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High quality decay data are an essential input across a wide 
range of nuclear applications, and none more so than in the 
case of the actinides and their related decay chain data. Well 
defi ned nuclear data are essential to ensure safe procedures 
within mining operations, various nuclear fuel cycles for energy 
generation, environmental monitoring, specifi c analytical 
techniques, and diagnostic and radiotherapeutic treatments in 
nuclear medicine. A major objective of the IAEA nuclear data 
programme is to promote improvements in the accuracy and 
quality of nuclear data used in science and technology. The 
contents of this report constitute the results of a coordinated 
research project established to assemble an updated decay data 
library for actinides. Recommended half-lives and decay scheme 
data have been comprehensively evaluated, and are tabulated in 
terms of a carefully selected set of actinide radionuclides.
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forEworD

A major objective of the nuclear data programme within the IAEA is to devise and promote improvements in 
the quality of nuclear data used in science and technology. Work of this nature was performed by participants in an 
IAEA coordinated research project (CRP) formulated in 2005 to produce an updated decay data library of important 
actinides recommended for adoption in various nuclear applications. The specific objectives of this project were 
to improve the accuracy of heavy element and actinide decay data in order to: determine more accurately the 
effects of these recommended data on fission reactor fuel cycles; aid in improved assessments of nuclear waste 
management procedures; provide more reliable decay data for nuclear safeguards; assess with greater confidence 
the environmental impact of specific actinides and other heavy element radionuclides generated through their 
decay chains; and extend the scientific knowledge of actinide decay characteristics for nuclear physics research and 
non-energy applications.

some CRP participants were able to perform a number of highly precise measurements, based on the 
availability of suitable source materials, and systematic in depth evaluations of the requested decay data. These 
requested data consisted primarily of half-lives, and α, β–, EC/β+, Auger electron, conversion electron, X ray and 
γ ray energies and emission probabilities, all with uncertainties expressed at the 1σ confidence level.

The IAEA established a CRP entitled Updated Decay Data Library for Actinides in mid-2005. During the 
course of discussions at the coordinated research meetings, the participants agreed to undertake work programmes 
of measurements and evaluations, to be completed by the end of 2010. The results of the evaluation studies 
undertaken by the CRP are presented in Annex I. Annexes II–V include descriptions of the sources of the evaluated 
decay data and each individual evaluation process in detail, as well as data files in the Evaluated Nuclear structure 
Data File (ENsDF) format and in the Evaluated Nuclear Data File (ENDF) format.

The IAEA is grateful to members of the Decay Data Evaluation Project and laboratories affiliated with 
the International Committee for Radionuclide Metrology for their assistance and support in the work. Particular 
appreciation is extended to V. Chisté and C. Dulieu from the Laboratoire National henri Becquerel, France, for 
their assistance in the preparation of Annexes I and II. The IAEA officer responsible for this publication was 
M.A. Kellett of the Division of Physical and Chemical sciences.
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Although great care has been taken to maintain the accuracy of information contained in this publication, neither the IAEA nor 
its Member States assume any responsibility for consequences which may arise from its use. 

The use of particular designations of countries or territories does not imply any judgement by the publisher, the IAEA, as to the 
legal status of such countries or territories, of their authorities and institutions or of the delimitation of their boundaries. 
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editorial staff of the IAEA.
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1. IntroDUCtIon

1.1. BACKgROUND

Actinides and their natural decay products are important in the nuclear fuel cycles of all operational and 
proposed fission reactor systems. Thus, such decay data are directly applicable to a wide range of energy related 
applications that are based on power generation, fuel manufacture, reprocessing and waste storage, encompassing 
facility design, safety assessments, waste management and safeguards/proliferation issues. Non-energy related 
applications of note include nuclear medicine and related functional studies, quality control in various production 
processes, safeguards to ensure non-proliferation, and addressing many forms of concern in health and safety. 
Extensive measurement programmes have been undertaken over the past fifty years to address the need for accurate 
actinide decay data. An additional and necessary feature of this process of data improvement involves the regular 
assessment and evaluation of published nuclear structure and decay data in order to recognize the evolution and 
existence of highly satisfactory datasets, and to clearly identify the remaining problems and inadequacies to be 
addressed, and hopefully to be resolved in future studies.

A previous IAEA coordinated research project (CRP) from 1978 to 1986 resulted in the preparation of a 
library of recommended actinide decay data, and also provided the catalyst for a series of data measurements 
that continued into the 1990s [1]. A comprehensive review was undertaken in 2000 [2], in which the status of 
and requirements for improved actinide decay data were reassessed on the basis of existing decay data libraries 
(Table 1). highly relevant decay data studies had been performed over the previous 15 years prior to this particular 
review, but these data were not combined with earlier datasets, evaluated and incorporated into the recommended 
IAEA data files of 1986. Furthermore, actinide decay data measurements have been undertaken since 2000, and 
also need to be considered in future evaluations.

Recommendations have been made in recent years within the nuclear science community that the actinide decay 
data and their decay chains should be re-evaluated in order to reformulate and update the existing internationally 
accepted IAEA data files. The International Nuclear Data Committee is a body of external advisers invited by the 
IAEA to comment in detail on nuclear data matters. At their biennial meetings in May 2002 and 2004, they requested 
that the IAEA consider the establishment of a CRP entitled Updated Decay Data Library for Actinides that should 
focus on new measurements and a comprehensive assessment and re-evaluation of the existing data.

1.2. OBJECTIVEs

Well defined decay data for actinides and their decay chains are important to the nuclear power industry, 
particularly in the reprocessing of irradiated fuel and the storage of the resulting products and wastes under 
controlled conditions. A recommended list of 85 actinides and heavy element decay products evolved from the 
meetings of the CRP, along with justifications for their inclusion in such a comprehensive tabulation (Table 2). 
Various efforts were also made to ensure that the planned objectives and ongoing work of the CRP were known to 
the worldwide community of decay data measurers and evaluators [3–5].

1.2.1. Composition of the coordinated research project

Eight research centres and laboratories formally participated in the CRP by performing the required 
measurements and evaluations:

(a) Argonne National Laboratory1, United states of America (represented by F.g. Kondev);
(b) China Nuclear Data Center, China Institute of Atomic Energy, China (represented by huang Xiaolong);
(c) Radionuclide Metrology Laboratory, horia hulubei National Institute of Physics and Nuclear Engineering, 

Romania (represented by A. Luca);

1 Work at Argonne National Laboratory was supported by the Us Department of Energy, Office of Nuclear Physics, under 
contract No. DE-AC02-06Ch11357.
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(d) IAEA (represented by A.L. Nichols);
(e) Laboratoire National henri Becquerel/Commissariat à l’énergie atomique, France (represented by M.-M. Bé);
(f) National Physical Laboratory, United Kingdom (represented by A. Pearce);
(g) V.g. Khlopin Radium Institute, Russian Federation (represented by V.P. Chechev);
(h) Variable Energy Cyclotron Centre, India (represented by g. Mukherjee).

Various co-workers played important roles in ensuring that the agreed decay data evaluations were undertaken, 
and their input to the CRP is acknowledged.

1.2.2. requirements

At the beginning of the CRP, some of the decay data requirements identified prior to and during the course of 
a previous CRP on Decay Data of the Transactinium Nuclides (1978–1985/1986) still remained to be addressed [1]. 
The status of much of the actinide decay data of direct application to the fission fuel cycles had also been reassessed 
in 2000 [2], and provided a sound basis for discussions at the first two coordinated research meetings in 2005 
and 2007 [6, 7]. Along with the more familiar actinides, more comprehensive efforts were made to identify and 
evaluate the natural decay products of 235,238U and 232Th through specific protactinium, actinium, radium, francium, 
radon, astatine, polonium and bismuth radionuclides to lead, thallium and mercury.

1.2.3. measurements

New measurements of specific decay data parameters were encouraged throughout the course of the 
CRP, dependent mainly on the need for improved data and the availability of suitable source materials. These 
experimental measurements included the determination of 240Pu and 245,246Cm half-lives [8–12], α particle emission 
probabilities of 243,246Cm and 250Cf [9–12] by means of passivated implanted planar silicon detectors and a magnetic 
spectrograph, and relative and absolute emission probabilities of X rays and γ rays in the β– decay of 233Pa and 
α decay of 243Cm by means of a low energy photon spectrometer and coaxial germanium detectors [12–14]. The 
deliberately low counting rates in the α particle studies suppressed spurious effects that have previously affected 
the determination of the α particle intensities, while the γ ray spectra assisted greatly in the redefinition of some 
of the stronger γ emissions along with the observation and quantification of several new transitions that were 
introduced into the proposed decay schemes.

1.2.4. Evaluations

Decay data were evaluated from the open literature and laboratory reports published over a considerable period 
of time leading up to the end of 2008. Agreed evaluation procedures were adopted on the basis of international 
Decay Data Evaluation Project (DDEP) methodology [15] — the user is referred to a number of the most relevant 
parallel publications by the Bureau international des poids et mesures (BIPM) [16–20], and the following pages of 
the BIPM and DDEP web sites:

 — http://www.bipm.org/en/publications/monographie-ri-5.html
 — http://www.nucleide.org/DDEP_Wg/DDEPdata.htm

All evaluations were based on the available experimental data, supplemented with the judicious adoption 
of well established theory if necessary. Well defined evaluation procedures were strictly applied to derive the 
recommended half-lives and decay data [15].

1.3. sCOPE

The IAEA, in Technical Reports series No. 261 [1], published recommended half-lives for 124 radionuclides, 
γ ray energies and emission probabilities for 47 radionuclides, and α particle energies and emission probabilities 
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for 29 radionuclides, although all new measurements and decay data evaluations at that time focused on only 
23 radionuclides (of which two contained additional decay chain data (229Th and 232U)).

A list of 85 radionuclides evolved from the CRP meetings in 2005 [6] and 2007 [7], embracing actinides and 
their decay products of importance in both energy and non-energy applications. Members of the CRP reviewed 
and modified the list of actinides and decay products to be included in the updated IAEA actinide decay data 
library. All CRP meetings were held in Vienna in 2005 [6], 2007 [7] and 2009 [21] to monitor progress, promote 
measurements, implement the agreed evaluation methodology, and agree upon the final recommended datasets, as 
presented in this publication.

One of a number of agreed aims was to undertake comprehensive decay data evaluations with much 
greater detail than the earlier CRP initiative of 1978–1986. The decay data of each one of the 85 radionuclides 
was re-evaluated within this CRP as an international exercise led mainly by laboratories involved in the 
DDEP [15–20, 22, 23].

1.4. UPDATE OF ThE DATABAsE

A major requirement has been to redefine and improve the consistency and uniformity of the IAEA actinide 
decay data library. This objective was achieved through the adoption of an agreed evaluation methodology that 
provides consistent and high quality results. A further aim and expectation is that users of such data in both energy 
and non-energy applications will accept the data in this publication and introduce the recommended values into 
their work.

Annex I2 provides an assembly of the recommended self-consistent decay data, covering half-lives, and α, 
β–, EC/β+, γ and X ray energies and emission probabilities of the selected radionuclides. More detailed technical 
descriptions of the evaluations are described in Annex II (on the accompanying CD-ROM). This detail was judged 
to be essential in order to record and demonstrate the quality of the resulting data files, and allows the reader to 
trace the origins of the nuclear data used to determine the recommended values.

The recommended data have been made available in two internationally agreed formats, so as to facilitate 
the integration of the recommended decay data files into the computational systems of Member states: data in 
the Evaluated Nuclear structure Data File (ENsDF) format can be found in Annex III, and in the Evaluated 
Nuclear Data File (ENDF-6) format in Annex IV. A comprehensive list of the 85 nuclei evaluated is given in 
Annex V. Annexes II–V are on the accompanying CD-ROM.

TABLE 1.  ACTINIDE DECAY DATA — sTATUs, 2000 [2] (cont.)

Radionuclide Data typea Accuracy achieved 
(%)b Requirements

228Th decay chain T1/2 0.1–0.9 Overall, desired data accuracy has been achieved
Pγ

c 2–5
229Th decay chain T1/2 2 Possible need for marginal improvements

Pγ
c 1–3

230Th T1/2 0.4 Desired data accuracy has been achieved
232Th decay chain T1/2 0.4 No known stringent requirements — however, data need to 

Pγ — be reassessed (232Th/233U nuclear fuel cycle)
233Th T1/2 0.5 Pβ and Pγ requirements are not satisfied

Pβ ~10
Pγ ~10

231Pa T1/2 0.3 Possible need for marginal improvements in Pα and Pγ

Pα 2–7
Pγ 2–5

2 The annexes have been prepared from the original material as submitted for publication and have not been edited by the 
editorial staff of the IAEA.
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TABLE 1.  ACTINIDE DECAY DATA — sTATUs, 2000 [2] (cont.)

Radionuclide Data typea Accuracy achieved 
(%)b Requirements

233Pa T1/2 0.4 Requirements for more accurate Pβ data
Pβ ~10
Pγ 1

232U T1/2 0.7 Desired data accuracy has been achieved
Pα 1
Pγ 1–2

233U T1/2 0.1 Data need to be reassessed (232Th/233U nuclear fuel cycle)
(T1/2)sF —

Pα 1–2
PX

d —
Pγ 1–2

234U T1/2 0.1 Desired data accuracy has been achieved
(T1/2)sF ~50

Pα 0.03–1
Pγ 1–2

235U T1/2 0.1 Requirement for more accurate Pα and Pγ data (particularly 
(T1/2)sF ~50 low energy γ rays (<120 keV))

Pα 5–12
Pγ 1

236U T1/2 0.1 Requirements for more accurate Pα and Pγ data
(T1/2)sF 3

Pα 5–15
Pγ 10

237U Pγ 2–3 Requirements for more accurate Pγ data for the main γ ray transitions
238U T1/2 0.1 Pα measurements have improved accuracy to 2%, so that a

(T1/2)sF 1.2 better defined decay scheme can be constructed
Pα 5–20
PX

d —
Pγ 13

239U T1/2 0.2 Possible need for better defined Pβ data (decay heat 
Pβ 2–20 calculations)
Pγ 2

236Np T1/2 10 Requirements for more accurate T1/2 and Pβ data
BF 2
Pβ ?
Pγ 2

236mNp T1/2 2 Desired data accuracy has been achieved
BF 2

237Np T1/2
Pα
PX

d

Pγ

0.5
20
—
1–2

significant efforts were expended to measure Pα, Pγ, PX and Pe 
(i.e. electron spectra); however, a consistent and comprehensive decay 
scheme has yet to evolve due to the underlying complexity

238Np T1/2
Pγ

0.1
5

Requirements for more accurate Pγ data
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TABLE 1.  ACTINIDE DECAY DATA — sTATUs, 2000 [2] (cont.)

Radionuclide Data typea Accuracy achieved 
(%)b Requirements

239Np T1/2 0.2 Possible need for better defined Pβ data (decay heat calculations)
Pβ 2–15
Pγ 1–2

236Pu T1/2 3 Requirements for more accurate Pα and Pγ data
Pα 1–3
Pγ 30

237Pu T1/2 0.1 Desired data accuracy would appear to have been achieved
PX

d —
238Pu T1/2 0.3 Desired data accuracy has been achieved

(T1/2)sF 4
Pα <1
PX

d 2–3
Pγ 1–2

239Pu T1/2 0.1 Desired data accuracy has been achieved, with the 
Pα 1–2 derivation of a complex and comprehensive decay scheme
PX

d 3
Pγ <1

240Pu T1/2 0.1 Possible need for marginal improvements in Pα and Pγ data
(T1/2)sF 3

Pα 1–2
PX

d 3
Pγ 1–2

241Pu T1/2 0.7 Concerns associated with T1/2 have been assuaged; desired 
(T1/2)sF 0.8 data accuracy has been achieved

Pγ 1–2
242Pu T1/2 0.3 Requirements for better characterized PX; other parameters 

(T1/2)sF 1.5 are reasonably well defined
Pα <1
PX

d —
Pγ 2–5

241Am T1/2 0.15 Requirements for improved accuracy in PX and Pγ data; 
Pα 1–2 significant efforts have been made to determine 
PX

d 3 Pγ (59.54 keV)
Pγ 1–10

242Am T1/2 0.1 Desired data accuracy has been achieved
BF 1

242mAm T1/2 1.4 Requirements for improved accuracy in PX; α decay mode 
BF 0.03 has been well defined
PX

d —
243Am T1/2 0.2 Both Pα and Pγ measurements are merited, and such 

Pα 0.5–20 studies were performed to improve the accuracy of these
PX

d — data
Pγ 2
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TABLE 1.  ACTINIDE DECAY DATA — sTATUs, 2000 [2] (cont.)

Radionuclide Data typea Accuracy achieved 
(%)b Requirements

242Cm T1/2 0.04 Desired data accuracy has been achieved
(T1/2)sF 2

Pγ 4–20
243Cm T1/2 0.3 While the major γ ray emissions are reasonably well 

Pα 1–3 characterized, some of the lower intensity transitions are 
PX

d — poorly defined
Pγ 2–10

244Cm T1/2 0.3 Desired data accuracy has been achieved
(T1/2)sF 0.4

Pα <1
PX

d 3
Pγ 2–10

248Cm T1/2 1 Requirements for more accurate PX and Pγ data
Pα <1
PX

d
—

Pγ ~5
250Cf T1/2 0.7 Challenging requirements for T1/2 and (T1/2)sF need to be 

(T1/2)sF 4 addressed (0.2 and 2%, respectively)
252Cf T1/2 0.3 Discrepant T1/2 data

(T1/2)sF 0.3
a T1/2: total half-life; (T1/2)sF: spontaneous fission half-life; BF: branching fraction; Pα: α particle emission probability; Pβ: β particle 

emission probability; PX: X ray emission probability; Pγ: γ ray emission probability.
b Uncertainties for α particle, β particle, X ray and γ ray emission probabilities apply to the major transitions only, corresponding to 

the 1σ confidence level.
c The listed requirements for decay chain radionuclides represent those for the more prominent transitions of all members of the decay 

chain.
d PX refers to L X ray emission probabilities.
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TABLE 2.  sELECTED ACTINIDEs AND ThEIR DECAY ChAINs (cont).
Radionuclide Origins Applications
206hg 238U (4n + 2) decay chain
206Tl 238U (4n + 2) decay chain
207Tl 235U (4n + 3) decay chain
208Tl 232Th  4n decay chain
209Tl 237Np (4n + 1) decay chain
210Tl 238U (4n + 2) decay chain
209Pb 237Np (4n + 1) decay chain
210Pb 238U (4n + 2) decay chain
211Pb 235U (4n + 3) decay chain
212Pb 232Th 4n decay chain
214Pb 238U (4n + 2) decay chain
210Bi 238U (4n + 2) decay chain
211Bi 235U (4n + 3) decay chain
212Bi 232Th 4n decay chain Therapeutic nuclear medicine — monoclonal antibody attachment
213Bi 237Np (4n + 1) decay chain Therapeutic nuclear medicine — monoclonal antibody attachment
214Bi 238U (4n + 2) decay chain
215Bi 235U (4n + 3) decay chain
210Po 238U (4n + 2) decay chain
211Po 235U (4n + 3) decay chain Therapeutic nuclear medicine (short lived daughter of 211At)
212Po 232Th 4n decay chain
213Po 237Np (4n + 1) decay chain
214Po 238U (4n + 2) decay chain
215Po 235U (4n + 3) decay chain
216Po 232Th 4n decay chain
218Po 238U (4n + 2) decay chain
211At Therapeutic nuclear medicine — monoclonal antibody attachment, 

and also used with 18F for in vivo studies
215At 235U (4n + 3) decay chain
217At 237Np (4n + 1) decay chain
218At 238U (4n + 2) decay chain
219At 235U (4n + 3) decay chain
217Rn 237Np (4n + 1) decay chain
218Rn 238U (4n + 2) decay chain
219Rn 235U (4n + 3) decay chain
220Rn 232Th 4n decay chain
222Rn 238U (4n + 2) decay chain
221Fr 237Np (4n + 1) decay chain
223Fr 235U (4n + 3) decay chain
223Ra 235U (4n + 3) decay chain Therapeutic nuclear medicine — monoclonal antibody attachment
224Ra 232Th 4n decay chain
225Ra 237Np (4n + 1) decay chain
226Ra 238U (4n + 2) decay chain Primary efficiency calibration standard
228Ra 232Th 4n decay chain
225Ac 237Np (4n + 1) decay chain Therapeutic nuclear medicine — monoclonal antibody attachment 

(noteworthy decay chain predecessor of 213Bi)
227Ac 235U (4n + 3) decay chain Therapeutic nuclear medicine — monoclonal antibody attachment 

(parent of 223Ra)
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TABLE 2.  sELECTED ACTINIDEs AND ThEIR DECAY ChAINs (cont).
Radionuclide Origins Applications
228Ac 232Th 4n decay chain
228Th 232Th 4n decay chain Primary efficiency calibration standard; therapeutic nuclear medicine 

— monoclonal antibody attachment (noteworthy decay chain 
predecessor of 212Bi)

229Th 237Np (4n + 1) decay chain Mass determination in (4n + 1) decay chain; therapeutic nuclear 
medicine — monoclonal antibody attachment (parent of 225Ac)

231Th 235U (4n + 3) decay chain
232Th 232Th 4n decay chain Th–U fuel cycle
233Th
234Th 238U (4n + 2) decay chain
231Pa 235U (4n + 3) decay chain Non-destructive assay
233Pa 237Np (4n + 1) decay chain Mass determination
234Pa 238U (4n + 2) decay chain
234mPa 238U (4n + 2) decay chain Environmental studies
232U shielding calculations
233U 237Np (4n + 1) decay chain Th–U fuel cycle and environmental studies
234U 238U (4n + 2) decay chain Mass determination and non-destructive assay
235U Mass determination and non-destructive assay
236U Mass determination and non-destructive assay
237U Non-destructive assay
238U Non-destructive assay
239U Decay heat
236Np 232U production
236mNp 232U production
237Np Mass determination and environmental studies
238Np
239Np Decay heat and detector efficiency calibration standard
238Pu Non-destructive assay
239Pu Non-destructive assay and environmental studies
240Pu Non-destructive assay and environmental studies
241Pu Non-destructive assay
242Pu Non-destructive assay and environmental studies
241Am Primary efficiency calibration standard; diagnostic nuclear medicine 

— heart imaging and detection of osteoporosis
242Am 244Cm production and Am mass determination
242mAm 244Cm production and Am mass determination
243Am Long term storage and environmental studies
244Am 244Cm production
244mAm 244Cm production
242Cm Non-destructive assay
243Cm Non-destructive assay and environmental studies
244Cm Non-destructive assay and environmental studies
245Cm Long term storage and environmental studies
246Cm Long term storage and environmental studies
252Cf Neutron standard; therapeutic nuclear medicine — treatment of 

cervical, melanoma and brain carcinomas
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2. EVALUAtIon mEtHoDoLogY

Data were evaluated from the open literature and available laboratory reports published over a considerable 
period of time. Omissions of individual values had to be justified by the evaluator on the basis of their perceived 
quality and validity or other specific grounds.

Evaluation efforts focused on measurements of the half-lives and absolute emission probabilities of the 
various decay processes (e.g. α, β–, EC/β+, Auger electrons, conversion electrons, X rays and γ rays). Transition 
energies were most frequently derived from well defined evaluations of the nuclear level energies [24] and 
tabulations of X ray, Auger electron and electron subshell binding energies [25–28], although other references 
were cited when suitable data were not available from these particular sources. Emission probabilities of the K 
and L X rays, and K and L Auger electrons were calculated by means of the EMIssION program for radionuclides 
with EC and γ transitions (adoption of EMISSION version 4.01, 28 January 2003, with the EMISSION database 
extended to Z = 96) [29, 30].

2.1. AVERAgINg PROCEss

The recommended decay data consist of the weighted average of the published values in which the weights 
have been taken to be the inverse of the squares of the overall uncertainties. A set of data is defined as self-consistent 
if the probability of χ2 exceeding the calculated value is 1% or less. When the data in a set are inconsistent, the 
method of limitation of the relative weight is recommended. If any particular weight contributes over 50% of the 
total, the corresponding uncertainty is increased, so that the contribution of the value to the sum of the weights 
will be less than 50%. The weighted average is then recalculated and adopted if the probability of χ2 exceeding the 
recalculated value is greater than 1%; otherwise, the weighted or unweighted mean is chosen according to whether 
or not the 1σ uncertainty on each mean value includes the other term — the basis for the latter choice is that it may 
be unreasonable to use the weighted average if the data do not comprise a consistent set.

2.2. DATA CONsIsTENCY

Under certain circumstances, an applications library needs to contain decay data that are complete and 
consistent. The normal procedure would be to evaluate and prepare individual files that have been internally tested 
for consistency between the various recommended parameters that constitute the decay scheme (i.e. α, β–, EC, β+ and 
γ transitions). Hopefully, consistency within a particular radionuclidic decay scheme evolves during the evaluation 
process.

The consistency of a recommended set of decay data can be determined by calculating the percentage 
deviation between the effective Q-value:

effective Q-value = Qi
i

i
=
∑ ×

1

all BF

BF  (1)

where Qi and BFi are the Q-value and branching fraction of the ith decay mode (i.e. weighted sum of the evaluated 
Q-values of the radionuclide), and the calculated Q-value:

calculated Q-value = 
all all all all ce

ce cei i j j k k l l
i j k l

E P E P E P E P
β

β β+ + + +∑ ∑ ∑ ∑ ��
α γ

α α γ γ  (2)

where , etc. and , etc. are the energies and emission probabilities of the ith 
α particle, jth β particle, kth γ ray, lth conversion electron, etc. of the individual decay process.
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The consistency of the recommended decay scheme data (expressed as percentage deviation) can be quantified 
by the simple equation:

% consistency = ( ) ( )
( )

effective -value calculated -value
effective -value

Q Q
Q
−









 × 100  (3)

Consistency checks for the recommended decay data files were undertaken for the actinides and their natural 
decay products, and are listed in Table 3. Percentage deviations above 5% are regarded as high and imply a poorly 
defined decay scheme; a value of less than 5% indicates the construction of a reasonably consistent decay scheme. 
however, while there are merits in undertaking such a form of statistical analysis, subsequent adjustments to 
improve consistency may not always be appropriate.

2.3. sTATUs

Brief summaries of the inadequacies found during the decay scheme evaluations of each individual 
radionuclide are given in the comments section of Table 3. All of these observations are entirely based on individual 
attempts to evaluate and derive comprehensive and consistent decay schemes and their associated decay data. 
Under such circumstances, new data requirements have primarily been driven almost exclusively by the evaluators’ 
desire for perceived reliability and completeness, rather than due consideration of the relative importance of each 
specific radionuclide. While the healthy iterative process of measurements and evaluations is critical to logical and 
systematic improvements to decay data, the real need for further experimental studies also depends on the relative 
importance of accruing improved data for the purpose of application as well as basic research.

some of the newly recommended decay data for the actinides and particularly the natural decay products are 
based on rather old measurements, while some other equivalent measurements have been shown to be disparate. 
New experimental studies would be extremely beneficial if the particular radionuclide plays an important role 
in intermediate term and long term fuel management (and, more specifically, will be recycled and re-irradiated). 
Inconsistencies were observed when comparisons were made between the population and depopulation of the 
daughter nuclear levels, most notably when deriving transition probabilities from experimentally determined 
α particle and γ ray emission probabilities (e.g. 224Ra and 226Ra). All of these irregularities and other anomalies are 
noted in Table 3, and are described within the detailed comments of Annex II.

These latest efforts to evaluate and assemble comprehensive decay schemes for actinides and their decay 
products have significantly improved the consistency and overall quality of the resulting recommended decay 
data. Evaluated nuclear data include: half-lives; Q-values; branching fractions; energies, emission probabilities 
and other transition properties of α, β–, EC/β+, Auger electrons, conversion electrons, X rays and γ rays; and the 
uncertainties of all of the parameters corresponding to the 1σ confidence level. The CRP participants believe that 
these data represent significant improvements when compared with the contents of other existing decay data files 
and libraries, and should be internationally accepted as improvements in the definition and quantification of the 
decay schemes of the actinides and their decay chain products.
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TABLE 3.  DECAY DATA EVALUATIONs, CONsIsTENCY AND COMMENTs (cont.)
Radionuclide Evaluatora Consistencyb Comments
206hg ANL 0(9)% The recommended half-life is the weighted mean of three 

measurements from the 1960s (with two values from the same 
author) — new measurements are merited. A simple decay scheme 
of three β and five γ transitions was derived from the available 
measurements.

206Tl ANL 0.00(6)% An extensive set of eight half-life measurements made between 
1941 and 1972 was used to derive the recommended half-life. A 
simple decay scheme dominated by the  transition (99.885%) was 
proposed from the available measurements.

207Tl ANL 0.0(5)% The recommended half-life is the weighted mean of four 
measurements carried out between 1931 and 1967. A simple decay 
scheme dominated by the  transition (99.729%) was derived from 
the available measurements.

208Tl IAEA 0.2(3)% The half-life is the weighted mean of four measurements, with the 
uncertainty increased artificially to encompass the most precise 
study. A consistent decay scheme has been derived, assuming 
no direct β decay to the 2614.55 keV and ground states of 208Pb 
(based on spin-parity considerations).

209Tl ANL 1(1)% half-life measurements are scarce — further studies are merited. 
The proposed decay scheme is dominated by the  transition 
(97.70%). However, a significant number of observed γ ray 
transitions have not been identified within the recommended 
decay scheme (while 15 were successfully assigned, 11 remain 
unplaced) — further γ ray studies are required to clarify and 
resolve existing difficulties.

210Tl LNhB 0(3)% The decay scheme is based mainly on measurements published 
in 1964 — many β– particle emission probabilities are uncertain, 
and no evidence exists for transitions with energies >3 MeV. 
Further β– particle emission probability measurements are strongly 
recommended to resolve these discrepancies.

209Pb ANL 0.0(3)% The recommended half-life is the weighted mean of five 
measurements undertaken from 1941 to 1972. A very simple 
decay scheme consists of only one β− transition directly to the 
ground state of 209Bi.

210Pb LNhB –0.6(15)% Recently measured L X rays are not self-consistent, and do not 
agree with values deduced from the decay scheme — further 
X ray measurements would assist in determining the origin of 
these discrepancies.

211Pb ANL –0.1(6)% Experimental data for the half-life are very scarce — new 
measurements are required to confirm two previous studies in 
1932 and 1965. A significant number of observed γ ray transitions 
have not been identified within the recommended decay scheme 
(while 22 were successfully assigned, 18 remain unplaced) — 
further γ ray measurements are required to clarify and resolve 
existing difficulties, and should include γ–γ coincidence studies.

212Pb IAEA 0.2(12)% The recommended half-life is the weighted mean of three old 
measurements — further studies are merited to determine this 
value with greater confidence. A reasonably simple decay scheme 
has been constructed from the γ ray measurements — five distinct 
γ ray emissions were identified with 212Pb decay in these studies. 
Although low energy γ ray transitions have been postulated 
to exist in the decay scheme (with energies between 40 and 
60 keV), this possibility was rejected on the basis of insufficient 
experimental evidence in the open literature. Further studies are 
required to resolve this issue, and confirm the correctness of the 
proposed decay scheme.
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TABLE 3.  DECAY DATA EVALUATIONs, CONsIsTENCY AND COMMENTs (cont.)
Radionuclide Evaluatora Consistencyb Comments
214Pb LNhB –0.5(15)% There is only one half-life measurement from 1931 — further 

measurements are recommended. Problems associated with 
calculating internal conversion coefficients suggest that new 
measurements of the multipolarities and mixing ratios of the 
γ transitions would be beneficial.

210Bi LNhB 0.00(10)% The decay scheme is based mainly on α particle emission 
probabilities measured prior to 1962, with no direct measurements 
of the β– particle and X ray emission probabilities. The most recent 
half-life measurement dates back to 1959. β– particle and X ray 
emission probability measurements are strongly recommended to 
give greater confidence in the proposed decay scheme.

211Bi IFIN-hh –0.004(7)% Although the relatively old experimental half-life data are 
consistent, further measurements would be beneficial. New 
K X ray, α and β– particle emission probabilities are required, 
because these data show discrepancies.

212Bi IAEA 0.12(24)% The recommended half-life is the unweighted mean of two 
somewhat old measurements (from 1914 and 1961) — further 
studies are merited to determine this value with greater 
confidence. The 39.858 keV γ ray is particularly important in the 
α branch, and further measurements are required to determine the 
emission probability of this transition with greater confidence.

213Bi CNDC 0.1(5)% New half-life measurements are recommended.
214Bi LNhB 0.3(5)% There is only one half-life measurement from 1956 — further 

measurements would be beneficial.
215Bi IAEA 0(8)% A reasonably complex but inadequate decay scheme has been 

constructed from a single set of γ ray measurements. Direct 
β– feeding to the ground state of the daughter 215Po has not 
been determined with confidence. The evaluators resorted to 
comparisons with the β– decay of other odd–even Bi radionuclides 
and β– decay theory (fifth power law of the β– end point energy) 
in order to define the β– and γ ray emission probabilities in 
absolute terms. Further experimental studies are required to 
derive the decay scheme, particularly the absolute γ ray emission 
probabilities and direct β– feeding to the ground state of the 
daughter 215Po.

210Po LNhB 0.0000(18)% The decay scheme is based mainly on γ ray emission probabilities 
measured prior to 1957, with no direct measurements of the 
α particle and X ray emission probabilities. The most recent 
half-life measurement dates back to 1964. Both α particle and X 
ray emission probability measurements are strongly recommended 
to give greater confidence in the proposed decay scheme.

211Po IFIN-hh 0.00(3)% Although the relatively old experimental half-life data are 
consistent, further measurements would be beneficial.

212Po IAEA 0.000(2)% Extremely short lived radionuclide (half-life of 0.300(2) μs).
213Po CNDC 0.03(14)% Further measurements of γ ray and α particle emission 

probabilities are required.
214Po LNhB 0.0000(15)% Indirect and inadequate experimental data — new direct 

measurements of α particle and γ ray emission probabilities are 
required.

215Po KRI 0.01(3)% The decay scheme is incomplete — measurements of weak γ ray 
transitions in α decay and β– particle emission probabilities in 
β– decay are required.
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TABLE 3.  DECAY DATA EVALUATIONs, CONsIsTENCY AND COMMENTs (cont.)
Radionuclide Evaluatora Consistencyb Comments
216Po IAEA 0.000(10)% The recommended half-life is the weighted mean of three 

somewhat old measurements and a more recent study — further 
measurements are merited. A simple decay scheme was derived 
from γ ray studies that were also used to calculate the two 
proposed α particle emission probabilities. Measurements of the 
emission probabilities of the α particles and γ rays are required to 
confirm the validity of the proposed decay scheme.

218Po LNhB 0.000(4)% The decay scheme is based on β– emission measurements 
undertaken in 1952 — new measurements of α and β– particle 
emission probabilities are required.

211At IAEA –0.01(17)% A reasonably simple decay scheme has been constructed from  
α particle and γ ray measurements, and studies of the α branching 
fraction.

215At KRI 0.00(5)% The decay scheme is not fully complete — weak α transitions are 
possible due to higher 211Bi levels known from 211Pb β– decay, but 
not yet observed in 215At α decay.

217At CNDC 0.02(3)% The minor β– decay branch of 217At has not been studied, and 
further measurements of the γ ray and α particle emission 
probabilities for the main α branch are required.

218At LNhB 0.82(18)% Early experimental data from 1948 and 1958 — new 
measurements of α and β– particle emission probabilities are 
required.

219At IAEA 0.0(3)% Little of substance can be gleaned from the literature. hence, 
a simple decay scheme has been tentatively constructed; it is 
assumed that only α and β– feed directly to the ground states of 
the daughters 215Bi and 219Rn, although these processes have been 
neither observed satisfactorily nor quantified experimentally. 
spectral studies are required to assemble and quantify the decay 
scheme with much greater confidence.

217Rn CNDC 0.00(6)% A very simple decay scheme was constructed for single α particle 
decay to the 213Po ground state.

218Rn LNhB 0.00(4)% Indirect and inadequate experimental data — new direct 
measurements of α and β– particle emission probabilities are 
required.

219Rn IAEA 0.0(10)% A reasonably comprehensive and consistent decay scheme 
has been derived from a combination of α particle and γ ray 
measurements.

220Rn IAEA –0.001(20)% The recommended half-life is the weighted mean of five rather 
disparate measurements — further studies are merited. A simple 
decay scheme was derived from γ ray studies that were also used 
to calculate α particle emission probabilities. Measurements of 
the α particle emission probabilities are required to confirm the 
validity of the proposed decay scheme.

222Rn LNhB 0.002(12)% Early measurements of α particle emission probabilities — further 
such studies are required.

221Fr CNDC 0.08(4)% Measurement of the γ ray emission probability for the 218.1 keV 
γ ray deemed to be necessary.

223Fr CNDC –1(11)% Accurate measurement of the γ ray emission probability for the 
204.9 keV γ ray deemed to be necessary.

223Ra KRI 0.8(22)% For a number of daughter 219Rn levels, there is disagreement 
between the measured probabilities of α transitions and values 
deduced from the P(γ+ce) balance. Further measurements are needed 
to determine the γ ray transitions and 223Ra α decay scheme with 
greater precision.
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TABLE 3.  DECAY DATA EVALUATIONs, CONsIsTENCY AND COMMENTs (cont.)
Radionuclide Evaluatora Consistencyb Comments
224Ra IAEA 0.00(7)% The recommended half-life represents the least squares weighted 

mean of two somewhat old studies and a much more recent 
measurement — further measurements are required to determine 
the half-life with greater confidence. There is an unsatisfactory 
lack of agreement between the derivation of the decay scheme by 
means of the measured γ ray emission probabilities, compared 
with an equivalent procedure involving the measured α particle 
emission probabilities. Both the measurement and spectral 
analysis techniques used to determine the γ ray emission 
probabilities were judged to be more reliable and, therefore, 
preference was given to α particle emission probabilities derived 
by calculation from the recommended γ ray emission probabilities 
and their theoretical internal conversion coefficients (hence, 
the preparation of a highly consistent decay scheme). however, 
measurements of α particle and γ ray emission probabilities 
remain inconsistent, and further spectroscopic studies are required.

225Ra CNDC 0(3)% Measurements of the half-life are deemed necessary, as well as the 
emission probability for the 40.1 keV γ ray.

226Ra LNhB 0.00(6)% Only two sets of inconsistent data are known to exist for the 
α particle emission probabilities — further measurements are 
required. X ray measurements would also prove useful.

228Ra IFIN-hh 0(13)% Although the relatively old experimental half-life data are 
consistent, further measurements would be beneficial. Measured 
data for β– transition probabilities are inconsistent with the 
proposed decay scheme derived from γ ray emission probabilities 
— further measurements are required.

225Ac CNDC –1(3)% There are only two measurements of half-life (the most recent in 
1950) — further measurements are desirable. New measurements 
of γ ray and α particle emission probabilities are required in 
order to help resolve the inconsistency seen with the 99.65 and 
99.90 keV γ rays.

227Ac KRI –1.2(19)% The data for β– and γ ray emission probabilities are only 
approximate — more accurate measurements would generate 
confidence in the derived decay scheme.

228Ac NPL 5(5)% The placement of γ ray transitions in the decay scheme leads to 
inconsistencies in the β– transitions. Further investigation of the 
γ ray emissions may help to assemble a more consistent decay 
scheme.

228Th IAEA –0.1(7)% A reasonably well defined decay scheme was derived from a 
combination of α particle and γ ray measurements. Although a 
consistent decay scheme was derived, further detailed α particle 
measurements are required to develop and support the overall 
correctness of the proposed decay scheme.

229Th VECC –3(1)% A reasonably complete decay scheme was formulated with more 
than 200 γ rays. However, there are 26 unplaced γ rays. Efficient 
coincidence measurements are needed to place them in the level 
scheme of 225Ra, and aid in reducing the percentage deviation. 
There was some evidence of α decay from the first excited state at 
7.6 eV — more studies are needed to confirm this form of decay 
from this nuclear level.

231Th CNDC 3(20)% Further measurements are required of γ ray emission probabilities 
for γ rays <120 keV — a relatively large dataset with some 
inconsistencies.

232Th NPL 0.3(17)% A reasonable set of half-life data which are consistent. There 
are few published data and a large spread in the γ ray emission 
probabilities. More precise α particle emission probability 
measurements would help support the decay scheme.
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TABLE 3.  DECAY DATA EVALUATIONs, CONsIsTENCY AND COMMENTs (cont.)
Radionuclide Evaluatora Consistencyb Comments
233Th KRI –0.2(3)% Data on γ ray emission probabilities have been taken mainly 

from recent measurements from 2008. Precise measurements of 
β transitions are required.

234Th IFIN-hh 0(6)% Although the relatively old experimental half-life data are 
consistent, further measurements would be beneficial. Measured 
data for β– transition probabilities are inconsistent, with the decay 
scheme derived from γ ray emission probabilities — further 
measurements are required. X ray measurements would also be 
useful — no such data exist.

231Pa NPL 1.0(23)% The half-life data are unsatisfactory and there is a strong need 
for new measurements. Further measurements of low energy 
γ transitions and α particle emission probabilities are also required 
to develop a more reliable decay scheme.

233Pa KRI 0(4)% Precise measurements of the low energy γ rays and L X rays with 
a pure source of 233Pa would prove beneficial.

234Pa CNDC –6(3)% The proposed decay scheme is based mainly on one set of 
measurements, in which the total intensity ΣI(β–) is overstated 
(110%). Twenty eight observed γ rays with 3.2% of the total 
intensity were not placed in the proposed decay scheme. Further 
measurements are needed to determine the γ transitions and the 
decay scheme with greater precision.

234mPa CNDC 0.00(21)% The isomeric γ transition energy is uncertain (<10 keV). Sixteen 
γ rays with 0.018% total intensity were not placed in the proposed 
decay scheme. Further accurate measurements of the absolute 
emission probability of the 1001.026 keV γ ray are required.

232U NPL 0.0(8)% A consistent decay scheme has been assembled. The half-life data 
are sparse and inconsistent, and further measurements would be 
beneficial.

233U VECC 0.4(6)% The samples used for the measurements are enriched to  
99.9% 233U, although a small amount of impurity may arise from 
232Th. The extensive and complex decay scheme is reasonably 
complete and consistent, and was obtained from several sets of 
measurements. The excitation energy of the first excited state 
in the daughter 229Th has been measured to be 7.6 eV, a value 
significantly higher than previously estimated (~4 eV). however, 
the half-life of this metastable state is not well known — a recent 
study indicates a half-life value of either <6 h or >20 d at the 99% 
confidence level — further measurements are required.

234U LNhB 0.00(4)% Further measurement of the γ ray and α particle emission 
probabilities is required — all published results are from the same 
laboratory/group.

235U CNDC 0.6(3)% New half-life measurements are recommended.
236U IFIN-hh 0(6)% Further measurements of α particle emission probabilities are 

required, as only one known set of measurements is published. 
X ray measurements would also be useful — no reported data 
exist.

237U KRI 0(4)% Early experimental half-life data are poor — further measurements 
are required. Precise measurements of the β– transition energies 
and probabilities would prove beneficial.

238U LNhB 0.0(7)% Further measurements of the half-life and α particle emission 
probabilities are required.

239U KRI 0(3)% A number of reported γ rays were not placed in the decay scheme 
— although further measurements are merited, the total relative 
intensity of these unplaced γ rays is only ~0.5% of all observed 
γ rays.
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TABLE 3.  DECAY DATA EVALUATIONs, CONsIsTENCY AND COMMENTs (cont.)
Radionuclide Evaluatora Consistencyb Comments
236Np KRI 0(9)% There are inadequate experimental data, including two 

conflicting measurements of the EC/β– branching ratio — further 
measurements are required.

236mNp KRI 0(11)% There are inadequate experimental data, including measurements 
of the EC/β– branching ratio — further measurements are required.

237Np KRI −0.2(4)% The proposed decay scheme cannot be considered complete since 
the α feedings measured directly in the 237Np α decay and those 
deduced from the γ ray intensity balances of the nuclear levels are 
not in good agreement — further measurements are required.

238Np KRI −0.1(24)% The approximate data available for β– transition probabilities are 
inconsistent with the decay scheme derived from γ ray emission 
probabilities — further measurements are required.

239Np KRI 0.9(21)% Discrepant measured data for β– transition probabilities are in poor 
agreement with the decay scheme derived from γ ray emission 
probabilities — further measurements are required.

238Pu KRI 0.00(9)% Some expected weak γ ray transitions were not observed directly 
in 238Pu α decay, but were adopted from the measured decay data 
of 234Pa and 234Np.

239Pu KRI 0.00(12)% Determination of the multipolarities of the low energy γ rays 
would be beneficial.

240Pu KRI 0.01(15)% Some expected weak γ ray transitions were not observed directly 
in 240Pu α decay, but were adopted from the decay of 236Pa and 
236Np, and from nuclear reaction data. The α transitions to 236U 
highly excited levels with energies of 958, 960 and 967 keV were 
not observed. They are expected from level spin data, and γ rays 
can be expected to de-excite these levels. Measurements would be 
beneficial.

241Pu KRI 0.0(10)% There is an ambiguity in the placement of the 121.2 keV γ ray 
transition in the 237U level scheme due to a doublet (7/2+, 11/2+) 
near 204 keV — further measurements are required.

242Pu KRI 0.00(25)% Weak α transitions to some highly excited 238U levels have not 
been observed — measurements would be beneficial.

241Am KRI −0.02(14)% A number of γ ray transitions (27.03, 54.1 and 95.0 keV) require 
more detailed measurement, including associated conversion 
electron emission probabilities.

242Am IAEA 0(3)% There are only three sets of half-life data — further measurements 
are required. A spectroscopic γ ray study is also required 
as no emission probability measurements exist — the γ ray 
energies were constructed from the level scheme, and emission 
probabilities from Pce/Pβ– data.

242mAm IAEA 1.9(18)% The recommended half-life represents the least squares weighted 
mean of two somewhat old studies — further measurements are 
required to determine the half-life with greater confidence. A 
simple IT decay mode dominates the decay scheme of 242mAm — 
the small α branch is complex, and many features of this decay 
mode remain unresolved. Conversion electron data for the 
48.60 keV IT γ ray transition are lacking, and such measurements 
are merited. Arguably, further accurate high resolution γ ray 
spectroscopy studies are also required to develop and complete the 
rather complex α decay mode.

243Am LNhB –0.02(8)% Further measurements of the half-life are merited. New 
measurements of the γ ray and α particle emission intensities 
should help to improve the decay scheme balance.
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TABLE 3.  DECAY DATA EVALUATIONs, CONsIsTENCY AND COMMENTs (cont.)
Radionuclide Evaluatora Consistencyb Comments
244Am IAEA 0(6)% There is only one half-life measurement — further measurements 

are required. A spectroscopic γ ray study is also required — γ ray 
energies are constructed from a level scheme, and the emission 
probabilities adjusted as necessary (only one reference quantifies 
data uncertainties).

244mAm IAEA 0(13)% There are only two half-life measurements from the 1950s, 
neither of which quote uncertainties — further measurements are 
required. Spectroscopic γ ray studies are also required as there is 
only one known set of data for the γ ray emission probabilities.

242Cm KRI −0.04(10)% Accurate measurements of the 44, 102, 157 and 210 keV γ rays 
are required.

243Cm KRI −0.3(6)% Accurate measurements of a number of γ ray transitions with 
energies less than 200 keV are required. These transitions 
were not observed in the 243Cm α decay and were derived from 
measurements of the decay of 239Np and 239Am.

244Cm KRI 0.0(6)% Some weak γ ray transitions have not been observed in 244Cm 
α decay and were taken from the 240Np β− decay and 240Am 
electron capture decay — direct measurements of 244Cm α decay 
are required.

245Cm KRI −0.3(5)% The half-life measurement results show discrepancies — further 
measurements are required.

246Cm ANL 0.0(3)% The recommended half-life is the weighted mean of five 
measurements carried out between 1969 and 2007 (some of these 
data were corrected for changes in the reference 244Cm and 250Cf 
half-lives). however, discrepancies remain, and further studies 
are merited. Emission probabilities for the two γ rays within the 
proposed decay scheme have not been measured directly, and were 
simply calculated from the recommended α0,1 and α0,2 emission 
probabilities as determined from experimental studies.

252Cf LNhB –0.1(4)% Accurate measurements of the α particle emission probabilities are 
required.

a Evaluators are designated by their affiliation: ANL: Argonne National Laboratory, UsA; CNDC: China Nuclear Data Center, China 
Institute of Atomic Energy, China; IAEA: International Atomic Energy Agency; IFIN-hh: horia hulubei National Institute of 
Physics and Nuclear Engineering, Romania; KRI: V.g. Khlopin Radium Institute, Russian Federation; LNhB: Laboratoire National 
henri Becquerel, France; NPL: National Physical Laboratory, United Kingdom; VECC: Variable Energy Cyclotron Centre, India.

b Uncertainty on the final significant figure or figures is quoted in parentheses, and is generally expressed at the 1σ confidence level: 
hence, −0.1(4)% means −0.1% ± 0.4%; 0.000(12)% means 0.000% ± 0.012%; and 0.3(21)% means 0.3% ± 2.1%.
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3. ConCLUsIons

A set of recommended decay schemes and decay data were produced and assembled by CRP participants 
to update an IAEA decay data library of actinides and their natural decay products. These studies resulted in the 
formulation of significantly improved decay parameters for a range of actinides and decay chain nuclides from 
252Cf to 206hg, including the 4n + 2 (238U), 4n + 3 (235U) and 4n (232Th) natural decay chains, and the artificially 
produced 4n + 1 (237Np/233U) decay chain.

The achievements of the CRP include the following:

 — Measurements of the half-lives, and α particle and γ ray emission probabilities of specific actinides;
 — Extension of the evaluated database to include requested decay chains and other actinide radionuclides of 
importance in non-energy related applications;

 — Evaluation of all existing relevant data published up to the end of 2008;
 — Preparation of this report which summarizes and documents the recommended decay data of the actinides and 
natural decay products of primary importance in fission energy operations and studies, along with specific 
radionuclides chosen for various non-energy applications.

One important expectation is that the resulting data will be internationally accepted as a significant 
contribution to improving the quality of the decay data of the actinides and other heavy elements that constitute 
their known decay chains.



19

rEfErEnCEs

[1] INTERNATIONAL ATOMIC ENERgY AgENCY, Decay Data of the Transactinium Nuclides, Technical Reports series 
No. 261, IAEA, Vienna (1986).

[2] NIChOLs, A.L., Decay data: Review of measurements, evaluations and compilations, Appl. Radiat. Isot. 55 (2001) 23–70.
[3] KELLETT, M.A., KONDEV, F.g., NIChOLs, A.L., IAEA Coordinated Research Project: Updated decay data library for 

actinides, Appl. Radiat. Isot. 66 (2008) 694–700.
[4] KONDEV, F.g., AhMAD, I., gREENE, J.P., NIChOLs, A.L., KELLETT, M.A., Updated Decay Data Library for Actinides, 

Bull. Am. Phys. soc. 52 (2007) 31.
[5] KELLETT, M.A., et al., New IAEA Actinide Decay Data Library, Proc. Int. Conf. on Nuclear Data for science and Technology, 

J. Korean Phys. soc. 59 2 (2011) 1455–1460.
[6] KELLETT, M.A., summary Report of the First Research Coordination Meeting on Updated Decay Data Library for Actinides, 

Rep. INDC(NDs)-0479, IAEA, Vienna (2006).
[7] KELLETT, M.A., summary Report of the second Research Coordination Meeting on Updated Decay Data Library for 

Actinides, Rep. INDC(NDs)-0508, IAEA, Vienna (2007).
[8] AhMAD, I., KONDEV, F.g., gREENE, J.P., NIChOLs, A.L., KELLETT, M.A., Measurement of the 240Pu half-life, Nucl. 

Instrum. Methods Phys. Res. A579 (2007) 458–460.
[9] KONDEV, F.g., AhMAD, I., gREENE, J.P., KELLETT, M.A., NIChOLs, A.L., Measurements of the half-life of 246Cm and 

the α-decay emission probabilities of 246Cm and 250Cf, Appl. Radiat. Isot. 65 (2007) 335–340.
[10] KONDEV, F.g., KELLETT, M.A., AhMAD, I., gREENE, J.P., NIChOLs, A.L., “Experimental studies to improve specific 

actinide decay data”, Int. Conf. Nuclear Data for science and Technology (Proc. Int. Conf. Nice, 2007), (BERsILLON, O., 
gUNsINg, F., BAUgE, E., JACQMIN, R., LERAY, s., Eds), Vol. 1, EDP sciences, Les Ulis, France (2008) 93–96.

[11] KONDEV, F.g., et al., “studies of nuclear structure and decay data properties of actinide nuclei”, 13th Int. symp. on Capture 
gamma-ray spectroscopy and Related Topics (Cgs-13), (Proc. Int. Conf. Cologne, 2008), (BLAZhEV, A., JOLIE, J., 
WARR, N., ZILgEs, A., Eds), AIP Conf. Proc., Vol. 1090 (2009) 199–206.

[12] KONDEV, F.g., et al., “Decay studies of minor actinide nuclides, and future opportunities for improving the decay data of 
neutron-rich fission products”, Int. Conf. Reactor Physics, Nuclear Power: a sustainable Resource, PhYsOR-2008 (Proc. Int. 
Conf. Interlaken, switzerland, 2008), (ChAWLA, R., DANg, V.N., MIKITYUK, K., Eds), Vol. 1, Curran Associates, Inc., 
New York (2011) 108–115.

