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Evaluation of decay data of radium-226 and its daughters
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Abstract. A nuclear data evaluation (half-lives, emission energies and probabilities) of the nuclides of the Ra-226
chain ending at Pb-210 (not included) has been performed taking into account the new data available in the literature.
The need for new absolute measurements of the decay parameters for some nuclides of the decay chain is also
emphasized.

1 Introduction
Radium-226 and its daughters, which belong also to the
Uranium-238 decay chain, is an important naturally occurring
radioactive chain, often used for calibration of high resolution
gamma-ray detectors (HPGe, Ge-Li and others) and present
in environmental and building material samples. For these
reasons, its study is part of the coordinated research program
in progress led by the IAEA.
In the present work, an evaluation of the gamma and alpha
emissions of each nuclide of the Ra-226 chain ending at Pb210 (not included) was performed taking into account the new
data available in the literature. Due to its importance, extensive
measurements of the gamma-ray emission intensities were
carried out over the past ten years (approximately eleven
new measurements) while, at the same time, alpha emission
intensity measurements were very scarce (for example, for the
last Ra-226 evaluation, only two references were found in the
literature).
Moreover, in order to preserve the consistency of the decay
scheme, gamma transition probabilities have been recalculated taking into account new internal conversion coeﬃcient
tables, as well as beta transition, conversion electrons, Auger
electrons and X-rays emission intensities. Good agreement
between calculated X-ray intensities from the decay scheme
data and the measured data may not necessarily confirm the
consistency of this decay scheme.
This evaluation will try to treat any possible discrepancies
and highlight any lack of studies. In a first step, parent
and daughters ending at Pb-210 (not included) are given in
radioactive equilibrium and in a second step we will continue
this evaluation ending at Pb-206, the stable nuclide at the end
of the Ra-226 decay chain.
This evaluation was conducted following the rules established by the Decay Data Evaluation Project (DDEP) which
can be found in [1].

Fig. 1. Decay chain of Ra-226 evaluated in this work.

for 10 nuclides, from Ra-226 ending at Pb-210 as shown
in figure 1.
2.1 Half-lives

The recommended half-lives and their uncertainties are the
weighted means of the data sets found in the literature,
calculated using the LWEIGHT computer code (table 1). In
the case of Pb-214 and Bi-214, the recommended values
presented in table 1 are the unique measurements found in
the literature for each one, i.e., 26.8 (9) min for Pb-214 given
by M. Curie [2] in 1931 and 19.9 (4) min for Bi-214 given by
H. Daniel in 1956 [3].
The first eight daughter-nuclei of the main chain (Rn-222,
Po-218, At-218, Rn-218, Pb-214, Bi-214, Po-214 and Tl-210)
are very short-lived compared with Ra-226 and Pb-210 so that
radioactive equilibrium is quickly achieved (about one month).
The recommended decay data and schemes of Ra-226 and
its eight daughters will be published by LNHB (available at
http://www.nucleide.org/NucData.htm) as individual nuclides
along with the complete decay scheme.

2 Evaluation
The natural radioactive Ra-226 decay chain includes 13
nuclides, ending at the stable isotope of Pb-206. In this work,
the evaluation of gamma and alpha emissions were performed

3 Gamma emission intensities
In this evaluation, all experimental values of relative and
absolute emission intensity used were measured for Ra-226
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Table 1. Recommended half-life values for the daughter nuclides of
Ra-226.
Ra-226
Rn-222
Po-218
At-218
Rn-218
Pb-214
Bi-214
Po-214
Tl-210
Pb-210

1600 (7) a
3.8232 (8) d
3.094 (6) min
1.4 (2) s
36.0 (19) ms
26.8 (9) min
19.9 (4) min
162.3 (12) µs
1.30 (3) min
22.23 (12) a

and its daughters in equilibrium. For the nine nuclides evaluated, eighteen data sets were available in the literature,
distributed between thirteen experimental values of relative
emission intensity and five experimental values of absolute
emission intensity. To take into account the experimental
values of relative emission intensity, they were normalized
using the absolute value of 609 keV gamma-ray of Po-214.
3.1 Absolute emission intensity of the 609-keV
gamma-ray

The absolute value of 609 keV gamma-ray present in Bi-214
disintegration to Po-214 is used to normalise the relative
gamma-ray emission probabilities to absolute values in the
Ra-226 decay chain. This gamma-ray is emitted from the
609 keV level of spin 2+ in Po-214, which is populated by
beta decay from Bi-214 and many gamma-ray transitions of
high energy levels. This level depopulates by one gamma-ray
transition to the ground state level.
In table 2, the experimental values of 609 keV gammaray absolute emission intensity found in the literature, dating
from 1969 to 2004, are shown. The recommended value was
calculated by taking the weighted mean of the five values listed
in this table.
Table 2. Absolute emission intensity of the 609 keV gamma-ray of
Po-214 (in %).
References

Pγ

E.W.A. Lingeman (1969) [4]
D.G. Olson (1983) [5]
U. Schötzig (1983) [6]
W.–J. Lin (1991) [7]
J. Morel (2004) [8]
Evaluated value

