1), respectively. As ex-
pected, events arising from the 210Po sample are significantly larger than 
any background signal in singles mode (see also Fig. 4 (right)), where 
counts on both sides of the 5.3-MeV peak are lower by a factor of ~103 

than those within the α-peak. Thus, it was demonstrated that the 4παβ 
(LS)-γ(HPGe) system can discriminate between the two α-decays of 
210Po (Fig. 1). 

As a consistency check for the overall experimental procedure, trends 

of the measured counts were compared to the expected decay of 210Po. 
Fig. 7 shows the determined count rates from all runs (Table 1) in singles 
(left) and coincidence (right) modes. The solid lines in Fig. 7 represent 
exponential fits using the literature decay constant of 210Po, namely λ =
5.798 × 10− 8 s− 1. A very good agreement was observed between the 
data points and the expected decay trends (R2>0.99). In addition, the 
fitted value at t = 0 for the detected α count rate in singles mode was 
found to be 6105 ± 20 s− 1 (Fig. 7 (left)). This value translates to an 
initial activity of 6105 Bq (see Equation (1)) when considering the 
literature intensity of nearly 100% for the main decay branch and the 
system’s 100% efficiency for detecting α particles (see subsection 2.4). 
This result for the initial activity is in excellent agreement with the 
certified sample activity (i.e. 6060 ± 106 Bq). 

3.3. Emission intensity evaluation 

The entire dataset (Table 1) was used to determine the intensity of 
the 803-keV line using approaches (i) and (ii), described in subsection 
2.3. Results are presented in Table 2. The calculated intensity and its 
uncertainty for both approaches were determined from the weighted 
mean value where common systematic uncertainties (e.g., detection 
efficiencies) were added separately (see also Table 3). The determined 
values from both approaches were found to be in excellent agreement. 

The uncertainty budget for both approaches is presented in Table 3. 
While approach (i) provides a combined uncertainty of 3.5%, approach 
(ii) provides an even better uncertainty of 2.5%. The main contributing 
parameters to the uncertainty in approach (i) include sample activity, 
counting statistics as well as detection efficiencies. Furthermore, the 
uncertainty in approach (ii) mainly originates from the determined 
detection efficiency for the 803-keV γ ray and counting statistics (see 
also subsections 2.3, 2.4 and 3.2). Thus, it should be possible to further 
improve the overall uncertainty by increasing the counting statistics, 
which can be accomplished by using a sample with larger activity and 
performing longer measurements. In summary, the intensity of the 803- 
keV γ ray was determined by averaging the results from both ap-
proaches, namely I803=(1.22 ± 0.03) × 10− 5. 

Fig. 8 shows the reported intensity for the 803-keV line of 210Po from 
several works. Thus, the determined value from this work is in very good 
agreement with experiments performed within 1955–1957 and the 
adopted literature value of (1.23 ± 0.04) × 10− 5 (Nucléide-Lara, 2022), 
and consistent with the most recent work (Shor et al., 2018). In addition, 
the uncertainty achieved by the present method is lower than those from 
other well-established experimental procedures. 

Fig. 6. Spectra of 210Po sample measured for 7 d in singles (black) and coincidence (blue) modes in the HPGe detector (left) and LS detector (right). Coincidence 
spectra include spectrometric cuts. LS spectra are binned for visualization. (For interpretation of the references to colour in this figure legend, the reader is referred to 
the web version of this article.) 
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4. Summary and conclusions 

A new measurement of the intensity for the faint 803-keV γ ray 
emitted from 210Po was performed using a 4παβ(LS)-γ(HPGe) system. A 
liquid sample of 210Po embedded in a scintillation cocktail was placed 
for measurement. The experimental system, comprising a HPGe detector 
coupled to a LS detector, was used to detect coincident α particle and γ 
ray originating from 210Po, thereby allowing to observe the 803-keV 
photopeak practically undisturbed. The intensity of the 803-keV line 
was evaluated using two approaches; the first relied on the known 
sample activity, and the second relied on the well-known intensity of the 
main α-emission from 210Po. The absolute intensity from both ap-
proaches was (1.22 ± 0.03) × 10− 5, in very good agreement with the 
adopted value appearing in a recently published nuclear decay database. 
In addition, the low uncertainty obtained in this work is competitive to 
those from previous experiments. The main advantages of the presented 
method include a relatively simple and safe procedure for conducting 
the measurement, a good signal-to-noise ratio, and a low uncertainty. 
The method and experimental system described in this work can be 
extended to other case studies, where certain branching ratios of rela-
tively short-lived (days-weeks) radionuclides decaying by α-γ emission 

can be determined with high accuracy. 
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Fig. 7. Top: Net peak count rates (corrected for decay during measurement) in singles (left) and coincidence (right) mode from the measured 210Po sample since its 
reference time. The solid lines denote exponential fits using the literature value of the decay constant for 210Po. Bottom: Relative differences between the data points 
and the fits. 

Table 2 
Determined absolute intensity of the 803-keV γ ray from 210Po. Uncertainties are 
given at a confidence level of 1σ.   

Approach (i) Approach (ii) 

I803 (1.226 ± 0.043) × 10− 5 (1.209 ± 0.031) × 10− 5  

Table 3 
Uncertainty budget for approaches (i) and (ii).  

Parameter Symbol Assigned uncertainty (1σ) 

Approach (i) Approach (ii) 

Sample activity A 1.7% – 
Detection efficiency for γ εγ 2.0% 2.0% 
Detection efficiency for α εα 1.5% – 
Net γ counts Ncoin

γ 1.7% 1.5% 
Net α counts Nsing

α – <0.1% 
Decay constant λ <0.1% – 
Decay correction Fd 0.1% – 
Intensity of the main α branch Iα – <0.1% 
Live time tL 0.5% <0.1% 

Combined uncertainty  3.5% 2.5%  

Fig. 8. Result for the absolute intensity of the 803-keV γ ray of 210Po from 
previous experiments and the present work. 
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