[13] KONDEV, F.G., AHMAD, I., GREENE, J.P., KELLETT, M.A., NICHOLS, A.L., Measurements of X- and γ-ray emission 
probabilities in the β– decay of 233Pa, Appl. Radiat. Isot. 68 (2010) 2382–2386.

[14] KONDEV, F.g., AhMAD, I., gREENE, J.P., NIChOLs, A.L., KELLETT, M.A., Measurements of absolute gamma-ray 
emission probabilities in the decay of 233Pa, Nucl. Instrum. Methods Phys. Res. A652 (2011) 654–656.

[15] BÉ, M.-M., et al., Table of Radionuclides, Introduction, CEA saclay, gif-sur-Yvette (1999).
[16] BÉ, M.-M., et al., Table of Radionuclides (Vol. 3 – A = 3 to 244), Monographie BIPM-5, Bureau international des poids et 

mesures, sèvres, France (2006).
[17] BÉ, M.-M., et al., Table of Radionuclides (Vol. 4 – A = 133 to 252), Monographie BIPM-5, Bureau international des poids et 

mesures, sèvres, France (2008).
[18] BÉ, M.-M., et al., Table of Radionuclides (Vol. 5 – A = 22 to 244), Monographie BIPM-5, Bureau international des poids et 

mesures, sèvres, France (2010).
[19] BÉ, M.-M., et al., Table of Radionuclides (Vol. 6 – A = 22 to 242), Monographie BIPM-5, Bureau international des poids et 

mesures, sèvres, France (2011).
[20] BÉ, M.-M., et al., Table of Radionuclides (Vol. 7 – A = 14 to 245), Monographie BIPM-5, Bureau international des poids et 

mesures, sèvres, France (2013).
[21] KELLETT, M.A., summary Report of the Third Research Coordination Meeting on Updated Decay Data Library for Actinides, 

Rep. INDC(NDs)-0539, IAEA, Vienna (2009).
[22] BÉ, M.-M., et al., Table of Radionuclides (Vol. 1 – A = 1 to 150), Monographie BIPM-5, Bureau international des poids et 

mesures, sèvres, France (2004).
[23] BÉ, M.-M., et al., Table of Radionuclides (Vol. 2 – A = 151 to 242), Monographie BIPM-5, Bureau international des poids et 

mesures, sèvres, France (2004).
[24] Evaluated Nuclear structure Data File, National Nuclear Data Center, Brookhaven National Laboratory, Upton, New York, 

UsA; also Nuclear Data sheets, Elsevier BV, Amsterdam.
[25] LARKINS, F.P., Semiempirical Auger-electron energies for elements 10 ≤ Z ≤ 100, At. Data Nucl. Data Tables 20 (1977) 

311–387.
[26] sChÖNFELD, E., RODLOFF, g., Tables of the Energies of K-Auger Electrons for Elements with Atomic Numbers in the 

Range from Z = 11 to Z = 100, PTB Rep. PTB-6.11-98-1 (1998).



20

[27] sChÖNFELD, E., RODLOFF, g., Energies and Relative Emission Probabilities of K X-rays for Elements with Atomic 
Numbers in the Range from Z = 5 to Z = 100, PTB Rep. PTB-6.11-1999-1 (1999).

[28] BROWNE, E., FIREsTONE, R.B., X-ray Energies and Intensities, Table of Radioactive Isotopes, Wiley, New York (1986) 
C-19–C-30.

[29] sChÖNFELD, E., JANssEN, h., Evaluation of atomic shell data, Nucl. Instrum. Methods Phys. Res. A369 (1996) 527−533.
[30] sChÖNFELD, E., JANssEN, h., Calculation of emission probabilities of X-rays and Auger electrons emitted in nuclear 

disintegration processes, Appl. Radiat. Isot. 52 (2000) 595−600.



21

 Annex I

rECommEnDED DECAY DAtA

Tabulations of the recommended decay data for the 85 radionuclides are presented in this annex. The 
radionuclides are ordered by atomic number.

The data presented include:

 — Recommended half-lives (T1/2), Q-values and decay modes;
 — Transition probabilities, nature and log ft data for β– transitions;
 — Transition probabilities, nature, log ft and shell capture probabilities for electron capture transitions;
 — Energies and emission probabilities for the different radiations:

 ● Alpha particles;
 ● Electrons (β– emission, Auger and conversion electrons);
 ● X rays.

 — gamma ray energies, transition and emission probabilities, multipolarities and total internal conversion 
coefficients.
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SYMBOLS AND NOTATION

1 Units

s second
min minute
h hour
d day
y year (1 y = 365.242 198 78 d or 31 556 925.26 s)
eV electronvolt (1 eV = 1.602 176 462 (63)× 10−19 J)
keV kiloelectronvolt (1 keV = 1000 eV)

2 Particles and quanta

α alpha particle
β+ positron from β+ decay
β− electron from β− decay
γ gamma quantum, photon emitted when a nucleus decays to a lower energy state
ec internal conversion electron
ecK internal conversion electron, ejected from the K shell
ecL internal conversion electron, ejected from the L shell
ecM internal conversion electron, ejected from the M shell
ecM+ internal conversion electron, ejected from the M and higher shells
ecN internal conversion electron, ejected from the N shell
ecN+ internal conversion electron, ejected from the N and higher shells
ecO internal conversion electron, ejected from the O shell
eA Auger electron
eAK K-Auger electron
eAL L-Auger electron
KLL KLL-Auger electron
KLX KLX-Auger electron (X=M, N)
KXY KXY-Auger electron (X=M, N; Y=M, N)
X X-ray quantum, photon emitted during the rearrangement of the atomic shells
XK X-ray quantum, photon emitted during the rearrangement of the atomic K shell
XL X-ray quantum, photon emitted during the rearrangement of the atomic L shell

3 Energies

Qα total energy of alpha decay
Qβ− total energy of β−decay
QEC total energy of electron capture (EC) decay
QIT total energy of isomeric transition decay

4 Transitions, probabilities, emission intensities and conversion coefficients

αx,y transition by α decay between level x and level y
β−
x,y transition by β− decay between level x and level y

εx,y transition by electron capture (EC) between level x and level y
PK K-shell capture probability for an electron capture (EC) transition
PL L-shell capture probability for an electron capture (EC) transition



24

PM M-shell capture probability for an electron capture (EC) transition
PM+ M- and higher-shells capture probability for an electron capture (EC) transition

(PK + PL + PM + . . . = 1)
γx,y γ-ray emission between level x and level y
Pγ γ-ray emission probability for a given transition (not including conversion electrons)
Pce conversion electron emission probability for a given transition
Pγ+ce total transition probability for a given transition (including conversion electrons)

Pγ+ce = Pγ + Pce

αK K-shell internal conversion coefficient
αL total L-shell internal conversion coefficient
αM total M-shell internal conversion coefficient
αM+ total M- and higher-shells internal conversion coefficient
αN total N-shell internal conversion coefficient
αN+ total N- and higher-shells internal conversion coefficient
απ internal-pair formation coefficient
αT (ICC) total internal conversion coefficient (αT = αK + αL + αM + . . .)
αT total conversion coefficient (αT = αK + αL + αM + . . .+ απ)

5 Other physical quantities and abbreviations

E0, E1, E2, EL electric monopole, dipole, quadrupole, 2L-pole
log ft logarithm of the comparative half-life in β− or EC decay
J quantum number of total angular momentum
K, L, M, ... electron shells
K/L ratio PceK/PceL = αK/αL

K/LM ratio PceK/(PceL + PceM ) = αK/(αL + αM)
K/LMN ratio PceK/(PceL + PceM + PceN ) = αK/(αL + αM + αN)
KLX/KXY ratio PAKLX

/PAKXY

L orbital angular momentum quantum number
m0 electron rest mass
max maximum
min minimum
avg average
Z atomic number of an element
A mass number of an isotope
N number of neutrons in an isotope, N = A− Z
M1, M2, ML magnetic dipole, quadrupole, 2L-pole
ν̄ average total number of spontaneous fission neutrons
T1/2 half-life (= total half-life for multiple decay modes)
λ decay constant, λ = ln2/T1/2

δ mixing ratio of different multipolarities
π parity



25

Hg − 206

1 Half-life, Q-value and Decay mode

T1/2 : 8.32 (7) min

Qβ− : 1308 (20) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−
0,3 659 (20) 3.0 (4) 1st forbidden non-unique 5.41

β−
0,2 1003 (20) 35 (7) 1st forbidden non-unique 5.24

β−
0,0 1308 (20) 62 (7) 1st forbidden non-unique 5.67

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Tl) 5.25 - 15.32 5.1 (4)

eAK (Tl) 0.30 (7)
KLL 54.587 - 59.954 }
KLX 66.37 - 72.86 }
KXY 78.12 - 85.50 }

ec2,0 K (Tl) 219.366 (6) 8.0 (15)
ec2,0 L (Tl) 289.549 - 292.238 1.35 (26)
ec2,0 M (Tl) 301.192 - 302.507 0.31 (6)
ec2,0 N (Tl) 304.050 - 304.777 0.080 (15)
ec3,2 K (Tl) 258.99 (17) 0.122 (24)
ec3,2 L (Tl) 329.17 - 331.86 0.0204 (41)
ec3,0 K (Tl) 563.89 (5) 0.0906 (18)
ec3,0 L (Tl) 634.07 - 636.76 0.01498 (30)

β−
0,3 max: 659 (20) 3.0 (4) avg: 203 (7)

β−
0,2 max: 1003 (20) 35 (7) avg: 330 (8)

β−
0,0 max: 1308 (20) 62 (7) avg: 450 (8)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Tl) 8.9531 — 14.7362 2.9 (4)

XKα2 (Tl) 70.8325 2.3 (5) } Kα

ANL /F.G. Kondev
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Hg − 206

Energy Photons
keV per 100 disint.

XKα1 (Tl) 72.8725 3.9 (8) }

XKβ3 (Tl) 82.118 }
XKβ1 (Tl) 82.577 } 1.32 (25) Kβ

′
1

XKβ
′′
5 (Tl) 83.115 }

XKβ2 (Tl) 84.838 }
XKβ4 (Tl) 85.134 } 0.39 (8) Kβ

′
2

XKO2,3 (Tl) 85.444 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Tl) 265.832 (5) 0.014 (7) E2 0.1603 (23) 0.012 (6)
γ2,0(Tl) 304.896 (6) 36 (7) M1 0.375 (6) 26 (5)
γ3,2(Tl) 344.52 (17) 0.70 (14) M1 0.269 (4) 0.55 (11)
γ3,1(Tl) 383.59 (6) 0.014 (7) M1(+E2) 0.13 (8) 0.012 (6)
γ3,0(Tl) 649.42 (5) 2.3 (3) M1 0.0501 (7) 2.2 (3)

5 References

M.Nurmia, P.Kauranen, M.Karras, A.Siivola, A.Isola, G.Graeffe, A.Lyyjyen, Nature 190 (1961) 427

(Half-life)

G.K.Wolf, Nucl. Phys. A116 (1968) 387

(Half-life, gamma-ray energy and emission probabilities)

R.C.Lange, G.R.Hagee, A.R.Campbell, Nucl. Phys. A133 (1969) 273

(Gamma-ray energy and emission probabilities)

G.Astner, G.K.Wolf, Nucl. Phys. A147 (1970) 481

(Gamma-ray energy and emission probabilities)

R.C.Lange, G.R.Hagee, A.R.Campbell, Priv. Comm. (1971)

(Gamma-ray energy and emission probabilities)

D.G.Tuggle, Thesis, Report LBL-4460, Univ. California (1976)

(Gamma-ray energy and emission probabilities)

F.P.Larkins, At. Data Nucl. Data Tables 20 (1977) 311

(K Auger electron energies)

M.U.Rajput, T.D.MacMahon, Nucl. Instrum. Methods Phys. Res. A312 (1992) 289

(Evaluation techniques)

S.I.Kafala, T.D.MacMahon, P.W.Gray, Nucl. Instrum. Methods Phys. Res. A339 (1994) 151

(Evaluation techniques)

E.Schönfeld, H.Janssen, Nucl. Instrum. Methods Phys. Res. A369 (1996) 527

(K-shell fluorescence yields)

B.Singh, J.L.Rodriguez, S.S.M.Wong, J.K.Tuli, Nucl. Data Sheets 84 (1998) 487

(log ft values)

E.Schönfeld, G.Rodloff, Report PTB-6.11-98-1, Braunschweig (1998)

(K Auger electron energies)

E.Schönfeld, G.Rodloff, Report PTB-6.11-1999-1, Braunschweig (1999)

(K X-ray energies and relative emission probabilities)

E.Browne, Nucl. Data Sheets 88 (1999) 29

(Nuclear levels)

ANL /F.G. Kondev
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Hg − 206

E.Schönfeld, H.Janssen, Appl. Radiat. Isot. 52 (2000) 595

(EMISSION program and X-ray and Auger electron emission probabilities and energies)

I.M.Band, M.B.Trzhaskovskaya, C.W.Nestor Jr., P.O.Tikkanen, S.Raman, At. Data Nucl. Data Tables
81 (2002) 1

(ICCs)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 337

(Q)

R.D.Deslattes, E.G.Kessler Jr., P.Indelicato, L.de Billy, E.Lindroth, J.Anton, Rev. Mod. Phys. 75
(2003) 35

(K and L X-ray energies)

T.D.MacMahon, A.Pearce, P.Harris, Appl. Radiat. Isot. 60 (2004) 275

(Evaluation techniques)

T.Kibédi, T.W.Burrows, M.B.Trzhaskovskaya, P.M.Davidson, C.W.Nestor Jr., Nucl. Instrum. Methods
Phys. Res. A589 (2008) 202

(Theoretical ICCs)

F.G.Kondev, Nucl. Data Sheets 109 (2008) 1527

(Nuclear levels)

C.Dulieu, M.M.Bé, V.Chisté, Proc. Int. Conf. on Nuclear Data for Science and Technology, 22-27 April 2007,
Nice, France (2008) 97

(SAISINUC software)

ANL /F.G. Kondev
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T l − 206

1 Half-life, Q-value and Decay mode

T1/2 : 4.202 (11) min

Qβ− : 1532.4 (6) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−
0,2 366.0 (8) 0.110 (14) 1st forbidden 6

β−
0,1 729.3 (6) 0.0051 (3) 1st forbidden unique 8.6

β−
0,0 1532.4 (6) 99.885 (14) 1st forbidden 5.2

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAK (Pb) 0.0034 (6)
KLL 56.028 - 61.669 }
KLX 68.181 - 74.969 }
KXY 80.3 - 88.0 }

ec2,0 K (Pb) 1078.4 0.093 (11)
ec2,0 L (Pb) 1150.54 - 1151.20 0.017 (3)

β−
0,2 max: 366.0 (8) 0.110 (14) avg: 104.52 (25)

β−
0,1 max: 729.3 (6) 0.0051 (3) avg: 232.39 (21)

β−
0,0 max: 1532.4 (6) 99.885 (14) avg: 538.86 (25)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pb) 9.19 — 15.217 0.035 (4)

XKα2 (Pb) 72.8049 0.026 (3) } Kα
XKα1 (Pb) 74.97 0.044 (5) }

XKβ3 (Pb) 84.451 }
XKβ1 (Pb) 84.937 } 0.0150 (17) Kβ

′
1

XKβ
′′
5 (Pb) 85.47 }

XKβ2 (Pb) 87.238 }
XKβ4 (Pb) 87.58 } 0.0045 (6) Kβ

′
2

XKO2,3 (Pb) 87.911 }

ANL /F.G. Kondev
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T l − 206

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ2,1(Pb) 363.3 (5) 0.00015 (15) E2 0.0663 (20) 0.00014 (14)
γ1,0(Pb) 803.06 (3) 0.0051 (3) E2 0.01030 (31) 0.0050 (3)

5 References

K.Fajans, A.F.Voigt, Phys. Rev. 60 (1941) 619

(Half-life)

D.E.Alburger, G.Friedlander, Phys. Rev. 82 (1951) 977

(Maximum beta-decay energy)

B.W.Sargent, L.Yaffe, A.P.Gray, Can. J. Phys. 31 (1953) 235

(Half-life)

A.Poularikas, R.W.Fink, Phys. Rev. 115 (1959) 989

(Half-life)

D.A.Howe, L.M.Langer, Phys. Rev. 124 (1961) 519

(Maximum beta-decay energy)

M.Nurmia, P.Kauranen, M.Karras, A.Siivola, A.Isola, G.Graeffe, A.Lyyjyen, Nature 190 (1961) 427

(Half-life)

W.H.Zoller, C.Botteron, W.B.Walters, Report MIT-905-133, Massachusetts Institute of Technology (1968)

(Gamma-ray emission probability)

W.H.Zoller, W.B.Walters, J. Inorg. Nucl. Chem. 32 (1970) 2465

(Gamma-ray emission probability)

D.Flothmann, R.Lohken, W.Wiesner, H.Rebel, Phys. Rev. Lett. 25 (1970) 1719

(Half-life, Maximum beta-decay energy)

N.B.Gove, M.J.Martin, Nucl. Data Tables 10 (1971) 205

(Log ft values)

B.I.Persson, I.Plesser, J.W.Sunier, Nucl. Phys. A167 (1971) 470

(Half-life, Maximum beta-decay energy)

J.C.Manthuruthil, D.C.Camp, A.V.Ramayya, J.H.Hamilton, J.J.Pinajian, J.W.Doornebos, Phys. Rev.
C6 (1972) 1870

(Gamma-ray transition energies)

L.L.Collins, G.D.O’Kelley, E.Eichler, Report ORNL-4791, Oak Ridge National Laboratory (1972)

(Half-llife)

H.C.Griffin, A.M.Donne, Phys. Rev. Lett. 28 (1972) 107

(Half-life)

W.Wiesner, D.Flothmann, H.J.Gils, R.Lohken, H.Rebel, Nucl. Phys. A191 (1972) 166

(Half-life, Maximum beta-decay energy)

J.E.Draper, R.J.McDonald, N.S.P.King, Phys. Rev. C16 (1977) 1594

(Transition energies, K/L conversion electrons subs)

F.P.Larkins, At. Data Nucl. Data Tables 20 (1977) 313

(Electron shells binding energies)

W.H.Trzaska, J.Kantele, R.Julin, J.Kumpulainen, P.van Duppen, M.Huyse, J.Wauters, Z. Phys. A335
(1990) 475

(K/L conversion electrons subshell ratio)

M.U.Rajput, T.D.McMahon, Nucl. Instrum. Methods Phys. Res. A312 (1992) 289

(Evaluation techniques)

S.I.Kafala, T.D.McMahon, P.W.Gray, Nucl. Instrum. Methods Phys. Res. A339 (1994) 151

(Evaluation techniques)

S.Raman, J.B.McGrory, E.T.Jurney, J.W.Starner, Phys. Rev. C53 (1996) 2732

(Gamma-ray transition energies)

E.Schönfeld, H.Janssen, Nucl. Instrum. Methods Phys. Res. A369 (1996) 527

(Fluorescence yields)

E.Schönfeld, G.Rodloff, Report PTB-6.11-98-1, Braunschweig (1998)

(K Auger electron energies)

ANL /F.G. Kondev



31

T l − 206

E.Schönfeld, G.Rodloff, Report PTB-6.11-1999-1, Braunschweig (1999)

(KX-ray energies and relative emission probabilitie)

E.Browne, Nucl. Data Sheets 88 (1999) 29

(206Tl and 206Pb level schemes)

E.Schönfeld, H.Janssen, Appl. Radiat. Isot. 52 (2000) 595

(Program Emission)

I.M.Band, M.B.Trzhaskovskaya, C.W.Nestor, P.O.Tikkanen, S.Raman, At. Data Nucl. Data Tables 91
(2002) 1

(ICC)
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1 Half-life, Q-value and Decay mode

T1/2 : 4.774 (12) min

Qβ− : 1418 (5) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−
0,2 520 (5) 0.271 (10) 1st forbidden non-unique 6.15

β−
0,1 848 (5) <0.00008 1st forbidden unique >10.8

β−
0,0 1418 (5) 99.729 (10) 1st forbidden non-unique 5.11

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Pb) 5.33 - 15.82 0.00333 (6)

eAK (Pb) 0.000202 (23)
KLL 56.028 - 61.669 }
KLX 68.181 - 74.969 }
KXY 80.3 - 88.0 }

β−
0,2 max: 520 (5) 0.271 (10) avg: 155.0 (17)

β−
0,1 max: 848 (5) <0.00008 avg: 273.2 (18)

β−
0,0 max: 1418 (5) 99.729 (10) avg: 492.5 (21)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pb) 9.186 — 15.2169 0.00201 (6)

XKα2 (Pb) 72.8049 0.00154 (6) } Kα
XKα1 (Pb) 74.97 0.00258 (10) }

XKβ3 (Pb) 84.451 }
XKβ1 (Pb) 84.937 } 0.00088 (4) Kβ

′
1

XKβ
′′
5 (Pb) 85.47 }

XKβ2 (Pb) 87.238 }
XKβ4 (Pb) 87.58 } 0.000266 (12) Kβ

′
2

XKO2,3 (Pb) 87.911 }

ANL /F.G. Kondev



34

T l − 207

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ2,1(Pb) 328.10 (12) 0.00189 (19) [M1] 0.334 (5) 0.00142 (14)
γ1,0(Pb) 569.698 (2) 0.00189 (19) E2 0.0216 (3) 0.00185 (19)
γ2,0(Pb) 897.77 (12) 0.269 (9) M1+0.8%E2 0.0233 (4) 0.263 (9)
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1 Half-life, Q-value and Decay mode

T1/2 : 3.058 (6) min

Qβ− : 4999.0 (17) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−
0,23 518.3 (17) 0.052 (5) 1st forbidden non-unique 6.67

β−
0,21 615.7 (17) 0.017 (5) 1st forbidden non-unique 7.41

β−
0,20 640.3 (17) 0.045 (4) 1st forbidden non-unique 7.04

β−
0,19 675.1 (17) 0.005 (2) Allowed 8.1

β−
0,18 702.4 (17) 0.102 (11) 1st forbidden non-unique 6.82

β−
0,17 737.1 (17) 0.002 (1) 1st forbidden non-unique 8.6

β−
0,13 818.6 (17) 0.231 (9) 1st forbidden non-unique 6.7

β−
0,12 873.7 (17) 0.174 (9) 1st forbidden non-unique 6.92

β−
0,8 1003.6 (17) 0.007 (3) 1st forbidden non-unique 8.5

β−
0,7 1037.8 (17) 3.17 (4) 1st forbidden non-unique 5.92

β−
0,6 1052.4 (17) 0.048 (3) 1st forbidden non-unique 7.76

β−
0,5 1079.0 (17) 0.63 (4) 1st forbidden non-unique 6.68

β−
0,4 1290.5 (17) 24.1 (2) 1st forbidden non-unique 5.38

β−
0,3 1523.9 (17) 22.1 (5) 1st forbidden non-unique 5.69

β−
0,2 1801.3 (17) 49.2 (6) 1st forbidden non-unique 5.61

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Pb) 5.262 - 10.398 4.50 (13)

eAK (Pb) 0.27 (3)
KLL 56.028 - 61.669 }
KLX 68.181 - 74.969 }
KXY 80.3 - 88.0 }

ec3,2 K (Pb) 189.36 (2) 2.86 (13)
ec3,2 L (Pb) 261.51 - 264.33 0.49 (2)
ec3,2 M+ (Pb) 273.52 - 277.37 0.15 (1)
ec4,2 K (Pb) 422.73 (2) 1.88 (2)
ec4,2 L (Pb) 494.88 - 497.70 0.32
ec4,2 M+ (Pb) 506.89 - 510.74 0.098
ec2,1 K (Pb) 495.18 (2) 1.25 (1)
ec2,1 L (Pb) 567.33 - 570.15 0.34
ec2,1 M+ (Pb) 579.33 - 583.19 0.109
ec1,0 α (Pb) 1592.51 (1) 0.0369 (6)
ec1,0 K (Pb) 2526.51 (1) 0.170 (3)
ec1,0 L (Pb) 2598.65 - 2601.48 0.0291 (4)
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Energy Electrons Energy
keV per 100 disint. keV

β−
0,23 max: 518.3 (17) 0.052 (5) avg: 154.3 (6)

β−
0,21 max: 615.7 (17) 0.017 (5) avg: 187.7 (6)

β−
0,20 max: 640.3 (17) 0.045 (4) avg: 196.4 (6)

β−
0,19 max: 675.1 (17) 0.005 (2) avg: 208.6 (6)

β−
0,18 max: 702.4 (17) 0.102 (11) avg: 218.3 (6)

β−
0,17 max: 737.1 (17) 0.002 (1) avg: 230.8 (6)

β−
0,13 max: 818.6 (17) 0.231 (9) avg: 260.4 (6)

β−
0,12 max: 873.7 (17) 0.174 (9) avg: 280.8 (6)

β−
0,8 max: 1003.6 (17) 0.007 (3) avg: 329.7 (7)

β−
0,7 max: 1037.8 (17) 3.17 (4) avg: 342.8 (7)

β−
0,6 max: 1052.4 (17) 0.048 (3) avg: 348.4 (7)

β−
0,5 max: 1079.0 (17) 0.63 (4) avg: 358.6 (7)

β−
0,4 max: 1290.5 (17) 24.1 (2) avg: 441.5 (7)

β−
0,3 max: 1523.9 (17) 22.1 (5) avg: 535.4 (7)

β−
0,2 max: 1801.3 (17) 49.2 (6) avg: 649.5 (7)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pb) 9.184 — 15.216 2.75 (12)

XKα2 (Pb) 72.8049 2.03 (5) } Kα
XKα1 (Pb) 74.97 3.42 (7) }

XKβ3 (Pb) 84.451 }
XKβ1 (Pb) 84.937 } 1.17 (3) Kβ

′
1

XKβ
′′
5 (Pb) 85.47 }

XKβ2 (Pb) 87.238 }
XKβ4 (Pb) 87.58 } 0.353 (11) Kβ

′
2

XKO2,3 (Pb) 87.911 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ5,4(Pb) 211.52 (2) 0.38 (2) M1+3%E2 1.096 (17) 0.18 (1)
γ4,3(Pb) 233.37 (2) 0.51 (2) [M1+33%E2] 0.66 (3) 0.31 (1)
γ7,4(Pb) 252.71 (2) 1.26 (3) [M1+14%E2] 0.616 (15) 0.78 (2)
γ3,2(Pb) 277.37 (2) 10.1 (5) [M1+0.04%E2] 0.529 (8) 6.6 (3)
γ7,3(Pb) 486.08 (2) 0.055 (4) [M1] 0.1164 (17) 0.049 (4)
γ4,2(Pb) 510.74 (2) 24.8 (2) [M1+0.25%E2] 0.1019 (16) 22.5 (2)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ2,1(Pb) 583.187 (2) 86.7 (3) E2 0.0205 (3) 85.0 (3)
γ18,4(Pb) 588.108 (18) 0.06 (1) [M1] 0.0704 (10) 0.06 (1)
γ12,3(Pb) 650.27 (2) 0.043 (5) [M1] 0.0541 (8) 0.041 (5)
γ13,3(Pb) 705.34 (2) 0.023 (4) [M1] 0.0438 (7) 0.022 (4)
γ5,2(Pb) 722.26 (2) 0.25 (4) M1+8.8%E2 0.0387 (7) 0.24 (4)
γ6,2(Pb) 748.87 (2) 0.048 (3) [M1] 0.0375 (6) 0.046 (3)
γ7,2(Pb) 763.45 (2) 1.86 (2) [M1+1.0%E2] 0.0354 (5) 1.80 (2)
γ−1,1(Pb) 808.32 (13) 0.030 (7) 0.030 (7)
γ18,3(Pb) 821.48 (2) 0.042 (4) M1 0.0295 (5) 0.041 (4)
γ−1,2(Pb) 835.90 (11) 0.076 (11) 0.076 (11)
γ3,1(Pb) 860.53 (2) 12.7 (1) [M1+0.02%E2] 0.0262 (4) 12.4 (1)
γ20,3(Pb) 883.59 (2) 0.032 (3) [M1] 0.0244 (4) 0.031 (3)
γ12,2(Pb) 927.64 (2) 0.131 (7) [M1] 0.0216 (3) 0.128 (7)
γ13,2(Pb) 982.70 (2) 0.208 (8) [M1] 0.0186 (3) 0.204 (8)
γ4,1(Pb) 1093.90 (2) 0.44 (1) E2 0.00560 (8) 0.44 (1)
γ19,2(Pb) 1126.24 (2) 0.005 (2) E1 0.00203 (3) 0.005 (2)
γ20,2(Pb) 1160.96 (2) 0.011 (3) [M1] 0.01214 (17) 0.011 (3)
γ21,2(Pb) 1185.57 (2) 0.017 (5) [M1] 0.01151 (17) 0.017 (5)
γ23,2(Pb) 1283.04 (2) 0.052 (5) [M1] 0.00943 (14) 0.052 (5)
γ8,1(Pb) 1380.89 (2) 0.007 (3) [M1] 0.00785 (11) 0.007 (3)
γ17,1(Pb) 1647.32 (2) 0.002 (1) [M1] 0.00518 (8) 0.002 (1)
γ20,12(Pb) 1744.12 (2) 0.002 (1) [M1] 0.00457 (7) 0.002 (1)
γ1,0(Pb) 2614.511 (10) 100 E3 0.00246 (4) 99.755 (4)
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1 Half-life, Q-value and Decay mode

T1/2 : 2.161 (7) min

Qβ− : 3976 (8) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−
0,10 587 (8) 0.420 (22)

β−
0,9 615 (8) 0.10 (3)

β−
0,8 906 (8) 0.645 (16) 1st forbidden 6.3

β−
0,7 1071 (8) 0.70 (9) 1st forbidden 6.5

β−
0,6 1451 (8) 0.070 (15) Allowed 8

β−
0,5 1515 (8) 0.031 (16) 1st forbidden unique 9.2

β−
0,4 1660 (8) 0.32 (11) 1st forbidden 7.5

β−
0,3 1827 (8) 97.70 (15) 1st forbidden 5.2

β−
0,2 1944 (8) <0.1 Allowed >8.3

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Pb) 5.34 - 15.82 13.23 (15)

eAK (Pb) 0.77 (9)
KLL 56.028 - 61.669 }
KLX 68.181 - 74.969 }
KXY 80.3 - 88.0 }

ec3,2 K (Pb) 29.22 (8) 17.51 (48)
ec3,2 L (Pb) 101.36 - 104.18 3.39 (9)
ec3,2 M (Pb) 113.37 - 114.74 0.799 (20)
ec3,2 N (Pb) 116.33 - 117.08 0.200 (5)
ec4,2 K (Pb) 195.61 (14) 0.057 (28)
ec2,1 K (Pb) 377.13 (8) 2.34 (7)
ec2,1 L (Pb) 449.27 - 452.09 0.786 (23)
ec2,1 M (Pb) 461.28 - 462.65 0.197 (6)
ec2,1 N (Pb) 464.24 - 464.99 0.0497 (15)
ec3,1 K (Pb) 494.35 (8) 0.0491 (40)
ec3,1 L (Pb) 566.49 - 569.31 0.0100 (8)
ec8,3 K (Pb) 832.43 (14) 0.01142 (33)
ec1,0 K (Pb) 1478.94 (5) 0.2340 (42)
ec1,0 L (Pb) 1551.08 - 1553.90 0.0396 (6)

β−
0,10 max: 587 (8) 0.420 (22) avg: 177.8 (28)

β−
0,9 max: 615 (8) 0.10 (3) avg: 187.4 (28)

β−
0,8 max: 906 (8) 0.645 (16) avg: 292.9 (30)
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Energy Electrons Energy
keV per 100 disint. keV

β−
0,7 max: 1071 (8) 0.70 (9) avg: 355.5 (31)

β−
0,6 max: 1451 (8) 0.070 (15) avg: 505.9 (33)

β−
0,5 max: 1515 (8) 0.031 (16) avg: 518.1 (31)

β−
0,4 max: 1660 (8) 0.32 (11) avg: 591.2 (33)

β−
0,3 max: 1827 (8) 97.70 (15) avg: 660.0 (34)

β−
0,2 max: 1944 (8) <0.1 avg: 709.0 (34)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pb) 9.186 — 15.2169 8.04 (14)

XKα2 (Pb) 72.8049 5.85 (10) } Kα
XKα1 (Pb) 74.97 9.84 (16) }

XKβ3 (Pb) 84.451 }
XKβ1 (Pb) 84.937 } 3.36 (8) Kβ

′
1

XKβ
′′
5 (Pb) 85.47 }

XKβ2 (Pb) 87.238 }
XKβ4 (Pb) 87.58 } 1.016 (28) Kβ

′
2

XKO2,3 (Pb) 87.911 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ3,2(Pb) 117.224 (7) 100 E1 0.295 (5) 77.22 (27)
γ4,2(Pb) 284.04 (23) 0.21 (10) [M1] 0.495 (7) 0.14 (7)
γ5,3(Pb) 311.5 (3) 0.031 (15) [E2] 0.1034 (15) 0.028 (14)
γ6,3(Pb) 375.5 (2) 0.070 (15) 0.070 (15)
γ2,1(Pb) 465.128 (24) 100 E2 0.0350 (5) 96.62 (5)
γ−1,1(Pb) 469.7 (3) 0.12 (3) 0.12 (3)
γ3,1(Pb) 582.4 (2) 0.374 (29) [M2] 0.200 (3) 0.312 (24)
γ4,1(Pb) 748.3 (2) 0.080 (21) [E1] 0.00428 (6) 0.080 (21)
γ7,3(Pb) 755.6 (3) 0.114 (21) [M1] 0.0366 (6) 0.11 (2)
γ−1,2(Pb) 860.5 (3) 0.26 (4) 0.26 (4)
γ7,2(Pb) 873.5 (4) 0.59 (8) [E1] 0.00320 (5) 0.59 (8)
γ−1,3(Pb) 890.0 (4) 0.12 (3) 0.12 (3)
γ−1,4(Pb) 902.8 (4) 0.10 (2) 0.10 (2)
γ8,3(Pb) 920.43 (11) 0.645 (15) [M1] 0.0220 (3) 0.631 (15)
γ−1,5(Pb) 970.3 0.054 (15) 0.054 (15)
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T l − 209

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ10,3(Pb) 1239.66 (11) 0.420 (22) 0.420 (22)
γ9,2(Pb) 1329.29 (16) 0.10 (3) 0.10 (3)
γ1,0(Pb) 1566.93 (5) 100 E2 0.00294 (5) 99.707 (5)
γ−1,6(Pb) 1661.1 (5) 0.10 (2) 0.10 (2)
γ−1,7(Pb) 1673.2 (4) 0.48 (4) 0.48 (4)
γ−1,8(Pb) 1781.7 (5) 0.04 (2) 0.04 (2)
γ−1,9(Pb) 2005.3 (2) 0.020 (5) 0.020 (5)
γ−1,10(Pb) 2032.1 (5) 0.001 0.001
γ3,0(Pb) 2149 (1) 0.015 (5) [M4] 0.01529 (22) 0.015 (5)
γ4,0(Pb) 2315.80 (21) 0.0289 (21) [E3] 0.00292 (4) 0.0288 (21)
γ−1,11(Pb) 2548.2 0.015 (6) 0.015 (6)
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T l − 210

1 Half-life, Q-value and Decay mode

T1/2 : 1.30 (3) min

Qβ− : 5482 (12) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−
0,11 1380 (12) ∼2 6.2

β−
0,10 1603 (12) ∼7 5.9

β−
0,9 1860 (12) ∼24 5.6

β−
0,8 2024 (12) ∼10 Allowed 6.1

β−
0,7 2413 (12) ∼10 2nd forbidden unique 6.4

β−
0,3 4290 (12) ∼31 Allowed 6.9

β−
0,2 4386 (12) ∼13 Allowed 7.3

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

ec3,2 K (Pb) ∼9 ∼16
ec3,2 L (Pb) 81.1392 - 83.9648 ∼12
ec3,2 M (Pb) 93.1493 - 94.5160 ∼3.2
ec2,1 K (Pb) 208 (3) 5.3 (7)
ec2,1 L (Pb) 280.1392 - 282.9648 3.15 (42)
ec2,1 M (Pb) 292.1493 - 293.5160 0.81 (11)
ec2,1 N (Pb) 295.1064 - 295.8637 0.205 (27)
ec1,0 K (Pb) 711.6 (3) 0.803 (12)
ec1,0 L (Pb) 783.7 - 786.6 0.1746 (25)
ec1,0 M (Pb) 795.7 - 797.1 0.0421 (6)
ec1,0 N (Pb) 798.7 - 799.5 0.01066 (16)
ec4,1 K (Pb) 982 (20) 0.022 (9)

ec−1,1 L (Pb) 67.1392 - 69.9648 ∼20
ec−1,1 M (Pb) 79.1493 - 80.5160 ∼6
ec−1,2 K (Pb) 268 (10) 0.88 (45)
ec−1,2 L (Pb) 340.1392 - 342.9648 0.15 (8)
ec−1,2 M (Pb) 352.1493 - 353.5160 0.035 (18)
ec−1,3 K (Pb) 294 (10) 0.55 (37)
ec−1,3 L (Pb) 366.1392 - 368.9648 0.09 (6)
ec−1,3 M (Pb) 378.1493 - 379.5160 0.022 (15)

β−
0,11 max: 1380 (12) ∼2 avg: 477 (13)

β−
0,10 max: 1603 (12) ∼7 avg: 568 (14)

β−
0,9 max: 1860 (12) ∼24 avg: 674 (10)

β−
0,8 max: 2024 (12) ∼10 avg: 743 (10)

β−
0,7 max: 2413 (12) ∼10 avg: 907 (7)
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T l − 210

Energy Electrons Energy
keV per 100 disint. keV

β−
0,3 max: 4290 (12) ∼31 avg: 1721 (11)

β−
0,2 max: 4386 (12) ∼13 avg: 1763 (5)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pb) 9.186 — 15.217

XKα2 (Pb) 72.805 7 (4) } Kα
XKα1 (Pb) 74.97 11 (6) }

XKβ3 (Pb) 84.451 }
XKβ1 (Pb) 84.937 } 3.8 (19) Kβ

′
1

XKβ
′′
5 (Pb) 85.47 }

XKβ2 (Pb) 87.238 }
XKβ4 (Pb) 87.58 } 1.1 (6) Kβ

′
2

XKO2,3 (Pb) 87.911 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ−1,1(Pb) 83 (30) 30 (6) [E2] ∼14 ∼1.98 (40)
γ3,2(Pb) 97 (30) 40 (20) M1+E2 ∼9 ∼4 (2)
γ2,1(Pb) 296 (3) 89 (11) E2 0.120 (5) 79 (10)
γ−1,2(Pb) 356 (10) 5.0 (25) [M1] 0.270 (22) 4 (2)
γ−1,3(Pb) 382 (10) 3.7 (24) [M1] 0.223 (17) 3 (2)
γ11,9(Pb) 480 (36) 2 (1) 2 (1)
γ−1,4(Pb) 670 (20) 2 (1) 2 (1)
γ1,0(Pb) 799.6 (3) 100 E2 0.01042 (31) 98.969 (30)
γ7,5(Pb) 860 (30) 6.9 (20) 6.9 (20)
γ−1,5(Pb) 910 (30) 3 (2) 3 (2)
γ4,1(Pb) 1070 (20) 11.9 (49) [E1] 0.00222 (7) 11.9 (49)
γ5,2(Pb) 1110 (20) 6.9 (20) 6.9 (20)
γ9,6(Pb) 1210 (20) 16.8 (40) 16.8 (40)
γ6,2(Pb) 1310 (20) 20.8 (49) 20.8 (49)
γ5,1(Pb) 1410 (20) 4.9 (20) 4.9 (20)
γ−1,6(Pb) 1490 (20) 2 (1) 2 (1)
γ−1,7(Pb) 1540 (30) 2 (1) 2 (1)
γ8,4(Pb) 1590 (30) 2 (1) 2 (1)
γ−1,8(Pb) 1650 (30) 2 (1) 2 (1)
γ10,4(Pb) 2010 (30) 6.9 (20) 6.9 (20)
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T l − 210

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ−1,9(Pb) 2090 (30) 4.9 (20) 4.9 (20)
γ7,1(Pb) 2280 (12) 3 (2) 3 (2)
γ8,2(Pb) 2360 (30) 7.9 (30) 7.9 (30)
γ9,3(Pb) 2430 (30) 8.9 (30) 8.9 (30)
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T l − 210
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Pb− 209

1 Half-life, Q-value and Decay mode

T1/2 : 3.277 (15) h

Qβ− : 644.0 (12) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−
0,0 644.0 (12) 100 1st forbidden non-unique 5.54

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

β−
0,0 max: 644.0 (12) 100 avg: 197.35 (42)
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Pb− 210

1 Half-life, Q-value and Decay mode

T1/2 : 22.23 (12) y

Qβ− : 63.5 (5) keV
Qα : 3792 (20) keV
β− : 100 %
α : 1.9 (4) ×10−6 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−
0,1 17.0 (5) 80.2 (13) 1st forbidden 5.5

β−
0,0 63.5 (5) 19.8 (13) 1st forbidden 7.8

3 α Emissions

Energy Probability
keV × 100

α0,0 3720 (20) 0.0000019 (4)

4 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Bi) 5.3 - 10.7 36.0 (9)

eAK (Bi)
ec1,0 L (Bi) 30.152 - 33.120 58 (1)
ec1,0 M (Bi) 42.540 - 43.959 13.65 (25)
ec1,0 N (Bi) 45.601 - 46.382 3.50 (6)

β−
0,1 max: 17.0 (5) 80.2 (13) avg: 4.3 (1)

β−
0,0 max: 63.5 (5) 19.8 (13) avg: 16.3 (1)

5 Photon Emissions

5.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Bi) 9.4207 — 15.7084 22.0 (5)
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Pb− 210

5.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Bi) 46.539 (1) 80.2 (13) M1 17.86 (25) 4.252 (40)
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Pb− 211

1 Half-life, Q-value and Decay mode

T1/2 : 36.1 (2) min

Qβ− : 1367 (6) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−
0,10 96 (6) 0.0172 (15) 1st forbidden non-unique 5.93

β−
0,9 133 (6) 0.0009 (3)

β−
0,8 171 (6) 0.019 (4)

β−
0,7 257 (6) 1.06 (4) 1st forbidden non-unique 5.58

β−
0,6 263 (6) 0.0047 (7)

β−
0,5 286 (6) 0.0570 (24)

β−
0,3 535 (6) 6.32 (9) 1st forbidden non-unique 5.73

β−
0,2 600 (6) <0.09 1st forbidden non-unique >7.7

β−
0,1 962 (6) 1.57 (9) 1st forbidden non-unique 7.21

β−
0,0 1367 (6) 91.28 (12) 1st forbidden non-unique 5.99

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Bi) 5.42 - 16.34 0.782 (18)

eAK (Bi) 0.029 (4)
KLL 57.491 - 63.419 }
KLX 70.025 - 77.105 }
KXY 82.53 - 90.52 }

ec7,4 K (Bi) 4.60 (5) 0.050 (18)
ec7,4 L (Bi) 78.74 - 81.71 0.086 (17)
ec7,4 M (Bi) 91.13 - 92.55 0.0229 (44)
ec3,2 L (Bi) 48.916 - 51.885 0.389 (21)
ec3,2 M (Bi) 61.305 - 62.724 0.092 (5)
ec3,2 N (Bi) 64.366 - 65.147 0.0234 (13)
ec1,0 K (Bi) 314.308 (9) 0.36 (3)
ec1,0 L (Bi) 388.446 - 391.415 0.079 (3)
ec1,0 M (Bi) 400.835 - 402.254 0.0191 (7)
ec3,1 K (Bi) 336.624 (15) 0.264 (7)
ec3,1 L (Bi) 410.76 - 413.73 0.0451 (12)
ec3,1 M (Bi) 423.15 - 424.57 0.01059 (29)
ec7,1 K (Bi) 614.149 (25) 0.01833 (48)
ec2,0 K (Bi) 676.154 (13) 0.0194 (13)
ec3,0 K (Bi) 741.458 (12) 0.080 (8)
ec3,0 L (Bi) 815.596 - 818.565 0.0136 (14)
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Pb− 211

Energy Electrons Energy
keV per 100 disint. keV

β−
0,10 max: 96 (6) 0.0172 (15) avg: 25.0 (17)

β−
0,9 max: 133 (6) 0.0009 (3) avg: 35.0 (17)

β−
0,8 max: 171 (6) 0.019 (4) avg: 45.6 (18)

β−
0,7 max: 257 (6) 1.06 (4) avg: 71.0 (18)

β−
0,6 max: 263 (6) 0.0047 (7) avg: 72.8 (18)

β−
0,5 max: 286 (6) 0.0570 (24) avg: 79.7 (19)

β−
0,3 max: 535 (6) 6.32 (9) avg: 159.8 (21)

β−
0,2 max: 600 (6) <0.09 avg: 182.2 (21)

β−
0,1 max: 962 (6) 1.57 (9) avg: 313.3 (23)

β−
0,0 max: 1367 (6) 91.28 (12) avg: 470.9 (24)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Bi) 9.4207 — 15.7084 0.494 (13)

XKα2 (Bi) 74.8157 0.228 (10) } Kα
XKα1 (Bi) 77.1088 0.381 (17) }

XKβ3 (Bi) 86.835 }
XKβ1 (Bi) 87.344 } 0.130 (6) Kβ

′
1

XKβ
′′
5 (Bi) 87.862 }

XKβ2 (Bi) 89.732 }
XKβ4 (Bi) 90.074 } 0.0399 (20) Kβ

′
2

XKO2,3 (Bi) 90.421 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ3,2(Bi) 65.304 (18) 0.59 (3) M1 6.61 (10) 0.077 (4)
γ7,4(Bi) 95.13 (5) 0.19 (3) M1+74.3%E2 9.3 (4) 0.018 (3)
γ5,2(Bi) 313.96 (4) 0.0268 (21) 0.0268 (21)
γ7,2(Bi) 342.83 (3) 0.035 (6) [M1,E2] 0.20 (12) 0.029 (4)
γ2,1(Bi) 361.846 (16) 0.049 (6) [M1,E2] 0.17 (11) 0.042 (3)
γ1,0(Bi) 404.834 (9) 4.30 (7) M1+54.8%E2 0.122 (8) 3.83 (6)
γ3,1(Bi) 427.150 (15) 2.13 (5) M1+0.05%E2 0.1783 (25) 1.81 (4)
γ8,2(Bi) 429.65 (6) 0.008 (3) 0.008 (3)
γ10,2(Bi) 504.07 (6) 0.0059 (8) 0.0059 (8)
γ4,1(Bi) 609.55 (4) 0.033 (9) 0.033 (9)
γ5,1(Bi) 675.81 (4) 0.0181 (9) 0.0181 (9)
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Pb− 211

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ7,1(Bi) 704.675 (25) 0.492 (10) M1+0.05%E2 0.0476 (7) 0.47 (1)
γ2,0(Bi) 766.680 (13) 0.64 (4) M1 0.0382 (6) 0.62 (4)
γ3,0(Bi) 831.984 (12) 3.60 (5) M1+13.8%E2 0.028 (3) 3.50 (5)
γ10,1(Bi) 865.92 (6) 0.0046 (2) 0.0046 (2)
γ4,0(Bi) 1014.38 (4) 0.0173 (5) 0.0173 (5)
γ5,0(Bi) 1080.64 (4) 0.0121 (5) 0.0121 (5)
γ6,0(Bi) 1103.52 (20) 0.0047 (7) 0.0047 (7)
γ7,0(Bi) 1109.509 (23) 0.118 (3) [M1] 0.01472 (21) 0.116 (3)
γ8,0(Bi) 1196.33 (5) 0.0103 (4) 0.0103 (4)
γ9,0(Bi) 1234.3 (4) 0.0009 (3) 0.0009 (3)
γ10,0(Bi) 1270.75 (6) 0.0068 (12) 0.0068 (12)
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C.Dulieu, M.M.Bé, V.Chisté, Proc. Int. Conf. on Nuclear Data for Science and Technology, 22-27 April 2007,
Nice, France (2008) 97

(SAISINUC software)
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Pb− 212

1 Half-life, Q-value and Decay mode

T1/2 : 10.64 (1) h

Qβ− : 569.9 (19) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−
0,3 154.6 (19) 4.99 (21) 1st forbidden 5.35

β−
0,2 331.3 (19) 81.7 (11) 1st forbidden 5.18

β−
0,0 569.9 (19) 13.3 (11) 1st forbidden 6.74

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Bi) 5.35 - 10.66 21.4 (7)

eAK (Bi) 1.29 (15)
KLL 57.49 - 63.42 }
KLX 70.03 - 77.11 }
KXY 82.53 - 90.52 }

ec1,0 K (Bi) 24.657 (5) 3.45 (16)
ec1,0 L (Bi) 98.80 - 101.76 0.61 (3)
ec1,0 M+ (Bi) 111.18 - 115.18 0.19 (1)
ec2,0 K (Bi) 148.106 (2) 30.9 (10)
ec2,0 L (Bi) 222.24 - 225.21 5.37 (17)
ec2,0 M+ (Bi) 234.63 - 238.63 1.73 (5)
ec3,1 K (Bi) 209.563 (12) 1.21 (20)
ec3,1 L (Bi) 283.70 - 286.67 0.21 (4)
ec3,1 M+ (Bi) 296.090 - 300.086 0.066 (11)

β−
0,3 max: 154.6 (19) 4.99 (21) avg: 41.1 (5)

β−
0,2 max: 331.3 (19) 81.7 (11) avg: 93.5 (6)

β−
0,0 max: 569.9 (19) 13.3 (11) avg: 171.7 (7)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Bi) 9.42 — 15.709 13.8 (6)

XKα2 (Bi) 74.8157 10.07 (18) } Kα
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Pb− 212

Energy Photons
keV per 100 disint.