42.8 (40)
45.0 (7)
44.6 (5)
46.1 (5)
45.57 (18)
45.49 (19), χ2 = 1.45

3.2 Emission and transition probabilities of the major
gamma-rays

The recommended values for the relative gamma-ray emission
intensities are the weighted means of the data sets found in
the literature dating from 1969 to 2004 [4–18], calculated
using the LWEIGHT computer code [19]. When necessary the
uncertainties quoted by the authors were increased to achieve

Table 3. Main gamma-ray lines of Ra-226 decay chain in radioactive
equilibrium with its daughters.
Daughter

Energy (keV)

Rn-222

186.211 (13)

Relative
Emission
Intensity (%)
7.815 (25)

Absolute
Emission
Intensity (%)
3.555 (11)

Bi-214

53.2275 (21)
241.997 (3)
295.224 (2)
351.932 (2)
785.96 (9)

2.331 (16)
15.997 (48)
40.48 (8)
78.26 (16)
2.339 (28)

1.060 (9)
7.268 (37)
18.414 (36)
35.60 (17)
1.064 (13)

Po-214

609.312 (7)
665.453 (22)
768.356 (10)
806.174 (18)
934.061 (12)
1120.287 (10)
1155.19 (2)
1238.111 (12)
1280.96 (2)
1377.669 (12)
1401.50 (4)
1407.98 (4)
1509.228 (15)
1661.28 (6)
1729.595 (15)
1764.494 (14)
1847.420 (25)
2118.55 (3)
2204.21 (4)
2447.86 (10)

100
3.364 (15)
10.755 (36)
2.774 (13)
6.814 (22)
32.77 (7)
3.594 (15)
12.819 (29)
3.155 (13)
8.722 (25)
2.923 (16)
5.252 (17)
4.679 (21)
2.304 (20)
6.251 (22)
33.66 (10)
4.451 (26)
2.545 (12)
10.80 (6)
3.403 (16)

45.49 (19)
1.530 (7)
4.892 (16)
1.262 (6)
3.100 (10)
14.91 (3)
1.635 (7)
5.831 (13)
1.435 (6)
3.968 (11)
1.330 (7)
2.389 (8)
2.128 (10)
1.048 (9)
2.844 (10)
15.31 (5)
2.025 (12)
1.158 (5)
4.913 (23)
1.548 (7)

weighted contributions from each measurement of less than
50%. Evaluated energies, relative emission intensities and
absolute emission probabilities normalized by the evaluators,
using the normalization factor of 45.49 (19) (table 2), are listed
in table 3. Only those gamma-rays with emission intensities
for each decay product above 1% are considered in this paper.
The evaluators have omitted from their analysis the first
four sets of values in reference [13 and therein] and used
only the last one, because these values come from the same
laboratory.
The transition probabilities for all gamma-rays were
calculated using the absolute gamma-ray emission intensities
and the relevant internal conversion coeﬃcients (ICCs).
The ICCs have been interpolated from theoretical values
of I.M. Band et al. [20] using the BRICC package [21]
(calculation for “hole”).
For the gamma-rays of Bi-214 (following the beta minus
disintegration of Po-214), the evaluators have chosen to adopt
the internal conversion coeﬃcients deduced from the Rösel
tables [22] (calculated using Icc99v3a computer program
– GETICC dialog), because these ICCs lead to a more
consistent decay scheme. The ICCs set values of I.M. Band
et al. [20] (hole taken into account) lead to an inconsistent
decay scheme, where the sum of all beta transition
probabilities would be 102%.
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Table 4. Main decay probability of the Ra-226 decay chain.
Nuclide and
decay mode
Ra-226,
α disintegration

Transition
Probability (%)
Energy (keV)
4870.54 (25) 94.038 (40)
4684 (1)
5.950 (40)

Rn-222,
5590.2 (3)
α disintegration
Pb-214,
1024 (11)
βt disintegration 729 (11)
672 (11)
185 (11)
Bi-214,
βt disintegration 3275 (11)
1894 (11)
1729 (1)
1542 (11)
1508 (11)
1425 (11)
1255 (11)
1153 (11)
1068 (11)
824 (11)
Po-214,
α disintegration 7833.24 (6)

99.92 (1)
9.2 (7)
41.09 (39)
46.52 (37)
2.762 (22)
19.67 (20)
7.45 (5)
3.12 (4)
17.494 (36)
17.10 (8)
8.147 (28)
2.449 (10)
4.339 (18)
5.642 (43)
2.76 (6)
99.9895 (7)

4 Alpha and beta emission probabilities
A knowledge of alpha and beta direct emission probabilities
is important, but, for this decay chain, recent direct emission
probability measurements cannot be found in the literature.
The unique measurements found were those given, for
example, by Walen [23, 24], Bastin-Scoﬃer (without
uncertainties) [25] and LaMont [31] for alpha probabilities or
by Hiessberger [26], Weinzierl [27] and Walen [23] (without
uncertainties) for beta probabilities.
For these reasons, the recommended values of alpha and
beta emission probabilities for most of the nuclides in the
Ra-226 chain (except for Po-218 [24]) were deduced from the
gamma-ray transition probabilities balance at each level of
the individual decay scheme and shown in table 4.