XKα1 (Bi) 77.1088 16.9 (3) }

XKβ3 (Bi) 86.835 }
XKβ1 (Bi) 87.344 } 5.77 (13) Kβ

′
1

XKβ
′′
5 (Bi) 87.862 }

XKβ2 (Bi) 89.732 }
XKβ4 (Bi) 90.074 } 1.77 (5) Kβ

′
2

XKO2,3 (Bi) 90.421 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Bi) 115.183 (5) 4.87 (19) [M1] 6.8 (1) 0.624 (23)
γ2,1(Bi) 123.449 (5) 0.198 (19) [E2] 2.80 (4) 0.052 (5)
γ3,2(Bi) 176.640 (11) 0.157 (15) [M1] 2.02 (3) 0.052 (5)
γ2,0(Bi) 238.632 (2) 81.6 (11) [M1] 0.872 (13) 43.6 (5)
γ3,1(Bi) 300.089 (12) 4.66 (21) [M1] 0.464 (7) 3.18 (14)
γ3,0(Bi) 415.272 (11) 0.17 (3) [M1] 0.192 (3) 0.144 (22)
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Pb− 214

1 Half-life, Q-value and Decay mode

T1/2 : 26.916 (44) min

Qβ− : 1019 (11) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−
0,9 180 (11) 2.762 (22) Allowed 4.5

β−
0,8 222 (11) 0.0196 (27) Allowed 6.9

β−
0,7 485 (11) 1.047 (17) 1st forbidden 6.2

β−
0,5 667 (11) 46.52 (37) 1st forbidden 5.1

β−
0,4 729 (11) 41.09 (39) 1st forbidden 5.2

β−
0,0 1019 (11) 9.2 (7) 1st forbidden 6.3

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Bi) 5.3 - 16.4 19.8 (3)

eAK (Bi) 0.80 (9)
KLL 57.49 - 63.42 }
KLX 70.02 - 77.10 }
KXY 82.45 - 90.52 }

ec1,0 L (Bi) 36.8400 - 39.8089 10.39 (31)
ec1,0 M (Bi) 49.2284 - 50.6479 2.46 (8)
ec1,0 N (Bi) 52.2893 - 53.0704 0.641 (20)
ec4,1 K (Bi) 151.471 (3) 5.26 (16)
ec4,1 L (Bi) 225.610 - 228.578 0.908 (28)
ec4,1 M (Bi) 237.998 - 239.417 0.214 (7)
ec4,1 N (Bi) 241.059 - 241.840 0.0560 (17)
ec3,0 K (Bi) 168.34 (3) 0.32 (1)
ec3,0 L (Bi) 242.48 - 245.45 0.0551 (17)
ec3,0 M (Bi) 254.87 - 256.29 0.01298 (38)
ec4,0 K (Bi) 204.698 (2) 7.22 (23)
ec4,0 L (Bi) 278.836 - 281.805 1.291 (40)
ec4,0 M (Bi) 291.225 - 292.644 0.305 (10)
ec4,0 N (Bi) 294.286 - 295.067 0.0797 (25)
ec5,0 K (Bi) 261.406 (2) 9.26 (29)
ec5,0 L (Bi) 335.544 - 338.513 1.584 (46)
ec5,0 M (Bi) 347.933 - 349.352 0.373 (11)
ec5,0 N (Bi) 350.994 - 351.775 0.0975 (29)

β−
0,9 max: 180 (11) 2.762 (22) avg: 50 (3)

β−
0,8 max: 222 (11) 0.0196 (27) avg: 62 (3)
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Pb− 214

Energy Electrons Energy
keV per 100 disint. keV

β−
0,7 max: 485 (11) 1.047 (17) avg: 145 (4)

β−
0,5 max: 667 (11) 46.52 (37) avg: 207 (4)

β−
0,4 max: 724 (11) 41.09 (39) avg: 227 (4)

β−
0,0 max: 1019 (11) 9.2 (7) avg: 337 (4)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Bi) 9.42 — 16.36 12.42 (22)

XKα2 (Bi) 74.8157 6.26 (12) } Kα
XKα1 (Bi) 77.1088 10.47 (20) }

XKβ3 (Bi) 86.835 }
XKβ1 (Bi) 87.344 } 3.59 (9) Kβ

′
1

XKβ
′′
5 (Bi) 87.862 }

XKβ2 (Bi) 89.732 }
XKβ4 (Bi) 90.074 } 1.10 (4) Kβ

′
2

XKO2,3 (Bi) 90.421 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Bi) 53.2275 (21) 14.71 (42) M1+E2 12.88 (39) 1.060 (7)
γ−1,0(Bi) 107.22 (9) 0.0068 (14) 0.0068 (14)
γ−1,1(Bi) 137.45 (30) 0.045 (18) 0.045 (18)
γ−1,2(Bi) 141.3 (6) 0.027 (14) 0.027 (14)
γ−1,3(Bi) 170.07 (6) 0.0146 (27) 0.0146 (27)
γ3,2(Bi) 196.20 (5) 0.069 (9) 0.069 (9)
γ3,1(Bi) 205.68 (9) 0.0114 (23) 0.0114 (23)
γ−1,4(Bi) 216.47 (7) 0.0100 (23) 0.0100 (23)
γ4,1(Bi) 241.997 (3) 13.72 (20) M1(+E2) 0.888 (27) 7.268 (22)
γ3,0(Bi) 258.87 (3) 0.924 (13) M1 0.737 (22) 0.5318 (36)
γ7,3(Bi) 274.80 (5) 0.504 (15) M1+E2 0.392 (12) 0.362 (10)
γ4,0(Bi) 295.224 (2) 27.29 (26) M1+E2 0.482 (14) 18.414 (36)
γ9,7(Bi) 305.26 (3) 0.0324 (22) [E1] 0.0295 (9) 0.0315 (21)
γ6,2(Bi) 314.32 (7) 0.077 (6) 0.077 (6)
γ6,1(Bi) 323.83 (4) 0.0287 (32) 0.0287 (32)
γ5,0(Bi) 351.932 (2) 46.96 (37) M1(+E2) 0.319 (10) 35.60 (7)
γ9,6(Bi) 462.00 (7) 0.213 (6) 0.213 (6)
γ7,1(Bi) 480.43 (2) 0.3838 (49) M1(+E2) 0.1384 (42) 0.3371 (41)
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Pb− 214

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ9,5(Bi) 487.09 (7) 0.438 (6) (E1) 0.01058 (32) 0.433 (6)
γ7,0(Bi) 533.66 (2) 0.192 (10) [M1,E2] 0.06 (4) 0.182 (6)
γ8,3(Bi) 538.41 (8) 0.0196 (27) 0.0196 (27)
γ9,4(Bi) 543.81 (7) 0.050 (9) E1+M2 0.00843 (25) 0.050 (9)
γ9,3(Bi) 580.13 (3) 0.372 (6) (E1) 0.00740 (22) 0.369 (6)
γ−1,5(Bi) 765.96 (9) 0.053 (8) 0.053 (8)
γ9,1(Bi) 785.96 (9) 1.068 (13) E1 0.00410 (12) 1.064 (13)
γ9,0(Bi) 839.04 (9) 0.589 (8) (E1) 0.00363 (11) 0.587 (8)
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Bi− 210

1 Half-life, Q-value and Decay mode

T1/2 : 5.012 (5) d

Qβ− : 1162.1 (8) keV
Qα : 5042.7 (18) keV
β− : 99.99986 (2) %
α : 1.40 (15) ×10−4 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−
0,0 1162.1 (8) 99.99986 (2) 1st forbidden 8

3 α Emissions

Energy Probability
keV × 100

α0,2 4650 (4) 0.000084 (9)
α0,1 4687 (4) 0.000056 (6)

4 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

β−
0,0 max: 1162.1 (8) 99.99986 (2) avg: 389.2 (3)

5 Photon Emissions

5.1 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Tl) 265.832 (5) 0.000056 (6) E2 0.1603 (23) 0.000048 (5)
γ2,0(Tl) 304.896 (6) 0.000084 (9) M1 0.375 (6) 0.000061 (7)
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Bi− 211

1 Half-life, Q-value and Decay mode

T1/2 : 2.15 (2) min

Qα : 6750.33 (46) keV
Qβ− : 574 (5) keV
α : 99.724 (4) %
β− : 0.276 (4) %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−
0,0 574 (5) 0.276 (4) 1st forbidden 5.99

3 α Emissions

Energy Probability
keV × 100

α0,1 6278.5 (9) 16.16 (23)
α0,0 6622.4 (6) 83.56 (23)

4 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Tl) 5.18 - 15.31 1.617 (21)

eAK (Tl) 0.096 (11)
KLL 54.587 - 59.954 }
KLX 66.37 - 72.86 }
KXY 78.12 - 85.50 }

ec1,0 K (Tl) 265.50 (4) 2.59 (5)
ec1,0 L (Tl) 335.68 - 338.37 0.446 (9)
ec1,0 M (Tl) 347.33 - 348.64 0.1044 (22)
ec1,0 N (Tl) 350.18 - 350.91 0.0263 (5)

β−
0,0 max: 574 (5) 0.276 (4) avg: 172.9 (18)
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Bi− 211

5 Photon Emissions

5.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Tl) 8.9531 — 14.7362 0.929 (19)

XKα2 (Tl) 70.8325 0.726 (16) } Kα
XKα1 (Tl) 72.8725 1.225 (27) }

XKβ3 (Tl) 82.118 }
XKβ1 (Tl) 82.577 } 0.417 (11) Kβ

′
1

XKβ
′′
5 (Tl) 83.115 }

XKβ2 (Tl) 84.838 }
XKβ4 (Tl) 85.134 } 0.124 (4) Kβ

′
2

XKO2,3 (Tl) 85.444 }

5.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Tl) 351.03 (4) 16.16 (24) M1+E2 0.243 (4) 13.00 (19)
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Bi− 212

1 Half-life, Q-value and Decay mode

T1/2 : 60.54 (6) min

Qβ− : 2252.1 (17) keV
Qα : 6207.26 (3) keV
Qα∗ : 8954.12 (11) keV
β− : 64.06 (7) %
β−n : 0.014 (1) %
α : 35.93 (7) %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−
0,6 446.1 (17) 0.68 (4) 1st forbidden non-unique 6.67

β−
0,5 451.2 (17) 0.032 (4) 1st forbidden non-unique 8.03

β−
0,4 572.7 (17) 0.21 (4) 1st forbidden non-unique 7.55

β−
0,3 631.4 (17) 1.90 (3) 1st forbidden non-unique 6.74

β−
0,2 739.4 (17) 1.44 (1) 1st forbidden non-unique 7.094

β−
0,1 1524.8 (17) 4.50 (6) 1st forbidden non-unique 7.718

β−
0,0 2252.1 (17) 55.31 (9) 1st forbidden non-unique 7.267

3 α Emissions

Energy Probability
keV × 100

α0,8 5302 (2) 0.000040 (4)
α0,7 5344 (2) 0.00036 (3)
α0,6 5481.4 (3) 0.0050 (4)
α0,4 5606.60 (5) 0.43 (3)
α0,3 5625.7 (4) 0.060 (3)
α0,2 5768.29 (6) 0.61 (3)
α0,1 6051.04 (3) 25.1 (1)
α0,0 6090.14 (3) 9.7 (1)
∗α1,0 9498.78 (11) 0.0024 (2)
∗α4,0 10432.94 (11) 0.0010 (1)
∗α5,0 10552.1 (2) 0.0106 (7)

* Long-range α.

4 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Tl) 5.182 - 10.132 12.2 (4)

eAK (Tl) 0.0069 (8)
KLL 54.587 - 59.954 }
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Bi− 212

Energy Electrons Energy
keV per 100 disint. keV

KLX 66.37 - 72.86 }
KXY 78.12 - 85.50 }

eAL (Po) 5.434 - 10.934 0.0833 (25)

eAK (Po) 0.0048 (6)
KLL 58.978 - 65.205 }
KLX 71.902 - 79.289 }
KXY 84.8 - 93.1 }

ec1,0 L (Tl) 24.511 - 27.200 19.06 (23)
ec1,0 M (Tl) 36.154 - 39.469 4.46 (5)

β−
0,6 max: 446.1 (17) 0.68 (4) avg: 130.1 (6)

β−
0,5 max: 451.2 (17) 0.032 (4) avg: 131.7 (6)

β−
0,4 max: 572.7 (17) 0.21 (4) avg: 172.4 (6)

β−
0,3 max: 631.4 (17) 1.90 (3) avg: 192.7 (6)

β−
0,2 max: 739.4 (17) 1.44 (1) avg: 230.8 (6)

β−
0,1 max: 1524.8 (17) 4.50 (6) avg: 533.1 (7)

β−
0,0 max: 2252.1 (17) 55.31 (9) avg: 834.2 (7)

5 Photon Emissions

5.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Tl) 8.953 — 14.738 7.1 (3)

XKα2 (Tl) 70.8325 0.0525 (23) } Kα
XKα1 (Tl) 72.8725 0.089 (4) }

XKβ3 (Tl) 82.118 }
XKβ1 (Tl) 82.577 } 0.0301 (14) Kβ

′
1

XKβ
′′
5 (Tl) 83.115 }

XKβ2 (Tl) 84.838 }
XKβ4 (Tl) 85.134 } 0.0089 (5) Kβ

′
2

XKO2,3 (Tl) 85.444 }

XL (Po) 9.658 — 16.213 0.0563 (24)

XKα2 (Po) 76.864 0.0388 (8) } Kα
XKα1 (Po) 79.293 0.0647 (13) }

XKβ3 (Po) 89.256 }
XKβ1 (Po) 89.807 } 0.0223 (6) Kβ

′
1

XKβ
′′
5 (Po) 90.363 }

XKβ2 (Po) 92.263 }
XKβ4 (Po) 92.618 } 0.00693 (20) Kβ

′
2

XKO2,3 (Po) 92.983 }
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Bi− 212

5.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Tl) 39.858 (4) 26.0 (3) [M1] 23.3 (4) 1.07 (1)
γ4,2(Tl) 164.80 (6) 0.010 (1) (E2) 0.816 (12) 0.0055 (6)
γ5,3(Po) 180.2 (2) 0.0095 (40) M1 2.08 (3) 0.0031 (12)
γ2,1(Tl) 288.18 (5) 0.46 (3) M1+0.64%E2 0.436 (7) 0.32 (2)
γ2,0(Tl) 328.04 (5) 0.158 (4) [M1] 0.308 (5) 0.121 (3)
γ3,1(Tl) 433.5 (4) 0.013 (1) [M1] 0.1453 (21) 0.011 (1)
γ4,1(Tl) 452.98 (4) 0.38 (3) (M1) 0.1293 (18) 0.34 (3)
γ3,0(Tl) 473.4 (4) 0.047 (3) [M1+E2] 0.074 (10) 0.044 (3)
γ4,0(Tl) 492.84 (4) 0.04 (1) E2 0.0291 (4) 0.039 (10)
γ6,1(Tl) 580.5 (3) 0.0011 (2) E2 0.0198 (3) 0.0011 (2)
γ6,0(Tl) 620.4 (3) 0.0039 (4) [M1+E2] 0.037 (5) 0.0038 (4)
γ1,0(Po) 727.330 (9) 6.74 (4) E2 0.01393 (20) 6.65 (4)
γ2,1(Po) 785.37 (9) 1.15 (1) M1+0.8%E2 0.0387 (6) 1.11 (1)
γ3,1(Po) 893.408 (14) 0.39 (1) M1+0.2%E2 0.0278 (4) 0.38 (1)
γ4,1(Po) 952.12 (2) 0.14 (4) M1+30%E2 0.0190 (3) 0.14 (4)
γ5,1(Po) 1073.6 (2) 0.0155 (6) E2 0.00642 (9) 0.0154 (6)
γ6,1(Po) 1078.63 (10) 0.559 (20) M1+1.8%E2 0.01692 (24) 0.55 (2)
γ2,0(Po) 1512.70 (8) 0.291 (10) E2 0.00344 (5) 0.29 (1)
γ3,0(Po) 1620.738 (10) 1.52 (3) [M1] 0.00620 (9) 1.51 (3)
γ4,0(Po) 1679.450 (14) 0.07 (1) E2 0.00291 (4) 0.07 (1)
γ6,0(Po) 1805.96 (10) 0.12 (3) E2 0.00261 (4) 0.12 (3)
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Bi− 213

1 Half-life, Q-value and Decay mode

T1/2 : 45.59 (6) min

Qα : 5983 (6) keV
Qβ− : 1423 (5) keV
β− : 97.91 (3) %
α : 2.09 (3) %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−
0,9 95 (5) 0.00039 (13) 7.68

β−
0,8 304 (5) 0.0608 (20) 7.07

β−
0,7 323 (5) 0.595 (17) 6.16

β−
0,6 377 (5) 0.020 (4) 7.85

β−
0,5 419 (5) 0.0648 (23) 7.494

β−
0,4 555 (5) 0.0129 (6) 1st forbidden unique 8.597

β−
0,3 822 (5) 0.0025 (19) 9.9

β−
0,2 983 (5) 30.8 (4) 1st forbidden 6.07

β−
0,1 1130 (5) 0.21 (9) 1st forbidden 8.45

β−
0,0 1423 (5) 66.2 (4) 1st forbidden 6.316

3 α Emissions

Energy Probability
keV × 100

α0,1 5549 (10) 0.186 (5)
α0,0 5869 (10) 1.90 (4)

4 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Po) 5.43 - 16.86 1.7 (3)

eAK (Po) 0.121 (19)
KLL 58.978 - 65.205 }
KLX 71.902 - 79.289 }
KXY 84.8 - 93.1 }

eAL (Tl) 5.18 - 10.13 0.0107 (13)

eAK (Tl) 0.00076 (9)
KLL 54.587 - 59.954 }
KLX 66.37 - 72.86 }
KXY 78.12 - 85.50 }
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Bi− 213

Energy Electrons Energy
keV per 100 disint. keV

ec2,1 L (Po) 130.8 - 133.9 0.0109 (7)
ec1,0 K (Po) 199.70 (1) 0.09 (7)
ec1,0 L (Po) 275.9 - 279.0 0.025 (8)
ec2,0 K (Po) 347.34 (1) 3.81 (7)
ec2,0 L (Po) 423.51 - 426.63 0.653 (13)
ec2,0 M (Po) 436.29 - 437.76 0.1550 (27)
ec2,0 N (Po) 439.45 - 440.26 0.0392 (7)

ec1,0 K (Tl) 238.17 (2) 0.0212 (22)

β−
0,9 max: 95 (5) 0.00039 (13) avg: 24.6 (14)

β−
0,8 max: 304 (5) 0.0608 (20) avg: 84.9 (16)

β−
0,7 max: 323 (5) 0.595 (17) avg: 90.8 (16)

β−
0,6 max: 377 (5) 0.020 (4) avg: 107.9 (16)

β−
0,5 max: 419 (5) 0.0648 (23) avg: 121.4 (17)

β−
0,4 max: 555 (5) 0.0129 (6) avg: 166.4 (17)

β−
0,3 max: 822 (5) 0.0025 (19) avg: 260.8 (19)

β−
0,2 max: 983 (5) 30.8 (4) avg: 320.4 (19)

β−
0,1 max: 1130 (5) 0.21 (9) avg: 376.8 (20)

β−
0,0 max: 1423 (5) 66.2 (4) avg: 492.2 (20)

5 Photon Emissions

5.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Po) 9.6576 — 16.2129 1.14 (18)

XKα2 (Po) 76.864 0.99 (15) } Kα
XKα1 (Po) 79.293 1.6 (3) }

XKβ3 (Po) 89.256 }
XKβ1 (Po) 89.807 } 0.56 (9) Kβ

′
1

XKβ
′′
5 (Po) 90.363 }

XKβ2 (Po) 92.263 }
XKβ4 (Po) 92.618 } 0.18 (3) Kβ

′
2

XKO2,3 (Po) 92.983 }

XL (Tl) 8.9531 — 14.7362 0.0062 (8)

XKα2 (Tl) 70.8325 0.0058 (7) } Kα
XKα1 (Tl) 72.8725 0.0098 (12) }

XKβ3 (Tl) 82.118 }
XKβ1 (Tl) 82.577 } 0.0033 (5) Kβ

′
1

XKβ
′′
5 (Tl) 83.115 }
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Energy Photons
keV per 100 disint.

XKβ2 (Tl) 84.838 }
XKβ4 (Tl) 85.134 } 0.00098 (14) Kβ

′
2

XKO2,3 (Tl) 85.444 }

5.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ2,1(Po) 147.70 (4) 0.0314 (20) E2 1.453 (21) 0.0128 (8)
γ1,0(Po) 292.80 (1) 0.55 (8) M1+E2 0.30 (18) 0.421 (7)
γ1,0(Tl) 323.70 (2) 0.1866 (37) M1+E2 0.178 (15) 0.1584 (24)
γ5,3(Po) 402.8 (3) 0.00010 (4) 0.00010 (4)
γ2,0(Po) 440.44 (1) 30.77 (36) M1 0.179 (3) 26.1 (3)
γ4,1(Po) 574.9 (3) 0.00068 (16) 0.00068 (16)
γ3,0(Po) 600.9 (2) 0.0026 (19) 0.0026 (19)
γ6,2(Po) 604.93 (17) 0.0014 (5) 0.0014 (5)
γ7,2(Po) 659.75 (2) 0.043 (6) 0.043 (6)
γ5,1(Po) 710.82 (3) 0.0112 (6) 0.0112 (6)
γ7,1(Po) 807.37 (1) 0.287 (14) 0.287 (14)
γ8,1(Po) 826.55 (4) 0.0065 (4) 0.0065 (4)
γ4,0(Po) 867.96 (2) 0.0122 (6) 0.0122 (6)
γ9,2(Po) 886.66 (14) 0.00102 (19) 0.00102 (19)
γ5,0(Po) 1003.58 (2) 0.0535 (22) 0.0535 (22)
γ6,0(Po) 1045.67 (8) 0.019 (4) 0.019 (4)
γ7,0(Po) 1100.16 (1) 0.265 (6) 0.265 (6)
γ8,0(Po) 1119.42 (8) 0.0543 (20) 0.0543 (20)
γ9,0(Po) 1328.2 (3) 0.00039 (13) 0.00039 (13)
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1 Half-life, Q-value and Decay mode

T1/2 : 19.8 (1) min

Qβ− : 3270 (11) keV
Qα : 5621 (3) keV
Qα∗ : 11105 (11) keV
β− : 99.979 (13) %
α : 0.021 (13) %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−
0,80 86 (11) 0.0011 (5) 6.8

β−
0,79 99 (11) 0.00014 (9) 1st forbidden 7.8

β−
0,77 110 (11) 0.00079 (12) 7.2

β−
0,76 121 (11) 0.00019 8

β−
0,75 127 (11) 0.00118 (9) 7.3

β−
0,73 176 (11) 0.00037 (4) 8.2

β−
0,72 188 (11) 0.0052 (7) 7.1

β−
0,70 204 (11) 0.00141 (23) 1st forbidden 7.8

β−
0,69 216 (11) 0.030 (5) 6.6

β−
0,65 256 (11) 0.0252 (24) 6.9

β−
0,62 270 (11) 0.0160 (16) 7.1

β−
0,61 284 (11) 0.032 (5) 6.9

β−
0,60 291 (11) 0.0165 (6) 7.2

β−
0,58 309 (11) 0.00036 (14) 1st forbidden 9

β−
0,57 329 (11) 0.041 (7) 7

β−
0,56 336 (11) 0.00216 (32) 8.3

β−
0,55 341 (11) 0.0025 (9) 8.3

β−
0,54 348 (11) 0.0220 (9) 7.3

β−
0,53 353 (11) 0.0014 (9) 1st forbidden 8.6

β−
0,52 373 (11) 0.0046 (5) 1st forbidden 8.1

β−
0,51 376 (11) 0.022 (3) 7.5

β−
0,50 390 (11) 0.0115 (16) 7.8

β−
0,49 400 (11) 0.0087 (4) 1st forbidden 7.9

β−
0,48 409 (11) 0.0146 (20) 7.6

β−
0,47 443 (11) 0.00218 (17) 8.7

β−
0,44 484 (11) 0.0248 (31) 7.8

β−
0,43 500 (11) 0.038 (5) 7.6

β−
0,42 541 (11) 0.525 (16) 6.6

β−
0,41 551 (11) 0.247 (8) 6.9

β−
0,39 571 (11) 0.026 (4) 8

β−
0,40 573 (11) 0.0471 (23) 1st forbidden 7.7

β−
0,38 575 (11) 0.231 (15) 1st forbidden 7

β−
0,37 608 (11) 0.098 (9) 7.5

β−
0,36 639 (11) 0.0223 (21) 8.2

β−
0,35 665 (11) 0.058 (4) 7.7

β−
0,34 710 (11) 0.00018 (9) 1st forbidden 10.5

β−
0,32 727 (11) 0.044 (7) 1st forbidden 8.1
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Energy Probability Nature log ft
keV × 100

β−
0,31 764 (11) 0.092 (9) 1st forbidden 7.9

β−
0,30 765 (11) 0.169 (10) 1st forbidden 7.6

β−
0,29 788 (11) 1.227 (27) 6.8

β−
0,28 822 (11) 2.76 (6) Allowed 6.5

β−
0,27 847 (11) 0.0620 (49) 8.1

β−
0,26 909 (11) 0.0030 (8) 9.6

β−
0,25 922 (11) 0.0014 (9) 9.9

β−
0,24 977 (11) 0.558 (8) 1st forbidden 7.4

β−
0,23 1004 (11) 0.187 (12) 1st forbidden 8

β−
0,21 1068 (11) 5.642 (43) 1st forbidden 6.6

β−
0,20 1077 (11) 0.851 (10) 1st forbidden 7.4

β−
0,19 1124 (11) 0.433 (22) 1st forbidden 7.8

β−
0,18 1151 (11) 4.339 (18) 1st forbidden 6.8

β−
0,17 1182 (11) 0.114 (6) 8.4

β−
0,16 1253 (11) 2.449 (10) 1st forbidden 7.2

β−
0,15 1261 (11) 1.430 (9) 1st forbidden 7.4

β−
0,14 1275 (11) 1.171 (18) 7.5

β−
0,13 1382 (11) 1.584 (10) 1st forbidden 7.5

β−
0,12 1423 (11) 8.147 (28) 1st forbidden 6.9

β−
0,11 1506 (11) 17.10 (8) 1st forbidden 6.6

β−
0,10 1529 (11) 0.116 (16) 1st forbidden 8.8

β−
0,9 1540 (11) 17.494 (36) 1st forbidden 6.7

β−
0,8 1557 (11) 0.170 (16) 8.7

β−
0,7 1609 (11) 0.65 (6) 1st forbidden 8.2

β−
0,6 1727 (11) 3.12 (4) 1st forbidden 7.6

β−
0,5 1857 (11) 0.396 (46) 1st forbidden 8.6

β−
0,4 1894 (11) 7.45 (5) 1st forbidden 7.4

β−
0,1 2661 (11) 0.62 (20) 1st forbidden 9

β−
0,0 3270 (11) 19.67 (20) 1st forbidden 7.9

3 α Emissions

Energy Probability
keV × 100

α0,5 4941 (3) 0.000052 (3)
α0,4 5023 (3) 0.000045 (3)
α0,3 5184 (3) 0.00013 (1)
α0,2 5273 (9) 0.00125 (7)
α0,1 5452 (3) 0.0116 (7)
α0,0 5516 (3) 0.0082 (5)
∗α1,0 8287 (6) 0.00012
∗α6,1 8430 (6) 0.00006
∗α2,0 8950 (6) 0.00002
∗α4,0 9080 (6) 0.0022
∗α6,0 9320 (6) 0.00005
∗α7,0 9378 (8) 0.00002
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Energy Probability
keV × 100

∗α10,0 9500 (6) 0.0001
∗α14,0 9670 (8) 0.00004
∗α17,0 9802 (6) 0.00012
∗α21,0 9907 (6) 0.00007
∗α24,0 10082 (6) 0.00014
∗α26,0 10150 (8) 0.00002
∗α32,0 10332 (6) 0.00008
∗α38,0 10505 (10) 0.00002

* Long-range α.

4 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Po) 5.43 - 16.86 0.934 (16)

eAK (Po) 0.053 (7)
KLL 58.97 - 65.20 }
KLX 71.93 - 76.60 }
KXY 84.72 - 93.04 }

ec18,9 K (Po) 295.84 (5) 0.0800 (16)
ec18,9 L (Po) 372.01 - 375.13 0.01391 (26)
ec1,0 K (Po) 516.216 (7) 0.676 (10)
ec1,0 L (Po) 592.388 - 595.510 0.1892 (28)
ec1,0 M (Po) 605.164 - 606.640 0.0469 (7)
ec1,0 N (Po) 608.329 - 609.138 0.01201 (19)
ec4,1 K (Po) 675.259 (14) 0.060 (9)
ec5,1 K (Po) 713.07 (2) 0.01094 (17)
ec4,1 L (Po) 751.431 - 754.550 0.0127 (15)
ec6,1 K (Po) 840.959 (16) 0.0595 (25)
ec6,1 L (Po) 917.131 - 920.250 0.01014 (40)
ec9,1 K (Po) 1027.195 (15) 0.1858 (29)
ec9,1 L (Po) 1103.367 - 1106.490 0.03131 (45)
ec12,1 K (Po) 1145.015 (12) 0.0573 (8)
ec11,0 K (Po) 1671.398 (14) 0.0608 (9)
ec11,0 L (Po) 1747.57 - 1750.69 0.01012 (16)

β−
0,80 max: 86 (11) 0.0011 (5) avg: 23 (3)

β−
0,79 max: 97 (11) 0.00014 (9) avg: 26 (3)

β−
0,77 max: 110 (11) 0.00079 (12) avg: 29 (3)

β−
0,76 max: 121 (11) 0.00019 avg: 32 (3)

β−
0,75 max: 127 (11) 0.00118 (9) avg: 34 (3)

β−
0,73 max: 176 (11) 0.00037 (4) avg: 48 (3)

β−
0,72 max: 188 (11) 0.0052 (7) avg: 51 (3)

β−
0,70 max: 202 (11) 0.00141 (23) avg: 55 (3)

β−
0,69 max: 216 (11) 0.030 (5) avg: 59 (3)
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Energy Electrons Energy
keV per 100 disint. keV

β−
0,65 max: 256 (11) 0.0252 (24) avg: 71 (3)

β−
0,62 max: 270 (11) 0.0160 (16) avg: 75 (3)

β−
0,61 max: 284 (11) 0.032 (5) avg: 80 (3)

β−
0,60 max: 291 (11) 0.0165 (6) avg: 82 (3)

β−
0,58 max: 307 (11) 0.00036 (14) avg: 87 (3)

β−
0,57 max: 329 (11) 0.041 (7) avg: 93 (3)

β−
0,56 max: 336 (11) 0.00216 (32) avg: 95 (3)

β−
0,55 max: 341 (11) 0.0025 (9) avg: 97 (3)

β−
0,54 max: 348 (11) 0.0220 (9) avg: 99 (3)

β−
0,53 max: 350 (11) 0.0014 (9) avg: 100 (3)

β−
0,52 max: 373 (11) 0.0046 (5) avg: 107 (3)

β−
0,51 max: 376 (11) 0.022 (3) avg: 108 (3)

β−
0,50 max: 390 (11) 0.0115 (16) avg: 113 (3)

β−
0,49 max: 400 (11) 0.0087 (4) avg: 116 (3)

β−
0,48 max: 409 (11) 0.0146 (20) avg: 119 (4)

β−
0,47 max: 443 (11) 0.00218 (17) avg: 130 (4)

β−
0,44 max: 484 (11) 0.0248 (31) avg: 143 (4)

β−
0,43 max: 500 (11) 0.038 (5) avg: 149 (4)

β−
0,42 max: 541 (11) 0.525 (16) avg: 162 (4)

β−
0,41 max: 551 (11) 0.247 (8) avg: 166 (4)

β−
0,40 max: 571 (11) 0.0471 (23) avg: 172 (4)

β−
0,39 max: 571 (11) 0.026 (4) avg: 173 (4)

β−
0,38 max: 575 (11) 0.231 (15) avg: 174 (4)

β−
0,37 max: 608 (11) 0.098 (9) avg: 185 (4)

β−
0,36 max: 639 (11) 0.0223 (21) avg: 196 (4)

β−
0,35 max: 665 (11) 0.058 (4) avg: 205 (4)

β−
0,34 max: 708 (11) 0.00018 (9) avg: 220 (4)

β−
0,32 max: 725 (11) 0.044 (7) avg: 226 (4)

β−
0,31 max: 762 (11) 0.092 (9) avg: 240 (4)

β−
0,30 max: 765 (11) 0.169 (10) avg: 241 (4)

β−
0,29 max: 788 (11) 1.227 (27) avg: 249 (3)

β−
0,28 max: 822 (11) 2.76 (6) avg: 262 (4)

β−
0,27 max: 847 (11) 0.0620 (49) avg: 271 (4)

β−
0,26 max: 909 (11) 0.0030 (8) avg: 294 (4)

β−
0,25 max: 922 (11) 0.0014 (9) avg: 298 (4)

β−
0,24 max: 977 (11) 0.558 (8) avg: 319 (4)

β−
0,23 max: 1004 (11) 0.187 (12) avg: 329 (4)

β−
0,21 max: 1066 (11) 5.642 (43) avg: 353 (4)

β−
0,20 max: 1077 (11) 0.851 (10) avg: 357 (4)

β−
0,19 max: 1122 (11) 0.433 (22) avg: 375 (4)

β−
0,18 max: 1151 (11) 4.339 (18) avg: 386 (4)

β−
0,17 max: 1182 (11) 0.114 (6) avg: 398 (4)

β−
0,16 max: 1253 (11) 2.449 (10) avg: 425 (4)

β−
0,15 max: 1259 (11) 1.430 (9) avg: 428 (4)

β−
0,14 max: 1275 (11) 1.171 (18) avg: 434 (4)

β−
0,13 max: 1380 (11) 1.584 (10) avg: 476 (4)

β−
0,12 max: 1423 (11) 8.147 (28) avg: 493 (4)
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Energy Electrons Energy
keV per 100 disint. keV

β−
0,11 max: 1506 (11) 17.10 (8) avg: 526 (4)

β−
0,10 max: 1527 (11) 0.116 (16) avg: 535 (4)

β−
0,9 max: 1540 (11) 17.494 (36) avg: 540 (4)

β−
0,8 max: 1557 (11) 0.170 (16) avg: 547 (4)

β−
0,7 max: 1609 (11) 0.65 (6) avg: 568 (4)

β−
0,6 max: 1727 (11) 3.12 (4) avg: 616 (5)

β−
0,5 max: 1855 (11) 0.396 (46) avg: 669 (5)

β−
0,4 max: 1892 (11) 7.45 (5) avg: 685 (5)

β−
0,1 max: 2661 (11) 0.62 (20) avg: 1008 (5)

β−
0,0 max: 3270 (11) 19.67 (20) avg: 1270 (5)

5 Photon Emissions

5.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Po) 9.66 — 16.21 0.627 (15)

XKα2 (Po) 76.864 0.426 (13) } Kα
XKα1 (Po) 79.293 0.710 (22) }

XKβ3 (Po) 89.256 }
XKβ1 (Po) 89.807 } 0.244 (9) Kβ

′
1

XKβ
′′
5 (Po) 90.363 }

XKβ2 (Po) 92.263 }
XKβ4 (Po) 92.618 } 0.0760 (29) Kβ

′
2

XKO2,3 (Po) 92.983 }

5.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Tl) 62.5 (10) 0.0116 (7) (M1) 0.0116 (7)
γ2,1(Tl) 191.1 (18) 0.00125 (7) 0.00125 (7)
γ11,6(Po) 221 (1) 0.106 (31) [M1,E2] 0.8 (5) 0.059 (6)
γ−1,0(Po) 230 (1) 0.0031 (11) 0.0585 (11) 0.0029 (10)
γ16,11(Po) 252.80 (6) 0.0212 (33) [M1] 0.809 (12) 0.0117 (18)
γ6,3(Po) 268.8 (2) 0.0168 (19) [E1] 0.0405 (6) 0.0161 (18)
γ29,22(Po) 273.80 (5) 0.120 (8) 0.120 (8)
γ42,28(Po) 280.95 (5) 0.062 (6) 0.062 (6)
γ−1,1(Po) 304.2 (2) 0.033 (6) 0.30 (19) 0.0255 (23)
γ14,7(Po) 333.350 (42) 0.0646 (41) [E1] 0.0247 (4) 0.063 (4)
γ−1,2(Po) 334.78 (8) 0.033 (5) 0.033 (5)
γ11,5(Po) 348.92 (6) 0.164 (43) [M1] 0.335 (5) 0.123 (32)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ11,4(Po) 386.77 (5) 0.343 (30) [M1,E2] 0.16 (10) 0.296 (5)
γ18,9(Po) 388.88 (5) 0.493 (6) (M1) 0.250 (4) 0.394 (5)
γ29,17(Po) 394.05 (8) 0.0127 (18) 0.0127 (18)
γ35,22(Po) 396.01 (8) 0.0259 (18) 0.0259 (18)
γ2,1(Po) 405.74 (3) 0.180 (7) [E2] 0.0541 (8) 0.171 (7)
γ28,14(Po) 452.92 (10) 0.034 (5) [M1,E2] 0.10 (7) 0.031 (4)
γ9,3(Po) 454.770 (12) 0.292 (5) [E1] 0.01251 (18) 0.288 (5)
γ21,10(Po) 461.0 (2) 0.067 (9) [M1] 0.1581 (23) 0.058 (8)
γ12,4(Po) 469.76 (7) 0.145 (18) [M1,E2] 0.09 (6) 0.133 (15)
γ21,9(Po) 474.41 (5) 0.100 (9) [M1,E2] 0.09 (6) 0.092 (6)
γ38,22(Po) 485.92 (11) 0.021 (4) 0.021 (4)
γ29,14(Po) 487.95 (13) 0.028 (9) [E1] 0.01080 (16) 0.028 (9)
γ39,21(Po) 494.2 (4) 0.011 (3) 0.011 (3)
γ31,15(Po) 496.90 (18) 0.0068 (18) 0.0068 (18)
γ23,11(Po) 501.96 (15) 0.0181 (22) 0.0181 (22)
γ42,22(Po) 519.90 (5) 0.0166 (17) 0.0166 (17)
γ42,21(Po) 524.6 (2) 0.0169 (17) 0.0169 (17)
γ6,2(Po) 528 (1) 0.0112 (13) [E2] 0.0282 (5) 0.0109 (13)
γ23,9(Po) 536.77 (4) 0.061 (8) 0.061 (8)
γ21,7(Po) 543.0 (2) 0.093 (23) [M1,E2] 0.06 (4) 0.088 (21)
γ22,7(Po) 547.6 (3) 0.034 (3) 0.034 (3)
γ62,28(Po) 551.9 (8) 0.0055 (14) 0.0055 (14)
γ12,3(Po) 572.76 (7) 0.072 (8) [E1] 0.00779 (11) 0.071 (8)
γ15,5(Po) 595.23 (7) 0.0183 (17) [M1,E2] 0.05 (3) 0.0174 (15)
γ41,18(Po) 600.0 (5) 0.008 (4) 0.008 (4)
γ1,0(Po) 609.312 (7) 46.42 (19) E2 0.0204 (3) 45.49 (19)
γ13,3(Po) 615.73 (10) 0.055 (7) [E1] 0.00674 (10) 0.055 (7)
γ14,4(Po) 617.0 (2) 0.027 (5) [E1] 0.00672 (10) 0.027 (5)
γ51,23(Po) 626.4 (6) 0.0041 (14) 0.0041 (14)
γ−1,3(Po) 630.79 (7) 0.0166 (14) 0.0166 (14)
γ15,4(Po) 633.14 (10) 0.057 (3) [M1,E2] 0.044 (25) 0.055 (3)
γ29,12(Po) 634.72 (21) 0.0067 (24) [M1,E2] 0.043 (25) 0.0064 (23)
γ16,4(Po) 639.67 (10) 0.035 (5) [E2] 0.0183 (3) 0.034 (5)
γ20,6(Po) 649.18 (7) 0.056 (7) [M1,E2] 0.041 (24) 0.054 (7)
γ27,11(Po) 658.7 (2) 0.017 (4) 0.017 (4)
γ21,6(Po) 661.1 (2) 0.056 (4) [M1,E2] 0.039 (22) 0.054 (4)
γ3,1(Po) 665.453 (22) 1.539 (7) E1 0.00579 (9) 1.530 (7)
γ38,16(Po) 677.41 (15) 0.0055 (23) 0.0055 (23)
γ28,11(Po) 683.22 (6) 0.084 (6) [E1] 0.00551 (8) 0.084 (6)
γ39,15(Po) 687.6 (3) 0.0066 (14) 0.0066 (14)
γ27,9(Po) 693.3 (5) 0.0059 (15) 0.0059 (15)
γ8,2(Po) 697.90 (25) 0.069 (4) [M1,E2] 0.034 (19) 0.067 (4)
γ38,14(Po) 699.82 (18) 0.016 (5) 0.016 (5)
γ18,5(Po) 703.11 (4) 0.504 (12) [M1] 0.0519 (8) 0.479 (11)
γ28,10(Po) 704.9 (3) 0.051 (10) [E1] 0.00519 (8) 0.051 (10)
γ41,15(Po) 708.8 (3) 0.0119 (20) 0.0119 (20)
γ17,4(Po) 710.67 (10) 0.076 (4) 0.076 (4)
γ14,3(Po) 719.86 (3) 0.399 (10) E2 0.01424 (20) 0.393 (10)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ23,6(Po) 722.98 (12) 0.037 (7) 0.037 (7)
γ42,14(Po) 733.80 (15) 0.038 (3) 0.038 (3)
γ18,4(Po) 740.73 (18) 0.0440 (23) [M1,E2] 0.029 (16) 0.0428 (21)
γ29,9(Po) 752.84 (3) 0.130 (8) [M1,E2] 0.028 (16) 0.126 (8)
γ4,1(Po) 768.356 (10) 4.969 (19) M1+E2 0.0157 (21) 4.892 (16)
γ28,7(Po) 786.1 (4) 0.31 (5) [E1] 0.00422 (6) 0.31 (5)
γ21,5(Po) 788.6 (5) 0.016 (5) [M1] 0.0385 (6) 0.015 (5)
γ5,1(Po) 806.174 (18) 1.276 (6) E2 0.01127 (16) 1.262 (6)
γ20,4(Po) 815.0 (1) 0.0399 (31) [M1,E2] 0.023 (13) 0.039 (3)
γ29,7(Po) 821.18 (3) 0.172 (10) M1 0.0346 (5) 0.166 (10)
γ21,4(Po) 826.3 (2) 0.133 (11) M1 0.0341 (5) 0.129 (11)
γ12,2(Po) 832.39 (11) 0.0354 (20) [E2] 0.01057 (15) 0.035 (2)
γ38,12(Po) 847.16 (11) 0.016 (6) 0.016 (6)
γ19,3(Po) 873.07 (19) 0.019 (3) 0.019 (3)
γ24,5(Po) 878.03 (12) 0.0120 (28) [M1,E2] 0.019 (10) 0.0118 (27)
γ28,6(Po) 904.29 (10) 0.066 (8) [E1] 0.00326 (5) 0.066 (8)
γ24,4(Po) 915.74 (15) 0.023 (5) [M1,E2] 0.017 (9) 0.023 (5)
γ20,3(Po) 917.8 (3) 0.005 (3) [E1] 0.00317 (5) 0.005 (3)
γ38,11(Po) 930.2 (2) 0.043 (8) 0.043 (8)
γ6,1(Po) 934.061 (12) 3.173 (11) M1+E2 0.0234 (10) 3.10 (1)
γ29,6(Po) 939.6 (5) 0.016 (4) [M1,E2] 0.016 (8) 0.016 (4)
γ35,7(Po) 943.34 (12) 0.017 (3) 0.017 (3)
γ37,8(Po) 949.8 (5) 0.0055 (23) 0.0055 (23)
γ38,10(Po) 952.2 (8) 0.0059 (23) 0.0059 (23)
γ30,6(Po) 961.61 (17) 0.0101 (14) 0.0101 (14)
γ42,11(Po) 964.08 (3) 0.363 (12) 0.363 (12)
γ41,10(Po) 976.18 (12) 0.0151 (21) 0.0151 (21)
γ23,3(Po) 991.49 (19) 0.011 (3) [M1,E2] 0.014 (7) 0.011 (3)
γ48,12(Po) 1013.8 (2) 0.0087 (19) 0.0087 (19)
γ44,11(Po) 1021.0 (5) 0.016 (3) 0.016 (3)
γ28,5(Po) 1032.37 (8) 0.061 (4) [E1] 0.00257 (4) 0.061 (4)
γ39,7(Po) 1038.0 (3) 0.0086 (15) 0.0086 (15)
γ27,4(Po) 1045.6 (2) 0.023 (3) 0.023 (3)
γ7,1(Po) 1051.96 (3) 0.328 (8) [M1,E2] 0.012 (6) 0.324 (8)
γ42,7(Po) 1067.2 (3) 0.024 (7) 0.024 (7)
γ28,4(Po) 1069.96 (8) 0.272 (10) [E1] 0.00241 (4) 0.271 (10)
γ8,1(Po) 1103.64 (19) 0.107 (15) [M1,E2] 0.011 (5) 0.106 (15)
γ29,4(Po) 1104.79 (19) 0.074 (14) [M1,E2] 0.011 (5) 0.073 (14)
γ37,6(Po) 1118.9 (5) 0.010 (4) 0.010 (4)
γ9,1(Po) 1120.287 (10) 15.14 (3) M1+E2 0.01522 (23) 14.91 (3)
γ31,4(Po) 1130.29 (19) 0.036 (3) 0.036 (3)
γ10,1(Po) 1133.66 (3) 0.255 (8) [E2] 0.00578 (8) 0.254 (8)
γ11,1(Po) 1155.19 (2) 1.657 (7) M1+E2 0.0135 (4) 1.635 (7)
γ32,4(Po) 1167.3 (2) 0.0123 (17) 0.0123 (17)
γ28,3(Po) 1172.98 (10) 0.055 (7) [E2] 0.00542 (8) 0.055 (7)
γ29,3(Po) 1207.68 (3) 0.455 (12) [E1] 0.00196 (3) 0.454 (12)
γ−1,4(Po) 1226.7 (3) 0.018 (8) 0.018 (8)
γ30,3(Po) 1230.6 (4) 0.007 (5) 0.007 (5)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ12,1(Po) 1238.111 (12) 5.901 (14) M1+E2 0.01200 (17) 5.831 (14)
γ13,1(Po) 1280.96 (2) 1.451 (6) M1 0.01101 (16) 1.435 (6)
γ37,4(Po) 1284 (1) 0.013 (6) 0.013 (6)
γ41,5(Po) 1303.76 (8) 0.105 (5) 0.105 (5)
γ38,4(Po) 1316.96 (15) 0.077 (7) 0.077 (7)
γ35,3(Po) 1330.0 (2) 0.0120 (14) 0.0120 (14)
γ41,4(Po) 1341.49 (16) 0.0214 (27) 0.0214 (27)
γ42,4(Po) 1351 (1) 0.0042 (11) 0.0042 (11)
γ65,7(Po) 1353.4 (8) 0.0036 (9) 0.0036 (9)
γ4,0(Po) 1377.669 (12) 3.984 (11) E2 0.00404 (6) 3.968 (11)
γ14,1(Po) 1385.31 (3) 0.796 (5) [E1] 0.001631 (23) 0.795 (5)
γ43,4(Po) 1392.5 (4) 0.0087 (19) 0.0087 (19)
γ15,1(Po) 1401.50 (4) 1.337 (7) (M1+E2) 0.0053 (9) 1.330 (7)
γ16,1(Po) 1407.98 (4) 2.398 (8) (E2) 0.00389 (6) 2.389 (8)
γ38,3(Po) 1419.7 (3) 0.0055 (10) 0.0055 (10)
γ65,6(Po) 1470.9 (3) 0.0094 (13) 0.0094 (13)
γ17,1(Po) 1479.15 (14) 0.051 (4) 0.051 (4)
γ18,1(Po) 1509.228 (15) 2.144 (10) M1+E2 0.00732 (11) 2.128 (10)
γ51,4(Po) 1515.5 (3) 0.0072 (21) 0.0072 (21)
γ19,1(Po) 1538.50 (6) 0.401 (22) 0.401 (22)
γ6,0(Po) 1543.32 (6) 0.303 (13) [E2] 0.00333 (5) 0.302 (13)
γ20,1(Po) 1583.22 (4) 0.712 (5) M1+E2 0.00642 (18) 0.707 (5)
γ21,1(Po) 1594.73 (8) 0.276 (15) [M1] 0.00644 (9) 0.274 (15)
γ22,1(Po) 1599.31 (6) 0.322 (15) 0.322 (15)
γ65,4(Po) 1636.3 (2) 0.0111 (16) 0.0111 (16)
γ23,1(Po) 1657.00 (19) 0.047 (5) 0.047 (5)
γ7,0(Po) 1661.28 (6) 1.051 (9) E2 0.00296 (5) 1.048 (9)
γ57,3(Po) 1665.8 (2) 0.015 (6) 0.015 (6)
γ24,1(Po) 1683.99 (4) 0.217 (3) 0.217 (3)
γ61,3(Po) 1711.0 (8) 0.023 (5) 0.023 (5)
γ9,0(Po) 1729.595 (15) 2.852 (10) E2 0.00278 (4) 2.844 (10)
γ26,1(Po) 1751.4 (8) 0.0009 (5) 0.0009 (5)
γ11,0(Po) 1764.494 (14) 15.39 (5) M1 0.00511 (8) 15.31 (5)
γ27,1(Po) 1813.73 (14) 0.0108 (9) 0.0108 (9)
γ28,1(Po) 1838.36 (5) 0.343 (10) 0.343 (10)
γ12,0(Po) 1847.420 (25) 2.025 (12) 2.025 (12)
γ29,1(Po) 1873.16 (6) 0.212 (8) 0.212 (8)
γ13,0(Po) 1890.30 (15) 0.078 (4) 0.078 (4)
γ30,1(Po) 1895.92 (14) 0.146 (8) 0.146 (8)
γ31,1(Po) 1898.7 (4) 0.049 (8) 0.049 (8)
γ32,1(Po) 1935.5 (2) 0.032 (7) 0.032 (7)
γ35,1(Po) 1994.6 (6) 0.0024 (5) 0.0024 (5)
γ15,0(Po) 2010.78 (12) 0.0434 (17) 0.0434 (17)
γ36,1(Po) 2021.6 (2) 0.0214 (21) 0.0214 (21)
γ37,1(Po) 2052.94 (12) 0.069 (4) 0.069 (4)
γ38,1(Po) 2085.1 (2) 0.0082 (5) 0.0082 (5)
γ40,1(Po) 2089.7 (2) 0.0443 (22) 0.0443 (22)
γ41,1(Po) 2109.92 (12) 0.084 (3) 0.084 (3)

CEA/LNE-LNHB /V. Chisté, M.M. Bé
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ18,0(Po) 2118.55 (3) 1.162 (5) M1 0.00356 (5) 1.158 (5)
γ19,0(Po) 2147.9 (2) 0.0134 (13) 0.0134 (13)
γ43,1(Po) 2160.4 (3) 0.007 (5) 0.007 (5)
γ44,1(Po) 2176.5 (2) 0.0033 (6) 0.0033 (6)
γ20,0(Po) 2192.58 (16) 0.038 (3) 0.038 (3)
γ21,0(Po) 2204.21 (4) 4.929 (23) M1 0.00333 (5) 4.913 (23)
γ48,1(Po) 2251.6 (2) 0.0055 (5) 0.0055 (5)
γ49,1(Po) 2260.3 (2) 0.0087 (4) 0.0087 (4)
γ23,0(Po) 2266.51 (13) 0.0165 (8) 0.0165 (8)
γ50,1(Po) 2270.9 (4) 0.0014 (3) 0.0014 (3)
γ51,1(Po) 2284.3 (2) 0.0050 (4) 0.0050 (4)
γ52,1(Po) 2287.65 (23) 0.0046 (5) 0.0046 (5)
γ24,0(Po) 2293.40 (12) 0.306 (4) 0.306 (4)
γ53,1(Po) 2310.2 (3) 0.0014 (9) 0.0014 (9)
γ54,1(Po) 2312.4 (2) 0.0086 (8) 0.0086 (8)
γ55,1(Po) 2319.3 (3) 0.0014 (9) 0.0014 (9)
γ56,1(Po) 2325.0 (3) 0.0017 (3) 0.0017 (3)
γ57,1(Po) 2331.3 (2) 0.026 (4) 0.026 (4)
γ25,0(Po) 2348.0 (13) 0.0014 (9) 0.0014 (9)
γ58,1(Po) 2353.5 (7) 0.00036 (14) 0.00036 (14)
γ26,0(Po) 2361.00 (19) 0.0021 (6) 0.0021 (6)
γ60,1(Po) 2369.0 (4) 0.0028 (4) 0.0028 (4)
γ61,1(Po) 2376.9 (2) 0.0086 (8) 0.0086 (8)
γ62,1(Po) 2390.8 (2) 0.00156 (14) 0.00156 (14)
γ65,1(Po) 2405.1 (5) 0.0011 (7) 0.0011 (7)
γ27,0(Po) 2423.27 (13) 0.0048 (6) 0.0048 (6)
γ69,1(Po) 2444.7 (8) 0.008 (4) 0.008 (4)
γ28,0(Po) 2447.86 (10) 1.550 (7) E1 0.001424 (20) 1.548 (7)
γ70,1(Po) 2459.0 (8) 0.00141 (23) 0.00141 (23)
γ29,0(Po) 2482.8 (4) 0.00096 (18) 0.00096 (18)
γ30,0(Po) 2505.4 (2) 0.0056 (6) 0.0056 (6)
γ77,1(Po) 2550.7 (7) 0.00032 (9) 0.00032 (9)
γ34,0(Po) 2562.0 (6) 0.00018 (9) 0.00018 (9)
γ79,1(Po) 2564.0 (6) 0.00014 (9) 0.00014 (9)
γ35,0(Po) 2604.5 (5) 0.00036 (9) 0.00036 (9)
γ36,0(Po) 2630.9 (3) 0.00086 (23) 0.00086 (23)
γ37,0(Po) 2662.4 (10) 0.000200 (41) 0.000200 (41)
γ38,0(Po) 2694.7 (2) 0.033 (3) 0.033 (3)
γ40,0(Po) 2699.4 (3) 0.00282 (23) 0.00282 (23)
γ41,0(Po) 2719.3 (2) 0.00170 (17) 0.00170 (17)
γ43,0(Po) 2769.9 (2) 0.0225 (8) 0.0225 (8)
γ44,0(Po) 2785.9 (2) 0.0055 (5) 0.0055 (5)
γ47,0(Po) 2826.98 (20) 0.00218 (17) 0.00218 (17)
γ48,0(Po) 2861.08 (40) 0.00041 (13) 0.00041 (13)
γ50,0(Po) 2880.3 (2) 0.0101 (16) 0.0101 (16)
γ51,0(Po) 2893.5 (2) 0.0057 (5) 0.0057 (5)
γ54,0(Po) 2921.9 (2) 0.0134 (5) 0.0134 (5)
γ55,0(Po) 2928.6 (3) 0.00109 (9) 0.00109 (9)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ56,0(Po) 2934.6 (3) 0.00046 (12) 0.00046 (12)
γ60,0(Po) 2978.9 (2) 0.0137 (4) 0.0137 (4)
γ62,0(Po) 2999.98 (20) 0.0089 (7) 0.0089 (7)
γ69,0(Po) 3053.88 (20) 0.022 (3) 0.022 (3)
γ72,0(Po) 3081.7 (3) 0.0052 (7) 0.0052 (7)
γ73,0(Po) 3093.98 (40) 0.00037 (4) 0.00037 (4)
γ75,0(Po) 3142.58 (40) 0.00118 (9) 0.00118 (9)
γ76,0(Po) 3149.0 (5) 0.00019 0.00019
γ77,0(Po) 3160.6 (6) 0.00047 (8) 0.00047 (8)
γ80,0(Po) 3183.57 (40) 0.0011 (5) 0.0011 (5)
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94

Bi− 214

CEA/LNE-LNHB /V. Chisté, M.M. Bé
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Bi− 215

1 Half-life, Q-value and Decay mode

T1/2 : 7.6 (2) min

Qβ− : 2189 (15) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−
0,18 790 (15) 2.8 (1) [1st forbidden non-unique] 6

β−
0,17 895 (15) 2.0 (2) [1st forbidden non-unique] 6.34

β−
0,16 1013 (15) 0.2 (1) [1st forbidden non-unique] 7.5

β−
0,14 1111 (15) 0.7 (1) [1st forbidden non-unique] 7.1

β−
0,9 1354 (15) 1.5 (1) [1st forbidden non-unique] 7.1

β−
0,6 1512 (15) 0.5 (1) [1st forbidden non-unique] 7.8

β−
0,5 1581 (15) 0.7 (1) (1st forbidden non-unique) 7.7

β−
0,4 1671 (15) 0.3 (2) (1st forbidden non-unique) 8.1

β−
0,3 1787 (15) 0.5 (1) (1st forbidden unique) 9

β−
0,2 1895 (15) 30 (6) (1st forbidden non-unique) 6.35

β−
0,0 2189 (15) 61 (6) (1st forbidden non-unique) 6.28

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Po) 5.434 - 10.934 4.0 (4)

eAK (Po) 0.22 (5)
KLL 58.978 - 65.205 }
KLX 71.902 - 79.289 }
KXY 84.8 - 93.1 }

ec1,0 K (Po) 178.13 (1) 0.22 (1)
ec1,0 L (Po) 254.30 - 257.42 0.13 (1)
ec1,0 M+ (Po) 267.08 - 271.23 0.04
ec2,0 K (Po) 200.46 (4) 6.0 (4)
ec2,0 L (Po) 276.63 - 279.75 1.5 (1)
ec2,0 M+ (Po) 289.41 - 293.56 0.7 (1)

β−
0,18 max: 790 (15) 2.8 (1) avg: 249 (6)

β−
0,17 max: 895 (15) 2.0 (2) avg: 287 (6)

β−
0,16 max: 1013 (15) 0.2 (1) avg: 332 (6)

β−
0,14 max: 1111 (15) 0.7 (1) avg: 370 (6)

β−
0,9 max: 1354 (15) 1.5 (1) avg: 465 (6)

β−
0,6 max: 1512 (15) 0.5 (1) avg: 528 (6)

β−
0,5 max: 1581 (15) 0.7 (1) avg: 556 (6)

β−
0,4 max: 1671 (15) 0.3 (2) avg: 593 (6)

β−
0,3 max: 1787 (15) 0.5 (1) avg: 619 (6)

Surrey Univ. /A.L. Nichols, ANL /F.G. Kondev
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Energy Electrons Energy
keV per 100 disint. keV

β−
0,2 max: 1895 (15) 30 (6) avg: 685 (6)

β−
0,0 max: 2189 (15) 61 (6) avg: 808 (6)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Po) 9.658 — 16.213 2.7 (3)

XKα2 (Po) 76.864 1.8 (3) } Kα
XKα1 (Po) 79.293 3.0 (5) }

XKβ3 (Po) 89.256 }
XKβ1 (Po) 89.807 } 1.02 (16) Kβ

′
1

XKβ
′′
5 (Po) 90.363 }

XKβ2 (Po) 92.263 }
XKβ4 (Po) 92.618 } 0.32 (5) Kβ

′
2

XKO2,3 (Po) 92.983 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ3,1(Po) 130.58 (1) 0.0505 (12) M1+26.5%E2 4.44 (13) 0.0093 (10)
γ4,2(Po) 224.04 (7) 0.044 (7) E2 0.319 (5) 0.033 (5)
γ1,0(Po) 271.228 (10) 2.34 (10) M1+94%E2 0.201 (7) 1.95 (7)
γ2,0(Po) 293.56 (4) 32 (2) M1+50%E2 0.34 (5) 23.8 (9)
γ6,2(Po) 383.10 (8) 0.14 (7) 0.14 (7)
γ3,0(Po) 401.81 (1) 0.50 (8) E2 0.0555 (8) 0.48 (7)
γ6,1(Po) 405.43 (7) 0.006 (1) 0.006 (1)
γ4,0(Po) 517.60 (6) 1.10 (8) M1+50%E2 0.073 (10) 1.02 (8)
γ9,2(Po) 541.76 (22) 0.21 (7) 0.21 (7)
γ9,1(Po) 564.09 (22) 0.67 (7) 0.67 (7)
γ5,0(Po) 608.30 (7) 0.67 (7) (M1+E2) 0.67 (7)
γ6,0(Po) 676.66 (7) 0.40 (7) 0.40 (7)
γ17,4(Po) 776.9 (1) 0.81 (14) 0.81 (14)
γ14,2(Po) 784 (2) 0.33 (7) 0.33 (7)
γ14,1(Po) 806.4 (20) 0.40 (7) 0.40 (7)
γ9,0(Po) 835.32 (22) 0.62 (7) 0.62 (7)
γ16,1(Po) 905 (2) 0.21 (7) 0.21 (7)
γ17,1(Po) 1023.3 (1) 0.62 (7) 0.62 (7)
γ18,2(Po) 1105.2 (4) 1.50 (7) 1.50 (7)
γ18,1(Po) 1127.6 (4) 0.48 (7) 0.48 (7)

Surrey Univ. /A.L. Nichols, ANL /F.G. Kondev
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Bi− 215

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ17,0(Po) 1294.5 (1) 0.62 (7) 0.62 (7)
γ18,0(Po) 1398.8 (4) 0.81 (7) 0.81 (7)
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Po− 210

1 Half-life, Q-value and Decay mode

T1/2 : 138.3763 (17) d

Qα : 5407.46 (7) keV
α : 100 %

2 α Emissions

Energy Probability
keV × 100

α0,1 4516.66 (9) 0.00124 (4)
α0,0 5304.33 (7) 99.99876 (4)

3 Photon Emissions

3.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pb) 9.186 — 15.217 0.00000384 (10)

XKα2 (Pb) 72.805 0.00000277 (10) } Kα
XKα1 (Pb) 74.97 0.00000466 (17) }

XKβ3 (Pb) 84.451 }
XKβ1 (Pb) 84.937 } 0.00000159 (6) Kβ

′
1

XKβ
′′
5 (Pb) 85.47 }

XKβ2 (Pb) 87.238 }
XKβ4 (Pb) 87.58 } 0.000000481 (20) Kβ

′
2

XKO2,3 (Pb) 87.911 }

3.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Pb) 803.10 (5) 0.00124 (4) E2 0.01033 (15) 0.00123 (4)
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100

Po− 210

(Alpha energy)

A.S.Sanielevici, J. Chim. Phys. 33 (1936) 759

(Half-life)

W.H.Beamer, C.R.Maxwell, J. Chem. Phys. 17 (1949) 1293

(Half-life)

M.A.Grace, R.A.Allen, D.West, H.Halban, Proc. Roy. Soc. (London) A64 (1951) 493

(Gamma-ray instensity)

W.C.Barber, R.H.Helm, Phys. Rev. 86 (1952) 275

(Gamma-ray instensity)

S.de Benedetti, G.H.Minton, Phys. Rev. 85 (1952) 944

(Multipolaity)

M.Riou, J. Phys. Radium 13 (1952) 244

(Gamma-ray instensity)

D.C.Ginnings, A.F.Ball, D.T.Vier, J. Res. Nat. Bur. Stand. 50 (1953) 75

(Half-life)

M.L.Curtis, Phys. Rev. 92 (1953) 1489

(Half-life)

E.R.Collins, C.D.McKenzie, C.A.Ramm, Proc. Roy. Soc. (London) 216A (1953) 219

(Alpha energy)

G.H.Briggs, Rev. Mod. Phys. 26 (1954) 1

(Alpha energy)

J.F.Eichelberger, K.C.Jordan, S.R.Orr, J.R.Parks, Phys. Rev. 96 (1954) 719

(Half-life)

R.W.Hayward, D.D.Hoppes, W.B.Mann, J. Res. Nat. Bur. Stand. 54 (1955) 47

(Gamma-ray instensity)

O.Rojo, M.A.Hakeem, M.Goodrich, Phys. Rev. 99 (1955) 1629

(Gamma-ray instensity)

A.Ascoli, M.Asdente, E.Germagnoli, Nuovo Cim. 4 (1956) 946

(Gamma-ray instensity)

N.S.Shimanskaia, Sov. Phys. - JETP 4 (1957) 165

(Gamma-ray instensity)

V.V.Ovechkin, Bull. Rus. Acad. Sci. Phys. 21 (1958) 1627

(Gamma-ray instensity)

I.I.Agapkin, L.L.Goldin, Bull. Rus. Acad. Sci. Phys. 21 (1958) 911

(Alpha energy)

F.A.White, F.M.Rourke, J.C.Sheffield, R.P.Schuman, J.R.Huizenga, Phys. Rev. 109 (1958) 437

(Alpha energy)

C.P.Browne, J.A.Galey, J.R.Erskine, K.L.Warsh, Phys. Rev. 120 (1960) 905

(Alpha energy)

A.Rytz, H.H.Staub, H.Winkler, Helv. Phys. Acta 34 (1961) 960

(Alpha energy)

E.H.Beckner, R.L.Bramblett, G.C.Philllips, T.A.Eastwood, Phys. Rev. 123 (1961) 2100

(Alpha energy)

C.P.Browne, Phys. Rev. 126 (1962) 1139

(Alpha energy)

J.F.Eichelberger, G.R.Grove, L.V.Jone, Report MLM-1209, Mound Laboratory (1964) 11

(Half-life)

D.J.Gorman, A.Rytz, Compt. Rend. Acad. Sci. (Paris) Ser. B 277 (1973) 29

(Alpha energy)

R.G.Helmer, Nucl. Data Sheets 61 (1990) 93

(Energy level, spin and parity)

A.Rytz, At. Data Nucl. Data Tables 47 (1991) 205

(Alpha energy)

E.Schönfeld, H.Janssen, Nucl. Instrum. Methods Phys. Res. A369 (1996) 527

(Atomic data)

E.Browne, Nucl. Data Sheets 88 (1999) 29

(Spin, parity)

I.M.Band, M.B.Trzhaskovskaya, C.W.Nestor Jr., P.O.Tikkanen, S.Raman, At. Data Nucl. Data Tables
8 (2002) 1

(Theoretical ICC)

CEA/LNE-LNHB /V. Chisté, M.M. Bé
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Po− 211

1 Half-life, Q-value and Decay mode

T1/2 : 0.516 (3) s

Qα : 7594.48 (51) keV
α : 100 %

2 α Emissions

Energy Probability
keV × 100

α0,2 6568.4 (10) 0.523 (9)
α0,1 6891.2 (10) 0.541 (17)
α0,0 7450.2 (3) 98.936 (19)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Pb) 5.33 - 15.82 0.01216 (17)

eAK (Pb) 0.00071 (8)
KLL 56.028 - 61.669 }
KLX 68.181 - 74.969 }
KXY 80.3 - 88.0 }

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pb) 9.186 — 15.2169 0.00740 (16)

XKα2 (Pb) 72.8049 0.00535 (14) } Kα
XKα1 (Pb) 74.97 0.00900 (24) }

XKβ3 (Pb) 84.451 }
XKβ1 (Pb) 84.937 } 0.00308 (10) Kβ

′
1

XKβ
′′
5 (Pb) 85.47 }

XKβ2 (Pb) 87.238 }
XKβ4 (Pb) 87.58 } 0.00093 (4) Kβ

′
2

XKO2,3 (Pb) 87.911 }
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Po− 211

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ2,1(Pb) 328.2 (2) 0.0043 (15) M1 0.334 (5) 0.0032 (11)
γ1,0(Pb) 569.65 (15) 0.546 (17) E2 0.0216 (3) 0.534 (17)
γ2,0(Pb) 897.8 (2) 0.519 (9) M1+E2 0.0233 (4) 0.507 (9)
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Po− 211
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Po− 212

1 Half-life, Q-value and Decay mode

T1/2 : 300 (2) ×10−9 s

Qα : 8954.12 (11) keV
α : 100 %

2 α Emissions

Energy Probability
keV × 100

α0,0 8785.17 (11) 100
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Po− 213

1 Half-life, Q-value and Decay mode

T1/2 : 3.70 (5) ×10−6 s

Qα : 8536.1 (26) keV
α : 100 %

2 α Emissions

Energy Probability
keV × 100

α0,1 7614 (10) 0.0050 (5)
α0,0 8375.9 (25) 99.9950 (5)

3 Photon Emissions

3.1 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Pb) 778.8 (3) 0.0050 (5) M1 0.0339 (5) 0.0048 (5)

4 References

J.V.Jelley, Can. J. Res. 26A (1948) 255

(Half-life)

K.Valli, Ann. Acad. Sci. Fenn., Ser. A, VI 165 (1964)

(Alpha energies)

C.F.Leang, Thesis, Univ. Paris (1969)

(Alpha energies)

J.D.Bowman, R.E.Eppley, E.K.Hyde, Phys. Rev. C25 (1982) 941

(Alpha energies)

M.C.Kouassi, A.Hachem, C.Ardisson, G.Ardisson, Nucl. Instrum. Methods Phys. Res. A280 (1989) 424

(Gamma-ray energies and intensities)

A.Rytz, At. Data Nucl. Data Tables 47 (1991) 205

(Evaluation alpha energies)

J.Wawryszczuk, M.B.Yuldashev, K.Ya.Gromov, T.M.Muminov, Proc. 45th Ann. Conf. Nucl. Spectrosc.
Struct. At. Nuclei, St. Petersburg (1995) 107

(Half-life)

E.Schönfeld, H.Janssen, Nucl. Instrum. Methods Phys. Res. A369 (1996) 527

(Atomic data)

J.Wawryszczuk, K.V.Kalyapkin, M.B.Yuldashev, K.Ya.Gromov, V.I.Fominykh, Bull. Rus. Acad. Sci.
Phys. 61 (1997) 25

(Half-life)

V.G.Chumin, J.K.Jabber, K.V.Kalyapkin, S.A.Kudrya, V.V.Tsupko-Sitnikov, K.Ya.Gromov, V.I.Fomin-
ykh, T.A.Furyaev, Bull. Rus. Acad. Sci. Phys. 61 (1997) 1606

(Alpha emission probabilities)

Ya.Vavryshchuk, K.Ya.Gromov, V.B.Zlokazov, V.G.Kalinnikov, V.A.Morozov, N.V.Morozova, V.I.Fo-
minykh, V.V.Tsupko-Sitnikov, I.N.Churin, Report JINR-P6-97-180, Joint Institute of Nuclear Research, Dubna
(1997)

(Half-life)

J.Wawryszczuk, K.Ya.Gromov, V.B.Zlokazov, V.G.Kalinnikov, V.A.Morozov, N.V.Morozova, V.I.Fo-
minikh, V.V.Tsupko-Sitnikov, I.N.Churin, Phys. Atomic Nuclei 61 (1998) 1322

(Half-life)
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Po− 213

V.A.Morozov, N.V.Morozova, Yu.V.Norseev, Zh.Sereeter, V.B.Zlokazov, Nucl. Instrum. Methods Phys.
Res. A484 (2002) 225

(Half-life)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 129

(Q)

Huang Xiaolong, Wang Baosong, Nuclear Science and Techniques Vol.108 (2007) 261

(Evaluation)

M.S.Basunia, Nucl. Data Sheets 108 (2007) 633

(Decay scheme and levels)
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Po− 214

1 Half-life, Q-value and Decay mode

T1/2 : 162.3 (12) ×10−6 s

Qα : 7833.46 (6) keV
α : 100 %

2 α Emissions

Energy Probability
keV × 100

α0,2 6610.1 (10) 0.000058 (2)
α0,1 6902.6 (3) 0.0105 (7)
α0,0 7686.82 (6) 99.9895 (7)

3 Photon Emissions

3.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pb) 9.19 — 15.22 0.0000347 (13)

XKα2 (Pb) 72.8049 0.0000246 (15) } Kα
XKα1 (Pb) 74.97 0.0000414 (25) }

XKβ3 (Pb) 84.451 }
XKβ1 (Pb) 84.937 } 0.0000141 (9) Kβ

′
1

XKβ
′′
5 (Pb) 85.47 }

XKβ2 (Pb) 87.238 }
XKβ4 (Pb) 87.58 } 0.00000427 (27) Kβ

′
2

XKO2,3 (Pb) 87.911 }

3.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ2,1(Pb) 298 (1) 0.000058 (20) E2 0.1180 (21) 0.000052 (18)
γ1,0(Pb) 799.7 (1) 0.0105 (7) E2 0.01042 (15) 0.0104 (6)

4 References

J.V.Dunworth, Nature 144 (1939) 152

(Half-life)

J.Rotblat, Proc. Roy. Soc. (London) A177 (1941) 260

(Half-life)

A.G.Ward, Proc. Roy. Soc. (London) A181 (1942) 183

(Half-life)

J.C.Jacobsen, T.Sigurgeirsson, Kgl. Dan. Vidensk. Selsk. Mat.-Fys. Medd. 20 (1943) 11
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Po− 214

(Half-life)

G.von Dardel, Phys. Rev. 79 (1950) 734

(Half-life)

R.Ballini, Ann. Phys. (Paris) 8 (1953) 441

(Half-life)

K.W.Ogilvie, Proc. Phys. Soc. (London) 76 (1960) 299

(Half-life)

A.Rytz, Helv. Phys. Acta 34 (1961) 240

(Alpha transitions)

T.Dobrowolski, J.Young, Proc. Phys. Soc. (London) 77 (1961) 1219

(Half-life)

A.Peghaire, Nucl. Instrum. Methods 75 (1969) 66

(Gamma-ray instensity)

B.Grennberg, A.Rytz, Metrologia 7 (1971) 65

(Alpha transitions)

A.Erlik, J.Felsteiner, H.Lindeman, M.Tatcher, Nucl. Instrum. Methods 92 (1971) 45

(Half-life)

W.Kurcewicz, N.Kaffrell, N.Trautmann, A.Plochocki, J.Zylicz, K.Stryczniewicz, I.Yutlandov, Nucl.
Phys. A270 (1976) 175

(Gamma-ray instensity and energy, alpha intensity)

N.E.Holden, Pure Appl. Chem. 62 (1990) 941

(Half-life)

E.Browne, Nucl. Data Sheets 65 (1992) 209

(Energy level, spin, parity)

J.W.Zhou, P.de Marcillac, N.Coron, S.Wang, H.H.Stroke, O.Redi, J.Leblanc, G.Dambier, M.Barthelemy,
J.P.Torre, O.Testard, G.Beyer, H.Ravn, J.Mangin, Nucl. Instrum. Methods Phys. Res. A335 (1993) 443

(Half-life)

A.Rytz, At. Data Nucl. Data Tables 47 (1995) 205

(Alpha energy and intensity)

Y.A.Akovali, Nucl. Data Sheets 76 (1995) 127

(Energy level, spin, parity)

E.Schönfeld, H.Janssen, Nucl. Instrum. Methods Phys. Res. A369 (1996) 527

(Atomic data)

Y.A.Akovali, Nucl. Data Sheets 84 (1998) 1

(Alpha energy and intensity)

I.M.Band, M.B.Trzhaskovskaya, C.W.Nestor Jr., P.O.Tikkanen, S.Raman, At. Data Nucl. Data Tables
81 (2002) 1

(Theoretical ICC)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 129

(Q)

E.Browne, Nucl. Data Sheets 99 (2003) 483

(Energy level, spin, parity)
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113

Po− 215

1 Half-life, Q-value and Decay mode

T1/2 : 1.781 (4) ×10−3 s

Qα : 7526.3 (8) keV
Qβ− : 715 (7) keV
α : 99.99977 (2) %
β− : 2.3 (2) ×10−4 %

2 α Emissions

Energy Probability
keV × 100

α0,7 6509 (3) 0.0003
α0,6 6586 (3) 0.0020 (6)
α0,5 6667 (3) 0.0008 (3)
α0,4 6755 (3) 0.0008 (3)
α0,3 6799 (3) 0.0016 (5)
α0,2 6813 (3) 0.0004 (2)
α0,1 6955.4 (8) 0.06 (2)
α0,0 7386.1 (8) 99.934 (20)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Pb) 5.33 - 15.82 0.00115 (14)

eAK (Pb) 0.000059 (21)
KLL 56.028 - 61.669 }
KLX 68.181 - 74.969 }
KXY 80.3 - 88.0 }

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pb) 9.186 — 15.2169 0.00071 (12)

XKα2 (Pb) 72.8049 0.00045 (15) } Kα
XKα1 (Pb) 74.97 0.00075 (25) }

XKβ3 (Pb) 84.451 }
XKβ1 (Pb) 84.937 } 0.00026 (9) Kβ

′
1

XKβ
′′
5 (Pb) 85.47 }
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Po− 215

Energy Photons
keV per 100 disint.

XKβ2 (Pb) 87.238 }
XKβ4 (Pb) 87.58 } 0.000078 (26) Kβ

′
2

XKO2,3 (Pb) 87.911 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Pb) 438.9 (2) 0.06 (2) E2 0.0405 (6) 0.058 (19)

5 References
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Tech.Transl. 25, 1193 (1962)) 25 (1961) 1188

(Half-life)
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(Gamma-ray energies and emission probabilities)

W.F.Davidson, R.D.Connor, Nucl. Phys. A149 (1970) 385

(Gamma-ray energies and emission probabilities)

B.Grennberg, A.Rytz, Metrologia 7 (1971) 65

(Alpha-particle energies)

A.Erlik, J.Felsteiner, H.Lindeman, M.Tatcher, Nucl. Instrum. Methods 92 (1971) 45

(Half-life)

C.Maples, Nucl. Data Sheets 22 (1977) 207

(X-, gamma-ray emission probabilities)

A.Rytz, At. Data Nucl. Data Tables (1991)

(Alpha-particle energies and emission probabilities)

C.F.Liang, P.Paris, R.K.Sheline, Phys. Rev. C58 (1998) 3223

(Alpha -particle and gamma-ray energies and emission probabilities)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 337

(Q)

E.Browne, Nucl. Data Sheets 103 (2004) 183

(215Po decay scheme, 211Pb levels)

T.Kibédi, T.W.Burrows, M.B.Trzhaskovskaya, P.M.Davidson, C.W.Nestor Jr., Nucl. Instrum. Methods
Phys. Res. A589 (2008) 202

(Band-Raman ICC for gamma-ray transitions)
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Po− 216

1 Half-life, Q-value and Decay mode

T1/2 : 0.148 (4) s

Qα : 6906.3 (5) keV
α : 100 %

2 α Emissions

Energy Probability
keV × 100

α0,1 5988.4 (7) 0.0019 (3)
α0,0 6778.4 (5) 99.9981 (3)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Pb) 5.26 - 10.40 0.0000097 (10)

eAK (Pb) 0.00000056 (11)
KLL 56.03 - 61.67 }
KLX 68.18 - 74.97 }
KXY 80.3 - 88.0 }

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pb) 9.184 — 15.216 0.0000059 (6)

XKα2 (Pb) 72.8049 0.0000043 (7) } Kα
XKα1 (Pb) 74.97 0.0000072 (12) }

XKβ3 (Pb) 84.451 }
XKβ1 (Pb) 84.937 } 0.0000024 (4) Kβ

′
1

XKβ
′′
5 (Pb) 85.47 }

XKβ2 (Pb) 87.238 }
XKβ4 (Pb) 87.58 } 0.00000074 (12) Kβ

′
2

XKO2,3 (Pb) 87.911 }
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Po− 216

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Pb) 804.9 (5) 0.0019 (3) [E2] 0.01027 (15) 0.0019 (3)
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(K-x ray, L-x ray, Auger electrons)
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Y.A.Akovali, Nucl. Data Sheets 84 (1998) 1
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(K-x ray)

I.M.Band, M.B.Trzhaskovskaya, C.W.Nestor Jr., P.O.Tikkanen, S.Raman, At. Data Nucl. Data Tables
81 (2002) 1

(Theoretical ICC)

S.Raman, C.W.Nestor Jr., A.Ichihara, M.B.Trzhaskovskaya, Phys. Rev. C66 (2002) 044312

(Theoretical ICC)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 337

(Q)

F.A.Danevich, A.Sh.Georgadze, V.V.Kobychev, B.N.Kropivyansky, A.S.Nikolaiko, O.A.Ponkratenko,
V.I.Tretyak, S.Yu.Zdesenko, Yu.G.Zdesenko, P.G.Bizzeti, T.F.Fazzini, P.R.Maurenzig, Phys. Rev. C68
(2003) 035501

(Half-life)

E.Browne, Nucl. Data Sheets 104 (2005) 427

(Nuclear structure, energies)
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(Nuclear structure, energies)

N.J.Stone, J.R.Stone, M.Lindroos, P.Richards, M.Veskovic, D.A.Williams, Nucl. Phys. A793 (2007) 1

(Half-life)
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Po− 218

1 Half-life, Q-value and Decay mode

T1/2 : 3.071 (22) min

Qβ− : 260 (12) keV
Qα : 6114.68 (9) keV
α : 99.978 (3) %
β− : 0.022 (3) %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−
0,0 260 (12) 0.022 (3)

3 α Emissions

Energy Probability
keV × 100

α0,1 5181 (2) 0.0011 (11)
α0,0 6002.35 (9) 99.9769 (32)

4 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

β−
0,0 max: 260 (12) 0.022 (3) avg: 73 (4)

5 Photon Emissions

5.1 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Pb) 836 (2) 0.0011 (11) (E2) 0.0011 (11)

6 References
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R.J.Walen, J. Phys. Radium 10 (1949) 95

(Beta emission probabilities and half-life (At-218))

CEA/LNE-LNHB /V. Chisté, M.M. Bé
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Po− 218

F.Hiessberger, B.Karlik, Stizber. Akad. Wiss. Wien, Math-Naturw. Kl. Abt. Iia 161 (1952) 51

(Branching ratio)

R.J.Walen, G.Bastin, Compt. Rend. Cong. Phys. Nucl., Paris (1958) 910

(Alpha emission energies and probabilities, beta emission probabilities)

G.Bastin-Scoffier, C.F.Leang, R.J.Walen, J. Phys. (Paris) 24 (1963) 854

(Alpha energy)

B.Grennberg, A.Rytz, Metrologia 7 (1971) 65

(Alpha energy)

A.Rytz, At. Data Nucl. Data Tables 23 (1979) 507

(Alpha emission energy and probabilities)

J.R.van Hise, D.E.Martz, R.A.Jackson, D.Y.Kunihira, E.Bolton, Phys. Rev. C25 (1982) 2802

(Half-life)

G.V.Potapov, P.S.Soloshenkov, Sov. J. At. Energy 60 (1986) 345

(Half-life)

Y.A.Ellis-Akovali, Nucl. Data Sheets 52 (1987) 789

(Energy level, spin, parity, multipolarity)

A.Rytz, At. Data Nucl. Data Tables 47 (1991) 205

(Alpha emission energy and probabilities)

P.Baltzer, K.G.Görsten, A.Bäcklin, Nucl. Instrum. Methods Phys. Res. A317 (1992) 357

(Alpha energy)

Y.A.Akovali, Nucl. Data Sheets 76 (1995) 127

(Energy level, spin, parity, multipolarity)

Y.A.Akovali, Nucl. Data Sheets 76 (1995) 457

(Energy level and half-life)

Y.A.Akovali, Nucl. Data Sheets 84 (1998) 1

(Branching ratio)

I.M.Band, M.B.Trzhaskovskaya, C.W.Nestor Jr., P.O.Tikkanen, S.Raman, At. Data Nucl. Data Tables
81 (2002) 1

(Theoretical ICC)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 129

(Q)
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(Energy level and haf-life)
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At− 211

1 Half-life, Q-value and Decay mode

T1/2 : 7.216 (7) h

Qα : 5982.4 (13) keV
QEC : 785.4 (25) keV
EC : 58.22 (8) %
α : 41.78 (8) %

2 Electron Capture Transitions

Energy Probability Nature log ft PK PL PM+

keV × 100

ε0,1 98.2 (26) 0.258 (13) 1st forbidden non-unique 5.77 0.015 (17) 0.684 (10) 0.301 (7)
ε0,0 785.4 (25) 57.96 (8) 1st forbidden non-unique 5.97 0.7731 (2) 0.1693 (1) 0.05758 (4)

3 α Emissions

Energy Probability
keV × 100

α0,5 4895.4 (13) <0.00004
α0,3 4993.4 (13) ∼0.0004
α0,2 5140.3 (13) 0.0011 (2)
α0,1 5211.9 (13) 0.0039 (3)
α0,0 5869.0 (13) 41.78 (8)

4 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Po) 5.434 - 10.934 27.6 (8)

eAK (Po) 1.57 (18)
KLL 58.978 - 65.205 }
KLX 71.902 - 79.289 }
KXY 84.8 - 93.1 }

eAL (Bi) 5.35 - 10.66 0.000211 (20)

eAK (Bi) 0.0000126 (24)
KLL 57.491 - 63.419 }
KLX 70.025 - 77.105 }
KXY 82.53 - 90.52 }
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At− 211

5 Photon Emissions

5.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Po) 9.658 — 16.213 18.6 (8)

XKα2 (Po) 76.864 12.66 (9) } Kα
XKα1 (Po) 79.293 21.08 (12) }

XKβ3 (Po) 89.256 }
XKβ1 (Po) 89.807 } 7.26 (12) Kβ

′
1

XKβ
′′
5 (Po) 90.363 }

XKβ2 (Po) 92.263 }
XKβ4 (Po) 92.618 } 2.26 (5) Kβ

′
2

XKO2,3 (Po) 92.983 }

XL (Bi) 9.42 — 15.709 0.000136 (14)

XKα2 (Bi) 74.8157 0.000098 (15) } Kα
XKα1 (Bi) 77.1088 0.000164 (25) }

XKβ3 (Bi) 86.835 }
XKβ1 (Bi) 87.344 } 0.000056 (9) Kβ

′
1

XKβ
′′
5 (Bi) 87.862 }

XKβ2 (Bi) 89.732 }
XKβ4 (Bi) 90.074 } 0.000017 (3) Kβ

′
2

XKO2,3 (Bi) 90.421 }

5.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ3,2(Bi) 149.72 (10) ∼0.0002 M1+13.8%E2 3.0 (3) ∼0.00005
γ3,1(Bi) 222.69 (10) ∼0.00008 M1+13.8%E2 0.95 (5) ∼0.00004
γ1,0(Bi) 669.77 (7) 0.0040 (3) [M1+5.9%E2] 0.0520 (9) 0.0038 (3)
γ1,0(Po) 687.2 (7) 0.258 (13) (M1+3.85%E2] 0.0536 (9) 0.245 (12)
γ2,0(Bi) 742.74 (7) 0.0013 (2) [M1+8.3%E2] 0.0391 (7) 0.00125 (19)
γ3,0(Bi) 892.46 (7) ∼0.00014 [M1+66.2%E2] 0.0145 (13) ∼0.00014
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At− 211
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L.V.Yurkova, Bull. Rus. Acad. Sci. Phys. 65 (2001) 27
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F.G.Kondev, S.Lalkoski, Nucl. Data Sheets 112 (2011) 707

(Nuclear structure and level energies)
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At− 215

1 Half-life, Q-value and Decay mode

T1/2 : 0.10 (2) ×10−3 s

Qα : 8178 (4) keV
α : 100 %

2 α Emissions

Energy Probability
keV × 100

α0,1 7628 (4) 0.05 (2)
α0,0 8026 (4) 99.95 (2)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Bi) 5.42 - 16.34 0.0027 (5)

eAK (Bi) 0.00015 (7)
KLL 57.491 - 63.419 }
KLX 70.025 - 77.105 }
KXY 82.53 - 90.52 }

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Bi) 9.4207 — 15.7084 0.0017 (4)

XKα2 (Bi) 74.8157 0.0012 (5) } Kα
XKα1 (Bi) 77.1088 0.0020 (9) }

XKβ3 (Bi) 86.835 }
XKβ1 (Bi) 87.344 } 0.00069 (28) Kβ

′
1

XKβ
′′
5 (Bi) 87.862 }

XKβ2 (Bi) 89.732 }
XKβ4 (Bi) 90.074 } 0.00021 (9) Kβ

′
2

XKO2,3 (Bi) 90.421 }

KRI /V.P. Chechev
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At− 215

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Bi) 404.853 (9) 0.05 (2) M1+E2 0.122 (8) 0.045 (18)

5 References
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G.Graeffe, P.Kauranen, J. Inorg. Nucl. Chem. 28 (1966) 933

(Alpha-particle energies and emission prjbabilities, Bi-211 levels)

J.D.Bowman, R.E.Eppley, E.K.Hyde, Phys. Rev. C25 (1982) 941

(Alpha-particle energies)

A.Rytz, At. Data Nucl. Data Tables 47 (1991) 205

(Alpha-particle energies and emission prjbabilities)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 337

(Q)

E.Browne, Nucl. Data Sheets 103 (2004) 183

(At215 alpha decay scheme, Bi211 levels)

T.Kibédi, T.W.Burrows, M.B.Trzhaskovskaya, P.M.Davidson, C.W.Nestor Jr., Nucl. Instrum. Methods
Phys. Res. A589 (2008) 202
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At− 217

1 Half-life, Q-value and Decay mode

T1/2 : 32.3 (4) ×10−3 s

Qβ− : 737 (6) keV
Qα : 7201.3 (12) keV
α : 99.9933 (24) %
β− : 0.0067 (24) %

2 α Emissions

Energy Probability
keV × 100

α0,4 6037 (3) 0.002
α0,3 6322.0 (16) 0.0049 (4)
α0,2 6484.7 (16) 0.0167 (8)
α0,1 6813.8 (16) 0.0384 (15)
α0,0 7066.9 (16) 99.932 (3)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Bi) 5.3 - 16.4 0.0077 (4)

eAK (Bi) 0.00044 (3)
KLL 57.491 - 63.419 }
KLX 70.025 - 77.105 }
KXY 82.53 - 90.52 }

ec1,0 K (Bi) 167.35 (4) 0.0125 (6)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Bi) 9.421 — 15.708 0.00497 (23)

XKα2 (Bi) 74.8157 0.00351 (20) } Kα
XKα1 (Bi) 77.1088 0.0059 (4) }

XKβ3 (Bi) 86.835 }
XKβ1 (Bi) 87.344 } 0.00201 (11) Kβ

′
1

XKβ
′′
5 (Bi) 87.862 }

XKβ2 (Bi) 89.732 }
XKβ4 (Bi) 90.074 } 0.00062 (4) Kβ

′
2

XKO2,3 (Bi) 90.421 }

CNDC /Huang Xiaolong, Wang Baosong
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At− 217

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Bi) 257.88 (4) 0.0446 (13) M1+29%E2 0.555 (26) 0.0287 (7)
γ2,1(Bi) 335.33 (10) 0.0062 (3) 0.0062 (3)
γ4,2(Bi) 455 0.002 0.002
γ2,0(Bi) 593.1 (1) 0.0115 (5) 0.0115 (5)
γ3,0(Bi) 758.9 (1) 0.0049 (4) 0.0049 (4)
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(Gamma-ray energies)
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Nauk USSR, Ser. Fiz. 31 (1967) 568

(Alpha energies and intensities)

C.F.Leang, Thesis, Univ. Paris (1969)

(Alpha energies and intensities,Beta minus decay branching ratio)

T.Vylov, N.A.Golovkov, B.S.Dzhelepov, R.B.Ivanov, M.A.Mikhailova, Y.V.Norseev, V.G.Chumin,
Bull. Rus. Acad. Sci. Phys. 41 (1977) 85

(Alpha energies)

J.K.Dickens, J.W.McConnell, Radiochem. Radioanal. Lett. 47 (1981) 331

(Gamma-ray energies and emission probabilities)

J.D.Bowman, R.E.Eppley, E.K.Hyde, Phys. Rev. C25 (1982) 941

(Alpha energies)
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(Beta minus decay branching ratio)

E.Schönfeld, H.Janssen, Nucl. Instrum. Methods Phys. Res. A369 (1996) 527

(Atomic data)
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T.A.Furyaev, Bull. Rus. Acad. Sci. Phys. 61 (1997) 1606

(Alpha and beta minus decay branching ratio)
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Z. Phys. A358 (1997) 33

(Alpha energies and intensities,Gamma-ray energies and emission probabilities,Multipolarity)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 129

(Q)

M.S.Basunia, Nucl. Data Sheets 108 (2007) 633

(Decay scheme, levels)
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At− 218

1 Half-life, Q-value and Decay mode

T1/2 : 1.4 (2) s

Qβ− : 2881 (12) keV
Qα : 6874 (3) keV
α : 99.9 (1) %
β− : 0.1 (1) %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−
0,0 2881 (12) 0.1 (1)

3 α Emissions

Energy Probability
keV × 100

α0,2 6653 (5) 6.4 (1)
α0,1 6694 (3) 90.0 (1)
α0,0 6756 (5) 3.6 (1)

4 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

β−
0,0 max: 2881 (12) 0.1 (1) avg: 1095 (12)

5 References
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E.K.Hyde, I.Perlman, G.T.Seaborg, The Nuclear Properties of the Heavy Elements, Vol. II, Prentice-Hall
Inc., Englewood Cliffs, N.J. (1964) 460

(Branching ratio)

R.J.Walen, G.Bastin-Scoffier, Priv. Comm. (1963), cited in E.K.Hyde et al., The Nuclear Properties of the
Heavy Elements, Vol. II, Prentice-Hall Inc., Englewood Cliffs, N.J. (1964)

(Branching ratio)

A.Rytz, At. Data Nucl. Data Tables 23 (1979) 507

(Alpha emission energies and probabilities)

Y.A.Ellis-Akovali, Nucl. Data Sheets 52 (1987) 789

(Alpha emission probabilities and energies,spin and parity)

D.G.Burke, H.Folger, H.Gabelmann, E.Hagebo, P.Hill, P.Hoff, O.Jonsson, N.Kaffrell, W.Kurcewicz,
G.Lovhoiden, K.Nybo, G.Nyman, H.Ravn, K.Riisager, J.Rogowski, K.Steffensen, T.F.Thorsteinsen,
Isolde Collaboration, Z. Phys. A333 (1989) 131
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At− 218

(Half-life)

A.Rytz, At. Data Nucl. Data Tables 47 (1991) 205

(Alpha emission energies and probabilities)

Y.A.Akovali, Nucl. Data Sheets 76 (1995) 457

(Alpha emission probabilities and energies,spin and parity)

Y.A.Akovali, Nucl. Data Sheets 76 (1995) 127

(Alpha emission probabilities and energies,spin and parity)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 129

(Q)

A.K.Jain, B.Singh, Nucl. Data Sheets 107 (2006) 1027

(Alpha emission probabilities and energies,spin and parity)
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At− 219

1 Half-life, Q-value and Decay mode

T1/2 : 56 (4) s

Qβ− : 1566 (3) keV
Qα : 6324 (15) keV
α : ∼97 %
β− : ∼3 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−
0,0 1566 (3) ∼3 1st forbidden non-unique 6.2

3 α Emissions

Energy Probability
keV × 100

α0,0 6208 (15) ∼97

4 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

β−
0,0 max: 1566 (3) ∼3 avg: 547 (2)

5 References

E.K.Hyde, A.Ghiorso, Phys. Rev. 90 (1953) 267

(Half-life, Alpha emission energies, Alpha and beta minus decay, Alpha/beta minus ratio)

D.G.Burke, H.Folger, H.Gabelmann, E.Hagebø, P.Hill, P.Hoff, O.Jonsson, N.Kaffrell, W.Kurcewicz,
G.Løvhøiden, K.Nybø, G.Nyman, H.Ravn, K.Riisager, J.Rogowski, K.Steffensen, T.F.Thorsteinsen,
The Isolde Collaboration, Z. Phys. A333 (1989) 131

(Half-life)

Y.A.Akovali, Nucl. Data Sheets 84 (1998) 1

(Alpha decay, r0 parameter)

E.Browne, Nucl. Data Sheets 93 (2001) 763

(Nuclear structure, level energies)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 337

(Q)

G.Audi, W.Meng, D.Lunney, B.Pfeiffer, AME2009, CSNSM, Orsay, France, private communication (2009)

(Q)
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At− 219
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Rn− 217

1 Half-life, Q-value and Decay mode

T1/2 : 0.54 (5) ×10−3 s

Qα : 7887 (3) keV
α : 100 %

2 α Emissions

Energy Probability
keV × 100

α0,0 7742 (3) 100

3 References

W.W.Meinke, A.Ghiorso, G.T.Seaborg, Phys. Rev. 81 (1951) 782

(Half-life)

C.P.Ruiz, Report UCRL-9511, Univ. California (1961)

(Half-life, Alpha energy)

J.D.Bowman, R.E.Eppley, E.K.Hyde, Phys. Rev. C25 (1982) 941

(Alpha energy)

A.Rytz, At. Data Nucl. Data Tables 47 (1991) 205

(Evaluation alpha energies)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 129

(Q)

M.S.Basunia, Nucl. Data Sheets 108 (2007) 633

(Decay scheme and levels)
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Rn− 217
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Rn− 218

1 Half-life, Q-value and Decay mode

T1/2 : 36.0 (19) ×10−3 s

Qα : 7262.5 (19) keV
α : 100 %

2 α Emissions

Energy Probability
keV × 100

α0,1 6531.1 (19) 0.127 (7)
α0,0 7129.2 (19) 99.873 (7)

3 Photon Emissions

3.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Po) 9.66 — 16.21 0.00080 (3)

XKα2 (Po) 76.864 0.00052 (4) } Kα
XKα1 (Po) 79.293 0.00086 (6) }

XKβ3 (Po) 89.256 }
XKβ1 (Po) 89.807 } 0.000296 (21) Kβ

′
1

XKβ
′′
5 (Po) 90.363 }

XKβ2 (Po) 92.263 }
XKβ4 (Po) 92.618 } 0.000092 (7) Kβ

′
2

XKO2,3 (Po) 92.983 }

3.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Po) 609.31 (6) 0.127 (7) E2 0.0204 (3) 0.124 (7)

4 References

F.Asaro, I.Perlman, Phys. Rev. 104 (1956) 91
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P.A.Tove, Ark. Fys. 13 (1958) 549

(Half-life)

C.P.Ruiz, Report UCRL-9511, Univ. California (1961)

(Half-life)

H.Diamond, J.E.Gindler, J. Inorg. Nucl. Chem. 25 (1963) 143

(Half-life)

A.Peghaire, Nucl. Instrum. Methods 75 (1969) 66
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Rn− 218

(Gamma-ray instensity)

A.Erlik, J.Felsteiner, H.Lindeman, M.Tatcher, Nucl. Instrum. Methods 92 (1971) 45

(Half-life)

W.Kurcewicz, N.Kaffrell, N.Trautmann, A.Plochocki, J.Zylicz, K.Stryczniewicz, I.Yutlandov, Nucl.
Phys. A270 (1976) 175

(Gamma-ray energy and intensity, alpha intensity)

A.Rytz, At. Data Nucl. Data Tables 23 (1979) 507

(Alpha energy and intensity)

J.D.Bowman, R.E.Eppley, E.K.Hyde, Phys. Rev. C25 (1982) 941

(Alpha energy)

Y.A.Ellis-Akovali, Nucl. Data Sheets 52 (1987) 789

(Alpha energy and intensity, gamma-ray energy and intensity)

A.Rytz, At. Data Nucl. Data Tables 47 (1991) 205

(Alpha energy and intensity)

Y.A.Akovali, Nucl. Data Sheets 76 (1995) 127

(Alpha energy and intensity, gamma-ray energy and intensity, spin, parity)

E.Schönfeld, H.Janssen, Nucl. Instrum. Methods Phys. Res. A369 (1996) 527

(Atomic data)

Y.A.Akovali, Nucl. Data Sheets 84 (1998) 1

(Alpha energy and intensity, gamma-ray energy and intensity, spin, parity)

I.M.Band, M.B.Trzhaskovskaya, C.W.Nestor Jr., P.O.Tikkanen, S.Raman, At. Data Nucl. Data Tables
81 (2002) 1

(Theoretical ICC)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 129

(Q)
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Rn− 219

1 Half-life, Q-value and Decay mode

T1/2 : 3.98 (3) s

Qα : 6946.1 (3) keV
α : 100 %

2 α Emissions

Energy Probability
keV × 100

α0,14 5745 (1) 0.00009 (5)
α0,13 5765.1 (5) 0.00094 (19)
α0,12 5906.2 (10) 0.00009 (5)
α0,11 5944.4 (4) 0.0021 (3)
α0,10 5958.1 (7) 0.0003 (1)
α0,9 5999.2 (4) 0.0032 (5)
α0,8 6099.9 (5) 0.00123 (12)
α0,7 6124.1 (6) 0.00064 (12)
α0,6 6154.9 (3) 0.0184 (22)
α0,5 6222.0 (3) 0.0043 (10)
α0,4 6311.1 (3) 0.048 (3)
α0,3 6424.8 (3) 7.85 (24)
α0,2 6531.0 (3) 0.098 (5)
α0,1 6553.0 (3) 12.6 (3)
α0,0 6819.2 (3) 79.4 (10)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Po) 5.434 - 10.934 1.50 (5)

eAK (Po) 0.067 (9)
KLL 58.978 - 65.205 }
KLX 71.902 - 79.289 }
KXY 84.8 - 93.1 }

ec1,0 K (Po) 178.13 (1) 1.23 (2)
ec1,0 L (Po) 254.30 - 257.43 0.74 (2)
ec1,0 M (Po) 267.08 - 268.55 0.19 (1)
ec3,0 K (Po) 308.71 (1) 0.234 (8)
ec3,0 L (Po) 384.88 - 388.00 0.102 (3)
ec3,0 M (Po) 397.66 - 399.13 0.026 (1)

Surrey Univ. /A.L. Nichols
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Rn− 219

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Po) 9.658 — 16.213 1.01 (5)

XKα2 (Po) 76.864 0.540 (24) } Kα
XKα1 (Po) 79.293 0.90 (4) }

XKβ3 (Po) 89.256 }
XKβ1 (Po) 89.807 } 0.309 (15) Kβ

′
1

XKβ
′′
5 (Po) 90.363 }

XKβ2 (Po) 92.263 }
XKβ4 (Po) 92.618 } 0.096 (5) Kβ

′
2

XKO2,3 (Po) 92.983 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ3,1(Po) 130.58 (1) 0.72 (6) M1+26.5%E2 4.44 (13) 0.133 (11)
γ4,2(Po) 224.04 (7) 0.0019 (3) (E2) 0.319 (5) 0.0014 (2)
γ1,0(Po) 271.228 (10) 13.30 (26) M1+94%E2 0.201 (7) 11.07 (22)
γ2,0(Po) 293.56 (4) 0.101 (4) M1+50%E2 0.34 (5) 0.075 (3)
γ12,5(Po) 322 (1) 0.00009 (5) 0.00009 (5)
γ8,3(Po) 330.9 (4) 0.00100 (11) 0.00100 (11)
γ11,4(Po) 373.5 (3) 0.00025 (3) 0.00025 (3)
γ6,2(Po) 383.1 (1) 0.00044 (7) 0.00044 (7)
γ3,0(Po) 401.81 (1) 7.12 (23) E2 0.0555 (8) 6.75 (22)
γ6,1(Po) 405.4 (1) 0.00025 (4) 0.00025 (4)
γ7,1(Po) 436.9 (5) 0.00031 (6) 0.00031 (6)
γ8,1(Po) 461.5 (4) 0.00017 (3) 0.00017 (3)
γ11,3(Po) 489.3 (3) 0.00064 (9) 0.00064 (9)
γ4,0(Po) 517.60 (6) 0.046 (4) M1+50%E2 0.073 (10) 0.043 (3)
γ13,4(Po) 556.1 (4) 0.00006 (4) M1+50%E2 0.061 (8) 0.00006 (4)
γ9,1(Po) 564.1 (2) 0.0015 (3) 0.0015 (3)
γ14,4(Po) 576.6 (10) 0.00009 (5) 0.00009 (5)
γ5,0(Po) 608.30 (7) 0.0044 (10) (M1+E2) 0.0044 (10)
γ11,1(Po) 619.9 (3) 0.00033 (11) 0.00033 (11)
γ−1,1(Po) 665.5 (10) 0.00009 (5) 0.00009 (5)
γ13,3(Po) 671.9 (4) 0.00022 (11) M1+E2 0.00022 (11)
γ6,0(Po) 676.66 (7) 0.018 (2) 0.018 (2)
γ7,0(Po) 708.1 (5) 0.00033 (11) 0.00033 (11)
γ8,0(Po) 732.7 (4) 0.00007 (4) 0.00007 (4)
γ13,1(Po) 802.5 (4) 0.00033 (11) M1+E2 0.00033 (11)
γ9,0(Po) 835.32 (22) 0.0017 (3) 0.0017 (3)
γ10,0(Po) 877.2 (6) 0.00033 (11) 0.00033 (11)

Surrey Univ. /A.L. Nichols



137

Rn− 219

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ11,0(Po) 891.1 (3) 0.0009 (2) 0.0009 (2)
γ13,0(Po) 1073.7 (4) 0.00033 (11) E2 0.00641 (9) 0.00033 (11)
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S.Raman, C.W.Nestor Jr., A.Ichihara, M.B.Trzhaskovskaya, Phys. Rev. C66 (2002) 044312

(Theoretical ICC)
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Rn− 220

1 Half-life, Q-value and Decay mode

T1/2 : 55.8 (3) s

Qα : 6404.67 (10) keV
α : 100 %

2 α Emissions

Energy Probability
keV × 100

α0,1 5748.46 (11) 0.118 (15)
α0,0 6288.22 (10) 99.882 (15)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Po) 5.434 - 10.934 0.00140 (11)

eAK (Po) 0.000074 (13)
KLL 58.978 - 65.205 }
KLX 71.902 - 79.289 }
KXY 84.8 - 93.1 }

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Po) 9.658 — 16.213 0.00094 (8)

XKα2 (Po) 76.864 0.00059 (8) } Kα
XKα1 (Po) 79.293 0.00099 (13) }

XKβ3 (Po) 89.256 }
XKβ1 (Po) 89.807 } 0.00034 (5) Kβ

′
1

XKβ
′′
5 (Po) 90.363 }

XKβ2 (Po) 92.263 }
XKβ4 (Po) 92.618 } 0.000106 (15) Kβ

′
2

XKO2,3 (Po) 92.983 }
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Rn− 220

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Po) 549.76 (4) 0.118 (15) E2 0.0257 (4) 0.115 (15)
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Rn− 222

1 Half-life, Q-value and Decay mode

T1/2 : 3.8232 (8) d

Qα : 5590.3 (3) keV
α : 100 %

2 α Emissions

Energy Probability
keV × 100

α0,2 4827 (4) ≈0.0005
α0,1 4987 (1) 0.078
α0,0 5489.48 (30) 99.92 (1)

3 Photon Emissions

3.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Po) 9.66 — 16.21 0.000766 (15)

XKα2 (Po) 76.864 0.000469 (10) } Kα
XKα1 (Po) 79.293 0.000781 (16) }

XKβ3 (Po) 89.256 }
XKβ1 (Po) 89.807 } 0.000269 (7) Kβ

′
1

XKβ
′′
5 (Po) 90.363 }

XKβ2 (Po) 92.263 }
XKβ4 (Po) 92.618 } 0.0000837 (25) Kβ

′
2

XKO2,3 (Po) 92.983 }

3.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Po) 510 (2) 0.078 [E2] 0.0306 (6) 0.076
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142

Rn− 222

P.C.Marin, Brit. J. Appl. Phys. 7 (1956) 188

(Half-life)

J.Robert, J. Phys. Radium 17 (1956) 605

(Half-life)

N.S.Shimanskaya, Instr. Exptl. Techniques 2 (1958) 283

(Half-life)

R.J.Walen, G.Bastin, Compt. Rend. Cong. Phys. Nucl., Paris (1959) 910

(Alpha energy and probability)

B.Grennberg, A.Rytz, Metrologia 7 (1971) 65

(Alpha energy)

D.K.Butt, A.R.Wilson, J. Phys. (London) A5 (1972) 1248

(Half-life)

A.Rytz, At. Data Nucl. Data Tables 23 (1979) 507

(Alpha energy and probabilties)

Y.A.Ellis-Akovali, Nucl. Data Sheets 52 (1987) 789

(Spin and parity)

N.E.Holden, Pure Appl. Chem. 62 (1990) 941

(Half-life)

A.Rytz, At. Data Nucl. Data Tables 47 (1991) 205

(Alpha energy and probabilities)
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Fr − 221

1 Half-life, Q-value and Decay mode

T1/2 : 4.79 (2) min

Qβ− : 314 (6) keV
Qα : 6457.8 (14) keV
α : 99.9952 (15) %
β− : 0.0048 (15) %

2 α Emissions

Energy Probability
keV × 100

α0,14 5500 (40) 0.000038 (10)
α0,13 5530 (25) 0.00010 (2)
α0,12 5689 (3) 0.0025 (5)
α0,11 5697 (4) 0.0003
α0,10 5776 (3) 0.064 (4)
α0,9 5783 (4) 0.0031 (6)
α0,8 5813 (3) 0.006 (1)
α0,7 5925 (3) 0.0285 (24)
α0,6 5938.9 (20) 0.128 (3)
α0,5 5965.9 (25) 0.064 (16)
α0,4 5979.9 (20) 0.39 (7)
α0,3 6075.9 (20) 0.15 (3)
α0,2 6126.3 (15) 15.1 (2)
α0,1 6243 (2) 1.34 (7)
α0,0 6341.0 (13) 82.8 (2)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (At) 5.6 - 17.4 3.05 (10)

eAK (At) 0.114 (6)
KLL 60.489 - 67.031 }
KLX 73.811 - 81.516 }
KXY 87.10 - 95.72 }

ec1,0 K (At) 4.53 (2) 1.51 (13)
ec2,1 K (At) 22.10 (3) 0.13 (10)
ec3,2 L (At) 36.33 - 39.60 0.156 (27)
ec3,2 M (At) 49.50 - 51.03 0.037 (6)
ec4,2 K (At) 54.49 (3) 0.138 (8)
ec3,1 K (At) 76.11 (3) 0.0156 (21)
ec4,3 L (At) 78.8 - 82.1 0.029 (18)
ec1,0 L (At) 82.77 - 86.04 0.274 (23)
ec1,0 M (At) 95.94 - 97.47 0.065 (5)
ec2,1 L (At) 100.34 - 103.61 0.024 (18)
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Fr − 221

Energy Electrons
keV per 100 disint.