5 Comparison with X-ray measurements and
determination of Q-values
The recommended X-ray absolute intensities have been calculated from gamma-ray data and ICCs using the EMISSION
computer code [28]. Some measurements of X-ray data were
be found in the literature for Ra-226 [6, 17, 29], Pb-214 [4, 6]
and Bi-214 [6]. In the case of Ra-226 (table 5), the recommended data and de Pinho values [29] are significantly greater
than those measured by Delgado [17] and Schötzig [6]. De
Pinho [29] used a Ra-226 source from which the descendants
were removed. Since then, Delgado [17] and Schötzig [6] have
carried out measurements with sources in equilibrium with
their daughters.
In table 6, the recommended values of the decay energies
Q given by G. Audi tables [30] are compared with the eﬀective
Q-values (Qeﬀ ) calculated from the decay scheme data.
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Table 5. Experimental and recommended values of X-ray emission
intensities.

Kα1
Kα2
Kα
Kβ1
Kβ2
Kβ
XK
XL

Delgado
[17]
0.215 (3)
0.156 (39)
0.371 (39)
0.079 (5)
0.020 (4)
0.099 (6)
0.47 (4)

Schötzig
[6]

De Pinho
[29]a

0.418 (21)

0.145 (9)
0.563 (23)

0.693 (26)
0.839 (43)

Recommended
values.
0.317 (6)
0.192 (4)
0.509 (7)
0.1098 (25)
0.0351 (10)
0.1449 (27)
0.654 (8)
0.807 (13)

a) Calculated with Iγ (186) = 3.555 (11), given by this evaluation.

Table 6. The recommended and calculated Q of reaction.
Nuclide
Ra-226
Rn-222
Po-218
Pb-214

Q given by
Audi [30] (keV)
4870.63 (25)
5590.3 (3)
6114.68 (9)
1019 (11)

Bi-214
Po-214

3270 (11)
7833.46 (6)

Qeﬀ (keV)
4870.5 (27)
5590.1 (6)
6113.3 (2)
1024 (11)b
1029 (15)c
3261 (10)
7833.24 (10)

Relative error
(%)
0.00
0.01
0.00
0.51b
0.99c
0.34
0.00

b) ICC’s given by Rösel [22].
c) ICC’s given by Band (BRICC computer code) [20].

For Ra-226, Rn-222, Po-218 and Po-214, a good agreement was found between the recommended Q given by
Audi [30] and the calculated values deduced from the decay
scheme data. In the case of Pb-214, the evaluators calculated
Qeﬀ taking into account the two sets of ICCs given by Rösel
and by Band, respectively, and the better agreement was found
with the Rösel ICCs.

6 Conclusions
The evaluation of a complex decay scheme, like this one, is a
diﬃcult exercise, requiring careful examination of all available
data to ensure consistency throughout the assessment. All
levels must be balanced and all observed gamma-rays need
to be included in the decay scheme. For this reason, it is
very important that all authors reporting decay data measurements provide well-defined uncertainties and all other relevant
information needed by evaluators to make best use of
their data.
For this evaluation, there was no diﬃculty finding new measurements for the gamma-ray emission intensities, however,
the evaluators point out that new direct measurements are
required for the alpha and beta emission probabilities (so
far inexistent) as well as new measurements for half-lives.
For example, for Pb-214 and Bi-214, the most critical cases,
there haven’t been any new measurements since 1931 and
1956 respectively. The situation is described in table 7, which
contains a summary of the existing experimental data for the
Ra-226 chain.
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Table 7. Summary of data set of the Ra-226 decay chain.
Nuclide
Ra-226

Rn-222

Po-218

At-218

Rn-218

Pb-214

Type of
data
α
X-rays
Half-life
α
γ-rays
X-rays
Half-life
α
β
X-rays
Half-life
α
β
X-rays
Half-life
α
X-rays
Half-life
β
X-rays
Half-life

Bi-214

α
β
X-rays
Half-life

Po-214

α
X-rays
Half-life

Situation
Two measurements in 1963 and
2001 [25, 31].
Last measurement in 2002 [17].
No recent measurements since 1966.
Last measurements in 1958 [23].
No direct measurements available.
No direct measurements available.
Last measurement in 2004.
Last measurements in 1958 [23].
Last measurements in 1952 [26].
No direct measurements available.
No recent measurements since 1986.
Last measurements in 1958 [23].
Last measurements in 1948.
No direct measurements available.
No recent measurements since 1989.
No direct measurements available.
No direct measurements available.
No recent measurements since 1971.
No direct measurements available.
No recent measurements since
1983 [6].
No recent measurements since
1931 [2].
Last measurements in 1960 [24].
No direct measurements available.
No recent measurements since 1983
[6].
No recent measurements since
1956 [3].
No direct measurements available.
No direct measurements available.
No recent measurements since 1993.
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