ec2,0 K (At) 122.40 (2) 1.570 (31)
ec4,2 L (At) 132.73 - 136.00 0.0247 (14)
ec3,1 L (At) 154.35 - 157.62 0.0325 (43)
ec2,0 L (At) 200.64 - 203.91 1.943 (37)
ec2,0 M (At) 213.81 - 215.34 0.515 (10)
ec10,2 K (At) 264.14 (4) 0.01047 (44)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (At) 9.8964 — 16.7291 2.18 (7)

XKα2 (At) 78.94 0.96 (5) } Kα
XKα1 (At) 81.51 1.59 (9) }

XKβ3 (At) 91.73 }
XKβ1 (At) 92.315 } 0.55 (6) Kβ

′
1

XKβ
′′
5 (At) 92.883 }

XKβ2 (At) 94.846 }
XKβ4 (At) 95.211 } 0.18 (2) Kβ

′
2

XKO2,3 (At) 95.595 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ3,2(At) 53.81 (3) 0.220 (38) M1 14.17 (20) 0.0145 (25)
γ4,3(At) 96.3 (3) 0.046 (26) M1+E2 5.6 (24) 0.007 (3)
γ1,0(At) 100.25 (2) 2.02 (17) M1 11.97 (17) 0.156 (13)
γ2,1(At) 117.82 (3) 0.19 (14) M1 7.58 (11) 0.022 (16)
γ4,2(At) 150.21 (3) 0.216 (12) M1 3.80 (5) 0.0449 (25)
γ3,1(At) 171.83 (3) 0.129 (17) E2 0.863 (12) 0.069 (9)
γ10,4(At) 208.3 (6) 0.0073 (14) [E2] 0.430 (8) 0.0051 (10)
γ2,0(At) 218.12 (2) 15.61 (21) E2 0.367 (5) 11.42 (15)
γ5,1(At) 282.12 (9) 0.0097 (20) [M1,E2] 0.41 (25) 0.0069 (7)
γ7,1(At) 324.10 (6) 0.0252 (17) M1 0.446 (6) 0.0174 (12)
γ10,2(At) 359.86 (4) 0.0514 (20) M1 0.335 (5) 0.0385 (15)
γ5,0(At) 382.34 (4) 0.0437 (18) M1 0.284 (4) 0.0340 (14)
γ6,0(At) 410.64 (5) 0.1270 (26) E2 0.0548 (8) 0.1204 (25)
γ8,1(At) 437.00 (5) 0.0010 (1) 0.0010 (1)
γ12,2(At) 446.30 (8) 0.0017 (4) E1+M2 0.0017 (4)
γ9,1(At) 468.3 (7) 0.0018 (3) 0.0018 (3)
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Fr − 221

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ8,0(At) 537.8 (8) 0.0045 (8) 0.0045 (8)
γ12,1(At) 562.3 (12) 0.005 (5) 0.005 (5)
γ9,0(At) 568.5 (3) 0.0012 (4) 0.0012 (4)
γ10,0(At) 576.9 (4) 0.0033 (7) [M1] 0.0948 (13) 0.0030 (6)
γ11,0(At) 652 (2) 0.0004 (4) 0.0004 (4)
γ12,0(At) 665 (2) 0.0009 (9) 0.0009 (9)
γ13,0(At) 809.3 (2) 0.00010 (2) 0.00010 (2)
γ14,0(At) 891.9 (3) 0.000038 (10) 0.000038 (10)
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Fr − 223

1 Half-life, Q-value and Decay mode

T1/2 : 22.00 (7) min

Qα : 5562 (3) keV
Qβ− : 1149.2 (9) keV
β− : 99.980 (4) %
α : 0.020 (4) %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−
0,32 120.3 (10) 0.0012 (3) Super-allowed or allowed 7.3

β−
0,31 124.6 (10) 0.0004 (1) 1st forbidden 7.82

β−
0,30 129.9 (10) 0.00046 (12) 1st forbidden 7.82

β−
0,29 191.5 (9) 0.020 (4) nth forbidden unique 6.7

β−
0,28 205.9 (9) 0.0082 (18) nth forbidden unique 7.19

β−
0,27 208.4 (9) 0.0051 (12) 7.41

β−
0,26 222.6 (9) 0.106 (22) nth forbidden unique 6.18

β−
0,25 243.3 (10) 0.0011 (4) 1st forbidden 8.29

β−
0,24 281.9 (9) 0.025 (5) nth forbidden unique 7.14

β−
0,23 302.8 (9) 0.088 (18) 1st forbidden 6.69

β−
0,22 306.9 (9) 0.035 (7) nth forbidden unique 7.11

β−
0,21 323.3 (9) 0.54 (10) 5.99

β−
0,20 326.0 (9) 0.014 (3) nth forbidden unique 7.59

β−
0,19 343.8 (9) 0.0040 (8) nth forbidden unique 8.21

β−
0,18 345.4 (9) 0.14 (3) nth forbidden unique 6.67

β−
0,17 362.1 (9) 0.019 (4) 1st forbidden 7.6

β−
0,16 366.7 (10) 0.00111 (22) nth forbidden unique 8.85

β−
0,15 555.3 (9) 0.013 (3) 1st forbidden 8.38

β−
0,14 773.1 (10) 0.0046 (12) 9.31

β−
0,13 779.9 (9) 1.8 (4) 6.73

β−
0,11 806.7 (9) 0.037 (8) 1st forbidden 8.47

β−
0,10 814.9 (9) 0.042 (9) 1st forbidden 8.43

β−
0,9 819.4 (9) 0.049 (10) Super-allowed or allowed 8.37

β−
0,8 863.1 (9) 0.032 (9) 1st forbidden 8.64

β−
0,7 869.0 (9) 0.004 (4) 9.5

β−
0,6 914.5 (9) 9.1 (17) 6.27

β−
0,5 1025.5 (9) 0.24 (6) 8.02

β−
0,4 1069.6 (9) 15 (3) 6.29

β−
0,3 1087.8 (9) 0.27 (19) 8.1

β−
0,2 1099.1 (9) 67 (13) Super-allowed or allowed 5.68

β−
0,1 1119.3 (9) 6 (6) 6.8

β−
0,0 1149.2 (9) 1 1st forbidden 7.6
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Fr − 223

3 α Emissions

Energy Probability
keV × 100

α0,4 5172 (5) 0.0009 (5)
α0,3 5291 (4) 0.0060 (26)
α0,2 5314 (4) 0.0053 (23)
α0,1 5403 (3) 0.0044 (20)
α0,0 5462 (3) 0.0033 (15)

4 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Ra) 5.71 - 12.04 29 (4)

eAK (Ra) 0.159 (21)
KLL 65.149 - 72.729 }
KLX 79.721 - 88.466 }
KXY 94.27 - 103.91 }

eAL (At) 5.6 - 17.4 0.0076 (18)

eAK (At) 0.000065 (20)
KLL 60.489 - 67.031 }
KLX 73.811 - 81.516 }
KXY 87.10 - 95.72 }

ec2,1 L (Ra) 1.04 - 4.83 8.1 (17)
ec1,0 L (Ra) 10.55 - 14.34 20 (6)
ec3,1 L (Ra) 12.46 - 16.25 0.26 (8)
ec2,1 M (Ra) 15.45 - 17.16 2.10 (45)
ec5,4 L (Ra) 24.768 - 28.556 0.131 (12)
ec1,0 M (Ra) 24.96 - 26.68 5.0 (14)
ec3,1 M (Ra) 26.87 - 28.58 0.068 (20)
ec4,1 L (Ra) 30.6 - 34.4 1.34 (32)
ec13,6 K (Ra) 30.68 (2) 0.092 (18)
ec2,0 L (Ra) 30.9 - 34.7 17.4 (37)
ec5,4 M (Ra) 39.178 - 40.895 0.0344 (32)
ec3,0 L (Ra) 42.20 - 45.99 0.25 (5)
ec4,1 M (Ra) 45.0 - 46.7 0.33 (8)
ec2,0 M (Ra) 45.3 - 47.0 4.3 (9)
ec5,2 L (Ra) 54.3 - 58.1 0.039 (27)
ec3,0 M (Ra) 56.61 - 58.32 0.068 (14)
ec4,0 L (Ra) 60.42 - 64.21 1.38 (28)
ec5,2 M (Ra) 68.7 - 70.4 0.011 (7)
ec6,3 K (Ra) 69.43 (5) 0.16 (14)
ec4,0 M (Ra) 74.83 - 76.54 0.33 (7)
ec6,2 K (Ra) 80.74 (5) 0.0191 (43)
ec6,1 K (Ra) 100.93 (5) 1.47 (28)
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Energy Electrons Energy
keV per 100 disint. keV

ec7,3 K (Ra) 114.88 (5) 0.0118 (23)
ec13,6 L (Ra) 115.4 - 119.2 0.0192 (38)
ec6,0 K (Ra) 130.78 (5) 3.0 (6)
ec7,1 K (Ra) 146.33 (5) 0.01506 (22)
ec6,3 L (Ra) 154.12 - 157.91 0.061 (13)
ec6,3 M (Ra) 168.53 - 170.24 0.0156 (38)
ec6,1 L (Ra) 185.62 - 189.41 0.28 (5)
ec6,1 M (Ra) 200.03 - 201.74 0.066 (12)
ec13,2 K (Ra) 215.33 (5) 0.215 (42)
ec6,0 L (Ra) 215.5 - 219.3 0.56 (10)
ec6,0 M (Ra) 229.9 - 231.6 0.134 (25)
ec13,2 L (Ra) 300.02 - 303.81 0.040 (8)

β−
0,32 max: 120.3 (10) 0.0012 (3) avg: 31.5 (3)

β−
0,31 max: 124.6 (10) 0.0004 (1) avg: 32.7 (3)

β−
0,30 max: 129.9 (10) 0.00046 (12) avg: 34.1 (3)

β−
0,29 max: 191.5 (9) 0.020 (4) avg: 51.5 (3)

β−
0,28 max: 205.9 (9) 0.0082 (18) avg: 55.6 (3)

β−
0,27 max: 208.4 (9) 0.0051 (12) avg: 56.3 (3)

β−
0,26 max: 222.6 (9) 0.106 (22) avg: 60.5 (3)

β−
0,25 max: 243.3 (10) 0.0011 (4) avg: 66.6 (3)

β−
0,24 max: 281.9 (9) 0.025 (5) avg: 78.1 (3)

β−
0,23 max: 302.8 (9) 0.088 (18) avg: 84.4 (3)

β−
0,22 max: 306.9 (9) 0.035 (7) avg: 85.7 (3)

β−
0,21 max: 323.3 (9) 0.54 (10) avg: 90.7 (3)

β−
0,20 max: 326.0 (9) 0.014 (3) avg: 91.5 (3)

β−
0,19 max: 343.8 (9) 0.0040 (8) avg: 97.0 (3)

β−
0,18 max: 345.4 (9) 0.14 (3) avg: 97.5 (3)

β−
0,17 max: 362.1 (9) 0.019 (4) avg: 102.7 (3)

β−
0,16 max: 366.7 (10) 0.00111 (22) avg: 104.1 (3)

β−
0,15 max: 555.3 (9) 0.013 (3) avg: 165.6 (4)

β−
0,14 max: 773.1 (10) 0.0046 (12) avg: 241.3 (4)

β−
0,13 max: 779.9 (9) 1.8 (4) avg: 243.7 (4)

β−
0,11 max: 806.7 (9) 0.037 (8) avg: 253.3 (4)

β−
0,10 max: 814.9 (9) 0.042 (9) avg: 256.3 (4)

β−
0,9 max: 819.4 (9) 0.049 (10) avg: 257.9 (4)

β−
0,8 max: 863.1 (9) 0.032 (9) avg: 273.8 (4)

β−
0,7 max: 869.0 (9) 0.004 (4) avg: 275.9 (4)

β−
0,6 max: 914.5 (9) 9.1 (17) avg: 292.6 (4)

β−
0,5 max: 1025.5 (9) 0.24 (6) avg: 333.9 (4)

β−
0,4 max: 1069.6 (9) 15 (3) avg: 350.5 (4)

β−
0,3 max: 1087.8 (9) 0.27 (19) avg: 357.4 (4)

β−
0,2 max: 1099.1 (9) 67 (13) avg: 361.7 (4)

β−
0,1 max: 1119.3 (9) 6 (6) avg: 369.4 (4)

β−
0,0 max: 1149.2 (9) 1 avg: 380.8 (4)
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5 Photon Emissions

5.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Ra) 10.6241 — 18.3539 24 (3)

XKα2 (Ra) 85.43 1.44 (19) } Kα
XKα1 (Ra) 88.47 2.3 (3) }

XKβ3 (Ra) 99.432 }
XKβ1 (Ra) 100.13 } 0.83 (11) Kβ

′
1

XKβ
′′
5 (Ra) 100.738 }

XKβ2 (Ra) 102.89 }
XKβ4 (Ra) 103.295 } 0.27 (4) Kβ

′
2

XKO2,3 (Ra) 103.74 }

XL (At) 9.8964 — 16.7291 0.0054 (13)

XKα2 (At) 78.94 0.00056 (15) } Kα
XKα1 (At) 81.51 0.00092 (25) }

XKβ3 (At) 91.73 }
XKβ1 (At) 92.315 } 0.00031 (11) Kβ

′
1

XKβ
′′
5 (At) 92.883 }

XKβ2 (At) 94.846 }
XKβ4 (At) 95.211 } 0.00011 (6) Kβ

′
2

XKO2,3 (At) 95.595 }

5.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ2,1(Ra) 20.27 (5) 12.3 (26) [E1] 7.76 (22) 1.4 (3)
γ1,0(Ra) 29.78 (4) 26 (7) M1+8.26%E2 370 (50) 0.070 (17)
γ3,1(Ra) 31.69 (5) 0.35 M1+7.27%E2 260 (80) 0.00135
γ9,8(Ra) 43.5 (2) 0.0044 E1 1.015 (19) 0.0022
γ5,4(Ra) 44.0 (1) 0.178 M1+21.3%E2 131 (12) 0.00135
γ4,1(Ra) 49.80 (5) 4.3 (10) E1 0.708 (10) 2.5 (6)
γ2,0(Ra) 50.10 (2) 56 (12) E1 0.696 (10) 33 (7)
γ1,0(At) 58.9 (2) 0.0095 (36) M1 10.87 (19) 0.0008 (3)
γ3,0(Ra) 61.43 (5) 0.34 (7) E2 96.5 (14) 0.0035 (7)
γ5,3(Ra) 62.31 (6) 0.022 (10) E1 0.389 (6) 0.016 (7)
γ5,2(Ra) 73.5 (1) 0.054 (38) E2 40.8 (6) 0.0013 (9)
γ4,0(Ra) 79.65 (2) 10.8 (22) E1 0.202 (3) 9.0 (18)
γ13,7(Ra) 89.08 (10) 0.054 (11) 0.054 (11)
γ5,1(Ra) 93.88 (5) 0.067 (16) E1 0.1305 (18) 0.059 (14)
γ6,5(Ra) 111.05 (3) 0.0049 (14) 0.0049 (14)
γ13,6(Ra) 134.60 (2) 0.62 (12) [E1] 0.234 (3) 0.5 (1)

CNDC /Huang Xiaolong, Wang Baosong



151

Fr − 223

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ4,2(At) 145.3 (3) 0.00078 (47) M1+(E2) 2.9 (13) 0.0002 (1)
γ2,0(At) 150.9 (2) 0.0135 (12) E2 1.417 (21) 0.0056 (5)
γ6,4(Ra) 155.5 (5) 0.0027 0.0027
γ6,3(Ra) 173.35 (5) 0.36 (15) M1,E2 2.1 (12) 0.115 (22)
γ6,2(Ra) 184.65 (5) 0.24 (6) E1 0.1092 (15) 0.22 (5)
γ7,4(Ra) 200.7 (2) 0.0027 (10) 0.0027 (10)
γ6,1(Ra) 204.85 (5) 2.8 (5) M1+1.42%E2 2.02 (5) 0.92 (18)
γ9,5(Ra) 205.6 (2) 0.0090 (17) E2 0.530 (8) 0.0059 (11)
γ10,5(Ra) 210.60 (5) 0.0105 (21) E1 0.0798 (11) 0.0097 (19)
γ7,3(Ra) 218.80 (5) 0.0232 (46) M1 1.701 (24) 0.0086 (17)
γ6,0(Ra) 234.70 (5) 6.5 (12) M1(+0.5%E2) 1.393 (16) 2.7 (5)
γ8,2(Ra) 236.05 (5) 0.029 (8) E1 0.0610 (9) 0.027 (8)
γ13,5(Ra) 245.60 (5) 0.019 (4) 0.019 (4)
γ9,4(Ra) 250.25 (5) 0.0043 M1+81.5%E2 0.44 (7) 0.003
γ7,1(Ra) 250.25 (5) 0.035 M1 1.170 (16) 0.016
γ10,4(Ra) 254.6 (2) 0.0060 (13) E1 0.0512 (7) 0.0057 (12)
γ8,1(Ra) 256.18 (5) 0.025 (5) E2 0.250 (4) 0.020 (4)
γ11,4(Ra) 262.9 (2) 0.0037 (12) E1 0.0475 (7) 0.0035 (11)
γ10,3(Ra) 272.8 (2) 0.0064 (23) M1+E2 0.6 (4) 0.004 (1)
γ7,0(Ra) 280.7 (5) 0.0003 0.0003
γ11,3(Ra) 280.7 (5) 0.0003 0.0003
γ8,0(Ra) 286.0 (2) 0.0069 (24) M1+E2 0.5 (4) 0.0046 (10)
γ13,4(Ra) 289.67 (5) 0.21 0.21
γ14,4(Ra) 296.5 (2) 0.0022 (7) M1+1.66%E2 0.723 (9) 0.0013 (4)
γ9,1(Ra) 299.95 (5) 0.0207 (41) E1 0.0352 (5) 0.020 (4)
γ10,1(Ra) 304.40 (5) 0.0142 (28) M1+6.3%E2(+E0) 0.647 (14) 0.0086 (17)
γ15,8(Ra) 307.93 (5) 0.012 (3) 0.012 (3)
γ13,3(Ra) 307.93 (5) 0.0013 (13) 0.0013 (13)
γ11,1(Ra) 312.65 (5) 0.026 (6) M1+2.5%E2 0.621 (10) 0.016 (4)
γ14,3(Ra) 314.6 (2) 0.0023 (7) E1 0.0316 (5) 0.0022 (7)
γ13,2(Ra) 319.25 (5) 0.73 (14) M1+3.14%E2 0.583 (10) 0.46 (9)
γ9,0(Ra) 329.80 (5) 0.025 (5) (E1) 0.0285 (4) 0.024 (5)
γ10,0(Ra) 334.30 (6) 0.0119 (24) M1+27.12%E2 0.414 (13) 0.0084 (17)
γ13,1(Ra) 339.50 (5) 0.062 (13) 0.062 (13)
γ11,0(Ra) 342.50 (7) 0.0145 (30) M1+62.5%E2 0.250 (5) 0.0116 (24)
γ12,0(Ra) 350.5 (2) 0.0028 (15) E1 0.0249 (4) 0.0027 (15)
γ13,0(Ra) 369.32 (5) 0.089 (18) 0.089 (18)
γ18,13(Ra) 434.4 (1) 0.0022 (7) 0.0022 (7)
γ16,11(Ra) 439.6 (3) 0.00030 (8) 0.00030 (8)
γ17,11(Ra) 444.5 (3) 0.0011 (4) 0.0011 (4)
γ16,9(Ra) 452.9 (2) 0.0008 0.0008
γ17,10(Ra) 452.9 (2) 0.0008 0.0008
γ17,9(Ra) 457.5 (2) 0.0008 0.0008
γ18,10(Ra) 469.3 (2) 0.001 0.001
γ15,5(Ra) 469.3 (2) 0.001 0.001
γ19,9(Ra) 475.4 (1) 0.0027 0.0027
γ21,12(Ra) 475.4 (1) 0.003 0.003
γ20,11(Ra) 480.9 (3) 0.0013 (4) 0.0013 (4)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ20,9(Ra) 493.4 (2) 0.0024 (7) 0.0024 (7)
γ17,7(Ra) 506.9 (2) 0.0022 (7) 0.0022 (7)
γ23,9(Ra) 516.7 (2) 0.0032 (8) 0.0032 (8)
γ24,11(Ra) 524.8 (2) 0.0043 (12) 0.0043 (12)
γ24,10(Ra) 533.1 (3) 0.0019 (7) 0.0019 (7)
γ20,8(Ra) 537.2 (2) 0.0032 0.0032
γ24,9(Ra) 537.2 (2) 0.0019 0.0019
γ21,8(Ra) 539.8 (2) 0.0059 (18) 0.0059 (18)
γ21,7(Ra) 545.4 (4) 0.00030 (8) 0.00030 (8)
γ17,6(Ra) 552.3 (2) 0.0027 (8) 0.0027 (8)
γ22,8(Ra) 556.3 (3) 0.0011 (4) 0.0011 (4)
γ18,6(Ra) 569.03 (8) 0.049 (11) 0.049 (11)
γ25,9(Ra) 576.1 (4) 0.0011 (4) 0.0011 (4)
γ24,8(Ra) 581.3 (4) 0.0013 (4) 0.0013 (4)
γ26,10(Ra) 592.3 (2) 0.0032 (10) 0.0032 (10)
γ26,9(Ra) 596.9 (4) 0.0008 (3) 0.0008 (3)
γ28,11(Ra) 600.7 (4) 0.00054 (14) 0.00054 (14)
γ22,6(Ra) 607.6 (3) 0.0022 (7) 0.0022 (7)
γ28,9(Ra) 613.6 (4) 0.0011 (4) 0.0011 (4)
γ24,6(Ra) 632.7 (3) 0.0022 (7) 0.0022 (7)
γ17,5(Ra) 663.7 (3) 0.0011 (4) 0.0011 (4)
γ29,8(Ra) 671.9 (4) 0.00054 (14) 0.00054 (14)
γ17,4(Ra) 708.3 (3) 0.0013 (4) 0.0013 (4)
γ23,5(Ra) 722.65 (5) 0.038 (9) 0.038 (9)
γ18,4(Ra) 724.15 (5) 0.014 (4) 0.014 (4)
γ17,2(Ra) 737.4 (3) 0.0009 (3) 0.0009 (3)
γ18,3(Ra) 742.4 (3) 0.0011 (4) 0.0011 (4)
γ21,4(Ra) 746.30 (5) 0.020 (5) 0.020 (5)
γ18,2(Ra) 753.65 (5) 0.0094 (22) 0.0094 (22)
γ17,1(Ra) 757.20 (5) 0.0076 (20) 0.0076 (20)
γ22,4(Ra) 762.6 (2) 0.0024 (7) 0.0024 (7)
γ23,4(Ra) 766.64 (5) 0.022 (5) 0.022 (5)
γ21,2(Ra) 775.83 (5) 0.45 (9) 0.45 (9)
γ22,3(Ra) 780.8 (1) 0.003 (1) 0.003 (1)
γ23,3(Ra) 784.93 (5) 0.0086 (21) 0.0086 (21)
γ24,4(Ra) 787.6 (2) 0.0024 (7) 0.0024 (7)
γ17,0(Ra) 787.6 (2) 0.0003 (3) 0.0003 (3)
γ22,2(Ra) 792.2 (3) 0.00054 (14) 0.00054 (14)
γ23,2(Ra) 796.22 (5) 0.0108 (25) 0.0108 (25)
γ18,0(Ra) 803.77 (5) 0.059 (14) 0.059 (14)
γ19,0(Ra) 806.0 (2) 0.0013 (4) 0.0013 (4)
γ22,1(Ra) 812.40 (6) 0.021 (5) 0.021 (5)
γ27,5(Ra) 816.5 (2) 0.0013 (4) 0.0013 (4)
γ20,0(Ra) 823.20 (7) 0.0070 (16) 0.0070 (16)
γ21,0(Ra) 825.95 (7) 0.054 (13) 0.054 (13)
γ29,5(Ra) 833.9 (2) 0.0013 (4) 0.0013 (4)
γ24,1(Ra) 837.5 (1) 0.0097 (21) 0.0097 (21)
γ22,0(Ra) 842.2 (1) 0.0049 (11) 0.0049 (11)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ26,4(Ra) 846.85 (10) 0.049 (13) 0.049 (13)
γ23,0(Ra) 846.85 (10) 0.005 (3) 0.005 (3)
γ28,4(Ra) 863.6 (1) 0.0038 (9) 0.0038 (9)
γ24,0(Ra) 867.4 (1) 0.0016 (4) 0.0016 (4)
γ26,2(Ra) 876.5 (1) 0.038 (9) 0.038 (9)
γ29,4(Ra) 878.1 (2) 0.0032 (8) 0.0032 (8)
γ28,2(Ra) 893.1 (2) 0.0024 (7) 0.0024 (7)
γ26,1(Ra) 896.7 (2) 0.013 (3) 0.013 (3)
γ29,2(Ra) 907.6 (2) 0.014 (3) 0.014 (3)
γ27,1(Ra) 911.3 (3) 0.0008 (3) 0.0008 (3)
γ28,1(Ra) 913.6 (3) 0.00041 (14) 0.00041 (14)
γ26,0(Ra) 926.5 (3) 0.0016 (4) 0.0016 (4)
γ27,0(Ra) 941.2 (3) 0.0030 (8) 0.0030 (8)
γ32,4(Ra) 949.3 (4) 0.00032 (8) 0.00032 (8)
γ29,0(Ra) 958.0 (7) 0.00035 (8) 0.00035 (8)
γ30,2(Ra) 969.2 (4) 0.00032 (8) 0.00032 (8)
γ31,2(Ra) 975.2 (5) 0.00016 (5) 0.00016 (5)
γ32,2(Ra) 978.7 (4) 0.00067 (12) 0.00067 (12)
γ30,1(Ra) 989.4 (5) 0.00014 (3) 0.00014 (3)
γ31,1(Ra) 994.3 (3) 0.00011 (3) 0.00011 (3)
γ32,1(Ra) 999.3 (5) 0.00019 (4) 0.00019 (4)
γ31,0(Ra) 1025.1 (5) 0.00014 (3) 0.00014 (3)
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1 Half-life, Q-value and Decay mode

T1/2 : 11.43 (3) d

Qα : 5978.99 (21) keV
α : 100 %

2 α Emissions

Energy Probability
keV × 100

α0,30 5014.3 ∼0.00044
α0,29 5026.1 ∼0.00063
α0,28 5035.9 ∼0.0004
α0,27 5056.5 ∼0.0002
α0,26 5086 ∼0.0003
α0,25 5112.5 ∼0.0006
α0,24 5137.1 ∼0.0017
α0,23 5151.98 (23) 0.021
α0,22 5173.10 (23) 0.026
α0,21 5211.1 (5) 0.0053
α0,20 5237.12 (23) 0.041
α0,19 5259.14 (21) 0.042
α0,18 5283.65 (21) 0.093
α0,17 5288.19 (23) 0.16 (4)
α0,16 5339.37 (21) 0.13
α0,14 5366.37 (23) 0.13
α0,12 5432.83 (21) 0.50 (8)
α0,11 5434.60 (21) 1.60 (24)
α0,10 5481.7 (5) 0.008
α0,8 5502.12 (21) 0.74 (25)
α0,6 5539.43 (21) 10.6 (10)
α0,5 5606.99 (21) 25.8 (11)
α0,4 5715.84 (21) 49.6 (12)
α0,3 5747.14 (21) 10.0 (3)
α0,2 5857.52 (21) 0.32 (4)
α0,0 5871.63 (21) 1.0 (2)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Rn) 5.66 - 17.95 30.1 (4)

eAK (Rn) 1.73 (21)
KLL 62.017 - 68.885 }
KLX 75.744 - 83.785 }
KXY 89.45 - 98.39 }

ec17,13 K (Rn) 4.8 (2) 0.03 (3)
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Energy Electrons
keV per 100 disint.

ec2,1 M (Rn) 5.4 - 7.0 11.8 (16)
ec12,7 K (Rn) 5.64 (4) 0.1 (1)
ec11,6 K (Rn) 8.38 (3) 0.204 (13)
ec2,1 N (Rn) 8.8 - 9.7 3.05 (41)
ec2,0 M (Rn) 9.90 - 11.49 7.6 (6)
ec5,4 K (Rn) 12.46 (1) 0.0211 (15)
ec2,0 N (Rn) 13.28 - 14.15 1.96 (15)
ec4,3 L (Rn) 13.82 - 17.26 0.156 (31)
ec3,1 K (Rn) 23.92 (1) 7.28 (16)
ec4,3 M (Rn) 27.40 - 28.99 0.042 (8)
ec4,3 N (Rn) 30.78 - 31.65 0.0108 (22)
ec4,2 K (Rn) 45.87 (2) 12.40 (36)
ec12,9 L (Rn) 51.5 - 54.9 0.039 (17)
ec4,1 K (Rn) 55.81 (1) 18.0 (5)
ec4,0 K (Rn) 60.24 (1) 1.98 (10)
ec6,4 K (Rn) 81.14 (6) 0.249 (25)
ec17,13 L (Rn) 85.2 - 88.6 0.021 (15)
ec12,7 L (Rn) 85.99 - 89.43 0.064 (32)
ec11,6 L (Rn) 88.73 - 92.17 0.0375 (23)
ec5,4 L (Rn) 92.808 - 96.250 0.214 (15)
ec12,7 M (Rn) 99.57 - 101.16 0.017 (10)
ec3,1 L (Rn) 104.271 - 107.710 1.373 (30)
ec5,4 M (Rn) 106.383 - 107.972 0.0577 (41)
ec5,4 N (Rn) 109.770 - 110.634 0.0150 (11)
ec3,1 M (Rn) 117.846 - 119.435 0.328 (7)
ec3,1 N (Rn) 121.230 - 122.097 0.0854 (19)
ec4,2 L (Rn) 126.22 - 129.66 2.30 (6)
ec4,1 L (Rn) 136.16 - 139.60 3.27 (9)
ec4,2 M (Rn) 139.80 - 141.39 0.547 (15)
ec4,0 L (Rn) 140.587 - 144.020 0.373 (12)
ec4,2 N (Rn) 143.18 - 144.05 0.143 (4)
ec4,1 M (Rn) 149.735 - 151.324 0.777 (21)
ec8,3 K (Rn) 151.09 (3) 0.019 (16)
ec4,1 N (Rn) 153.120 - 153.986 0.203 (5)
ec17,7 K (Rn) 153.2 (3) 0.022 (22)
ec4,0 M (Rn) 154.162 - 155.751 0.0891 (35)
ec4,0 N (Rn) 157.540 - 158.413 0.0232 (9)
ec6,4 L (Rn) 161.49 - 164.93 0.058 (5)
ec5,0 K (Rn) 171.07 (1) 9.06 (27)
ec6,4 M (Rn) 175.07 - 176.66 0.0142 (13)
ec6,2 K (Rn) 225.47 (1) 1.55 (7)
ec6,0 K (Rn) 239.88 (1) 0.992 (25)
ec5,0 L (Rn) 251.415 - 254.850 1.65 (4)
ec5,0 M (Rn) 264.990 - 266.579 0.391 (10)
ec5,0 N (Rn) 268.370 - 269.241 0.1019 (28)
ec8,1 K (Rn) 273.279 (15) 0.135 (4)
ec6,2 L (Rn) 305.823 - 309.260 0.281 (9)
ec6,2 M (Rn) 319.398 - 320.987 0.0666 (21)
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Energy Electrons
keV per 100 disint.

ec6,0 L (Rn) 320.234 - 323.670 0.177 (5)
ec6,2 N (Rn) 322.780 - 323.649 0.0174 (5)
ec6,0 M (Rn) 333.809 - 335.398 0.0420 (11)
ec6,0 N (Rn) 337.19 - 338.06 0.0109 (3)
ec11,0 K (Rn) 346.636 (12) 0.213 (7)
ec8,1 L (Rn) 353.628 - 357.070 0.0240 (6)
ec11,0 L (Rn) 426.985 - 430.420 0.0378 (13)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Rn) 10.1372 — 17.2578 22.1 (4)

XKα2 (Rn) 81.07 14.86 (23) } Kα
XKα1 (Rn) 83.78 24.5 (4) }

XKβ3 (Rn) 94.247 }
XKβ1 (Rn) 94.868 } 8.50 (18) Kβ

′
1

XKβ
′′
5 (Rn) 95.449 }

XKβ2 (Rn) 97.48 }
XKβ4 (Rn) 97.853 } 2.72 (7) Kβ

′
2

XKO2,3 (Rn) 98.357 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Rn) 4.47 (1) 54.9 (23) E2 860000 0.0000064
γ2,1(Rn) 9.90 (2) 15.7 (21) M1+E2 990 (40) 0.0158 (20)
γ2,0(Rn) 14.37 (1) 10.0 (8) M1+E2 539 (15) 0.0185 (13)
γ4,3(Rn) 31.87 (2) 0.21 (4) (E2) 2010 (30) 0.000105 (21)
γ12,9(Rn) 69.5 (1) 0.059 (25) M1 7.36 (11) 0.007 (3)
γ15,12(Rn) 70.9 (2) 0.0036 (11) 0.0036 (11)
γ11,7(Rn) 102.2 (2) 0.0008 (4) 0.0008 (4)
γ17,13(Rn) 103.2 (2) 0.064 (35) M1+E2 9.6 (24) 0.006 (3)
γ12,7(Rn) 104.04 (4) 0.20 (5) M1+E2 9.4 (24) 0.0194 (21)
γ11,6(Rn) 106.78 (3) 0.277 (17) (M1) 10.89 (16) 0.0233 (14)
γ12,6(Rn) 108.5 (2) 0.006 (3) 0.006 (3)
γ5,4(Rn) 110.856 (10) 0.369 (26) E2 5.36 (8) 0.058 (4)
γ13,8(Rn) 114.7 (2) 0.010 (4) 0.010 (4)
γ3,1(Rn) 122.319 (10) 10.32 (21) M1+E2 7.34 (11) 1.238 (19)
γ20,14(Rn) 131.6 (2) 0.006 (3) 0.006 (3)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ14,8(Rn) 138.3 (3) 0.0017 (7) 0.0017 (7)
γ4,2(Rn) 144.27 (2) 18.8 (5) M1+E2 4.59 (7) 3.36 (8)
γ17,12(Rn) 147.2 (3) 0.006 (3) 0.006 (3)
γ4,1(Rn) 154.208 (10) 28.2 (7) M1 3.83 (6) 5.84 (13)
γ4,0(Rn) 158.635 (10) 3.18 (11) M1+E2 3.46 (12) 0.713 (16)
γ16,8(Rn) 165.8 (2) 0.0054 (28) 0.0054 (28)
γ11,5(Rn) 175.65 (15) 0.017 (4) 0.017 (4)
γ12,5(Rn) 177.3 (1) 0.047 (4) 0.047 (4)
γ6,4(Rn) 179.54 (6) 0.480 (45) M1+E2 2.12 (7) 0.154 (14)
γ20,12(Rn) 199.3 (3) 0.0030 (14) 0.0030 (14)
γ18,9(Rn) 221.32 (24) 0.038 (6) E1 0.0675 (10) 0.036 (6)
γ19,8(Rn) 247.2 (5) 0.0097 (28) 0.0097 (28)
γ8,3(Rn) 249.49 (3) 0.061 (22) M1+E2 0.6 (4) 0.038 (10)
γ17,7(Rn) 251.6 (3) 0.088 (27) M1+E2 0.6 (4) 0.055 (10)
γ5,2(Rn) 255.2 (2) 0.048 (7) 0.048 (7)
γ17,6(Rn) 255.7 (3) 0.0055 (28) 0.0055 (28)
γ18,6(Rn) 260.4 (3) 0.0067 (28) 0.0067 (28)
γ5,0(Rn) 269.463 (10) 25.5 (6) M1+E2 0.789 (14) 14.23 (32)
γ10,3(Rn) 270.3 (4) 0.0007 (4) 0.0007 (4)
γ23,12(Rn) 286.0 (4) 0.0011 (6) 0.0011 (6)
γ12,4(Rn) 288.18 (3) 0.167 (5) E1 0.0364 (6) 0.161 (5)
γ6,2(Rn) 323.871 (10) 5.98 (14) M1+E2 0.473 (17) 4.06 (8)
γ7,2(Rn) 328.38 (3) 0.209 (10) (E1) 0.0271 (4) 0.203 (10)
γ6,1(Rn) 334.01 (6) 0.110 (7) (E2) 0.1007 (15) 0.100 (6)
γ6,0(Rn) 338.282 (10) 4.08 (9) M1 0.430 (6) 2.85 (6)
γ7,0(Rn) 342.78 (2) 0.232 (13) E1 0.0246 (4) 0.226 (13)
γ23,9(Rn) 355.5 (2) 0.0043 (14) 0.0043 (14)
γ14,4(Rn) 355.7 (2) 0.0028 (14) 0.0028 (14)
γ8,2(Rn) 361.89 (2) 0.028 (7) 0.028 (7)
γ9,2(Rn) 362.9 (2) 0.016 (7) 0.016 (7)
γ22,7(Rn) 368.56 (12) 0.009 (4) 0.009 (4)
γ8,1(Rn) 371.676 (15) 0.665 (15) M1 0.333 (5) 0.499 (11)
γ9,1(Rn) 372.86 (6) 0.052 E1 0.0205 (3) 0.051
γ8,0(Rn) 376.26 (2) 0.013 (4) 0.013 (4)
γ16,4(Rn) 383.35 (2) 0.007 (4) 0.007 (4)
γ14,3(Rn) 387.7 (2) 0.016 (6) 0.016 (6)
γ23,7(Rn) 390.1 (2) 0.0046 (21) 0.0046 (21)
γ11,2(Rn) 430.6 (3) 0.020 (6) 0.020 (6)
γ12,2(Rn) 432.45 (3) 0.0356 (29) 0.0356 (29)
γ11,0(Rn) 445.033 (12) 1.542 (48) M1 0.205 (3) 1.28 (4)
γ20,4(Rn) 487.5 (2) 0.011 (2) 0.011 (2)
γ−1,1(Rn) 490.8 (3) 0.0017 (7) 0.0017 (7)
γ14,2(Rn) 500.0 (4) 0.0014 (6) 0.0014 (6)
γ14,1(Rn) 510.0 (4) 0.0004 (3) 0.0004 (3)
γ−1,2(Rn) 523.2 (4) 0.0014 (6) 0.0014 (6)
γ16,2(Rn) 527.611 (13) 0.073 (4) 0.073 (4)
γ−1,3(Rn) 532.9 (4) 0.0014 (6) 0.0014 (6)
γ16,1(Rn) 537.6 (1) 0.0021 (7) 0.0021 (7)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ16,0(Rn) 541.99 (2) 0.0014 (6) 0.0014 (6)
γ21,3(Rn) 545.8 (5) 0.0011 (6) 0.0011 (6)
γ23,4(Rn) 574.1 (7) 0.0011 (6) 0.0011 (6)
γ17,2(Rn) 579.6 (3) 0.0014 (6) 0.0014 (6)
γ18,2(Rn) 584.3 (3) 0.0014 (6) 0.0014 (6)
γ17,0(Rn) 594.0 (3) 0.0014 (6) 0.0014 (6)
γ18,0(Rn) 598.721 (24) 0.092 (4) 0.092 (4)
γ19,2(Rn) 609.31 (4) 0.057 (3) 0.057 (3)
γ19,1(Rn) 619.1 (4) 0.0036 (11) 0.0036 (11)
γ19,0(Rn) 623.68 (4) 0.009 (4) 0.009 (4)
γ20,2(Rn) 631.7 (7) 0.0004 (3) 0.0004 (3)
γ20,1(Rn) 641.7 (4) 0.0017 (7) 0.0017 (7)
γ20,0(Rn) 646.1 (5) 0.0004 (4) 0.0004 (4)
γ22,2(Rn) 696.9 (7) 0.0007 (3) 0.0007 (3)
γ22,0(Rn) 711.3 (2) 0.0037 (10) 0.0037 (10)
γ23,2(Rn) 718.4 (4) 0.0014 (6) 0.0014 (6)
γ23,1(Rn) 728.4 (8) 0.00028 (14) 0.00028 (14)
γ23,0(Rn) 732.8 (6) 0.0006 (3) 0.0006 (3)
γ−1,25(Rn) 737.2 (8) 0.00028 (14) 0.00028 (14)
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1 Half-life, Q-value and Decay mode

T1/2 : 3.631 (2) d

Qα : 5788.85 (15) keV
α : 100 %
14C : 5 (1) ×10−9 %

2 α Emissions

Energy Probability
keV × 100

α0,4 5034.29 (18) 0.0030 (5)
α0,3 5051.56 (17) 0.0076 (10)
α0,2 5161.32 (18) 0.0072 (8)
α0,1 5448.80 (15) 5.25 (5)
α0,0 5685.48 (15) 94.73 (5)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Rn) 5.58 - 11.48 0.498 (16)

eAK (Rn) 0.0151 (19)
KLL 62.017 - 68.885 }
KLX 75.744 - 83.785 }
KXY 89.45 - 98.39 }

ec1,0 K (Rn) 142.590 (6) 0.46 (2)
ec1,0 L (Rn) 222.938 - 226.376 0.50 (3)
ec1,0 M (Rn) 236.513 - 238.102 0.134 (3)
ec1,0 N (Rn) 239.900 - 240.764 0.0347 (6)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Rn) 10.137 — 17.28 0.373 (16)

XKα2 (Rn) 81.07 0.130 (3) } Kα
XKα1 (Rn) 83.78 0.214 (4) }
XKβ3 (Rn) 94.247 }
XKβ1 (Rn) 94.868 } 0.0743 (18) Kβ

′
1

XKβ
′′
5 (Rn) 95.449 }

XKβ2 (Rn) 97.48 }
XKβ4 (Rn) 97.853 } 0.0238 (7) Kβ

′
2

XKO2,3 (Rn) 98.357 }
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4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Rn) 240.986 (6) 5.26 (5) E2 0.276 (4) 4.12 (4)
γ2,1(Rn) 292.7 (1) 0.0072 (8) E2 0.1487 (21) 0.0063 (7)
γ3,1(Rn) 404.45 (9) 0.0022 (5) E1 0.01717 (24) 0.0022 (5)
γ4,1(Rn) 422.04 (10) 0.0030 (5) [E1] 0.01567 (22) 0.0030 (5)
γ3,0(Rn) 645.44 (9) 0.0054 (9) E1 0.00663 (10) 0.0054 (9)
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T.Kibédi, T.W.Burrows, M.B.Trzhaskovskaya, P.M.Davidson, C.W.Nestor Jr., Nucl. Instrum. Methods
Phys. Res. A589 (2008) 202

(Theoretical ICC)

Surrey Univ. /A.L. Nichols



164

Ra− 224

Surrey Univ. /A.L. Nichols



165

Ra− 225

1 Half-life, Q-value and Decay mode

T1/2 : 14.82 (19) d

Qβ− : 356 (5) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−
0,3 200 (5) <0.01 2nd forbidden >10.1

β−
0,2 235 (5) <0.01 1st forbidden unique >9.9

β−
0,1 316 (5) 68.8 (20) Allowed 6.87

β−
0,0 356 (5) 31.2 (20) 1st forbidden 7.38

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Ac) 5.87 - 19.69 15.7 (7)

ec1,0 L (Ac) 20.24 - 24.22 29.2 (8)
ec1,0 M (Ac) 35.09 - 36.87 7.2 (12)
ec1,0 N (Ac) 38.82 - 39.78 1.86 (27)

β−
0,3 max: 200 (5) <0.01 avg: 54.0 (15)

β−
0,2 max: 235 (5) <0.01 avg: 70.5 (16)

β−
0,1 max: 316 (5) 68.8 (20) avg: 88.3 (16)

β−
0,0 max: 356 (5) 31.2 (20) avg: 100.7 (16)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Ac) 10.8701 — 18.9228 13.6 (6)

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Ac) 40.09 (5) 68.8 (17) E1 1.293 (19) 30.0 (7)
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1 Half-life, Q-value and Decay mode

T1/2 : 1600 (7) y

Qα : 4870.62 (25) keV
α : 100 %

2 α Emissions

Energy Probability
keV × 100

α0,4 4160 (2) 0.0002
α0,3 4191 (2) 0.0008
α0,2 4340 (1) 0.0066 (22)
α0,1 4601 (1) 5.95 (4)
α0,0 4784.34 (25) 94.038 (40)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

ec1,0 K (Rn) 87.814 (13) 0.675 (11)
ec1,0 L (Rn) 168.163 - 171.600 1.280 (18)
ec1,0 M (Rn) 181.738 - 183.327 0.342 (5)
ec1,0 N (Rn) 185.120 - 185.989 0.0892 (14)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Rn) 10.14 — 17.26 0.807 (14)

XKα2 (Rn) 81.07 0.192 (4) } Kα
XKα1 (Rn) 83.78 0.317 (6) }

XKβ3 (Rn) 94.247 }
XKβ1 (Rn) 94.868 } 0.1098 (25) Kβ

′
1

XKβ
′′
5 (Rn) 95.449 }

XKβ2 (Rn) 97.48 }
XKβ4 (Rn) 97.853 } 0.0351 (10) Kβ

′
2

XKO2,3 (Rn) 98.357 }
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Ra− 226

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Rn) 186.211 (13) 5.962 (48) E2 0.677 (10) 3.555 (19)
γ2,1(Rn) 262.27 (5) 0.0066 (22) [E2] 0.209 (4) 0.0055 (18)
γ3,1(Rn) 414.60 (5) 0.0003 [E1] 0.01628 (23) 0.0003
γ4,1(Rn) 449.37 (10) 0.0002 [E1] 0.01373 (20) 0.0002
γ3,0(Rn) 600.66 (5) 0.0005 [E1] 0.00762 (11) 0.0005
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Ra− 228

1 Half-life, Q-value and Decay mode

T1/2 : 5.75 (4) y

Qβ− : 45.8 (7) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−
0,4 12.7 (7) 30 (10) Allowed 5.11

β−
0,3 25.6 (7) 8.7 (9) 1st forbidden 6.2

β−
0,2 39.1 (7) 49 (10) Allowed 6.45

β−
0,1 39.5 (7) 12 (10) 1st forbidden 7.07

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Ac) 5.87 - 19.67 12 (5)

ec1,0 M (Ac) 1.28 - 3.06 9 (7)
ec1,0 N (Ac) 5.01 - 5.97 2.5 (21)
ec2,0 M (Ac) 1.67 - 3.45 67 (11)
ec2,0 N (Ac) 5.40 - 6.36 17.8 (28)
ec3,2 M (Ac) 8.52 - 10.30 7.17 (46)
ec3,2 N (Ac) 12.25 - 13.21 1.82 (12)
ec4,2 L (Ac) 6.6 - 10.5 21 (8)
ec4,2 M (Ac) 21.4 - 23.2 5.2 (19)
ec4,2 N (Ac) 25.1 - 26.1 1.38 (49)
ec4,3 M (Ac) 7.88 - 9.66 1.53 (31)
ec4,3 N (Ac) 11.61 - 12.57 0.39 (8)

β−
0,4 max: 12.7 (7) 30 (10) avg: 3.2 (2)

β−
0,3 max: 25.6 (7) 8.7 (9) avg: 6.5 (2)

β−
0,2 max: 39.1 (7) 49 (10) avg: 9.9 (2)

β−
0,1 max: 39.5 (7) 12 (10) avg: 10.0 (2)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Ac) 10.8701 — 18.9228 9.6 (19)
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Ra− 228

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Ac) 6.28 (3) 12 (10) M2 6680000 (190000) 0.0000018 (15)
γ2,0(Ac) 6.67 (2) 89 (14) E2 1560000 (40000) 0.000057 (9)
γ4,3(Ac) 12.88 (11) 2.30 (46) E1 6.67 (18) 0.30 (6)
γ3,2(Ac) 13.520 (36) 11.0 (7) E1 5.86 (10) 1.6 (1)
γ4,2(Ac) 26.40 (11) 28 (10) M1+E2 201 (4) 0.14 (5)
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Ac− 225

1 Half-life, Q-value and Decay mode

T1/2 : 10.0 (1) d

Qα : 5935.1 (14) keV
α : 100 %

2 α Emissions

Energy Probability
keV × 100

α0,48 4903.6 (14) 0.0011 (4)
α0,47 4992.7 (14) 0.0013 (3)
α0,46 5019.3 (14) 0.00015 (5)
α0,45 5025.5 (14) 0.00083 (21)
α0,44 5035.5 (14) 0.0021 (3)
α0,43 5064.1 (14) 0.00114 (18)
α0,42 5076.8 (14) 0.0038 (19)
α0,41 5094.1 (14) 0.015 (7)
α0,40 5129.0 (14) 0.0058 (8)
α0,39 5162.1 (14) 0.00066 (12)
α0,38 5195.1 (14) 0.00015 (5)
α0,37 5203.3 (14) 0.0101 (10)
α0,36 5210.2 (14) 0.022 (1)
α0,35 5239.3 (14) 0.0026 (5)
α0,34 5269.1 (14) 0.048 (19)
α0,33 5287.6 (14) 0.214 (10)
α0,32 5321.2 (14) 0.007 (7)
α0,31 5341.9 (14) 0.0027 (8)
α0,30 5356.2 (14) 0.000097 (2)
α0,29 5379.0 (14) 0.0020 (5)
α0,28 5391.2 (14) 0.0006 (4)
α0,27 5414.5 (14) 0.0030 (4)
α0,26 5428.3 (14) 0.0023 (3)
α0,25 5430.1 (14) 0.0028 (8)
α0,24 5435.8 (14) 0.0083 (6)
α0,23 5443.3 (14) 0.098 (19)
α0,22 5468.4 (14) 0.00052 (18)
α0,21 5487.4 (14) 0.0020 (3)
α0,20 5497.4 (14) 0.0022 (7)
α0,19 5515.2 (14) 0.0052 (19)
α0,18 5523.7 (14) 0.013 (6)
α0,17 5540.1 (14) 0.0072 (8)
α0,16 5546.5 (14) 0.055 (12)
α0,15 5555.3 (14) 0.084 (10)
α0,14 5563.3 (14) 0.017 (7)
α0,13 5580.5 (14) 0.95 (4)
α0,12 5599.3 (14) 0.114 (7)
α0,11 5609.0 (14) 1.09 (5)
α0,10 5637.3 (14) 4.16 (23)
α0,9 5682.2 (14) 1.31 (4)
α0,8 5686.4 (14) 0.021 (14)
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Ac− 225

Energy Probability
keV × 100

α0,7 5723.1 (14) 2.03 (23)
α0,6 5730.5 (14) 1.6 (3)
α0,5 5731.6 (14) 1.24 (10)
α0,4 5731.9 (17) 9.0 (5)
α0,3 5791.7 (14) 6.2 (9)
α0,2 5793.1 (21) 18.9 (20)
α0,1 5804.2 (14) 0.3
α0,0 5829.6 (14) 52.4 (24)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Fr) 5.73 - 18.52 23.8 (12)

eAK (Fr) 0.115 (9)
KLL 63.576 - 70.787 }
KLX 77.720 - 86.101 }
KXY 91.84 - 101.12 }

ec13,9 K (Fr) 2.4 (1) 0.015 (7)
ec7,0 K (Fr) 7.27 (3) 1.84 (15)
ec1,0 L (Fr) 7.39 - 11.00 7.0 (9)
ec9,3 K (Fr) 10.40 (3) 0.088 (6)
ec2,0 L (Fr) 18.06 - 21.66 14.6 (12)
ec8,1 K (Fr) 18.72 (3) 0.0191 (12)
ec3,0 L (Fr) 19.95 - 23.56 6.7 (6)
ec1,0 M (Fr) 21.38 - 23.03 1.88 (25)
ec11,6 K (Fr) 22.62 (4) 0.0192 (14)
ec11,5 K (Fr) 23.68 (3) 0.113 (7)
ec1,0 N (Fr) 24.87 - 25.77 0.49 (7)
ec9,5 L (Fr) 31.6 - 35.2 0.1080 (16)
ec2,0 M (Fr) 32.05 - 33.70 3.93 (33)
ec3,0 M (Fr) 33.94 - 35.59 1.81 (17)
ec2,0 N (Fr) 35.54 - 36.44 1.02 (9)
ec3,0 N (Fr) 37.43 - 38.33 0.474 (45)
ec6,3 L (Fr) 44.0 - 47.6 0.32 (7)
ec13,7 K (Fr) 44.04 (3) 0.0221 (14)
ec4,2 L (Fr) 44.32 - 47.92 4.04 (25)
ec9,5 M (Fr) 45.6 - 47.2 0.02914 (43)
ec6,2 L (Fr) 45.637 - 49.246 0.80 (16)
ec9,0 K (Fr) 48.93 (2) 0.0968 (22)
ec7,3 L (Fr) 51.22 - 54.82 0.166 (42)
ec13,4 K (Fr) 52.80 (3) 0.0270 (18)
ec7,2 L (Fr) 53.10 - 56.71 0.411 (41)
ec4,1 L (Fr) 54.91 - 58.52 0.52 (14)
ec5,1 L (Fr) 55.23 - 58.84 0.0562 (43)
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Ac− 225

Energy Electrons
keV per 100 disint.

ec10,3 K (Fr) 56.12 (3) 1.12 (17)
ec6,1 L (Fr) 56.2 - 59.8 0.136 (27)
ec6,3 M (Fr) 58.0 - 59.6 0.086 (20)
ec4,2 M (Fr) 58.31 - 59.96 0.96 (6)
ec6,2 M (Fr) 59.627 - 61.277 0.207 (42)
ec11,8 L (Fr) 60.2 - 63.8 0.053 (8)
ec7,3 M (Fr) 65.21 - 66.86 0.045 (11)
ec7,2 M (Fr) 67.09 - 68.74 0.111 (11)
ec23,11 K (Fr) 68.05 (4) 0.017 (16)
ec7,3 N (Fr) 68.7 - 69.6 0.0118 (30)
ec10,7 L (Fr) 68.78 - 72.38 0.86 (6)
ec4,1 M (Fr) 68.90 - 70.55 0.142 (37)
ec5,1 M (Fr) 69.22 - 70.87 0.0136 (10)
ec6,1 M (Fr) 70.19 - 71.84 0.035 (7)
ec7,2 N (Fr) 70.58 - 71.48 0.0292 (29)
ec11,8 M (Fr) 74.2 - 75.8 0.0125 (19)
ec10,6 L (Fr) 76.3 - 79.9 0.261 (25)
ec10,5 L (Fr) 77.53 - 81.13 0.149 (46)
ec16,7 K (Fr) 78.65 (4) 0.013 (11)
ec4,0 L (Fr) 81.02 - 84.62 1.76 (13)
ec5,0 L (Fr) 81.28 - 84.88 0.088 (7)
ec6,0 L (Fr) 82.3 - 85.9 0.33 (14)
ec10,7 M (Fr) 82.77 - 84.42 0.204 (15)
ec13,9 L (Fr) 84.85 - 88.46 0.011 (6)
ec11,2 K (Fr) 86.84 (3) 0.0432 (25)
ec7,0 L (Fr) 89.8 - 93.4 0.586 (48)
ec10,6 M (Fr) 90.3 - 91.9 0.062 (6)
ec10,5 M (Fr) 91.52 - 93.17 0.040 (13)
ec9,3 L (Fr) 92.9 - 96.5 0.0191 (13)
ec10,0 K (Fr) 94.62 (3) 0.16 (9)
ec4,0 M (Fr) 95.01 - 96.66 0.426 (32)
ec5,0 M (Fr) 95.27 - 96.92 0.0212 (16)
ec6,0 M (Fr) 96.3 - 97.9 0.086 (39)
ec7,0 M (Fr) 103.8 - 105.4 0.148 (14)
ec11,5 L (Fr) 106.18 - 109.78 0.0465 (29)
ec7,0 N (Fr) 107.3 - 108.2 0.0388 (33)
ec13,2 K (Fr) 115.77 (3) 0.0186 (12)
ec11,5 M (Fr) 120.17 - 121.82 0.0119 (7)
ec9,0 L (Fr) 131.43 - 135.04 0.01940 (44)
ec10,3 L (Fr) 138.619 - 142.228 0.212 (21)
ec10,3 M (Fr) 152.609 - 154.259 0.051 (5)
ec10,0 L (Fr) 177.12 - 180.72 0.0465 (29)
ec10,0 M (Fr) 191.11 - 192.76 0.0117 (9)
ec33,4 K (Fr) 351.11 (3) 0.0185 (14)
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Ac− 225

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Fr) 10.38 — 17.799 18.7 (9)

XKα2 (Fr) 83.23 1.00 (8) } Kα
XKα1 (Fr) 86.1 1.64 (12) }

XKβ3 (Fr) 96.815 }
XKβ1 (Fr) 97.474 } 0.57 (5) Kβ

′
1

XKβ
′′
5 (Fr) 98.069 }

XKβ2 (Fr) 100.16 }
XKβ4 (Fr) 100.548 } 0.19 (2) Kβ

′
2

XKO2,3 (Fr) 100.972 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ2,1(Fr) 10.6 7.7 (10) M1 510 (7) 0.015 (2)
γ1,0(Fr) 26.0 (1) 9.4 (13) E2 5940 (150) 0.00159 (21)
γ2,0(Fr) 36.69 (3) 19.8 (17) E2 1092 (16) 0.0181 (15)
γ3,0(Fr) 38.58 (4) 9.1 (9) E2 854 (13) 0.0107 (10)
γ8,4(Fr) 46.24 (5) 0.0090 (13) [E1] 0.841 (12) 0.0049 (7)
γ9,6(Fr) 49.12 (4) 0.0137 (14) [E1] 0.715 (11) 0.0080 (8)
γ9,5(Fr) 50.2 0.15 [E2] 236.0 (34) 0.00062
γ34,32(Fr) 53.4 (4) 0.074 [M1] 17.6 (5) 0.004
γ13,10(Fr) 57.71 (4) 0.0075 (12) (E1) 0.465 (7) 0.0051 (8)
γ6,3(Fr) 62.6 (3) 0.44 (10) [E2] 81.2 (23) 0.0053 (12)
γ4,2(Fr) 62.94 (3) 5.81 (36) M1 10.85 (15) 0.49 (3)
γ5,2(Fr) 63.5 (3) 0.0286 (41) [E1] 0.360 (7) 0.021 (3)
γ6,2(Fr) 64.27 (3) 1.13 (21) M1+E2 23 (4) 0.047 (4)
γ7,3(Fr) 69.86 (5) 0.23 (6) E2 47.9 (7) 0.0047 (12)
γ7,2(Fr) 71.71 (4) 0.57 (6) E2 42.3 (6) 0.0132 (13)
γ4,1(Fr) 73.55 (9) 0.73 (19) E2 37.5 (6) 0.019 (5)
γ5,1(Fr) 73.85 (3) 0.383 (29) E1 0.240 (3) 0.309 (23)
γ6,1(Fr) 74.82 (5) 0.197 (39) (M1+E2) 12.15 (18) 0.015 (3)
γ11,8(Fr) 78.8 0.082 (13) M1 5.63 (8) 0.0123 (19)
γ10,7(Fr) 87.41 (3) 1.4 (1) M1 4.16 (6) 0.271 (19)
γ10,6(Fr) 94.90 (2) 0.449 (43) M1 3.28 (5) 0.105 (10)
γ10,5(Fr) 96.16 (5) 0.23 (7) M1+E2 6.0 (14) 0.033 (7)
γ4,0(Fr) 99.67 (5) 3.09 (22) M1+E2 3.06 (11) 0.76 (5)
γ5,0(Fr) 99.89 (6) 1.20 (9) E1 0.1073 (15) 1.08 (8)
γ6,0(Fr) 100.86 (4) 0.54 (19) M1+E2 4.6 (19) 0.096 (8)
γ13,9(Fr) 103.48 (10) 0.033 (12) [M1,E2] 10 (3) 0.0030 (7)
γ7,0(Fr) 108.38 (3) 2.87 (19) M1+E2 10.27 (25) 0.255 (16)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ9,3(Fr) 111.52 (3) 0.427 (29) (E1) 0.363 (5) 0.313 (21)
γ24,16(Fr) 112.80 (2) 0.00284 (41) [E1] 0.353 (5) 0.0021 (3)
γ23,15(Fr) 114 0.0094 (14) M1 9.86 (14) 0.00087 (13)
γ8,1(Fr) 119.85 (3) 0.104 (7) [E1] 0.305 (4) 0.080 (5)
γ14,9(Fr) 121.06 (7) 0.022 (6) (E1) 0.298 (4) 0.017 (5)
γ11,6(Fr) 123.75 (4) 0.112 (8) [E1] 0.282 (4) 0.087 (6)
γ11,5(Fr) 124.81 (3) 0.205 (13) M1+E2 6.01 0.0292 (18)
γ12,7(Fr) 126.10 (5) 0.0100 (9) (E1) 0.270 (4) 0.0079 (7)
γ15,9(Fr) 129.22 (7) 0.016 (9) [M1,E2] 5 (2) 0.0027 (5)
γ12,6(Fr) 133.60 (3) 0.0242 (20) (E1) 0.234 (3) 0.0196 (16)
γ12,4(Fr) 134.85 (3) 0.0393 (37) (E1) 0.229 (3) 0.032 (3)
γ26,14(Fr) 137.4 (1) 0.0023 (3) 0.0023 (3)
γ23,13(Fr) 139.6 0.0068 (26) M1+E2 3.9 (17) 0.00139 (21)
γ17,9(Fr) 144.7 (2) 0.0022 (6) (M1+E2) 3.79 0.00046 (12)
γ13,7(Fr) 145.15 (3) 0.174 (11) (E1) 0.191 (3) 0.146 (9)
γ9,0(Fr) 150.05 (3) 0.815 (14) E1 0.1766 (25) 0.693 (12)
γ13,6(Fr) 152.64 (3) 0.0230 (15) [E1] 0.1694 (24) 0.0197 (13)
γ13,4(Fr) 153.92 (3) 0.239 (15) E1 0.1660 (23) 0.205 (13)
γ10,3(Fr) 157.25 (3) 1.73 (18) M1+E2 3.8 (3) 0.36 (3)
γ18,9(Fr) 161.35 (7) 0.013 (6) [M1,E2] 2.5 (13) 0.0036 (9)
γ23,11(Fr) 169.18 (4) 0.037 (20) [M1,E2] 2.1 (11) 0.012 (5)
γ10,1(Fr) 169.9 0.0139 (14) 0.0139 (14)
γ15,7(Fr) 170.77 (5) 0.015 (8) (E1) 0.1290 (18) 0.013 (7)
γ15,6(Fr) 178.29 (3) 0.0180 (13) E1 0.1162 (16) 0.0161 (12)
γ16,7(Fr) 179.78 (4) 0.030 (11) (M1,E2) 1.8 (10) 0.0108 (8)
γ11,3(Fr) 186.1 0.0127 (14) 0.0127 (14)
γ17,7(Fr) 186.29 (3) 0.0046 (6) E1 0.1045 (15) 0.0042 (5)
γ16,6(Fr) 187.2 0.0103 (7) 0.0103 (7)
γ11,2(Fr) 187.96 (3) 0.584 (33) E1 0.1023 (14) 0.53 (3)
γ10,0(Fr) 195.74 (3) 0.37 (9) M1+E2 1.5 (6) 0.148 (9)
γ23,10(Fr) 197.50 (3) 0.0284 (33) E1 0.0908 (13) 0.026 (3)
γ12,2(Fr) 197.7 (1) 0.041 (5) [E1] 0.0906 (13) 0.038 (5)
γ11,1(Fr) 198.47 (23) 0.0205 (14) [E1] 0.0898 (13) 0.0188 (13)
γ29,13(Fr) 205.07 (11) 0.0015 (5) 0.0015 (5)
γ13,2(Fr) 216.89 (3) 0.343 (21) (E1) 0.0726 (10) 0.32 (2)
γ19,4(Fr) 220.43 (8) 0.0060 (18) 0.0060 (18)
γ11,0(Fr) 224.59 (3) 0.119 (9) [E1] 0.0669 (9) 0.112 (8)
γ13,1(Fr) 228.2 (4) 0.0046 (12) 0.0046 (12)
γ41,32(Fr) 231.16 (7) 0.012 (7) (M1) 1.338 (19) 0.005 (3)
γ14,2(Fr) 236.0 (6) 0.0017 (3) 0.0017 (3)
γ20,4(Fr) 238.64 (8) 0.0022 (7) (M1) 1.225 (17) 0.0010 (3)
γ15,3(Fr) 240.68 (3) 0.0124 (11) [E1] 0.0568 (8) 0.0117 (10)
γ23,9(Fr) 243.12 (5) 0.0067 (9) [M1] 1.163 (16) 0.0031 (4)
γ16,3(Fr) 249.60 (3) 0.0170 (13) (E2) 0.258 (4) 0.0135 (10)
γ13,0(Fr) 253.46 (3) 0.139 (8) [E1] 0.0504 (7) 0.132 (8)
γ17,3(Fr) 256.0 (2) 0.00039 (7) [E1] 0.0492 (7) 0.00037 (7)
γ15,0(Fr) 279.18 (3) 0.0317 (23) E1 0.0403 (6) 0.0305 (22)
γ36,21(Fr) 282.1 (2) 0.00097 (9) [M1] 0.771 (11) 0.00055 (5)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ23,7(Fr) 284.75 (3) 0.0077 (6) [E1] 0.0385 (5) 0.0074 (6)
γ25,7(Fr) 298.33 (5) 0.0028 (7) (M1,E2) 0.4 (3) 0.0020 (3)
γ34,13(Fr) 317.23 (18) 0.00065 (33) M1 0.558 (8) 0.00042 (21)
γ27,6(Fr) 321.77 (4) 0.00340 (41) [E1] 0.0292 (4) 0.0033 (4)
γ21,0(Fr) 348.33 (5) 0.0030 (3) 0.0030 (3)
γ23,3(Fr) 354.56 (6) 0.0020 (7) [E1] 0.0236 (3) 0.0020 (7)
γ33,10(Fr) 356.6 0.00026 (11) 0.00026 (11)
γ24,3(Fr) 362.38 (3) 0.0055 (5) (E1) 0.0225 (3) 0.0054 (5)
γ22,0(Fr) 367.74 (12) 0.00052 (18) 0.00052 (18)
γ34,10(Fr) 374.98 (5) 0.0019 (5) [E1] 0.0209 (3) 0.0019 (5)
γ31,7(Fr) 388.07 (7) 0.00125 (21) 0.00125 (21)
γ37,12(Fr) 403.13 (10) 0.00019 (16) 0.00019 (16)
γ33,8(Fr) 405.95 (3) 0.0079 (5) [E1] 0.01759 (25) 0.0078 (5)
γ32,5(Fr) 417.90 (2) 0.0056 (5) 0.0056 (5)
γ47,27(Fr) 429.80 (18) 0.00038 (19) 0.00038 (19)
γ36,10(Fr) 434.82 (5) 0.0029 (3) 0.0029 (3)
γ40,14(Fr) 442.16 (8) 0.0045 (7) 0.0045 (7)
γ30,3(Fr) 443.43 (10) 0.0001 0.0001
γ33,7(Fr) 443.43 (10) 0.0015 (5) [E2] 0.0494 (7) 0.0014 (5)
γ28,0(Fr) 446.31 (10) 0.0006 (4) 0.0006 (4)
γ33,6(Fr) 451.04 (5) 0.0036 (6) [M1] 0.215 (3) 0.0030 (5)
γ33,4(Fr) 452.23 (3) 0.13 (1) [M1] 0.213 (3) 0.107 (8)
γ29,0(Fr) 458.79 (8) 0.00053 (13) 0.00053 (13)
γ34,7(Fr) 462.43 (13) 0.00045 (11) [E1] 0.01338 (19) 0.00044 (11)
γ34,6(Fr) 469.48 (5) 0.0028 (4) 0.0028 (4)
γ32,2(Fr) 480.85 (11) 0.0340 (22) 0.0340 (22)
γ32,1(Fr) 491.45 (10) 0.00035 (14) 0.00035 (14)
γ31,0(Fr) 496.9 (3) 0.0015 (7) 0.0015 (7)
γ45,19(Fr) 498.6 (6) 0.00083 (21) 0.00083 (21)
γ33,3(Fr) 512.5 (7) 0.00055 (21) 0.00055 (21)
γ33,2(Fr) 515.13 (3) 0.0246 (15) [M1] 0.1506 (21) 0.0214 (13)
γ32,0(Fr) 517.51 (3) 0.0159 (10) 0.0159 (10)
γ36,7(Fr) 522.14 (4) 0.00208 (15) 0.00208 (15)
γ33,1(Fr) 525.94 (17) 0.0403 (25) [M1] 0.1425 (20) 0.0353 (22)
γ36,6(Fr) 529.59 (3) 0.0076 (7) 0.0076 (7)
γ36,4(Fr) 530.87 (4) 0.0047 (5) 0.0047 (5)
γ34,3(Fr) 532.11 (9) 0.00077 (21) [E1] 0.01005 (14) 0.00076 (21)
γ37,4(Fr) 538.1 (1) 0.0038 (10) 0.0038 (10)
γ43,12(Fr) 545.8 (6) 0.00053 (14) 0.00053 (14)
γ33,0(Fr) 551.79 (3) 0.0059 (16) [M1] 0.1254 (17) 0.0052 (14)
γ35,2(Fr) 564.34 (11) 0.00022 (9) 0.00022 (9)
γ40,8(Fr) 567.48 (5) 0.0012 (4) 0.0012 (4)
γ34,0(Fr) 570.69 (3) 0.0040 (5) [E1] 0.00874 (12) 0.0040 (5)
γ36,3(Fr) 590.42 (5) 0.00083 (14) 0.00083 (14)
γ36,2(Fr) 593.87 (4) 0.0029 (3) 0.0029 (3)
γ35,0(Fr) 600.92 (3) 0.0024 (5) 0.0024 (5)
γ37,2(Fr) 600.92 (3) 0.006 0.006
γ41,8(Fr) 603.09 (4) 0.00173 (21) 0.00173 (21)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ43,9(Fr) 628.95 (10) 0.00032 (7) 0.00032 (7)
γ37,0(Fr) 637.1 (7) 0.00012 0.00012
γ38,0(Fr) 645.94 (12) 0.00015 (5) 0.00015 (5)
γ41,5(Fr) 649.03 (4) 0.0017 (5) 0.0017 (5)
γ47,10(Fr) 656.18 (11) 0.00049 (21) 0.00049 (21)
γ42,7(Fr) 657.88 (5) 0.0014 (3) 0.0014 (3)
γ42,4(Fr) 667.14 (8) 0.0021 (18) 0.0021 (18)
γ46,9(Fr) 674.9 (3) 0.00010 (5) 0.00010 (5)
γ39,0(Fr) 679.36 (6) 0.00066 (12) 0.00066 (12)
γ47,9(Fr) 702.00 (14) 0.00016 (7) 0.00016 (7)
γ48,10(Fr) 747.0 (1) 0.0011 (4) 0.0011 (4)
γ47,4(Fr) 752.46 (12) 0.00026 (7) 0.00026 (7)
γ43,1(Fr) 754.04 (13) 0.00023 (7) 0.00023 (7)
γ42,0(Fr) 767.9 (3) 0.00030 (6) 0.00030 (6)
γ43,0(Fr) 780.6 (6) 0.000055 (14) 0.000055 (14)
γ44,0(Fr) 808.48 (10) 0.0021 (3) 0.0021 (3)
γ46,0(Fr) 824.2 (7) 0.000049 0.000049
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1 Half-life, Q-value and Decay mode

T1/2 : 21.772 (3) y

Qα : 5042.19 (14) keV
Qβ− : 44.8 (8) keV
β− : 98.620 (4) %
α : 1.380 (4) %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−
0,3 6.9 (8) 0.3 Allowed 6.9

β−
0,2 20.5 (8) 10 1st forbidden 6.8

β−
0,1 35.5 (8) 35 1st forbidden 7

β−
0,0 44.8 (8) 53 1st forbidden 7.1

3 α Emissions

Energy Probability
keV × 100

α0,24 4362.83 (15) 0.00004
α0,23 4422.03 (28) 0.00008
α0,22 4447.12 (26) 0.0007
α0,21 4459 (7) 0.00007
α0,20 4512 (5) 0.00004
α0,19 4581 (7) 0.00004
α0,18 4594.21 (17) 0.0003
α0,16 4712.89 (20)
α0,15 4713.68 (19)
α0,14 4714.88 (15) 0.006 (3)
α0,13 4734.41 (17)
α0,12 4737.50 (16) 0.0012
α0,11 4767.47 (15)
α0,10 4769.35 (17) 0.025 (7)
α0,9 4784.19 (15) 0.0011
α0,8 4795.58 (15) 0.014 (7)
α0,6 4821.09 (15) 0.001
α0,5 4854.01 (15)
α0,4 4855.36 (15) 0.08 (1)
α0,3 4872.55 (15) 0.087 (7)
α0,2 4899.23 (15) 0.0015
α0,1 4940.57 (15) 0.546 (17)
α0,0 4953.23 (14) 0.658 (14)
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4 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Th) 5.8 - 20.3 3.9

eAL (Fr) 5.73 - 18.52 0.097 (10)

eAK (Fr) 0.00050 (15)
KLL 63.576 - 70.787 }
KLX 77.720 - 86.101 }
KXY 91.84 - 101.12 }

ec2,0 L (Th) 3.9 - 8.0 7.1
ec1,0 M (Th) 4.1 - 6.0 27
ec3,1 L (Th) 8.1 - 12.3 0.1016 (21)
ec2,1 M (Th) 10.0 - 11.9 0.11
ec3,0 L (Th) 17.4 - 21.6 0.0568 (15)
ec2,0 M (Th) 19.2 - 21.0 1.8
ec3,1 M (Th) 23.39 - 25.24 0.0259 (5)
ec3,0 M (Th) 32.7 - 34.6 0.01411 (29)

ec1,0 M (Fr) 8.3 - 9.9 0.528 (11)
ec4,2 L (Fr) 26.1 - 29.7 0.018 (17)
ec3,1 L (Fr) 50.65 - 54.26 0.053 (10)
ec3,0 L (Fr) 63.6 - 67.2 0.0135 (16)
ec3,1 M (Fr) 64.64 - 66.29 0.0140 (27)
ec4,1 L (Fr) 68.1 - 71.7 0.022 (14)
ec4,0 L (Fr) 81.0 - 84.6 0.022 (12)

β−
0,3 max: 6.9 (8) 0.3 avg: 1.7 (3)

β−
0,2 max: 20.5 (8) 10 avg: 5.1 (3)

β−
0,1 max: 35.5 (8) 35 avg: 9.0 (3)

β−
0,0 max: 44.8 (8) 53 avg: 11.4 (3)

5 Photon Emissions

5.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Th) 11.118 — 19.599 2.64

XL (Fr) 10.381 — 17.839 0.074 (8)

XKα2 (Fr) 83.23 0.0043 (12) } Kα
XKα1 (Fr) 86.1 0.0070 (19) }

XKβ3 (Fr) 96.815 }
XKβ1 (Fr) 97.474 } 0.0024 (7) Kβ

′
1

XKβ
′′
5 (Fr) 98.069 }
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Energy Photons
keV per 100 disint.

XKβ2 (Fr) 100.16 }
XKβ4 (Fr) 100.548 } 0.00079 (22) Kβ

′
2

XKO2,3 (Fr) 100.972 }

5.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Th) 9.3 36 E2 326000 0.00011
γ1,0(Fr) 12.9 (1) 0.698 (E2) 49860 (1000) 0.000014
γ2,1(Th) 15.2 (1) 0.15 M1 238 (5) 0.00063
γ2,0(Th) 24.33 (5) 9.5 M1+E2 340 (11) 0.028
γ8,6(Fr) 25.95 0.00000055 0.00000055
γ3,1(Th) 28.57 (5) 0.18 E1 3.24 (7) 0.042
γ6,5(Fr) 33.5 (1) 0.00033 (9) [E1] 1.99 (4) 0.00011 (3)
γ6,4(Fr) 35.0 (2) 0.000078 (28) [E1] 1.77 (4) 0.000028 (10)
γ3,0(Th) 37.90 (3) 0.12 E1 1.54 (3) 0.049
γ4,2(Fr) 44.7 (1) 0.025 (23) [M1+E2] 223 (200) 0.00011 (3)
γ13,9(Fr) 51.06 0.00000028 0.00000028
γ10,6(Fr) 52.32 0.0000014 0.0000014
γ14,11(Fr) 53.7 (2) 0.000064 (16) [E1] 0.563 (11) 0.000041 (10)
γ2,0(Fr) 55.0 (1) 0.0077 (14) M1+E2 16.4 (8) 0.00044 (8)
γ16,11(Fr) 55.80 (5) 0.0000039 0.0000039
γ16,10(Fr) 57.56 (5) 0.0000032 0.0000032
γ8,5(Fr) 59.4 (2) 0.000059 (14) [E1] 0.430 (9) 0.000041 (10)
γ8,4(Fr) 60.6 (3) 0.000058 (14) [E1] 0.408 (9) 0.000041 (10)
γ3,1(Fr) 69.28 (8) 0.076 (14) M1+E2 18.4 (19) 0.0039 (6)
γ14,10(Fr) 70.6 (2) 0.0023 (18) [M1+E2] 27 (19) 0.000083 (30)
γ16,9(Fr) 72.5 (2) 0.000086 (38) [E1] 0.252 (5) 0.000069 (30)
γ9,4(Fr) 72.5 (2) 0.000086 (38) [E1] 0.252 (5) 0.000069 (30)
γ6,2(Fr) 79.54 (8) 0.00132 (12) E1 0.197 (4) 0.0011 (1)
γ3,0(Fr) 82.2 (1) 0.0192 (23) E2 22.1 (5) 0.00083 (10)
γ15,8(Fr) 83.0 (1) 0.0000014 0.0000014
γ12,6(Fr) 85.0 (5) 0.000011 0.000011
γ10,5(Fr) 86.1 (1) 0.00047 0.00047
γ4,1(Fr) 86.7 (2) 0.034 (20) [M1+E2] 11 (7) 0.0028 (4)
γ5,1(Fr) 88.1 (1) 0.0076 (43) [M1+E2] 10 (6) 0.00069 (10)
γ11,5(Fr) 88.1 (1) 0.0076 (43) [M1+E2] 10 (6) 0.00069 (10)
γ13,6(Fr) 88.5 (6) 0.00000097 0.00000097
γ9,3(Fr) 90.0 (1) 0.00021 (8) [E1] 0.142 (3) 0.00018 (7)
γ4,0(Fr) 99.6 (1) 0.036 (16) M1+E2 6 (3) 0.0051 (7)
γ5,0(Fr) 101.0 (1) 0.0048 (29) [M1+E2] 6 (3) 0.00069 (30)
γ10,3(Fr) 105.0 (2) 0.0046 (16) M1 12.4 (25) 0.00034 (10)
γ11,3(Fr) 106.85 (10) 0.0110 (34) M(+E2) 9 (3) 0.0011 (1)
γ14,6(Fr) 108.0 (3) 0.00041 (16) [M1+E2] 9 (3) 0.000041 (10)
γ12,5(Fr) 118.7 (4) 0.000054 (13) [E1] 0.312 (6) 0.000041 (10)
γ18,15(Fr) 121.6 (1) 0.00155 (39) [E1] 0.295 (6) 0.0012 (3)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ6,1(Fr) 121.6 (1) 0.00155 (39) [E1] 0.295 (6) 0.0012 (3)
γ6,0(Fr) 134.5 (1) 0.00068 (12) E1 0.230 (5) 0.00055 (10)
γ12,3(Fr) 137.4 (1) 0.00050 (12) [E1] 0.220 (5) 0.00041 (10)
γ13,3(Fr) 140.9 (1) 0.00025 (7) [E1] 0.206 (4) 0.00021 (6)
γ14,4(Fr) 143.0 (1) 0.00034 (7) [E1] 0.198 (4) 0.00028 (6)
γ18,13(Fr) 143.0 (1) 0.0013 (6) [M1+E2] 3.6 (18) 0.00028 (6)
γ16,5(Fr) 143.65 (5) 0.00015886 M1 5.11 (11) 0.000026
γ18,12(Fr) 146.0 (2) 0.0000088 0.0000088
γ8,1(Fr) 147.61 (8) 0.00296 (36) E1 0.184 (4) 0.0025 (3)
γ7,0(Fr) 149.3 (3) 0.000014 0.000014
γ9,1(Fr) 159.2 (1) 0.00063 (12) [E1] 0.153 (3) 0.00055 (10)
γ8,0(Fr) 160.49 (10) 0.00506 (46) E1 0.150 (3) 0.0044 (4)
γ15,3(Fr) 161.4 (4) 0.00049 (23) [M1+E2] 2.5 (13) 0.00014 (4)
γ16,3(Fr) 162.6 (2) 0.00019 (12) M1,E2 2.4 (13) 0.000055 (30)
γ9,0(Fr) 172.0 (1) 0.00109 (11) E1 0.127 (3) 0.00097 (10)
γ10,1(Fr) 174.3 (1) 0.00081 (35) [M1+E2] 1.9 (11) 0.00028 (6)
γ18,11(Fr) 176.1 (1) 0.000370 (45) [E1] 0.120 (3) 0.00033 (4)
γ11,1(Fr) 176.1 (1) 0.00096 (40) M1,E2 1.9 (11) 0.00033 (6)
γ12,1(Fr) 206.8 (1) 0.00105 (11) E1 0.0814 (17) 0.00097 (10)
γ17,1(Fr) 216.6 (3) 0.00011 (7) [M1+E2] 1.0 (7) 0.000055 (30)
γ−1,1(Fr) 219.2 (4) 0.0000140 (4) 0.0000140 (4)
γ14,1(Fr) 229.7 (1) 0.00044 (7) [E1] 0.0634 (13) 0.00041 (7)
γ15,1(Fr) 230.9 (5) 0.0000252 [M1+E2] 0.8 (5) 0.000014
γ16,1(Fr) 231.79 (5) 0.0000072 0.0000072
γ14,0(Fr) 242.6 (2) 0.00030 (7) [E1] 0.0558 (12) 0.00028 (7)
γ15,0(Fr) 243.9 (4) 0.0000358 (10) [E2] 0.279 (6) 0.0000280 (8)
γ18,3(Fr) 283.4 (3) 0.000057 (31) [E1] 0.0389 (8) 0.000055 (30)
γ23,11(Fr) 351.7 (3) 0.000056 (31) [E1] 0.0240 (5) 0.000055 (30)
γ22,4(Fr) 415.6 (3) 0.00024 (7) 0.16 (11) 0.00021 (6)
γ23,5(Fr) 439.60 (5) 0.000034 (1) 0.000034 (1)
γ23,4(Fr) 441.0 (4) 0.000056 (30) [E1] 0.0148 (3) 0.000055 (30)
γ22,2(Fr) 460.2 (3) 0.00024 (7) M1+E2 0.12 (9) 0.00021 (6)
γ23,1(Fr) 527.6 (1) 0.000029 0.000029
γ23,0(Fr) 540.40 (5) 0.00007 0.00007
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1 Half-life, Q-value and Decay mode

T1/2 : 6.15 (3) h

Qα : 4814 (50) keV
Qβ− : 2123.8 (27) keV
β− : 100 %
α : 5.5 (22) ×10−8 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−
0,60 0.7 (27) 0.0047 (11) Allowed 3.3

β−
0,59 86.8 (27) 0.0069 (11) Allowed 7.38

β−
0,58 94.0 (27) 0.026 (4) Allowed 6.91

β−
0,57 101.0 (27) 0.061 (6) Allowed or 1st forbidden 6.64

β−
0,56 110.2 (27) 0.0032 (10) Allowed 8.03

β−
0,55 113.7 (27) 0.238 (15) Allowed 6.2

β−
0,54 136.3 (27) 0.07 (4) Allowed 7

β−
0,53 158.8 (27) 0.0132 (14) Allowed 7.91

β−
0,52 165.1 (27) 0.0038 (8) Allowed 8.5

β−
0,51 178.9 (27) 0.307 (22) Allowed 6.7

β−
0,50 186.6 (27) 0.053 (6) Allowed 7.52

β−
0,49 195.2 (27) 0.061 (8) Allowed 7.52

β−
0,48 217.2 (27) 0.025 (5) Allowed 8.05

β−
0,47 223.9 (27) 0.069 (8) Allowed 7.65

β−
0,46 230.8 (27) 0.109 (8) Allowed 7.5

β−
0,45 326.2 (27) 0.051 (8) Allowed 8.3

β−
0,44 327.9 (27) 0.035 (6) Allowed 8.48

β−
0,43 363.6 (27) 0.139 (12) Allowed 8.02

β−
0,42 365.6 (27) 0.060 (8) Allowed 8.39

β−
0,41 379.9 (27) 0.378 (16) Allowed 7.65

β−
0,40 388.4 (27) 0.149 (11) Allowed 8.08

β−
0,39 399.5 (27) 1.93 (8) Allowed 7.01

β−
0,38 435.4 (27) 2.50 (16) Allowed 7.02

β−
0,37 440.0 (27) 0.20 (3) 1st forbidden 8.13

β−
0,36 441.0 (27) 1.21 (4) Allowed 7.35

β−
0,35 477.8 (27) 4.12 (20) Allowed 6.94

β−
0,34 480.7 (27) 0.82 (3) 1st forbidden 7.64

β−
0,33 485.5 (27) 1.23 (6) Allowed 7.48

β−
0,32 506.0 (27) 0.071 (10) Allowed 8.78

β−
0,31 535.5 (27) 8.8 (23) 1st forbidden 6.77

β−
0,30 584.6 (27) 0.030 (6) Allowed 9.36

β−
0,27 691.8 (27) 1.6 (5) Allowed 7.88

β−
0,26 707.7 (27) 0.060 (8) Allowed or 1st forbidden 9.34

β−
0,25 779.7 (27) 0.208 (18) 1st forbidden 8.94

β−
0,24 826.4 (27) 1.46 (11) 1st forbidden unique 8.18

β−
0,23 897.2 (27) 0.67 (8) 1st forbidden 8.65

β−
0,22 948.4 (27) 0.166 (19) Allowed 9.34

NPL /A. Pearce



188

Ac− 228

Energy Probability Nature log ft
keV × 100

β−
0,20 955.4 (27) 3.39 (13) 1st forbidden 8.04

β−
0,19 970.3 (27) 6 (3) Allowed 7.8

β−
0,18 1000.8 (27) 6.67 (18) 1st forbidden 7.81

β−
0,16 1063.9 (27) 0.099 (11) 1st forbidden 9.74

β−
0,15 1101.3 (27) 3.0 (4) Allowed 8.31

β−
0,14 1107.4 (27) 0.39 (6) Allowed or 1st forbidden 9.2

β−
0,13 1144.3 (27) 0.238 (20) Allowed 9.47

β−
0,12 1154.8 (27) 31 (4) Allowed 7.37

β−
0,11 1155.4 (27) 0.18 (3) 1st forbidden 9.6

β−
0,10 1179.6 (27) 0.087 (16) Allowed or 1st forbidden 9.95

β−
0,8 1249.3 (27) 0.17 (10) Allowed 9.7

β−
0,5 1727.7 (27) 12.4 (5) 1st forbidden 8.4

β−
0,4 1745.6 (27) 0.147 (21) 2nd forbidden unique 12.29

β−
0,3 1795.8 (27) 0.72 (23) 1st forbidden unique 10.65

β−
0,2 1937.0 (27) 0.6 (5) Allowed 10

β−
0,1 2066.0 (27) 6 (4) Allowed 9

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Th) 5.8 - 20.3 39.9 (21)

eAK (Th) 0.27 (8)
KLL 68.406 - 76.745 }
KLX 83.857 - 93.345 }
KXY 99.29 - 109.64 }

ec35,29 K (Th) 4.830 (13) 0.05 (5)
ec28,27 M (Th) 13.233 - 15.083 0.038 (8)
ec2,1 K (Th) 19.414 (6) 0.660 (21)
ec38,35 L (Th) 21.97 - 26.10 0.32 (11)
ec31,28 K (Th) 28.291 (17) 0.168 (24)
ec20,15 K (Th) 36.198 (8) 0.0264 (10)
ec31,29 L (Th) 36.389 - 40.600 5.2 (35)
ec38,35 M (Th) 37.26 - 39.11 0.076 (25)
ec1,0 L (Th) 37.287 - 41.500 52.7 (21)
ec38,35 N (Th) 41.11 - 42.10 0.020 (7)
ec18,12 K (Th) 44.333 (8) 0.1037 (35)
ec31,29 M (Th) 51.679 - 53.529 1.4 (11)
ec1,0 M (Th) 52.577 - 54.427 14.4 (6)
ec31,29 N (Th) 55.530 - 56.526 0.40 (26)
ec1,0 N (Th) 56.430 - 57.424 3.87 (15)
ec19,12 K (Th) 74.849 (11) 4.3 (22)
ec29,27 L (Th) 79.023 - 83.200 3.65 (13)
ec18,15 L (Th) 79.952 - 84.100 0.259 (14)
ec4,2 K (Th) 81.706 (11) 0.0227 (14)
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Energy Electrons Energy
keV per 100 disint. keV

ec20,12 K (Th) 89.757 (7) 0.0225 (18)
ec35,29 L (Th) 94.01 - 98.20 0.033 (15)
ec29,27 M (Th) 94.313 - 96.163 0.881 (31)
ec24,15 K (Th) 94.388 (9) 0.83 (6)
ec18,15 M (Th) 95.242 - 97.092 0.0701 (38)
ec29,27 N (Th) 98.16 - 99.16 0.234 (8)
ec18,15 N (Th) 99.090 - 100.089 0.0191 (10)
ec5,2 K (Th) 99.605 (6) 0.267 (10)
ec2,1 L (Th) 108.592 - 112.800 6.35 (20)
ec28,23 K (Th) 114.179 (12) 0.086 (9)
ec31,28 L (Th) 117.469 - 121.600 0.0321 (46)
ec2,1 M (Th) 123.882 - 125.732 1.74 (5)
ec2,1 N (Th) 127.730 - 128.729 0.468 (15)
ec18,12 L (Th) 133.511 - 137.700 0.0218 (7)
ec27,21 K (Th) 147.821 (19) 0.0294 (20)
ec3,1 K (Th) 160.594 (6) 0.1335 (43)
ec19,8 K (Th) 169.344 (21) 0.10 (8)
ec4,2 L (Th) 170.884 - 175.100 0.0589 (37)
ec28,20 K (Th) 172.369 (11) 0.036 (38)
ec24,15 L (Th) 183.566 - 187.700 0.286 (21)
ec4,2 M (Th) 186.174 - 188.024 0.0161 (10)
ec5,2 L (Th) 188.783 - 193.000 0.0529 (19)
ec24,15 M (Th) 198.856 - 200.706 0.074 (5)
ec24,15 N (Th) 202.710 - 203.703 0.0202 (14)
ec28,23 L (Th) 203.357 - 207.500 0.0166 (17)
ec5,2 M (Th) 204.073 - 205.923 0.01274 (46)
ec19,7 K (Th) 211.994 (14) 0.0147 (9)
ec3,0 K (Th) 218.353 (4) 0.0745 (30)
ec5,1 K (Th) 228.669 (6) 0.261 (10)
ec27,17 K (Th) 231.31 (1) 0.029 (8)
ec51,31 K (Th) 246.910 (18) 0.011 (11)
ec3,1 L (Th) 249.772 - 253.900 0.0254 (8)
ec19,8 L (Th) 258.522 - 262.700 0.024 (7)
ec28,20 L (Th) 261.547 - 265.700 0.0108 (45)
ec27,15 K (Th) 299.802 (8) 0.32 (26)
ec19,7 L (Th) 301.172 - 305.300 0.0125 (8)
ec3,0 L (Th) 307.531 - 311.700 0.0138 (5)
ec5,1 L (Th) 317.847 - 322.000 0.0483 (18)
ec27,17 L (Th) 320.49 - 324.70 0.0183 (12)
ec29,17 K (Th) 330.81 (1) 0.0303 (24)
ec5,1 M (Th) 333.137 - 334.987 0.01156 (44)
ec27,12 K (Th) 353.361 (8) 0.139 (8)
ec27,15 L (Th) 388.98 - 393.20 0.077 (32)
ec29,15 K (Th) 399.297 (8) 0.0444 (35)
ec27,15 M (Th) 404.27 - 406.12 0.018 (8)
ec27,12 L (Th) 442.539 - 446.700 0.0665 (37)
ec29,12 K (Th) 452.856 (8) 0.062 (45)
ec27,12 M (Th) 457.829 - 459.679 0.0174 (10)
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Energy Electrons Energy
keV per 100 disint. keV

ec39,19 K (Th) 461.166 (12) 0.022 (6)
ec11,5 K (Th) 462.641 (21) 0.011 (8)
ec29,15 L (Th) 488.475 - 492.600 0.0100 (8)
ec29,12 L (Th) 542.034 - 546.200 0.013 (7)
ec39,15 K (Th) 592.106 (8) 0.0124 (10)
ec39,12 K (Th) 645.665 (8) 0.0580 (24)
ec20,5 K (Th) 662.647 (7) 0.0283 (20)
ec18,3 K (Th) 685.298 (7) 0.057 (5)
ec15,2 K (Th) 726.054 (7) 0.0178 (8)
ec20,3 K (Th) 730.722 (6) 0.01008 (44)
ec39,12 L (Th) 734.843 - 739.000 0.01067 (44)
ec18,3 L (Th) 774.476 - 778.600 0.0147 (9)
ec12,1 K (Th) 801.559 (6) 0.236 (8)
ec15,1 K (Th) 855.118 (7) 0.0426 (17)
ec12,0 K (Th) 859.318 (5) 0.1282 (45)
ec12,1 L (Th) 890.737 - 894.900 0.0579 (19)
ec12,1 M (Th) 906.027 - 907.877 0.01438 (49)
ec12,0 L (Th) 948.496 - 952.700 0.0304 (11)
ec35,1 K (Th) 1478.545 (13) 0.017 (7)

β−
0,60 max: 0.7 (27) 0.0047 (11) avg: 0.18 (68)

β−
0,59 max: 86.8 (27) 0.0069 (11) avg: 22.4 (8)

β−
0,58 max: 94.0 (27) 0.026 (4) avg: 24.3 (7)

β−
0,57 max: 101.0 (27) 0.061 (6) avg: 26.2 (7)

β−
0,56 max: 110.2 (27) 0.0032 (10) avg: 28.7 (7)

β−
0,55 max: 113.7 (27) 0.238 (15) avg: 29.7 (8)

β−
0,54 max: 136.3 (27) 0.07 (4) avg: 35.9 (8)

β−
0,53 max: 158.8 (27) 0.0132 (14) avg: 42.2 (8)

β−
0,52 max: 165.1 (27) 0.0038 (8) avg: 43.9 (8)

β−
0,51 max: 178.9 (27) 0.307 (22) avg: 47.8 (8)

β−
0,50 max: 186.6 (27) 0.053 (6) avg: 50.0 (8)

β−
0,49 max: 195.2 (27) 0.061 (8) avg: 52.5 (8)

β−
0,48 max: 217.2 (27) 0.025 (5) avg: 58.8 (8)

β−
0,47 max: 223.9 (27) 0.069 (8) avg: 60.8 (8)

β−
0,46 max: 230.8 (27) 0.109 (8) avg: 62.8 (8)

β−
0,45 max: 326.2 (27) 0.051 (8) avg: 91.4 (8)

β−
0,44 max: 327.9 (27) 0.035 (6) avg: 91.9 (8)

β−
0,43 max: 363.6 (27) 0.139 (12) avg: 103.0 (9)

β−
0,42 max: 365.6 (27) 0.060 (8) avg: 103.6 (9)

β−
0,41 max: 379.9 (27) 0.378 (16) avg: 108.1 (9)

β−
0,40 max: 388.4 (27) 0.149 (11) avg: 110.7 (9)

β−
0,39 max: 399.5 (27) 1.93 (8) avg: 114.3 (9)

β−
0,38 max: 435.4 (27) 2.50 (16) avg: 125.7 (9)

β−
0,37 max: 440.0 (27) 0.20 (3) avg: 127.2 (9)

β−
0,36 max: 441.0 (27) 1.21 (4) avg: 127.5 (9)

β−
0,35 max: 477.8 (27) 4.12 (20) avg: 139.5 (9)

β−
0,34 max: 480.7 (27) 0.82 (3) avg: 140.4 (9)

β−
0,33 max: 485.5 (27) 1.23 (6) avg: 142.0 (9)
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Energy Electrons Energy
keV per 100 disint. keV

β−
0,32 max: 506.0 (27) 0.071 (10) avg: 148.7 (9)

β−
0,31 max: 535.5 (27) 8.8 (23) avg: 158.5 (9)

β−
0,30 max: 584.6 (27) 0.030 (6) avg: 175.0 (9)

β−
0,27 max: 691.8 (27) 1.6 (5) avg: 211.8 (10)

β−
0,26 max: 707.7 (27) 0.060 (8) avg: 217.3 (10)

β−
0,25 max: 779.7 (27) 0.208 (18) avg: 242.7 (10)

β−
0,24 max: 826.4 (27) 1.46 (11) avg: 259.4 (10)

β−
0,23 max: 897.2 (27) 0.67 (8) avg: 285.1 (10)

β−
0,22 max: 948.4 (27) 0.166 (19) avg: 303.9 (10)

β−
0,20 max: 955.4 (27) 3.39 (13) avg: 306.4 (10)

β−
0,19 max: 970.3 (27) 6 (3) avg: 311.9 (10)

β−
0,18 max: 1000.8 (27) 6.67 (18) avg: 323.2 (10)

β−
0,16 max: 1063.9 (27) 0.099 (11) avg: 346.7 (11)

β−
0,15 max: 1101.3 (27) 3.0 (4) avg: 360.8 (11)

β−
0,14 max: 1107.4 (27) 0.39 (6) avg: 363.1 (11)

β−
0,13 max: 1144.3 (27) 0.238 (20) avg: 377.1 (11)

β−
0,12 max: 1154.8 (27) 31 (4) avg: 381.1 (11)

β−
0,11 max: 1155.4 (27) 0.18 (3) avg: 381.4 (11)

β−
0,10 max: 1179.6 (27) 0.087 (16) avg: 390.6 (11)

β−
0,8 max: 1249.3 (27) 0.17 (10) avg: 417.2 (11)

β−
0,5 max: 1727.7 (27) 12.4 (5) avg: 605.7 (11)

β−
0,4 max: 1745.6 (27) 0.147 (21) avg: 587.3 (11)

β−
0,3 max: 1795.8 (27) 0.72 (23) avg: 605.4 (11)

β−
0,2 max: 1937.0 (27) 0.6 (5) avg: 690.2 (11)

β−
0,1 max: 2066.0 (27) 6 (4) avg: 742.8 (11)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Th) 11.1177 — 19.5043 37 (4)

XKα2 (Th) 89.954 2.5 (7) } Kα
XKα1 (Th) 93.351 4.1 (11) }

XKβ3 (Th) 104.819 }
XKβ1 (Th) 105.604 } 1.5 (4) Kβ

′
1

XKβ
′′
5 (Th) 106.239 }

XKβ2 (Th) 108.509 }
XKβ4 (Th) 108.955 } 0.49 (13) Kβ

′
2

XKO2,3 (Th) 109.442 }

NPL /A. Pearce



192

Ac− 228

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ28,27(Th) 18.415 (12) 0.142 (30) E1 6.46 (10) 0.019 (4)
γ38,35(Th) 42.46 (5) 0.43 (14) M1 46.3 (7) 0.009 (3)
γ31,29(Th) 56.88 (5) 8 (8) E1+[M2] 360 (220) 0.020 (5)
γ1,0(Th) 57.752 (13) 72.5 (28) E2 153.2 (22) 0.470 (17)
γ20,17(Th) 77.34 (3) 0.027 (6) E1 0.232 (4) 0.027 (6)
γ29,27(Th) 99.505 (12) 6.10 (21) M1 3.84 (6) 1.26 (4)
γ18,15(Th) 100.41 (3) 0.114 (6) E1+M2 3.10 (5) 0.114 (6)
γ35,29(Th) 114.56 (7) 0.102 (46) M1+E2 9 (4) 0.0102 (22)
γ2,1(Th) 129.065 (3) 11.85 (36) E2 3.74 (6) 2.50 (7)
γ23,17(Th) 135.507 (22) 0.024 (6) E1 0.238 (4) 0.024 (6)
γ31,28(Th) 137.936 (22) 0.239 (34) M1 7.52 (11) 0.028 (4)
γ6,4(Th) 140.999 (20) 0.055 (11) E1 0.217 (3) 0.045 (9)
γ20,15(Th) 145.842 (20) 0.169 (6) E1 0.200 (3) 0.169 (6)
γ18,12(Th) 153.967 (11) 0.754 (23) E1 0.1757 (25) 0.754 (23)
γ25,22(Th) 168.53 (12) 0.0127 (31) M1+E2 2.7 (15) 0.0111 (27)
γ49,43(Th) 168.53 (12) 0.0093 (46) M1+E2 2.7 (15) 0.0025 (7)
γ19,13(Th) 173.96 (3) 0.036 (5) M1+E2 2.5 (14) 0.036 (5)
γ19,12(Th) 184.547 (19) 5.5 (29) E0+M1 100 (40) 0.054 (19)
γ4,2(Th) 191.351 (17) 0.236 (14) E2 0.776 (11) 0.133 (8)
γ20,12(Th) 199.402 (15) 0.299 (23) E1 0.0950 (14) 0.299 (23)
γ24,15(Th) 204.029 (11) 0.114 (8) M2 10.65 (15) 0.114 (8)
γ5,2(Th) 209.248 (7) 4.31 (14) E1 0.0848 (12) 3.97 (13)
γ19,9(Th) 214.89 (10) 0.047 (8) E2 0.514 (8) 0.031 (5)
γ28,23(Th) 223.793 (21) 0.058 (6) M1+E2 1.85 (4) 0.058 (6)
γ22,10(Th) 231.42 (10) 0.026 (4) E2 0.392 (6) 0.026 (4)
γ27,21(Th) 257.482 (21) 0.0286 (19) M1 1.285 (18) 0.0286 (19)
γ27,20(Th) 263.58 (10) 0.0451 (31) E1 0.0498 (7) 0.043 (3)
γ3,1(Th) 270.245 (7) 3.72 (10) E1 0.0470 (7) 3.55 (10)
γ19,8(Th) 278.80 (15) 0.33 (9) M1+E2 0.6 (4) 0.204 (28)
γ27,19(Th) 278.80 (15) 0.038 (6) E2 0.212 (3) 0.031 (5)
γ28,20(Th) 282.02 (4) 0.14 (6) M1+E2 0.6 (4) 0.09 (3)
γ19,7(Th) 321.646 (8) 0.232 (14) E2 0.1369 (20) 0.232 (14)
γ42,27(Th) 326.04 (20) 0.035 (6) E2 0.1315 (19) 0.035 (6)
γ3,0(Th) 328.004 (7) 3.13 (11) E1 0.0305 (5) 3.04 (11)
γ6,2(Th) 332.371 (6) 0.38 (6) E1 0.0297 (5) 0.37 (6)
γ5,1(Th) 338.320 (5) 11.72 (41) E1 0.0285 (4) 11.4 (4)
γ27,17(Th) 340.969 (21) 0.405 (20) E2+M1 0.133 (21) 0.405 (20)
γ51,31(Th) 356.7 (3) 0.032 (15) E1+M2 0.8 (8) 0.0178 (21)
γ55,33(Th) 372.59 (3) 0.0070 (17) E2 0.0902 (13) 0.0070 (17)
γ29,19(Th) 377.99 (10) 0.033 (6) M1+E2 0.27 (18) 0.026 (3)
γ57,33(Th) 384.47 (9) 0.0070 (17) E2 0.0828 (12) 0.0070 (17)
γ49,30(Th) 389.32 (13) 0.0108 (17) M1+E2 0.25 (17) 0.0108 (17)
γ50,30(Th) 397.95 (10) 0.029 (3) 0.029 (3)
γ41,25(Th) 399.83 (14) 0.0316 (41) E1 0.0200 (3) 0.031 (4)
γ27,15(Th) 409.460 (13) 2.02 (6) E2+M1 0.21 (15) 2.02 (6)
γ30,18(Th) 415.96 (14) 0.0138 (23) E1 0.0184 (3) 0.0138 (23)
γ35,23(Th) 419.38 (7) 0.0224 (31) E1 0.0181 (3) 0.022 (3)
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γ29,17(Th) 440.450 (24) 0.166 (13) M1 0.295 (5) 0.128 (10)
γ11,6(Th) 449.11 (6) 0.053 (6) E2 0.0554 (8) 0.050 (6)
γ27,13(Th) 452.50 (6) 0.0199 (19) E2 0.0544 (8) 0.0199 (19)
γ37,23(Th) 457.18 (15) 0.0186 (39) M1+E2 0.16 (11) 0.016 (3)
γ27,12(Th) 463.002 (6) 4.45 (24) E2 0.0514 (8) 4.45 (24)
γ33,20(Th) 470.21 (20) 0.0142 (30) E1 0.01428 (20) 0.014 (3)
γ26,10(Th) 471.77 (15) 0.0357 (42) E2 0.0491 (7) 0.034 (4)
γ34,20(Th) 474.79 (10) 0.026 (5) M1+E2 0.14 (10) 0.023 (4)
γ8,5(Th) 478.40 (5) 0.227 (19) E1 0.01379 (20) 0.224 (19)
γ48,26(Th) 490.33 (15) 0.0116 (25) E2 0.0447 (7) 0.0116 (25)
γ35,19(Th) 492.29 (8) 0.0282 (41) M1+E2 0.13 (9) 0.025 (3)
γ39,23(Th) 497.64 (10) 0.0062 (19) M2 0.581 (9) 0.0062 (19)
γ7,3(Th) 503.819 (23) 0.173 (19) E1 0.01243 (18) 0.171 (19)
γ29,15(Th) 508.955 (13) 0.568 (45) E2+M1 0.1130 (16) 0.51 (4)
γ33,18(Th) 515.12 (7) 0.051 (6) E1 0.01189 (17) 0.051 (6)
γ34,18(Th) 520.16 (3) 0.070 (7) M1+E2 0.11 (8) 0.070 (7)
γ35,18(Th) 523.129 (22) 0.129 (10) E1 0.01153 (17) 0.129 (10)
γ16,6(Th) 540.67 (5) 0.0297 (38) M1+E2 0.10 (7) 0.027 (3)
γ8,3(Th) 546.445 (21) 0.201 (16) E1 0.01058 (15) 0.199 (16)
γ39,22(Th) 548.73 (11) 0.0264 (47) M1+E2 0.10 (7) 0.024 (4)
γ35,17(Th) 555.07 (16) 0.048 (6) M1+E2 0.048 (6)
γ29,12(Th) 562.496 (7) 0.97 (7) E2+M1 0.09 (6) 0.89 (4)
γ39,19(Th) 570.88 (4) 0.22 (6) M1 0.1472 (21) 0.19 (5)
γ11,5(Th) 572.10 (5) 0.170 (22) M1+E2 0.09 (6) 0.156 (18)
γ13,5(Th) 583.391 (10) 0.120 (11) E1 0.00932 (13) 0.120 (11)
γ9,3(Th) 610.65 (10) 0.024 (5) E1 0.00853 (12) 0.024 (5)
γ10,3(Th) 616.21 (3) 0.085 (7) E1 0.00838 (12) 0.084 (7)
γ14,5(Th) 620.32 (7) 0.084 (7) 0.084 (7)
γ35,15(Th) 623.48 (22) 0.0128 (33) M1+E2 0.07 (5) 0.012 (3)
γ34,14(Th) 626.80 (22) 0.015 (3) 0.015 (3)
γ35,14(Th) 629.41 (5) 0.047 (5) E2 0.0254 (4) 0.047 (5)
γ11,3(Th) 640.32 (4) 0.058 (6) E2 0.0245 (4) 0.057 (6)
γ20,6(Th) 649.02 (12) 0.043 (11) E2 0.0238 (4) 0.0332 (36)
γ32,12(Th) 649.02 (12) 0.0086 (9) 0.0086 (9)
γ13,3(Th) 651.53 (3) 0.094 (10) E1 0.00754 (11) 0.094 (10)
γ36,15(Th) 660.1 (3) 0.00572 (38) M1+E2 0.06 (4) 0.0054 (3)
γ16,5(Th) 663.88 (8) 0.029 (6) M1+E2 0.06 (4) 0.029 (6)
γ46,23(Th) 666.45 (5) 0.0068 (7) E1 0.00722 (11) 0.0068 (7)
γ35,13(Th) 666.45 (5) 0.061 (7) M1+E2 0.06 (4) 0.058 (6)
γ38,14(Th) 671.95 (8) 0.027 (8) 0.027 (8)
γ34,12(Th) 674.63 (4) 0.105 (10) M1+E2 0.06 (4) 0.105 (10)
γ35,12(Th) 677.08 (10) 0.065 (6) M1+E2 0.06 (4) 0.065 (6)
γ14,3(Th) 688.12 (4) 0.070 (7) 0.070 (7)
γ34,10(Th) 698.99 (10) 0.038 (6) E2 0.0203 (3) 0.038 (6)
γ39,15(Th) 701.742 (15) 0.181 (15) M1 0.0850 (12) 0.181 (15)
γ23,6(Th) 707.42 (5) 0.162 (18) E2 0.0198 (3) 0.162 (18)
γ51,23(Th) 718.30 (3) 0.0191 (40) E1 0.00628 (9) 0.019 (4)
γ18,5(Th) 726.88 (10) 0.68 (8) E2 0.0187 (3) 0.68 (8)
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γ43,15(Th) 737.74 (5) 0.039 (5) M1+E2 0.05 (3) 0.039 (5)
γ39,12(Th) 755.313 (9) 1.102 (43) M1 0.070 (1) 1.03 (4)
γ20,5(Th) 772.291 (7) 1.52 (6) M1+E2 0.0244 (14) 1.52 (6)
γ7,1(Th) 774.07 (10) 0.0630 (41) E2 0.01649 (23) 0.062 (4)
γ51,20(Th) 776.51 (3) 0.020 (6) 0.020 (6)
γ12,2(Th) 782.140 (6) 0.508 (41) E2 0.01615 (23) 0.50 (4)
γ51,19(Th) 791.43 (9) 0.0149 (42) M1 0.0618 (9) 0.014 (4)
γ43,12(Th) 791.43 (9) 0.0104 (31) M1+E2 0.039 (23) 0.010 (3)
γ13,2(Th) 792.69 (10) 0.082 (5) E2 0.01572 (22) 0.081 (5)
γ18,3(Th) 794.942 (14) 4.31 (14) E2+M1 0.0179 (14) 4.31 (14)
γ38,8(Th) 813.88 (10) 0.0073 (17) M1+E2 0.036 (22) 0.0073 (17)
γ8,1(Th) 816.82 (10) 0.0321 (42) M1+E2 0.036 (21) 0.031 (4)
γ25,6(Th) 824.931 (25) 0.054 (6) E2 0.01452 (21) 0.053 (6)
γ23,5(Th) 830.481 (8) 0.61 (6) E2+M1 0.0150 (3) 0.61 (6)
γ15,2(Th) 835.704 (8) 1.70 (7) E2 0.01415 (20) 1.70 (7)
γ20,3(Th) 840.372 (9) 0.984 (41) E2 0.0140 (2) 0.97 (4)
γ51,17(Th) 853.96 (8) 0.0128 (21) M1+E2 0.032 (19) 0.0124 (20)
γ46,15(Th) 870.47 (7) 0.046 (5) M1 0.0481 (7) 0.046 (5)
γ16,2(Th) 873.10 (15) 0.032 (7) E1 0.00440 (7) 0.032 (7)
γ8,0(Th) 874.45 (8) 0.051 (11) E2 0.01294 (19) 0.050 (11)
γ47,15(Th) 877.38 (7) 0.0144 (31) M1+E2 0.030 (18) 0.014 (3)
γ9,1(Th) 880.76 (10) 0.0066 (19) E2 0.01276 (18) 0.0065 (19)
γ55,18(Th) 887.26 (10) 0.029 (3) M1+E2 0.029 (17) 0.029 (3)
γ24,5(Th) 901.38 (3) 0.0172 (40) E2 0.01220 (17) 0.017 (4)
γ17,2(Th) 904.20 (5) 0.78 (4) E2 0.01212 (17) 0.78 (4)
γ12,1(Th) 911.196 (6) 26.5 (8) E2 0.01194 (17) 26.2 (8)
γ55,17(Th) 919.03 (12) 0.028 (3) 0.028 (3)
γ13,1(Th) 921.87 (12) 0.0158 (24) M1+E2 0.027 (15) 0.0154 (23)
γ28,6(Th) 930.99 (7) 0.0026 (24) M1+E2 0.026 (15) 0.0025 (23)
γ47,12(Th) 930.99 (7) 0.004 (1) 0.004 (1)
γ58,17(Th) 939.89 (15) 0.009 (3) 0.009 (3)
γ10,0(Th) 944.19 (3) 0.102 (10) E1+M2 0.025 (14) 0.10 (1)
γ25,5(Th) 947.976 (24) 0.111 (10) M1+E2 0.025 (14) 0.111 (10)
γ14,1(Th) 958.59 (4) 0.29 (5) 0.29 (5)
γ15,1(Th) 964.786 (8) 4.99 (17) E2+M1 0.01119 (23) 4.99 (17)
γ12,0(Th) 968.960 (9) 16.1 (5) E2 0.01061 (15) 15.9 (5)
γ51,12(Th) 975.98 (5) 0.052 (6) M1 0.0356 (5) 0.052 (6)
γ13,0(Th) 979.49 (10) 0.0283 (30) E2 0.01039 (15) 0.028 (3)
γ21,2(Th) 987.87 (10) 0.14 (6) M1+E2 0.022 (13) 0.14 (6)
γ22,2(Th) 988.65 (20) 0.081 (14) E2 0.01021 (15) 0.081 (14)
γ51,10(Th) 1000.68 (10) 0.0054 (3) 0.0054 (3)
γ58,14(Th) 1013.55 (13) 0.0097 (16) 0.0097 (16)
γ14,0(Th) 1016.44 (10) 0.0194 (31) M1+E2 0.021 (12) 0.019 (3)
γ54,12(Th) 1017.94 (20) 0.032 (32) E2+M3 0.07 (7) 0.03 (3)
γ26,5(Th) 1019.88 (10) 0.022 (5) 0.022 (5)
γ17,1(Th) 1033.244 (23) 0.204 (12) E2 0.00938 (14) 0.204 (12)
γ23,2(Th) 1039.83 (7) 0.056 (18) 0.056 (18)
γ55,12(Th) 1040.94 (15) 0.047 (10) E2+M3 0.07 (6) 0.047 (10)
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γ57,12(Th) 1053.11 (20) 0.0143 (41) M1+E2 0.019 (10) 0.014 (4)
γ28,5(Th) 1054.13 (20) 0.019 (6) M1+E2 0.019 (10) 0.019 (6)
γ50,8(Th) 1062.57 (15) 0.011 (4) 0.011 (4)
γ18,1(Th) 1065.168 (15) 0.135 (8) 0.135 (8)
γ48,7(Th) 1074.73 (15) 0.011 (4) 0.011 (4)
γ26,3(Th) 1088.20 (15) 0.0062 (14) 0.0062 (14)
γ19,1(Th) 1095.671 (23) 0.126 (10) M1+E2 0.017 (9) 0.126 (10)
γ27,3(Th) 1103.43 (10) 0.0102 (11) E3 0.0195 (3) 0.0102 (11)
γ20,1(Th) 1110.604 (9) 0.285 (22) E1 0.00288 (4) 0.284 (22)
γ24,2(Th) 1110.604 (9) 0.0273 (21) E1 0.00288 (4) 0.0272 (21)
γ22,1(Th) 1117.65 (10) 0.061 (7) 0.061 (7)
γ29,5(Th) 1135.26 (15) 0.0102 (17) 0.0102 (17)
γ30,5(Th) 1142.87 (15) 0.0108 (22) 0.0108 (22)
γ57,8(Th) 1148.17 (14) 0.0062 (14) M1+E2 0.015 (8) 0.0062 (14)
γ19,0(Th) 1153.27 (4) 0.148 (13) E1+M2 0.03 (3) 0.148 (13)
γ25,2(Th) 1157.16 (15) 0.0073 (14) E1+M2 0.03 (3) 0.0073 (14)
γ37,6(Th) 1164.55 (7) 0.067 (7) M1+E2 0.015 (8) 0.067 (7)
γ22,0(Th) 1175.33 (10) 0.0257 (42) E1+M2 0.027 (24) 0.025 (4)
γ57,7(Th) 1190.83 (20) 0.0065 (17) M1+E2 0.014 (7) 0.0065 (17)
γ40,6(Th) 1217.03 (10) 0.022 (4) 0.022 (4)
γ26,2(Th) 1229.42 (15) 0.0078 (25) 0.0078 (25)
γ27,2(Th) 1245.15 (6) 0.110 (8) M1+E2 0.013 (6) 0.110 (8)
γ34,5(Th) 1247.10 (5) 0.524 (24) M1 0.0187 (3) 0.524 (24)
γ35,5(Th) 1250.06 (5) 0.065 (6) 0.065 (6)
γ44,6(Th) 1276.72 (10) 0.015 (3) 0.015 (3)
γ25,1(Th) 1286.29 (20) 0.052 (11) E1+M2 0.052 (11)
γ37,5(Th) 1287.77 (8) 0.109 (25) M1+E2 0.012 (6) 0.109 (25)
γ33,3(Th) 1309.76 (20) 0.020 (7) E1+M2 0.020 (18) 0.020 (7)
γ34,3(Th) 1315.33 (10) 0.0152 (30) M1+E2 0.011 (6) 0.015 (3)
γ29,2(Th) 1344.62 (15) 0.0094 (20) M1+E2 0.011 (5) 0.0094 (20)
γ41,5(Th) 1347.50 (15) 0.0163 (41) E1+M2 0.019 (17) 0.016 (4)
γ40,4(Th) 1357.81 (15) 0.021 (5) 0.021 (5)
γ41,4(Th) 1365.71 (12) 0.0144 (31) E2+M3 0.03 (3) 0.014 (3)
γ27,1(Th) 1374.24 (7) 0.0196 (14) E2+M3 0.03 (3) 0.0196 (14)
γ45,5(Th) 1401.52 (10) 0.0132 (31) E1+M2 0.017 (15) 0.013 (3)
γ41,3(Th) 1415.55 (14) 0.022 (5) E3 0.01141 (16) 0.022 (5)
γ32,2(Th) 1430.99 (10) 0.037 (8) 0.037 (8)
γ28,0(Th) 1451.43 (15) 0.0111 (22) M1+E2 0.009 (4) 0.0111 (22)
γ35,2(Th) 1459.131 (22) 0.89 (6) E2 0.00498 (7) 0.87 (5)
γ45,3(Th) 1469.74 (15) 0.021 (5) E1+M2 0.015 (14) 0.021 (5)
γ36,2(Th) 1495.904 (16) 0.924 (30) E2 0.00477 (7) 0.92 (3)
γ38,2(Th) 1501.59 (5) 0.513 (17) 0.513 (17)
γ39,2(Th) 1537.89 (10) 0.049 (6) E2+M3 0.023 (19) 0.049 (6)
γ40,2(Th) 1548.65 (6) 0.040 (5) 0.040 (5)
γ41,2(Th) 1557.13 (7) 0.173 (9) E2+M1 0.0070 (6) 0.173 (9)
γ32,1(Th) 1560.02 (7) 0.021 (5) 0.021 (5)
γ42,2(Th) 1571.55 (20) 0.0059 (17) 0.0059 (17)
γ43,2(Th) 1573.389 (24) 0.0341 (40) E2 0.00438 (7) 0.034 (4)
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γ33,1(Th) 1580.531 (25) 0.624 (40) M1+E2 0.007 (3) 0.62 (4)
γ35,1(Th) 1588.200 (25) 3.06 (12) E2 0.007 (3) 3.06 (12)
γ54,4(Th) 1609.44 (15) 0.0081 (17) E2 0.00422 (6) 0.0081 (17)
γ36,1(Th) 1625.09 (4) 0.270 (23) E2+M3 0.020 (17) 0.270 (23)
γ38,1(Th) 1630.618 (20) 1.52 (6) M1+E2 0.007 (3) 1.52 (6)
γ33,0(Th) 1638.272 (23) 0.462 (30) E2 0.00410 (6) 0.46 (3)
γ39,1(Th) 1666.514 (13) 0.173 (9) M1 0.00895 (13) 0.173 (9)
γ40,1(Th) 1677.66 (6) 0.057 (6) 0.057 (6)
γ41,1(Th) 1686.22 (11) 0.094 (7) E2 0.00391 (6) 0.094 (7)
γ42,1(Th) 1700.62 (20) 0.0105 (25) 0.0105 (25)
γ43,1(Th) 1702.40 (8) 0.055 (7) E2+M3 0.018 (15) 0.055 (7)
γ46,2(Th) 1706.17 (7) 0.0089 (12) M1+E2 0.0078 (12) 0.0089 (12)
γ47,2(Th) 1713.49 (20) 0.0057 (11) E2+M3 0.018 (14) 0.0057 (11)
γ39,0(Th) 1724.19 (5) 0.030 (4) E1+M2 0.030 (4)
γ44,1(Th) 1738.46 (5) 0.018 (4) 0.018 (4)
γ45,1(Th) 1740.5 (3) 0.011 (4) 0.011 (4)
γ49,2(Th) 1742.1 (3) 0.0084 (25) M1+E2 0.0084 (25)
γ50,2(Th) 1750.58 (20) 0.0084 (9) 0.0084 (9)
γ51,2(Th) 1758.11 (5) 0.0361 (40) E2+M1 0.00371 (6) 0.036 (4)
γ52,2(Th) 1772.2 (3) 0.0019 (5) E2+M3 0.016 (13) 0.0019 (5)
γ60,3(Th) 1795.13 (6) 0.0022 (8) 0.0022 (8)
γ45,0(Th) 1797.5 (5) 0.0022 (8) E1+M2 0.009 (8) 0.0022 (8)
γ54,2(Th) 1800.9 (2) 0.0046 (8) 0.0046 (8)
γ55,2(Th) 1823.22 (10) 0.046 (5) 0.046 (5)
γ56,2(Th) 1826.8 (3) 0.0022 (8) 0.0022 (8)
γ46,1(Th) 1835.29 (10) 0.0381 (40) E2+M1 0.00382 (10) 0.038 (4)
γ47,1(Th) 1842.15 (8) 0.037 (6) M1+E2 0.0055 (4) 0.037 (6)
γ59,2(Th) 1850.17 (20) 0.0046 (8) 0.0046 (8)
γ49,1(Th) 1870.82 (9) 0.0257 (24) M1+E2 0.0051 (18) 0.0257 (24)
γ50,1(Th) 1879.6 (3) 0.0013 (5) 0.0013 (5)
γ51,1(Th) 1887.13 (5) 0.094 (7) E2+M1 0.0050 (17) 0.094 (7)
γ47,0(Th) 1900.16 (20) 0.0030 (6) E1+M2 0.008 (7) 0.0030 (6)
γ53,1(Th) 1907.14 (11) 0.0124 (13) 0.0124 (13)
γ54,1(Th) 1929.78 (20) 0.0208 (14) E2+M3 0.013 (10) 0.0208 (14)
γ60,2(Th) 1936.3 (3) 0.0022 (6) 0.0022 (6)
γ55,1(Th) 1952.37 (10) 0.062 (5) E2+M3 0.013 (10) 0.062 (5)
γ56,1(Th) 1955.9 (5) 0.0008 (3) 0.0008 (3)
γ52,0(Th) 1958.4 (3) 0.0016 (5) E1+M2 0.0016 (5)
γ57,1(Th) 1965.22 (12) 0.0223 (22) M1+E2 0.0046 (15) 0.0223 (22)
γ58,1(Th) 1972.0 (3) 0.0038 (8) 0.0038 (8)
γ59,1(Th) 1979.3 (3) 0.0019 (5) 0.0019 (5)
γ58,0(Th) 2029.4 (5) 0.0019 (5) E1+M2 0.007 (6) 0.0019 (5)
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T.Kibédi, T.W.Burrows, M.B.Trzhaskovskaya, P.M.Davidson, C.W.Nestor Jr., Nucl. Instrum. Methods
Phys. Res. A589 (2008) 202

(Theoretical ICC)

NPL /A. Pearce



198

Ac− 228

NPL /A. Pearce



199

Th− 228

1 Half-life, Q-value and Decay mode

T1/2 : 698.55 (32) d

Qα : 5520.08 (22) keV
α : 100 %
20O : 1.13 (22) ×10−11 %

2 α Emissions

Energy Probability
keV × 100

α0,8 4448.00 (23) 0.0000045 (7)
α0,7 4522.97 (23) 0.000017 (3)
α0,6 4952.5 (3) 0.000024 (5)
α0,5 4997.76 (24) 0.000010 (2)
α0,4 5137.97 (22) 0.036 (6)
α0,3 5176.86 (22) 0.218 (4)
α0,2 5211.05 (22) 0.408 (7)
α0,1 5340.35 (22) 26.0 (5)
α0,0 5423.24 (22) 73.4 (5)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Ra) 5.71 - 12.04 10.4 (4)

eAK (Ra) 0.0020 (3)
KLL 65.149 - 72.729 }
KLX 79.721 - 88.466 }
KXY 94.27 - 103.91 }

ec1,0 L (Ra) 65.14 - 68.93 18.5 (5)
ec1,0 M (Ra) 79.55 - 81.27 5.0 (2)
ec1,0 N+ (Ra) 83.17 - 84.36 1.65 (5)
ec2,0 K (Ra) 112.072 (4) 0.015 (6)
ec3,1 K (Ra) 62.497 (4) 0.023 (1)
ec3,1 L (Ra) 147.17 - 150.97 0.069 (2)
ec3,1 M+ (Ra) 161.59 - 166.40 0.025 (1)
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4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Ra) 10.622 — 18.412 8.6 (4)

XKα2 (Ra) 85.43 0.0180 (3) } Kα
XKα1 (Ra) 88.47 0.0295 (5) }

XKβ3 (Ra) 99.432 }
XKβ1 (Ra) 100.13 } 0.01034 (21) Kβ

′
1

XKβ
′′
5 (Ra) 100.738 }

XKβ2 (Ra) 102.89 }
XKβ4 (Ra) 103.295 } 0.00339 (9) Kβ

′
2

XKO2,3 (Ra) 103.74 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ4,2(Ra) 74.38 (4) 0.015 (5) [E2] 38.6 (6) 0.00039 (14)
γ1,0(Ra) 84.373 (3) 26.4 (7) E2 21.2 (3) 1.19 (3)
γ2,1(Ra) 131.612 (5) 0.158 (3) E1 0.247 (4) 0.127 (2)
γ5,4(Ra) 142.71 (11) 0.0000041 (13) [E2] 2.14 (3) 0.0000013 (4)
γ3,1(Ra) 166.410 (4) 0.217 (4) E2 1.164 (17) 0.1004 (14)
γ5,3(Ra) 182.29 (10) 0.0000057 (20) [E1] 0.1126 (16) 0.0000051 (18)
γ4,1(Ra) 205.99 (4) 0.0204 (5) [E1] 0.0841 (12) 0.0188 (5)
γ2,0(Ra) 215.985 (4) 0.265 (4) E1 0.0752 (11) 0.246 (4)
γ6,3(Ra) 228.42 (18) 0.000025 (6) [E2] 0.366 (6) 0.000018 (4)
γ7,2(Ra) 700.36 (7) 0.000003 (1) E1 0.00611 (9) 0.000003 (1)
γ8,3(Ra) 741.87 (6) 0.0000014 (4) [E2] 0.01625 (23) 0.0000014 (4)
γ7,1(Ra) 831.97 (7) 0.000014 (2) E2 0.01289 (18) 0.000014 (2)
γ8,1(Ra) 908.28 (6) 0.0000017 (5) [M1+50%E2] 0.024 (3) 0.0000017 (5)
γ8,0(Ra) 992.65 (6) 0.0000014 (4) [E2] 0.00913 (13) 0.0000014 (4)
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1 Half-life, Q-value and Decay mode

T1/2 : 7.88 (12) ×103 y

Qα : 5167.6 (10) keV
α : 100 %

2 α Emissions

Energy Probability
keV × 100

α0,44 4478 (3) 0.005
α0,43 4484 (2) 0.03 (2)
α0,40 4599 (3) 0.02 (1)
α0,38 4608 (2) 0.050 (8)
α0,36 4667 0.001
α0,33 4690 (2) 0.23 (8)
α0,30 4694 (2) 0.12 (2)
α0,29 4737 0.01
α0,28 4748 0.005
α0,27 4754 0.05
α0,26 4761 (2) 1.0 (4)
α0,24 4797.8 (12) 1.5 (2)
α0,23 4809 0.22
α0,22 4814.6 (12) 9.30 (8)
α0,20 4833 0.29
α0,19 4838 (2) 5.0 (2)
α0,18 4845.3 (12) 56.2 (2)
α0,17 4852 0.03
α0,15 4861 (2) 0.28 (10)
α0,14 4865 0.03
α0,13 4878 0.03
α0,12 4901.0 (12) 10.20 (8)
α0,10 4930 (2) 0.16 (5)
α0,8 4967.5 (12) 5.97 (6)
α0,6 4978.5 (12) 3.17 (4)
α0,5 5009 (2) 0.09 (1)
α0,4 5023 (2) 0.009 (3)
α0,3 5036 (2) 0.24 (2)
α0,2 5047 (2) 0.2
α0,1 5053 (2) 6.6 (1)
α0,0 5078 (2) 0.05 (1)
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3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Ra) 5.71 - 12.04 132 (7)

eAK (Ra) 1.60 (21)
KLL 65.149 - 72.729 }
KLX 79.721 - 88.466 }
KXY 94.27 - 103.91 }

ec3,1 L (Ra) 1.92 - 1.92 0.52 (26)
ec10,3 K (Ra) 3.193 (8) 7.6 (16)
ec4,2 L (Ra) 4.4 - 8.2 0.218 (21)
ec15,8 K (Ra) 5.285 (8) 0.45 (11)
ec1,0 L (Ra) 6.16 - 9.95 43 (21)
ec12,5 K (Ra) 6.417 (10) 0.037 (4)
ec12,10 L (Ra) 10.7 - 14.5 18.4 (33)
ec6,5 L (Ra) 11.9 - 15.7 1.56 (15)
ec2,0 L (Ra) 12.3 - 16.1 2.14 (8)
ec22,18 L (Ra) 12.34 - 16.13 4.7 (7)
ec3,1 M (Ra) 12.54 - 14.26 18 (9)
ec15,6 K (Ra) 16.065 (8) 0.402 (3)
ec3,1 N (Ra) 16.15 - 17.08 4.6 (23)
ec5,2 L (Ra) 18.6 - 22.4 2.4 (12)
ec4,2 M (Ra) 18.8 - 20.5 0.053 (5)
ec19,9 K (Ra) 19.278 (11) 0.035 (5)
ec1,0 M (Ra) 20.57 - 22.28 11 (6)
ec10,1 K (Ra) 20.63 (5) 4.63 (41)
ec18,8 K (Ra) 20.74 (5) 4.95 (41)
ec17,6 K (Ra) 22.5650 (17) 0.05 (1)
ec33,22 K (Ra) 22.565 (17) 0.032 (3)
ec8,5 L (Ra) 23.1 - 26.9 0.068 (7)
ec3,0 L (Ra) 23.59 - 27.38 9.0 (23)
ec1,0 N (Ra) 24.18 - 25.11 3.0 (15)
ec5,1 L (Ra) 24.76 - 28.55 0.491 (23)
ec12,10 M (Ra) 25.1 - 26.8 4.6 (8)
ec6,5 M (Ra) 26.3 - 28.0 0.391 (38)
ec2,0 M (Ra) 26.7 - 28.4 0.536 (20)
ec22,18 M (Ra) 26.75 - 28.46 1.12 (17)
ec19,8 K (Ra) 28.011 (5) 1.91 (7)
ec6,5 N (Ra) 29.9 - 30.8 0.10 (1)
ec24,10 K (Ra) 30.275 (20) 0.0165 (7)
ec2,0 N (Ra) 30.3 - 31.2 0.137 (5)
ec13,5 K (Ra) 30.3 (1) 0.051 (8)
ec22,18 N (Ra) 30.36 - 31.29 0.297 (44)
ec26,23 L (Ra) 30.518 - 34.306 0.42 (6)
ec9,5 L (Ra) 31.76 - 35.55 0.29 (7)
ec5,2 M (Ra) 33.0 - 34.7 0.65 (33)
ec12,3 K (Ra) 33.075 (4) 6.04 (18)
ec26,22 L (Ra) 34.52 - 38.31 0.158 (43)
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Energy Electrons
keV per 100 disint.

ec5,2 N (Ra) 36.6 - 37.5 0.17 (9)
ec18,12 L (Ra) 37.286 - 41.074 4.1 (12)
ec8,5 M (Ra) 37.5 - 39.2 0.0166 (17)
ec3,0 M (Ra) 38.00 - 39.72 2.2 (7)
ec19,6 K (Ra) 39.047 (5) 1.83 (6)
ec5,1 M (Ra) 39.17 - 40.89 0.121 (6)
ec3,0 N (Ra) 41.61 - 42.54 0.61 (16)
ec5,1 N (Ra) 42.78 - 43.71 0.0311 (15)
ec22,9 K (Ra) 43.725 (30) 0.031 (2)
ec12,2 K (Ra) 44.24 (4) 0.129 (9)
ec26,23 M (Ra) 44.928 - 46.645 0.10 (2)
ec10,0 K (Ra) 46.12 (3) 0.20 (6)
ec9,5 M (Ra) 46.17 - 47.89 0.068 (16)
ec33,19 K (Ra) 47.7 (3) 0.0960 (15)
ec26,23 N (Ra) 48.542 - 49.471 0.034 (5)
ec12,8 L (Ra) 48.86 - 52.65 0.76 (30)
ec26,22 M (Ra) 48.93 - 50.64 0.038 (10)
ec8,3 L (Ra) 49.60 - 53.39 5.6 (5)
ec9,5 N (Ra) 49.78 - 50.71 0.0180 (43)
ec12,1 K (Ra) 50.42 (1) 2.5 (7)
ec18,12 M (Ra) 51.696 - 53.413 0.96 (27)
ec22,8 K (Ra) 52.494 (9) 4.19 (12)
ec26,22 N (Ra) 52.54 - 53.47 0.0100 (27)
ec33,18 K (Ra) 54.50 (12) 0.17 (7)
ec18,12 N (Ra) 55.310 - 56.239 0.25 (7)
ec6,1 L (Ra) 55.9 - 59.7 16.5 (35)
ec26,19 L (Ra) 59.068 - 62.856 0.041 (7)
ec30,17 K (Ra) 59.425 (40) 0.069 (7)
ec18,5 K (Ra) 63.061 (50) 0.023 (2)
ec12,8 M (Ra) 63.27 - 64.98 0.19 (7)
ec22,6 K (Ra) 63.53 (8) 0.145 (29)
ec8,3 M (Ra) 64.01 - 65.72 1.52 (15)
ec12,8 N (Ra) 66.88 - 67.81 0.048 (22)
ec8,1 L (Ra) 67.02 - 70.81 5.6 (8)
ec18,10 L (Ra) 67.2 - 71.0 93.6 (13)
ec8,3 N (Ra) 67.62 - 68.55 0.401 (39)
ec24,8 K (Ra) 69.011 (18) 0.292 (27)
ec6,1 M (Ra) 70.3 - 72.0 4.5 (10)
ec6,1 N (Ra) 73.9 - 74.8 1.18 (25)
ec10,4 L (Ra) 75.498 - 79.286 0.026 (3)
ec12,0 K (Ra) 75.842 (60) 0.039 (5)
ec24,6 K (Ra) 80.013 (8) 0.324 (16)
ec8,1 M (Ra) 81.43 - 83.14 1.39 (21)
ec18,10 M (Ra) 81.6 - 83.3 22.39 (35)
ec8,1 N (Ra) 85.04 - 85.97 0.36 (6)
ec18,10 N (Ra) 85.2 - 86.1 5.90 (11)
ec10,3 L (Ra) 87.876 - 91.664 1.78 (49)
ec18,3 K (Ra) 89.60 (5) 8.9
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Energy Electrons
keV per 100 disint.

ec15,8 L (Ra) 89.968 - 93.756 0.085 (22)
ec15,1 K (Ra) 90.385 (70) 0.034 (5)
ec19,3 K (Ra) 96.892 (80) 0.011 (2)
ec22,10 L (Ra) 98.868 - 102.656 0.043 (5)
ec15,6 L (Ra) 100.748 - 104.536 0.075 (5)
ec18,2 K (Ra) 100.775 (80) 0.041 (6)
ec10,3 M (Ra) 102.286 - 104.003 0.44 (14)
ec15,8 M (Ra) 104.378 - 106.095 0.023 (5)
ec10,1 L (Ra) 105.32 - 109.11 0.86 (8)
ec18,8 L (Ra) 105.42 - 109.21 0.92 (8)
ec10,3 N (Ra) 105.900 - 106.829 0.113 (41)
ec26,8 K (Ra) 106.24 (8) 0.29 (6)
ec18,1 K (Ra) 106.938 (3) 4.25 (46)
ec33,22 L (Ra) 107.248 - 111.036 0.016 (2)
ec17,6 L (Ra) 107.248 - 111.036 0.025 (3)
ec19,8 L (Ra) 112.694 - 116.482 0.355 (14)
ec22,10 M (Ra) 113.278 - 114.995 0.0116 (23)
ec19,1 K (Ra) 114.239 (17) 0.248 (28)
ec24,10 L (Ra) 114.958 - 118.746 0.0109 (6)
ec15,6 M (Ra) 115.158 - 116.875 0.018 (2)
ec26,6 K (Ra) 117.305 (100) 0.032 (5)
ec12,3 L (Ra) 117.76 - 121.55 1.125 (33)
ec10,1 M (Ra) 119.73 - 121.44 0.206 (18)
ec18,8 M (Ra) 119.83 - 121.54 0.221 (18)
ec26,12 L (Ra) 122.768 - 126.556 0.016 (3)
ec10,1 N (Ra) 123.34 - 124.27 0.0544 (48)
ec18,8 N (Ra) 123.44 - 124.37 0.0583 (48)
ec19,6 L (Ra) 123.730 - 127.518 0.341 (11)
ec19,8 M (Ra) 127.104 - 128.821 0.0851 (33)
ec12,2 L (Ra) 128.92 - 132.71 0.0263 (18)
ec19,8 N (Ra) 130.718 - 131.647 0.0224 (9)
ec10,0 L (Ra) 130.81 - 134.60 0.047 (6)
ec12,3 M (Ra) 132.17 - 133.89 0.269 (8)
ec18,0 K (Ra) 132.334 (100) 0.021 (3)
ec33,19 L (Ra) 132.4 - 136.2 0.01782 (28)
ec12,1 L (Ra) 135.104 - 138.892 0.55 (6)
ec12,3 N (Ra) 135.78 - 136.71 0.0709 (21)
ec22,8 L (Ra) 137.177 - 140.965 0.777 (23)
ec19,6 M (Ra) 138.140 - 139.857 0.0816 (27)
ec22,1 K (Ra) 138.685 (110) 0.09 (1)
ec33,18 L (Ra) 139.19 - 142.98 0.032 (6)
ec19,6 N (Ra) 141.754 - 142.683 0.0215 (7)
ec30,17 L (Ra) 144.108 - 147.896 0.013 (2)
ec10,0 M (Ra) 145.22 - 146.94 0.0114 (18)
ec18,5 L (Ra) 147.744 - 151.532 0.046 (5)
ec22,6 L (Ra) 148.22 - 152.01 0.027 (5)
ec12,1 M (Ra) 149.514 - 151.231 0.139 (23)
ec22,8 M (Ra) 151.587 - 153.304 0.186 (5)
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Energy Electrons
keV per 100 disint.

ec12,1 N (Ra) 153.128 - 154.057 0.035 (5)
ec24,8 L (Ra) 153.694 - 157.482 0.054 (5)
ec24,1 K (Ra) 155.165 (130) 0.031 (4)
ec22,8 N (Ra) 155.201 - 156.130 0.0489 (14)
ec12,0 L (Ra) 160.525 - 164.313 0.099 (16)
ec24,6 L (Ra) 164.696 - 168.484 0.060 (3)
ec24,8 M (Ra) 168.104 - 169.821 0.0129 (12)
ec18,3 L (Ra) 174.29 - 178.08 1.6
ec12,0 M (Ra) 174.935 - 176.652 0.027 (6)
ec15,1 L (Ra) 175.068 - 178.856 0.011 (2)
ec24,6 M (Ra) 179.106 - 180.823 0.0144 (7)
ec19,3 L (Ra) 181.575 - 185.363 0.022 (3)
ec18,3 M (Ra) 188.70 - 190.42 0.4
ec26,8 L (Ra) 190.92 - 194.71 0.054 (11)
ec18,1 L (Ra) 191.621 - 195.409 0.78 (8)
ec18,3 N (Ra) 192.31 - 193.24 0.14
ec19,1 L (Ra) 198.922 - 202.710 0.046 (5)
ec26,8 M (Ra) 205.33 - 207.04 0.0128 (27)
ec22,3 L (Ra) 206.028 - 209.816 0.012 (2)
ec18,1 M (Ra) 206.031 - 207.748 0.187 (20)
ec18,1 N (Ra) 209.645 - 210.574 0.049 (5)
ec19,1 M (Ra) 213.332 - 215.049 0.0109 (12)
ec18,0 L (Ra) 217.017 - 220.805 0.028 (3)
ec22,1 L (Ra) 223.368 - 227.156 0.017 (2)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Ra) 10.62 — 18.41 106 (7)

XKα2 (Ra) 85.43 14.3 (6) } Kα
XKα1 (Ra) 88.47 23.4 (9) }

XKβ3 (Ra) 99.432 }
XKβ1 (Ra) 100.13 } 8.2 (4) Kβ

′
1

XKβ
′′
5 (Ra) 100.738 }

XKβ2 (Ra) 102.89 }
XKβ4 (Ra) 103.295 } 2.69 (12) Kβ

′
2

XKO2,3 (Ra) 103.74 }
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4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ8,6(Ra) 11.10 (8) 12.0 (18) (M1+E2) 60000 (6) 0.00020 (3)
γ43,42(Ra) 11.79 (20) 0.0005 0.0005
γ3,1(Ra) 17.360 (36) 24 (12) (M1) 133.2 (21) 0.18 (9)
γ4,2(Ra) 23.6 0.291 (24) (M1+E2) 241.33 0.0012 (1)
γ1,0(Ra) 25.39 (2) 58 (29) (E2) 7240 (110) 0.008 (4)
γ23,19(Ra) 28.68 (10) 0.10 (3) 0.10 (3)
γ12,10(Ra) 29.9 (1) 24.6 (45) (M1+E2) 223 0.11 (2)
γ10,9(Ra) 29.9 (1) 0.002 0.002
γ6,5(Ra) 31.10 (5) 2.92 (28) (E1) 2.48 (4) 0.84 (8)
γ2,0(Ra) 31.50 (5) 4.03 (14) E1 2.39 (4) 1.19 (4)
γ22,18(Ra) 31.57 (9) 6.3 (9) (M1) 91.1 (15) 0.068 (10)
γ25,21(Ra) 33.04 (20) 0.01 0.01
γ5,2(Ra) 37.8 (1) 3.3 (16) (E2) 1023 (20) 0.0032 (16)
γ8,5(Ra) 42.3 (1) 0.172 (17) (E1) 1.094 (17) 0.082 (8)
γ3,0(Ra) 42.82 (5) 12.2 (31) (M1+E2) 75 (19) 0.16 (1)
γ5,1(Ra) 43.99 (1) 1.31 (6) E1 0.985 (14) 0.66 (3)
γ22,15(Ra) 46.52 (4) 0.021 (2) 0.021 (2)
γ26,23(Ra) 49.75 (8) 0.58 (5) (M1) 25.2 0.022 (2)
γ9,5(Ra) 50.99 (4) 0.39 (9) (M1) 22.2 (4) 0.017 (4)
γ26,22(Ra) 53.75 (20) 0.22 (6) (M1) 19.0 (4) 0.011 (3)
γ4,0(Ra) 55.11 (3) 0.0042 (6) (E1) 0.540 (8) 0.0027 (4)
γ18,12(Ra) 56.518 (5) 5.5 (15) M1(+E2) 18 (5) 0.29 (2)
γ12,9(Ra) 59.33 (10) 0.012 (2) 0.012 (2)
γ24,15(Ra) 63.7 (2) 0.005 (2) 0.005 (2)
γ9,4(Ra) 64.96 (10) 0.087 (11) 0.087 (11)
γ25,17(Ra) 65.91 (10) 0.161 (17) 0.161 (17)
γ12,8(Ra) 68.09 (4) 1.04 (38) M1+E2 14 (5) 0.069 (10)
γ15,11(Ra) 68.8 (1) 0.04 0.04
γ20,12(Ra) 68.8 (10) 0.09 0.09
γ8,3(Ra) 68.83 (3) 7.7 (7) E2 55.9 (8) 0.136 (13)
γ33,26(Ra) 72.739 (10) 0.14 (2) 0.14 (2)
γ6,1(Ra) 75.1 (1) 23.1 (49) E2 36.9 (6) 0.61 (13)
γ16,10(Ra) 75.19 (10) 0.002 (1) 0.002 (1)
γ9,3(Ra) 77.63 (5) 0.055 (7) (E1) 0.216 (3) 0.045 (6)
γ26,19(Ra) 78.3 (2) 0.059 (15) (M1) 6.33 (10) 0.008 (2)
γ8,1(Ra) 86.25 (4) 8.7 (11) M1+E2 5.7 (7) 1.3 (1)
γ18,10(Ra) 86.40 (5) 100.0 (19) M1 4.75 (7) 26.0 (1)
γ29,21(Ra) 89.09 (20) 0.01 0.01
γ36,27(Ra) 89.09 (20) 0.005 0.005
γ9,2(Ra) 89.09 (20) 0.14 0.14
γ26,17(Ra) 94.7 (1) 0.028 (10) 0.028 (10)
γ10,4(Ra) 94.73 (8) 0.304 (23) (E1) 0.1274 (18) 0.27 (2)
γ9,1(Ra) 94.92 (8) 0.0146 (34) (E1) 0.1268 (18) 0.013 (3)
γ40,30(Ra) 97.01 (12) 0.011 (3) 0.011 (3)
γ20,10(Ra) 98.86 (10) 0.120 (15) 0.120 (15)
γ26,15(Ra) 101.1 (2) 0.018 (3) 0.018 (3)
γ7,0(Ra) 101.58 (10) 0.049 (7) 0.049 (7)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ33,25(Ra) 101.58 (10) 0.049 (7) 0.049 (7)
γ27,16(Ra) 102.54 (2) 0.160 (19) 0.160 (19)
γ24,12(Ra) 104.6 (2) 0.058 (30) (M1+E2) 5.4 (25) 0.009 (3)
γ10,3(Ra) 107.108 (8) 10.8 (10) M1(+E2) 12.3 (11) 0.81 (4)
γ15,8(Ra) 109.1 (1) 0.58 (11) (M1) 12.15 (18) 0.044 (8)
γ21,10(Ra) 110.3 (5) 0.009 (2) 0.009 (2)
γ12,5(Ra) 110.332 (8) 0.171 (17) (E1) 0.377 (6) 0.124 (12)
γ42,38(Ra) 114.75 (10) 0.0151 (22) 0.0151 (22)
γ14,6(Ra) 115.85 (10) 0.01 0.01
γ18,9(Ra) 115.85 (10) 0.014 (E1) 0.336 (5) 0.01
γ10,2(Ra) 118.1 (1) 0.007 (3) 0.007 (3)
γ22,10(Ra) 118.1 (1) 0.074 (23) (E2) 4.72 (7) 0.013 (4)
γ15,6(Ra) 119.98 (2) 0.52 (21) (M1) 9.30 (13) 0.05 (2)
γ19,9(Ra) 123.193 (13) 0.195 (9) (E1) 0.290 (4) 0.151 (7)
γ10,1(Ra) 124.55 (5) 6.5 (6) (M1) 8.36 (12) 0.69 (6)
γ18,8(Ra) 124.65 (5) 6.9 (6) (M1) 8.34 (12) 0.74 (6)
γ33,22(Ra) 126.48 (10) 0.061 (34) (M1,E2) 5.8 (23) 0.009 (4)
γ17,6(Ra) 126.48 (10) 0.095 (42) (M1,E2) 5.8 (23) 0.014 (4)
γ19,8(Ra) 131.926 (5) 2.71 (10) M1 7.1 (1) 0.335 (12)
γ13,5(Ra) 134.19 (10) 0.073 (12) (M1) 6.76 (10) 0.0094 (15)
γ24,10(Ra) 134.19 (10) 0.022 (11) (E2) 2.75 (4) 0.006 (3)
γ33,21(Ra) 134.19 (10) 0.0014 (7) 0.0014 (7)
γ12,3(Ra) 136.990 (4) 8.71 (25) M1 6.38 (9) 1.18 (3)
γ20,8(Ra) 137.0 (1) 0.04 (1) 0.04 (1)
γ21,9(Ra) 139.8 (1) 0.0045 (10) 0.0045 (10)
γ26,12(Ra) 142.0 (1) 0.035 (10) (E2) 2.18 (4) 0.011 (3)
γ19,6(Ra) 142.962 (5) 2.69 (9) M1 5.65 (8) 0.404 (12)
γ22,9(Ra) 147.64 (5) 0.237 (24) E1 0.187 (3) 0.20 (2)
γ12,2(Ra) 148.15 (4) 1.04 (7) E1 0.186 (3) 0.88 (6)
γ10,0(Ra) 150.04 (3) 0.33 (M1+E2) 4.5 (8) 0.06
γ11,0(Ra) 151.6 (3) 0.025 0.025
γ33,19(Ra) 151.6 (3) 0.15 (M1) 4.78 (8) 0.025
γ12,1(Ra) 154.336 (10) 3.9 (6) M1+E2 4.1 (8) 0.77 (2)
γ22,8(Ra) 156.409 (9) 6.40 (18) M1 4.38 (7) 1.19 (3)
γ33,18(Ra) 158.42 (12) 0.26 (7) M1(+E2) 4.5 (14) 0.048 (5)
γ30,17(Ra) 163.34 (17) 0.097 (34) (M1) 3.87 (6) 0.020 (7)
γ18,5(Ra) 166.976 (7) 0.234 (11) (E1) 0.1391 (20) 0.205 (10)
γ22,6(Ra) 167.45 (5) 0.230 (46) (M1) 3.61 (5) 0.05 (1)
γ31,16(Ra) 169.2 (3) 0.0029 (14) 0.0029 (14)
γ16,4(Ra) 169.2 (3) 0.0010 (5) 0.0010 (5)
γ30,15(Ra) 169.2 (3) 0.0039 (14) 0.0039 (14)
γ23,6(Ra) 171.76 (5) 0.040 (4) 0.040 (4)
γ24,8(Ra) 172.926 (18) 0.472 (43) M1 3.29 (5) 0.11 (1)
γ19,5(Ra) 174.05 (7) 0.0023 0.1258 (18) 0.002
γ30,14(Ra) 174.05 (11) 0.0071 (18) 0.0071 (18)
γ33,15(Ra) 174.05 (11) 0.0067 (18) 0.0067 (18)
γ37,23(Ra) 174.7 (2) 0.030 (3) 0.030 (3)
γ12,0(Ra) 179.757 (7) 0.368 (28) E2 0.867 (13) 0.197 (15)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ16,3(Ra) 182.12 (10) 0.0054 (11) 0.0054 (11)
γ35,15(Ra) 183.0 (1) 0.0071 (12) 0.0071 (12)
γ24,6(Ra) 183.928 (8) 0.541 (27) M1(+E2) 2.92 0.138 (7)
γ38,25(Ra) 185.6 (1) 0.002 0.002
γ28,10(Ra) 185.6 (1) 0.002 0.002
γ37,21(Ra) 186.1 (1) 0.013 (5) 0.013 (5)
γ42,35(Ra) 189.25 (6) 0.0104 (21) 0.0104 (21)
γ21,5(Ra) 190.63 (20) 0.0101 (20) 0.0101 (20)
γ16,2(Ra) 193.52 (5) 0.0007 (3) 0.0007 (3)
γ18,3(Ra) 193.52 (5) 15.53 M1 2.53 4.4
γ15,1(Ra) 194.3 (3) 0.08 (6) (M1,E2) 1.5 (9) 0.03 (2)
γ19,3(Ra) 200.807 (16) 0.1088 (48) (E2) 0.577 (8) 0.069 (3)
γ18,2(Ra) 204.690 (5) 0.640 (33) (E1) 0.0854 (12) 0.59 (3)
γ26,8(Ra) 210.15 (8) 0.55 (12) (M1) 1.90 (3) 0.19 (4)
γ18,1(Ra) 210.853 (3) 8.1 (9) M1 1.89 (3) 2.8 (3)
γ41,26(Ra) 213.48 (5) 0.0087 (16) 0.0087 (16)
γ24,5(Ra) 215.10 (1) 0.147 (11) (E1) 0.0759 (11) 0.137 (10)
γ27,8(Ra) 216.0 (1) 0.053 (6) 0.053 (6)
γ21,3(Ra) 217.41 (10) 0.0065 (11) 0.0065 (11)
γ19,1(Ra) 218.154 (17) 0.49 (5) M1 1.715 (24) 0.18 (2)
γ34,12(Ra) 219.8 (1) 0.0033 (8) 0.0033 (8)
γ37,17(Ra) 219.8 (1) 0.0008 0.0008
γ26,6(Ra) 221.22 (5) 0.058 (16) (M1) 1.650 (24) 0.022 (6)
γ16,0(Ra) 225.26 (10) 0.003 (1) 0.003 (1)
γ22,3(Ra) 225.26 (10) 0.086 (8) (E2) 0.384 (6) 0.062 (6)
γ21,2(Ra) 228.6 (1) 0.0006 (2) 0.0006 (2)
γ21,1(Ra) 234.8 (1) 0.0008 (2) 0.0008 (2)
γ38,19(Ra) 234.8 (1) 0.0008 0.00084
γ18,0(Ra) 236.249 (20) 0.231 (12) E2 0.327 (5) 0.174 (9)
γ22,1(Ra) 242.6 (2) 0.189 (18) M1 1.275 (18) 0.083 (8)
γ31,10(Ra) 244.4 (1) 0.0013 (3) 0.0013 (3)
γ25,3(Ra) 250.1 (1) 0.00034 (16) 0.00034 (16)
γ26,5(Ra) 252.43 (3) 0.100 (13) (E1) 0.0522 (8) 0.095 (12)
γ24,1(Ra) 259.08 (4) 0.07 (1) (M1) 1.063 (15) 0.034 (5)
γ25,1(Ra) 267.4 (1) 0.0008 (3) 0.0008 (3)
γ33,9(Ra) 274.1 (1) 0.0007 (2) 0.0007 (2)
γ43,27(Ra) 276.85 (10) 0.0042 (10) 0.0042 (10)
γ30,8(Ra) 278.65 (5) 0.0068 (8) 0.0068 (8)
γ44,27(Ra) 281.27 (10) 0.007 (1) 0.007 (1)
γ33,8(Ra) 282.6 (1) 0.0038 (7) 0.0038 (7)
γ30,6(Ra) 289.62 (5) 0.0150 (17) 0.0150 (17)
γ33,6(Ra) 293.78 (10) 0.0065 (8) 0.0065 (8)
γ26,1(Ra) 296.21 (10) 0.0191 (20) (E2) 0.1581 (23) 0.0165 (17)
γ38,12(Ra) 298.72 (12) 0.0070 (8) 0.0070 (8)
γ28,2(Ra) 303.75 (10) 0.0017 (30) 0.0017 (30)
γ39,12(Ra) 307.3 (1) 0.006 (3) 0.006 (3)
γ28,1(Ra) 310.1 (1) 0.0020 (3) 0.0020 (3)
γ45,29(Ra) 313.3 (1) 0.0037 (11) 0.0037 (11)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ29,2(Ra) 317.8 (1) 0.00055 (14) 0.00055 (14)
γ42,23(Ra) 320.8 (1) 0.00016 (7) 0.00016 (7)
γ31,5(Ra) 324.6 (1) 0.00043 (13) 0.00043 (13)
γ45,28(Ra) 327.9 (1) 0.003 0.003
γ27,0(Ra) 327.9 (1) 0.016 (3) 0.016 (3)
γ38,10(Ra) 328.2 (1) 0.0020 (8) 0.0020 (8)
γ34,5(Ra) 329.9 (2) 0.0006 (2) 0.0006 (2)
γ37,8(Ra) 334.74 (10) 0.00043 (11) 0.00043 (11)
γ43,22(Ra) 336.7 (1) 0.0082 (1) 0.0082 (1)
γ39,10(Ra) 336.7 (1) 0.0001 0.0001
γ45,26(Ra) 341.1 (1) 0.0008 (2) 0.0008 (2)
γ34,4(Ra) 344.3 (1) 0.0001 0.0001
γ36,5(Ra) 347.4 (1) 0.0006 (1) 0.0006 (1)
γ42,19(Ra) 349.4 (1) 0.0001 0.0001
γ29,0(Ra) 349.4 (1) 0.0004 (1) 0.0004 (1)
γ32,3(Ra) 351.7 (1) 0.0005 (1) 0.0005 (1)
γ38,9(Ra) 358.0 (1) 0.006 (1) 0.006 (1)
γ43,19(Ra) 361.0 (1) 0.0006 (1) 0.0006 (1)
γ38,8(Ra) 366.5 (1) 0.0004 (1) 0.0004 (1)
γ39,9(Ra) 366.5 (1) 0.0001 0.0001
γ43,18(Ra) 368.1 (1) 0.0019 (3) 0.0019 (3)
γ31,1(Ra) 368.9 (1) 0.0019 (3) 0.0019 (3)
γ39,8(Ra) 375.1 (1) 0.0003 (1) 0.0003 (1)
γ38,6(Ra) 377.4 (1) 0.0029 (3) 0.0029 (3)
γ43,16(Ra) 379.4 (1) 0.0013 (2) 0.0013 (2)
γ39,6(Ra) 386.4 (1) 0.0008 (2) 0.0008 (2)
γ32,0(Ra) 395.3 (2) 0.0008 (1) 0.0008 (1)
γ34,0(Ra) 399.9 (2) 0.00014 (6) 0.00014 (6)
γ35,0(Ra) 403.3 (1) 0.0018 (2) 0.0018 (2)
γ38,5(Ra) 408.5 (1) 0.0010 (1) 0.0010 (1)
γ41,9(Ra) 414.61 (10) 0.0003 (1) 0.0003 (1)
γ39,5(Ra) 417.4 (1) 0.0014 (2) 0.0014 (2)
γ45,19(Ra) 419.9 (2) 0.0006 (1) 0.0006 (1)
γ43,12(Ra) 424.8 (1) 0.0032 (3) 0.0032 (3)
γ38,3(Ra) 435.3 (1) 0.0031 (4) 0.0031 (4)
γ39,3(Ra) 444.1 (1) 0.0005 (1) 0.0005 (1)
γ38,1(Ra) 452.6 (1) 0.0017 (2) 0.0017 (2)
γ43,10(Ra) 454.76 (10) 0.0105 (11) 0.0105 (11)
γ44,10(Ra) 459.1 (3) 0.001 0.001
γ41,5(Ra) 465 (1) 0.0001 0.0001
γ38,0(Ra) 478.0 (1) 0.0037 (4) 0.0037 (4)
γ45,12(Ra) 483.7 (1) 0.0018 (2) 0.0018 (2)
γ39,0(Ra) 487.3 (2) 0.0004 (1) 0.0004 (1)
γ43,8(Ra) 492.9 (1) 0.00152 (16) 0.00152 (16)
γ43,6(Ra) 503.6 (1) 0.00005 0.00005
γ41,2(Ra) 503.6 (1) 0.00012 (5) 0.00012 (5)
γ45,10(Ra) 513.5 (2) 0.0007 (2) 0.0007 (2)
γ42,5(Ra) 523.5 (1) 0.0005 (1) 0.0005 (1)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ41,0(Ra) 535.1 (1) 0.0013 (2) 0.0013 (2)
γ43,5(Ra) 535.1 (1) 0.0002 0.0002
γ45,9(Ra) 543.0 (3) 0.0001 0.0001
γ42,3(Ra) 549.8 (5) 0.0001 0.0001
γ45,8(Ra) 551.7 (2) 0.00011 (4) 0.00011 (4)
γ43,3(Ra) 561.8 (1) 0.0019 (2) 0.0019 (2)
γ44,3(Ra) 565.7 (3) 0.0009 (1) 0.0009 (1)
γ43,2(Ra) 573.0 (1) 0.0028 (3) 0.0028 (3)
γ43,1(Ra) 579.2 (2) 0.0006 (1) 0.0006 (1)
γ42,0(Ra) 592.5 (1) 0.0003 (1) 0.0003 (1)
γ45,5(Ra) 594.4 (3) 0.0001 0.0001

5 References

A.C.English, T.E.Cranshaw, P.Demers, J.A.Harvey, E.P.Hincks, J.V.Jelley, A.N.May, Phys. Rev. C72
(1947) 253

(Half-life)

F.Hagemann, L.I.Katzin, M.H.Studier, A.Ghiorso, G.T.Seaborg, Phys. Rev. 72 (1947) 252

(Half-life)

F.Hagemann, L.I.Katzin, M.H.Studier, G.T.Seaborg, A.Ghiorso, Phys. Rev. 79 (1950) 435

(Half-life, Production modes)

S.A.Baranov, V.M.Shatinskii, V.M.Kulakov, Y.F.Rodionov, Yad. Fiz. 11 (1970) 925

(Alpha energy)

E.F.Tretyakov, N.I.Tretyakova, V.F.Konyaev, Y.V.Khrudev, A.C.Beda, G.F.Kartashev, I.N.Vishnev-
skii, Izv. Akad. Nauk SSSR, Ser. Fiz. 34 (1970) 856

(Alpha energies, 225Ra levels, gamma-ray energies, conversion electrons)

F.P.Larkins, At. Data Nucl. Data Tables 20 (1977) 311

(Electron Binding Energies)

A.Rytz, At. Data Nucl. Data Tables 23 (1979) 507

(Alpha energies)

J.K.Dickens, J.W.McConnell, Radiochem. Radioanal. Lett. 47 (1981) 331

(Gamma-ray energies and intensities)

S.S.Rattan, A.V.R.Reddy, V.S.Mallapurkar, R.J.Singh, Satya Prakash, M.V.Ramaniah, Phys. Rev. 27
(1983) 327

(Gamma-ray energies and abundances, Ra X-ray intensities)

R.G.Helmer, C.W.Reich, M.A.Lee, I.Ahmad, Int. J. Appl. Radiat. Isotop. 37 (1986) 139

(Gamma-ray energies and emission probabilities)

R.G.Helmer, M.A.Lee, C.W.Reich, I.Ahmad, Nucl. Phys. A474 (1987) 77

(Alpha energies, alpha intensities, gamma-ray energies, gamma-ray intensities, conversion coefficient)

G.J.Miller, J.C.McGeorge, I.Anthony, R.O.Owens, Phys. Rev. C36 (1987) 420

(Half-life of daughter 225Ra)

N.E.Holden, Pure Appl. Chem. 61 (1989) 1483

(Half-life)

S.J.Goldstein, M.T.Murrell, R.W.Williams, Phys. Rev. C40 (1989) 2793

(229Th Half-life)

A.Rytz, At. Data Nucl. Data Tables 47 (1991) 205

(Halflife of 229Th)

E.Schönfeld, H.Janssen, Nucl. Instrum. Methods Phys. Res. A369 (1996) 527

(Atomic data)

R.B.Firestone, V.S.Shirley, C.M.Baglin, S.Y.F.Chu, J.Zipkin, Table of Isotopes, 8th Ed., John Wiley and
Sons Inc., N.Y. Vol.II (1996)

(Electron Binding energies)

E.Schönfeld, G.Rodloff, Report PTB-6.11-98-1, Braunschweig (1998) 1

(Auger electrons)

VECC Kolkata /G. Mukherjee



213

Th− 229

E.Schönfeld, G.Rodloff, Report PTB-6.11-1999-1, Braunschweig (1999) 1

(KX-rays)

E.Schönfeld, H.Janssen, Appl. Radiat. Isot. 52 (2000) 595

(X-ray and Auger Electron emission probabilities)

J.Gasparro, G.Ardisson, V.Barci, Phys. Rev. C62 (2000) 064305

(Gamma-ray energies and intensities)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 337

(Q)

A.K.Jain, R.Raut, J.K.Tuli, Nucl. Data Sheets 110 (2009) 1409

(Alpha energies, alpha intensities, gamma-ray energies, gamma-ray intensities, Ra-225 levels)

VECC Kolkata /G. Mukherjee



214

Th− 229

VECC Kolkata /G. Mukherjee



215

Th− 231

1 Half-life, Q-value and Decay mode

T1/2 : 25.52 (1) h

Qβ− : 391.6 (15) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−
0,14 39.8 (15) 0.0032 (2) 7.33

β−
0,13 71.4 (15) 0.066 (2) 1st forbidden 6.79

β−
0,12 73.6 (15) 0.00078 (5) 8.76

β−
0,11 144.3 (15) 2.7 (4) Allowed 6.11

β−
0,10 173.4 (15) 0.31 (23) 7.3

β−
0,9 208.1 (15) 12.2 (15) Allowed 5.95

β−
0,8 217.4 (15) 1.36 (24) 6.96

β−
0,6 289.3 (15) 13 (8) Allowed 6.4

β−
0,5 290.2 (15) 41 (16) Allowed 5.88

β−
0,4 307.4 (15) 29 (18) Allowed 6.1

β−
0,3 313.9 (15) 0.43 (2) 1st forbidden 7.97

β−
0,2 333.0 (15) 0.17 (17) 1st forbidden 8.2

β−
0,0 391.6 (15) 0.022 (7) 1st forbidden 9.57

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Pa) 5.9 - 21.0 68 (3)

eAK (Pa) 0.038 (5)
KLL 70.081 - 78.822 }
KLX 85.989 - 95.858 }
KXY 101.87 - 112.59 }

ec4,2 L (Pa) 4.540 - 8.912 45.3 (24)
ec5,4 M (Pa) 11.8 - 13.8 31 (11)
ec9,2 K (Pa) 12.320 (19) 0.01333 (41)
ec6,4 M (Pa) 12.71 - 14.63 8.2 (36)
ec4,2 M (Pa) 20.284 - 22.203 11.7 (6)
ec5,2 L (Pa) 21.78 - 26.16 0.0507 (14)
ec10,8 L (Pa) 22.98 - 27.35 0.16 (16)
ec11,7 K (Pa) 23.071 (11) 0.49 (11)
ec11,5 K (Pa) 33.34 (2) 0.110 (33)
ec2,0 L (Pa) 37.467 - 41.839 54.5 (20)
ec5,2 M (Pa) 37.53 - 39.45 0.0125 (7)
ec10,8 M (Pa) 38.72 - 40.64 0.041 (40)
ec11,9 L (Pa) 42.76 - 47.13 0.59 (26)
ec3,1 L (Pa) 47.4 - 51.8 0.316 (9)
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Th− 231

Energy Electrons Energy
keV per 100 disint. keV

ec11,4 K (Pa) 50.509 (4) 0.61 (7)
ec8,5 L (Pa) 51.647 - 56.019 0.0549 (37)
ec2,0 M (Pa) 53.211 - 55.130 15.0 (5)
ec11,9 M (Pa) 58.50 - 60.42 0.16 (7)
ec9,6 L (Pa) 60.123 - 64.495 5.5 (9)
ec9,5 L (Pa) 60.982 - 65.354 2.47 (38)
ec8,0 K (Pa) 61.56 (2) 0.032 (29)
ec3,1 M (Pa) 63.1 - 65.1 0.0873 (28)
ec4,0 L (Pa) 63.110 - 67.482 11.86 (18)
ec8,5 M (Pa) 67.391 - 69.310 0.0134 (9)
ec8,4 L (Pa) 68.84 - 73.22 0.1222 (42)
ec9,6 M (Pa) 75.867 - 77.786 1.36 (27)
ec9,5 M (Pa) 76.726 - 78.645 0.63 (13)
ec9,4 L (Pa) 78.176 - 82.548 0.607 (42)
ec4,0 M (Pa) 78.854 - 80.773 3.8 (7)
ec6,0 L (Pa) 81.16 - 85.54 0.0379 (10)
ec8,4 M (Pa) 84.59 - 86.51 0.0297 (10)
ec9,4 M (Pa) 93.920 - 95.839 0.155 (12)
ec11,7 L (Pa) 114.562 - 118.934 0.112 (15)
ec11,5 L (Pa) 124.836 - 129.208 0.0411 (36)
ec11,7 M (Pa) 130.306 - 132.225 0.0279 (48)
ec11,5 M (Pa) 140.580 - 142.499 0.0107 (14)
ec11,4 L (Pa) 142.000 - 146.372 0.122 (5)
ec8,0 L (Pa) 153.06 - 157.43 0.0122 (10)
ec11,4 M (Pa) 157.744 - 159.663 0.0296 (17)

β−
0,14 max: 39.8 (15) 0.0032 (2) avg: 10.1 (5)

β−
0,13 max: 71.4 (15) 0.066 (2) avg: 18.3 (4)

β−
0,12 max: 73.6 (15) 0.00078 (5) avg: 18.9 (4)

β−
0,11 max: 144.3 (15) 2.7 (4) avg: 38.1 (5)

β−
0,10 max: 173.4 (15) 0.31 (23) avg: 46.2 (5)

β−
0,9 max: 208.1 (15) 12.2 (15) avg: 56.2 (5)

β−
0,8 max: 217.4 (15) 1.36 (24) avg: 58.9 (5)

β−
0,6 max: 289.3 (15) 13 (8) avg: 80.1 (5)

β−
0,5 max: 290.2 (15) 41 (16) avg: 80.4 (5)

β−
0,4 max: 307.4 (15) 29 (18) avg: 85.6 (5)

β−
0,3 max: 313.9 (15) 0.43 (2) avg: 87.6 (5)

β−
0,2 max: 333.0 (15) 0.17 (17) avg: 93.4 (5)

β−
0,0 max: 391.6 (15) 0.022 (7) avg: 111.6 (5)
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Th− 231

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pa) 11.3676 — 20.1126 65 (3)

XKα2 (Pa) 92.288 0.37 (4) } Kα
XKα1 (Pa) 95.869 0.59 (7) }

XKβ3 (Pa) 107.595 }
XKβ1 (Pa) 108.422 } 0.21 (2) Kβ

′
1

XKβ
′′
5 (Pa) 109.072 }

XKβ2 (Pa) 111.405 }
XKβ4 (Pa) 111.87 } 0.071 (8) Kβ

′
2

XKO2,3 (Pa) 112.38 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ4,2(Pa) 25.64 (2) 74.6 (39) E1 4.37 (7) 13.9 (7)
γ5,2(Pa) 42.86 (7) 0.1275 (34) [E1] 1.14 (2) 0.0596 (15)
γ10,8(Pa) 44.08 (17) 0.22 (23) [M1+E2] 300 (300) 0.00074 (21)
γ2,0(Pa) 58.5700 (24) 75.1 (27) E2 155.5 (22) 0.480 (16)
γ11,9(Pa) 63.86 (3) 0.82 (36) M1+E2 34 (15) 0.0235 (21)
γ3,1(Pa) 68.5 (1) 0.438 (13) E2 73.3 (12) 0.00590 (15)
γ8,5(Pa) 72.7510 (25) 0.333 (22) [E1] 0.280 (4) 0.260 (17)
γ3,0(Pa) 77.69 0.0042 (7) 0.0042 (7)
γ9,6(Pa) 81.2280 (14) 8.2 (13) M1(+E2) 8.1 (14) 0.905 (23)
γ9,5(Pa) 82.0870 (13) 3.7 (6) M1(+E2) 7.9 (13) 0.418 (13)
γ4,0(Pa) 84.2140 (13) 23.4 (17) E1 2.50 (25) 6.70 (7)
γ8,4(Pa) 89.95 (2) 1.171 (35) E1 0.1598 (22) 1.01 (3)
γ6,1(Pa) 93.02 (4) 0.0459 (34) [E1] 0.1463 (21) 0.040 (3)
γ9,4(Pa) 99.278 (3) 0.96 (7) M1+E2 6.0 (4) 0.137 (6)
γ6,0(Pa) 102.2700 (13) 0.491 (12) E1 0.1141 (16) 0.441 (11)
γ9,3(Pa) 105.81 (3) 0.0087 (6) [E1] 0.1043 (15) 0.0079 (5)
γ10,7(Pa) 106.61 (3) 0.0197 (8) [E1] 0.1023 (14) 0.0179 (7)
γ8,2(Pa) 115.63 (3) 0.0121 (47) [M1+E2] 10 (4) 0.00110 (16)
γ10,5(Pa) 116.82 (2) 0.0302 (12) E1 0.342 (5) 0.0225 (9)
γ9,2(Pa) 124.914 (17) 0.0763 (20) E1 0.294 (4) 0.0590 (15)
γ10,4(Pa) 134.03 (2) 0.0318 (10) E1 0.249 (4) 0.0255 (8)
γ11,7(Pa) 135.664 (11) 0.72 (9) M1(+E2) 8.0 (11) 0.0797 (22)
γ13,9(Pa) 136.75 (7) 0.00547 (19) [E1] 0.237 (3) 0.00442 (15)
γ10,3(Pa) 140.54 (4) 0.0047 (19) [M1+E2] 5.3 (25) 0.00074 (7)
γ11,6(Pa) 145.06 (4) 0.0201 (11) [E2] 2.46 (3) 0.0058 (3)
γ11,5(Pa) 145.94 (2) 0.198 (27) M1+E2 5.1 (8) 0.0324 (12)
γ11,4(Pa) 163.101 (4) 0.92 (7) M1(+E2) 4.9 (4) 0.156 (5)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ8,1(Pa) 165.00 (5) 0.00857 (35) [E2] 1.464 (2) 0.00348 (14)
γ11,3(Pa) 169.66 (3) 0.00161 (8) [E1] 0.1421 (20) 0.00141 (7)
γ8,0(Pa) 174.15 (2) 0.067 (27) [M1+E2] 2.7 (15) 0.0180 (6)
γ9,0(Pa) 183.480 (25) 0.0375 (9) E1 0.1181 (17) 0.0335 (8)
γ11,2(Pa) 188.76 (2) 0.00378 (33) [E1] 0.1105 (15) 0.0034 (3)
γ13,6(Pa) 217.94 (3) 0.0434 (9) E1 0.0789 (11) 0.0402 (8)
γ13,4(Pa) 236.01 (3) 0.01002 (32) [E1] 0.0657 (9) 0.0094 (3)
γ12,3(Pa) 240.27 (5) 0.000308 (43) [E1] 0.0630 (9) 0.00029 (4)
γ13,3(Pa) 242.50 (4) 0.0016 (6) [M1+E2] 1.0 (7) 0.00082 (5)
γ14,6(Pa) 249.60 (7) 0.00085 (7) [E1] 0.0578 (8) 0.00080 (7)
γ14,5(Pa) 250.45 (7) 0.00071 (7) [E1] 0.0573 (8) 0.00067 (7)
γ14,4(Pa) 267.62 (8) 0.00148 (15) [E1] 0.0493 (7) 0.00141 (14)
γ14,3(Pa) 274.1 (1) 0.000058 (27) [M1+E2] 0.7 (5) 0.000034 (12)
γ12,1(Pa) 308.78 (7) 0.0003748 (19) [E1] 0.0358 (5) 0.0003618 (18)
γ13,1(Pa) 311.00 (5) 0.005 (1) M1+E2 0.6 (3) 0.00315 (14)
γ12,0(Pa) 317.87 (8) 0.0001039 (5) [E1] 0.0336 (5) 0.0001005 (5)
γ13,0(Pa) 320.15 (8) 0.00022 (7) [M1+E2] 0.5 (4) 0.00015 (3)
γ14,0(Pa) 351.8 (1) 0.000090 (24) [M1+E2] 0.35 (25) 0.000067 (13)
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Th− 232

1 Half-life, Q-value and Decay mode

T1/2 : 14.02 (6) ×109 y

Qα : 4081.6 (14) keV
α : 100 %

2 α Emissions

Energy Probability
keV × 100

α0,2 3810.0 (14) 0.068 (20)
α0,1 3948.5 (14) 21.0 (13)
α0,0 4011.2 (14) 78.9 (13)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Ra) 5.71 - 19.09 8.18 (29)

eAK (Ra) 0.00019 (6)
KLL 65.149 - 72.729 }
KLX 79.721 - 88.466 }
KXY 94.27 - 103.91 }

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Ra) 10.624 — 18.354 7.2 (3)

XKα2 (Ra) 85.43 0.0017 (5) } Kα
XKα1 (Ra) 88.47 0.0028 (8) }

XKβ3 (Ra) 99.432 }
XKβ1 (Ra) 100.13 } 0.00097 (28) Kβ

′
1

XKβ
′′
5 (Ra) 100.738 }

XKβ2 (Ra) 102.89 }
XKβ4 (Ra) 103.295 } 0.00032 (10) Kβ

′
2

XKO2,3 (Ra) 103.74 }

NPL /A. Arinc



222

Th− 232

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Ra) 63.811 (10) 21.1 (13) E2 80.4 (12) 0.259 (15)
γ2,1(Ra) 140.88 (1) 0.068 (20) E2 2.26 (4) 0.021 (6)

5 References

A.F.Kovarik, N.I.Adams Jr., Phys. Rev. 54 (1938) 413

(Half-life)

D.C.Dunlavey, G.T.Seaborg, Phys. Rev. 87 (1952) 165

(Alpha emission probabilities)

G.Philbert, J.Genin, L.Vigneron, J. Phys. Radium 15 (1954) 16

(Alpha emission)

R.L.Macklin, H.S.Pomerance, J. Nucl. Energy 2 (1956) 243

(Half-life)

G.Albouy, Ann. Phys. (Paris) 1 (1956) 99

(Alpha emission probabilities)

E.Picciotto, S.Wilgain, Nuovo Cim. 4 (1956) 1525

(Half-life)

F.E.Senftle, T.A.Farley, N.Lazar, Phys. Rev. 104 (1956) 1629

(Half-life)

B.G.Harvey, H.G.Jackson, T.A.Eastwood, G.C.Hanna, Can. J. Phys. 35 (1957) 258

(Alpha emission energies)

G.E.Kocharov, A.P.Komar, G.A.Korolev, Sov. Phys. - JETP 9 (1959) 48

(Alpha emission probabilities)

R.E.Bell, S.Bjornholm, J.C.Severiens, Kgl. Dan. Vidensk. Selsk. Mat.-Fys. Medd. 32,12 (1960)

(Half-life)

T.A.Farley, Can. J. Phys. 38 (1960) 1059

(Half-life)

G.E.Kocharov, G.A.Korolev, Izv. Akad. Nauk SSSR, Ser. Fiz. 25 (1961) 237

(Alpha emission energies, Alpha emission probabilities)

G.A.Korolev, G.E.Kocharov, Izv. Akad. Nauk SSSR, Ser. Fiz. 26 (1962) 233

(Alpha emission energies)

L.J.Leroux, L.E.Glendenin, Nat. Conf. Nucl. Energy, Application of Isotopes and Radiation, Pretoria, South
Africa, Ed. F.L.Warren (1963) 83

(Half-life)

H.W.Taylor, Int. J. Appl. Radiat. Isotop. 24 (1973) 593

(Gamma-ray emission probabilities)

S.Sadasivan, V.M.Raghunath, Nucl. Instrum. Methods 196 (1982) 561

(Gamma-ray emission probabilities)

T.Mitsugashira, M.Maki, S.Suzuki, Y.Shiokawa, Radiochem. Radioanal. Lett. 58 (1983) 199

(Gamma-ray emission probabilities, Gamma-ray energies, Alpha emission probabilities)

J.-C.Roy, L.Breton, J.-E.Cote, J.Turcotte, Nucl. Instrum. Methods 215 (1983) 409

(Gamma-ray emission probabilities)

S.K.Saha, S.M.Sahakundu, J. Phys. (London) G15 (1989) 73

(Alpha emission energies, Alpha emission probabilities, Gamma-ray energies, Gamma-ray emission probabilities)

N.E.Holden, Pure Appl. Chem. 62 (1990) 941

(Half-life evaluation)

A.Rytz, At. Data Nucl. Data Tables 47 (1991) 205

(Alpha emission probabilities, Alpha emission energies)

R.Bonetti, C.Chiesa, A.Guglielmetti, R.Matheoud, G.Poli, V.L.Mikheev, S.P.Tretyakova, Phys. Rev.
C51 (1995) 2530

(Spontaneous fission probability, cluster decay)

E.Schönfeld, H.Janssen, Nucl. Instrum. Methods Phys. Res. A369 (1996) 529

(Atomic Data)

NPL /A. Arinc



223

Th− 232

A.Artna-Cohen, Nucl. Data Sheets 80 (1997) 723

(Spin and Parity, Multipolarities)

I.M.Band, M.B.Trzhaskovskaya, C.W.Nestor Jr., P.O.Tikkanen, S.Raman, At. Data Nucl. Data Tables
81 (2002) 1

(Conversion electron emission probabilities and energies)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 337

(Q)
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Th− 233

1 Half-life, Q-value and Decay mode

T1/2 : 22.15 (8) min

Qβ− : 1243.1 (14) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−
0,20 224.4 (14) 0.0434 (9) 6.7

β−
0,19 258.3 (14) 0.205 (2) Allowed 6.2

β−
0,18 431.5 (14) 0.385 (4) Allowed 6.6

β−
0,17 478.5 (14) 1.19 (3) Allowed 6.3

β−
0,16 573.2 (14) 0.0174 (22) 1st forbidden 8.4

β−
0,15 657.6 (14) 0.15 (3) Allowed 7.6

β−
0,14 689.2 (14) 1.23 (3) Allowed 6.8

β−
0,13 788.7 (14) 0.217 (13) Allowed 7.7

β−
0,12 795.3 (14) 0.821 (14) 1st forbidden 7.2

β−
0,11 985.8 (14) 0.60 (3) 1st forbidden unique 8.1

β−
0,8 1041.4 (14) 0.074 (8) Allowed 8.6

β−
0,7 1073.9 (14) 0.692 (12) Allowed 7.7

β−
0,5 1148.4 (14) 10.4 (4) Allowed 6.6

β−
0,1 1236.4 (14) 50 (6) 1st forbidden 6.1

β−
0,0 1243.1 (14) 34 (6) 1st forbidden 6.2

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Pa) 5.9 - 21.6 8.6 (10)

eAK (Pa) 0.041 (5)
KLL 70.081 - 78.822 }
KLX 88.03 - 95.56 }
KXY 101.78 - 112.40 }

ec1,0 M (Pa) 1.29 - 3.21 34.2 (9)
ec8,4 K (Pa) 2.54 (5) 0.013
ec9,5 K (Pa) 5.10 (2) 0.0270 (31)
ec1,0 N (Pa) 5.27 - 6.30 9.27 (26)
ec4,2 L (Pa) 8.268 - 12.640 4.97 (19)
ec8,3 K (Pa) 18.5 (1) 0.013
ec10,6 K (Pa) 21.689 (20) 0.015
ec4,2 M (Pa) 24.012 - 25.931 1.272 (49)
ec4,2 N (Pa) 27.990 - 29.018 0.332 (12)
ec10,5 K (Pa) 30.63 (2) 0.057 (16)
ec2,0 L (Pa) 36.0 - 40.4 6.39 (23)
ec10,4 K (Pa) 38.9 (2) 0.034
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Th− 233

Energy Electrons Energy
keV per 100 disint. keV

ec3,1 L (Pa) 42.82 - 47.19 0.052 (22)
ec3,0 L (Pa) 49.38 - 53.76 0.020 (17)
ec7,1 K (Pa) 49.908 (12) 0.0206 (6)
ec11,5 K (Pa) 50 0.01968 (29)
ec2,0 M (Pa) 51.7 - 53.7 1.76 (6)
ec7,5 L (Pa) 53.40 - 57.78 0.299 (14)
ec2,0 N (Pa) 55.7 - 56.7 0.475 (16)
ec7,0 K (Pa) 56.57 (1) 0.0281 (7)
ec11,4 K (Pa) 58.00 (6) 0.0557 (14)
ec3,1 M (Pa) 58.56 - 60.48 0.014 (6)
ec4,0 L (Pa) 65.372 - 69.744 2.08 (8)
ec17,15 K (Pa) 66.45 (8) 0.075 (22)
ec5,1 L (Pa) 66.88 - 71.26 0.0217 (6)
ec7,5 M (Pa) 69.15 - 71.07 0.0720 (34)
ec7,5 N (Pa) 73.13 - 74.16 0.0193 (9)
ec5,0 L (Pa) 73.54 - 77.91 0.0814 (18)
ec11,3 K (Pa) 74.20 (18) 0.031 (27)
ec12,11 K (Pa) 77.956 (14) 0.224 (6)
ec4,0 M (Pa) 81.116 - 83.035 0.41 (7)
ec5,0 M (Pa) 89.29 - 91.21 0.01992 (45)
ec17,14 K (Pa) 98.07 (8) 0.020 (16)
ec13,10 K (Pa) 104 (2) 0.029
ec18,15 K (Pa) 113.5 (2) 0.0275 (12)
ec10,5 L (Pa) 122.12 - 126.50 0.0138 (20)
ec10,4 L (Pa) 130.4 - 134.8 0.011
ec13,8 K (Pa) 140.18 (9) 0.014
ec11,0 K (Pa) 144.70 (15) 0.031 (31)
ec11,4 L (Pa) 149.5 - 153.9 0.01166 (33)
ec17,15 L (Pa) 157.95 - 162.32 0.0167 (6)
ec11,3 L (Pa) 165.7 - 170.1 0.0111 (5)
ec12,11 L (Pa) 169.447 - 173.819 0.0430 (11)
ec13,7 K (Pa) 172.64 (7) 0.017
ec12,11 M (Pa) 185.191 - 187.110 0.01037 (27)
ec12,3 K (Pa) 264.67 (11) 0.015
ec12,1 K (Pa) 328.34 (4) 0.046 (8)
ec12,0 K (Pa) 335.17 (2) 0.0240 (42)
ec14,5 K (Pa) 346.626 (7) 0.227 (6)
ec12,3 L (Pa) 356.2 - 360.6 0.029
ec15,5 K (Pa) 378.2 (6) 0.035
ec15,4 K (Pa) 386.42 (4) 0.042
ec14,5 L (Pa) 438.117 - 442.489 0.043 (1)
ec17,8 K (Pa) 450.33 (8) 0.01
ec14,5 M (Pa) 453.861 - 455.780 0.01035 (24)
ec17,7 K (Pa) 482.79 (6) 0.02
ec17,5 K (Pa) 557.305 (16) 0.0423 (10)

β−
0,20 max: 224.4 (14) 0.0434 (9) avg: 60.9 (4)

β−
0,19 max: 258.3 (14) 0.205 (2) avg: 70.8 (4)

β−
0,18 max: 431.5 (14) 0.385 (4) avg: 124.3 (5)
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Energy Electrons Energy
keV per 100 disint. keV

β−
0,17 max: 478.5 (14) 1.19 (3) avg: 139.5 (5)

β−
0,16 max: 573.2 (14) 0.0174 (22) avg: 170.8 (5)

β−
0,15 max: 657.6 (14) 0.15 (3) avg: 199.6 (5)

β−
0,14 max: 689.2 (14) 1.23 (3) avg: 210.5 (5)

β−
0,13 max: 788.7 (14) 0.217 (13) avg: 245.5 (5)

β−
0,12 max: 795.3 (14) 0.821 (14) avg: 247.8 (5)

β−
0,11 max: 985.8 (14) 0.60 (3) avg: 317.0 (6)

β−
0,8 max: 1041.4 (14) 0.074 (8) avg: 337.6 (6)

β−
0,7 max: 1073.9 (14) 0.692 (12) avg: 349.7 (6)

β−
0,5 max: 1148.4 (14) 10.4 (4) avg: 377.8 (6)

β−
0,1 max: 1236.4 (14) 50 (6) avg: 411.2 (6)

β−
0,0 max: 1243.1 (14) 34 (6) avg: 413.8 (6)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pa) 11.366 — 21.6 8.2 (9)

XKα2 (Pa) 92.288 0.39 (1) } Kα
XKα1 (Pa) 95.869 0.615 (13) }

XKβ3 (Pa) 107.595 }
XKβ1 (Pa) 108.422 } 0.235 (6) Kβ

′
1

XKβ
′′
5 (Pa) 109.072 }

XKβ2 (Pa) 111.405 }
XKβ4 (Pa) 111.87 } 0.079 (3) Kβ

′
2

XKO2,3 (Pa) 112.38 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Pa) 6.65 (5) 51 (6) (M1) 3080 (60) 0.0165 (18)
γ4,2(Pa) 29.373 (10) 8.83 (31) E1 3.07 (6) 2.17 (7)
γ2,0(Pa) 57.10 (2) 8.81 (33) E2 176 (4) 0.0498 (15)
γ3,1(Pa) 63.92 (6) 0.072 (31) (E2) 102.1 (21) 0.0007 (3)
γ3,0(Pa) 70.49 (10) 0.029 (27) [M1+E2] 40 (30) 0.0007 (4)
γ7,5(Pa) 74.51 (5) 0.436 (20) [M1] 9.85 (20) 0.0402 (17)
γ4,0(Pa) 86.477 (10) 4.48 (16) E1 1.43 (8) 1.843 (22)
γ5,1(Pa) 87.99 (3) 0.1985 (24) [E1] 0.169 (3) 0.1698 (20)
γ5,0(Pa) 94.65 (5) 0.884 (11) E1 0.140 (3) 0.775 (9)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ−1,2(Pa) 105.2 (1) 0.041 0.041
γ9,6(Pa) 108.5 (1) 0.0027 M1+E2 3.5 (6) 0.0006
γ8,4(Pa) 115.14 (5) 0.03 (8) [M1+E2] 10 (4) 0.003 (7)
γ9,5(Pa) 117.692 (20) 0.038 (4) M1+E2 12.2 (4) 0.0029 (3)
γ8,3(Pa) 131.101 (25) 0.0641 (17) E1 0.262 (5) 0.0508 (13)
γ10,6(Pa) 134.285 (20) 0.016 (5) [M1+E2] 8.0 (14) 0.0018 (5)
γ10,5(Pa) 143.23 (2) 0.088 (15) M1+E2 6.7 (12) 0.0114 (7)
γ−1,3(Pa) 147.5 0.0018 (6) 0.0018 (6)
γ10,4(Pa) 151.409 (20) 0.040 (4) [M1+E2] 4.9 (6) 0.0067 (3)
γ11,6(Pa) 153.49 (18) 0.0480 (8) [E1] 0.180 (4) 0.0407 (7)
γ9,2(Pa) 155.239 (20) 0.000270 (35) E1 0.176 (4) 0.00023 (3)
γ11,5(Pa) 162.504 0.185 [E1] 0.157 (3) 0.16
γ7,1(Pa) 162.504 (12) 0.194 (3) [E1] 0.157 (3) 0.1674 (26)
γ7,0(Pa) 169.162 (10) 0.287 (5) [E1] 0.1431 (29) 0.251 (4)
γ11,4(Pa) 170.60 (6) 0.578 (10) [E1] 0.1403 (28) 0.507 (9)
γ17,15(Pa) 179.05 (8) 0.125 (25) (M1+E2) 3.5 (8) 0.0278 (7)
γ10,2(Pa) 180.76 (3) 0.000123 (3) [E1] 0.1223 (24) 0.00011 (3)
γ11,3(Pa) 186.80 (18) 0.067 (27) [M1+E2] 2.2 (13) 0.0209 (9)
γ12,11(Pa) 190.552 (14) 0.367 (8) M1 3.26 (6) 0.0861 (15)
γ8,1(Pa) 194.97 (7) 0.1183 (19) E1 0.1024 (20) 0.1073 (17)
γ8,0(Pa) 201.62 (5) 0.0242 (9) E1 0.0946 (19) 0.0221 (8)
γ17,14(Pa) 210.67 (8) 0.044 (18) [M1+E2] 1.5 (10) 0.0178 (11)
γ−1,4(Pa) 211.3 (2) 0.0202 (9) 0.0202 (9)
γ9,0(Pa) 212.34 (5) 0.0070 (7) E1 0.0839 (17) 0.0065 (6)
γ13,10(Pa) 216.54 (8) 0.031 (12) (M1+E2) 1.4 (9) 0.0130 (7)
γ18,15(Pa) 226.1 (2) 0.0516 (22) M1+(E2) 2.02 (4) 0.0171 (7)
γ10,0(Pa) 237.86 (6) 0.00202 (43) [E1] 0.0645 (13) 0.0019 (4)
γ−1,5(Pa) 242.3 0.0029 (6) 0.0029 (6)
γ12,8(Pa) 246.14 (6) 0.0043 (6) [E1] 0.0596 (12) 0.0041 (6)
γ11,1(Pa) 250.65 (16) 0.0062 (4) [E2] 0.317 (6) 0.0047 (3)
γ13,8(Pa) 252.78 (9) 0.0152 (21) [M1+E2] 1.3 (3) 0.0066 (3)
γ11,0(Pa) 257.30 (15) 0.09 (3) [M1+E2] 0.8 (6) 0.0524 (12)
γ12,7(Pa) 278.7 (4) 0.0047 (6) 0.0047 (6)
γ13,7(Pa) 285.24 (7) 0.030 (4) [M1+E2] 0.94 (22) 0.0154 (9)
γ−1,6(Pa) 309.9 0.0032 (3) 0.0032 (3)
γ14,10(Pa) 316.1 0.00383 (41) E1 0.0340 (7) 0.0037 (4)
γ15,10(Pa) 347.64 (6) 0.0234 (13) [M1] 0.613 (12) 0.0145 (8)
γ13,5(Pa) 359.74 (4) 0.1355 (21) M1 0.559 (11) 0.0869 (12)
γ12,4(Pa) 361.285 (22) 0.0224 (6) [E1] 0.0255 (5) 0.0218 (6)
γ13,4(Pa) 367.92 (7) 0.0056 (11) [M1] 0.525 (10) 0.0037 (7)
γ12,3(Pa) 377.27 (11) 0.040 (3) [M1+E2] 0.46 (8) 0.0275 (9)
γ−1,7(Pa) 383.5 0.0019 (6) 0.0019 (6)
γ19,15(Pa) 398.8 (5) 0.0158 (10) [M1] 0.422 (8) 0.0111 (7)
γ−1,8(Pa) 408.8 (5) 0.0005 (4) 0.0005 (4)
γ16,11(Pa) 412.5 (5) 0.0115 (10) [M1] 0.385 (8) 0.0083 (7)
γ−1,9(Pa) 418.4 (5) 0.0091 (7) 0.0091 (7)
γ19,14(Pa) 430.9 (4) 0.0239 (5) (M1) 0.342 (6) 0.0178 (4)
γ20,15(Pa) 433.2 (4) 0.0117 (4) 0.0117 (4)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ12,1(Pa) 440.94 (4) 0.249 (10) (M1+E2) 0.30 (5) 0.1912 (23)
γ12,0(Pa) 447.762 (20) 0.134 (5) [M1+E2] 0.29 (4) 0.1043 (14)
γ−1,10(Pa) 454.2 (5) 0.04 0.04
γ14,5(Pa) 459.222 (7) 1.274 (17) M1 0.288 (6) 0.989 (12)
γ−1,11(Pa) 464.8 0.0026 (3) 0.0026 (3)
γ14,4(Pa) 467.40 (6) 0.0167 (17) [M1,E2] 0.16 (11) 0.0144 (4)
γ−1,12(Pa) 473.9 (5) 0.0033 (7) 0.0033 (7)
γ15,5(Pa) 490.80 (6) 0.1338 (21) M1 0.241 (5) 0.1078 (16)
γ−1,13(Pa) 497.1 (4) 0.0128 (4) 0.0128 (4)
γ15,4(Pa) 499.02 (4) 0.1938 (27) M1 0.230 (5) 0.1576 (21)
γ−1,14(Pa) 505.5 (6) 0.0055 (3) 0.0055 (3)
γ−1,15(Pa) 513.4 (4) 0.0133 (4) 0.0133 (4)
γ−1,16(Pa) 517.0 (4) 0.0046 (3) 0.0046 (3)
γ17,10(Pa) 526.69 (6) 0.052 (4) [M1,E2] 0.12 (8) 0.0463 (11)
γ−1,17(Pa) 531.8 (4) 0.0070 (7) 0.0070 (7)
γ17,9(Pa) 552.21 (8) 0.0194 (6) (M1) 0.1754 (35) 0.0165 (5)
γ−1,18(Pa) 553.7 0.0030 (3) 0.0030 (3)
γ−1,19(Pa) 554.9 0.0031 (3) 0.0031 (3)
γ17,8(Pa) 562.93 (8) 0.0636 (8) [M1] 0.167 (3) 0.0545 (7)
γ18,10(Pa) 573.7 (4) 0.0384 (12) [M1] 0.158 (3) 0.0332 (10)
γ−1,20(Pa) 578.7 0.0017 (5) 0.0017 (5)
γ−1,21(Pa) 583.2 0.0016 (5) 0.0016 (5)
γ17,7(Pa) 595.39 (6) 0.1346 (19) (M1) 0.143 (3) 0.1178 (16)
γ18,9(Pa) 599.3 (2) 0.0335 (6) [M1] 0.141 (3) 0.0294 (5)
γ18,8(Pa) 610.0 (3) 0.0643 (14) [M1] 0.134 (3) 0.0567 (12)
γ18,7(Pa) 642.4 (2) 0.0226 (6) [M1] 0.1171 (23) 0.0202 (5)
γ16,1(Pa) 663.3 (5) 0.0041 (6) [M1] 0.1075 (22) 0.0037 (5)
γ16,0(Pa) 669.9 (5) 0.0018 0.0018
γ17,5(Pa) 669.901 (16) 0.557 (7) [M1] 0.1047 (21) 0.504 (6)
γ17,4(Pa) 678.04 (10) 0.0686 (28) [M1,E2] 0.06 (4) 0.0647 (9)
γ−1,22(Pa) 681.2 (6) 0.0143 (4) 0.0143 (4)
γ−1,23(Pa) 690 0.0021 (5) 0.0021 (5)
γ−1,24(Pa) 698.5 (6) 0.0106 (5) 0.0106 (5)
γ−1,25(Pa) 703.7 (6) 0.0091 (5) 0.0091 (5)
γ18,6(Pa) 707.8 (3) 0.0093 (5) [E2] 0.0209 (4) 0.0091 (5)
γ18,5(Pa) 717.0 (2) 0.0458 (10) (M1) 0.0874 (17) 0.0421 (9)
γ18,4(Pa) 725.1 (2) 0.0687 (11) (M1) 0.0848 (17) 0.0633 (10)
γ−1,26(Pa) 727.8 0.0029 (2) 0.0029 (2)
γ18,3(Pa) 741.1 (2) 0.0237 (5) [E1] 0.00615 (12) 0.0236 (5)
γ−1,27(Pa) 744.9 (5) 0.0053 (2) 0.0053 (2)
γ−1,28(Pa) 751.6 (6) 0.0023 (4) 0.0023 (4)
γ17,1(Pa) 757.90 (7) 0.0324 (7) 0.0324 (7)
γ17,0(Pa) 764.55 (6) 0.0891 (13) 0.0891 (13)
γ−1,29(Pa) 767.5 0.0032 (2) 0.0032 (2)
γ−1,30(Pa) 774.0 (4) 0.0108 (5) 0.0108 (5)
γ19,8(Pa) 783.2 (5) 0.00600 (32) [M1] 0.0692 (14) 0.0056 (3)
γ−1,31(Pa) 784.2 (5) 0.0022 (2) 0.0022 (2)
γ18,1(Pa) 805.0 (2) 0.0215 (6) [E1] 0.00529 (11) 0.0214 (6)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ20,9(Pa) 806.4 (5) 0.0123 (5) 0.0123 (5)
γ18,0(Pa) 811.6 (2) 0.0060 (2) [E1] 0.00521 (10) 0.0060 (2)
γ19,7(Pa) 815.9 (4) 0.0207 (6) [M1] 0.0621 (12) 0.0195 (6)
γ20,8(Pa) 817.0 (6) 0.0095 (5) 0.0095 (5)
γ−1,32(Pa) 832.0 (3) 0.0075 0.0075
γ−1,33(Pa) 846.8 (7) 0.0013 0.0013
γ20,7(Pa) 849.5 (5) 0.0039 (3) 0.0039 (3)
γ−1,34(Pa) 870.7 (7) 0.0031 (2) 0.0031 (2)
γ−1,35(Pa) 874.0 (5) 0.00120 (4) 0.00120 (4)
γ19,6(Pa) 880.9 (5) 0.0098 (4) E2 0.0135 (3) 0.0097 (4)
γ19,5(Pa) 890.1 (5) 0.1104 (15) [M1] 0.0493 (10) 0.1052 (14)
γ19,4(Pa) 898.3 (5) 0.0023 (4) [M1] 0.0481 (10) 0.0022 (4)
γ−1,36(Pa) 918.9 (5) 0.006 0.006
γ−1,37(Pa) 935.2 (7) 0.0369 (7) 0.0369 (7)
γ−1,38(Pa) 941.9 (8) 0.0048 (3) 0.0048 (3)
γ−1,39(Pa) 942.8 0.0019 (3) 0.0019 (3)
γ20,3(Pa) 948.3 (5) 0.0060 (3) 0.0060 (3)
γ−1,40(Pa) 955 (1) 0.0002 (3) 0.0002 (3)
γ−1,41(Pa) 960.8 (8) 0.0041 (2) 0.0041 (2)
γ−1,42(Pa) 962.8 (9) 0.0015 (2) 0.0015 (2)
γ−1,43(Pa) 968.2 (9) 0.0083 (3) 0.0083 (3)
γ19,1(Pa) 978.2 (5) 0.00582 (30) [E1] 0.00374 (7) 0.0058 (3)
γ19,0(Pa) 984.8 (5) 0.01024 (30) [E1] 0.00369 (7) 0.0102 (3)
γ−1,44(Pa) 994 (1) 0.0006 (1) 0.0006 (1)
γ−1,45(Pa) 1001 (1) 0.0008 (2) 0.0008 (2)
γ−1,46(Pa) 1007 (1) 0.0014 (2) 0.0014 (2)
γ−1,47(Pa) 1011 (1) 0.0019 (2) 0.0019 (2)
γ−1,48(Pa) 1026.5 (10) 0.0075 0.0075
γ−1,49(Pa) 1092.5 (10) 0.006 0.006
γ−1,50(Pa) 1132.1 0.0006 (2) 0.0006 (2)
γ−1,51(Pa) 1139.1 0.0004 (1) 0.0004 (1)
γ−1,52(Pa) 1144 (1) 0.0027 0.0027
γ−1,53(Pa) 1201 (1) 0.006 0.006
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1 Half-life, Q-value and Decay mode

T1/2 : 24.10 (3) d

Qβ− : 272 (10) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−
0,7 85 (10) 1.6 (6) Allowed 7

β−
0,6 95 (10) 0.016 (5) 1st forbidden 9.1

β−
0,5 105 (10) 6.5 (7) Allowed 6.7

β−
0,4 106 (10) 14.1 (12) 1st forbidden 6.3

β−
0,2 198 (10) 77.8 (15) 1st forbidden 6.4

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Pa) 5.9 - 21.6 7.7 (6)

eAK (Pa) 0.0014 (9)
KLL 70.081 - 78.822 }
KLX 85.989 - 95.858 }
KXY 101.87 - 112.59 }

ec3,2 L (Pa) 8.4 - 12.8 3.95 (45)
ec7,5 M (Pa) 14.65 - 16.57 0.63 (28)
ec7,5 N (Pa) 18.63 - 19.65 0.17 (8)
ec3,2 M (Pa) 24.1 - 26.1 1.08 (12)
ec3,2 N (Pa) 28.1 - 29.1 0.292 (34)
ec4,3 L (Pa) 41.78 - 46.15 0.31 (8)
ec5,3 L (Pa) 42.2 - 46.6 1.144 (31)
ec1,0 L (Pa) 52.82 - 57.19 0.106 (12)
ec4,3 M (Pa) 57.52 - 59.44 0.079 (20)
ec5,3 M (Pa) 57.9 - 59.9 0.281 (7)
ec4,3 N (Pa) 61.50 - 62.53 0.021 (5)
ec5,3 N (Pa) 61.9 - 62.9 0.0739 (19)
ec1,0 M (Pa) 68.56 - 70.48 0.0258 (29)
ec4,2 L (Pa) 71.27 - 75.65 8.7 (8)
ec5,2 L (Pa) 71.7 - 76.1 0.239 (21)
ec4,2 M (Pa) 87.02 - 88.94 2.09 (18)
ec5,2 M (Pa) 87.4 - 89.4 0.058 (5)
ec4,2 N (Pa) 91.00 - 92.02 0.56 (5)
ec5,2 N (Pa) 91.4 - 92.4 0.0154 (14)
ec7,2 L (Pa) 91.70 - 96.08 0.0143 (15)

β−
0,7 max: 85 (10) 1.6 (6) avg: 22 (3)
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Energy Electrons Energy
keV per 100 disint. keV

β−
0,6 max: 95 (10) 0.016 (5) avg: 25 (3)

β−
0,5 max: 105 (10) 6.5 (7) avg: 27 (3)

β−
0,4 max: 106 (10) 14.1 (12) avg: 28 (3)

β−
0,2 max: 198 (10) 77.8 (15) avg: 53 (3)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pa) 11.3676 — 20.1126 7.1 (3)

XKα2 (Pa) 92.288 0.013 (9) } Kα
XKα1 (Pa) 95.869 0.021 (13) }

XKβ3 (Pa) 107.595 }
XKβ1 (Pa) 108.422 } 0.007 (5) Kβ

′
1

XKβ
′′
5 (Pa) 109.072 }

XKβ2 (Pa) 111.405 }
XKβ4 (Pa) 111.87 } 0.0025 (16) Kβ

′
2

XKO2,3 (Pa) 112.38 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ7,5(Pa) 20.01 (2) 1.2 (6) M1+E2 240 (70) 0.0051 (21)
γ3,2(Pa) 29.50 (2) 5.4 (6) E2 4390 (70) 0.00123 (14)
γ4,3(Pa) 62.88 (2) 0.43 (11) M1+E2 25 (5) 0.0164 (28)
γ5,3(Pa) 63.30 (2) 5.27 (11) E1 0.405 (6) 3.75 (8)
γ1,0(Pa) 73.92 (2) 0.154 (17) M1+E2 10.6 (4) 0.0133 (14)
γ7,3(Pa) 83.31 (5) 0.073 (6) E1 0.196 (3) 0.061 (5)
γ4,2(Pa) 92.38 (1) 13.7 (12) M1 5.27 (8) 2.18 (19)
γ5,2(Pa) 92.80 (2) 2.47 (22) E1 0.1472 (21) 2.15 (19)
γ6,2(Pa) 103.35 (10) 0.0154 (48) M1 3.81 (6) 0.0032 (10)
γ7,2(Pa) 112.81 (5) 0.264 (40) E1 0.23 (14) 0.215 (22)
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Pa− 231

1 Half-life, Q-value and Decay mode

T1/2 : 32670 (260) y

Qα : 5149.9 (8) keV
α : 100 %

2 α Emissions

Energy Probability
keV × 100

α0,25 4415.6 (9) 0.0021 (5)
α0,24 4507.6 (8) 0.0036 (3)
α0,23 4533.0 (8) 0.00076 (20)
α0,22 4568.1 (9) 0.008 (4)
α0,21 4599.6 (8) 0.015 (7)
α0,20 4630.3 (8) 0.078 (21)
α0,19 4633.0 (8) 0.0504 (11)
α0,18 4642.5 (8) 0.080 (6)
α0,17 4680.1 (8) 1.8 (3)
α0,16 4712.3 (8) 1.20 (22)
α0,15 4736.3 (8) 8.4 (4)
α0,14 4761.2 (8) 0.0032 (9)
α0,12 4794.1 (8) 0.040 (15)
α0,11 4853.5 (8) 1.40 (15)
α0,8 4903.4 (22) 0.002 (1)
α0,7 4936.0 (8) 2.9 (3)
α0,6 4952.6 (8) 22.5 (5)
α0,5 4977.6 (8) 0.4 (1)
α0,4 4987.8 (8) 1.6 (2)
α0,3 5015.1 (8) 25.3 (5)
α0,2 5031.2 (8) 20 (2)
α0,1 5033.8 (8) 2.8 (3)
α0,0 5060.7 (8) 11.7 (5)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Ac) 5.87 - 19.69 52.6 (15)

eAK (Ac) 0.078 (11)
KLL 66.769 - 74.715 }
KLX 81.775 - 90.882 }
KXY 96.76 - 106.75 }
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4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Ac) 10.8701 — 18.9228 44.3 (13)

XKα2 (Ac) 87.768 0.715 (23) } Kα
XKα1 (Ac) 90.885 1.16 (4) }

XKβ3 (Ac) 102.101 }
XKβ1 (Ac) 102.841 } 0.410 (15) Kβ

′
1

XKβ
′′
5 (Ac) 103.462 }

XKβ2 (Ac) 105.679 }
XKβ4 (Ac) 106.098 } 0.136 (6) Kβ

′
2

XKO2,3 (Ac) 106.563 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ3,2(Ac) 16.370 (14) 2.12 (9) E1 8.58 (12) 0.221 (9)
γ3,1(Ac) 18.980 (14) 42 (4) M1 113.2 (16) 0.37 (3)
γ11,9(Ac) 23.46 (6) 1.16 (15) M1 241 (4) 0.0048 (6)
γ16,15(Ac) 24.46 (4) 1.05 (21) M1 214 (4) 0.0049 (10)
γ6,5(Ac) 25.390 (22) 18.3 (14) M1 191 (3) 0.095 (7)
γ1,0(Ac) 27.37 (1) 59 (7) E1 4.5 (6) 10.8 (4)
γ2,0(Ac) 29.98 (1) 26 (3) M1+E2 270 (30) 0.097 (4)
γ6,4(Ac) 35.800 (22) 0.045 (3) E1 1.746 (25) 0.0163 (10)
γ5,3(Ac) 38.200 (14) 13 (3) M1+E2 89 (19) 0.144 (6)
γ4,2(Ac) 44.160 (14) 2.11 (16) M1 37.4 (6) 0.055 (4)
γ3,0(Ac) 46.35 (1) 0.357 (19) E1 0.879 (13) 0.19 (1)
γ20,17(Ac) 50.73 (5) 0.057 (21) M1 24.9 (4) 0.0022 (8)
γ7,4(Ac) 52.720 (22) 1.77 (10) M1 22.2 (4) 0.076 (4)
γ5,2(Ac) 54.570 (14) 0.110 (6) E1 0.569 (8) 0.070 (4)
γ15,13(Ac) 56.90 (3) 0.18 (4) M1+E2 37 (6) 0.0047 (7)
γ5,1(Ac) 57.180 (14) 4.6 (5) E2 148.1 (21) 0.031 (3)
γ17,15(Ac) 57.190 (22) 0.7 (3) E2 148.0 (21) 0.0046 (21)
γ9,7(Ac) 60.46 (4) 0.0076 (10) E1 0.433 (7) 0.0053 (7)
γ6,3(Ac) 63.590 (22) 3.99 (16) E2 88.8 (13) 0.0446 (17)
γ−1,1(Ac) 70.49 (5) 0.0051 (8) 0.0051 (8)
γ10,7(Ac) 71.85 (5) 0.019 (7) M1 8.98 (13) 0.0019 (7)
γ12,10(Ac) 72.58 (7) 0.029 (7) M1 8.71 (13) 0.0030 (7)
γ4,0(Ac) 74.14 (1) 0.97 (4) E2 42.6 (6) 0.0223 (9)
γ9,6(Ac) 77.38 (4) 0.50 (4) M1 7.23 (11) 0.061 (4)
γ7,2(Ac) 96.880 (22) 1.10 (4) E2 12.02 (17) 0.084 (3)
γ11,6(Ac) 100.84 (5) 0.248 (10) E2 9.97 (15) 0.0226 (9)
γ9,5(Ac) 102.77 (3) 0.20 (4) E2 9.12 (13) 0.019 (4)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ10,4(Ac) 124.57 (4) 0.0217 (20) E2 4.04 (6) 0.0043 (4)
γ12,7(Ac) 144.43 (6) 0.037 (3) E2 2.18 (3) 0.0115 (9)
γ13,4(Ac) 199.00 (3) 0.0030 (12) 0.0030 (12)
γ14,4(Ac) 230.59 (5) 0.0017 (8) 0.0017 (8)
γ−1,2(Ac) 242.18 (8) 0.0099 (10) 0.0099 (10)
γ13,2(Ac) 243.16 (3) 0.065 (11) M1+E2 0.80 (17) 0.036 (5)
γ15,5(Ac) 245.490 (14) 0.042 (3) M2 5.24 (8) 0.0067 (5)
γ13,1(Ac) 245.77 (3) 0.013 (4) E1 0.0570 (8) 0.012 (4)
γ15,4(Ac) 255.900 (14) 0.134 (3) E2 0.264 (4) 0.1059 (22)
γ14,3(Ac) 258.38 (5) 0.0015 (4) 0.0015 (4)
γ17,7(Ac) 260.37 (3) 0.282 (21) M1+E2 0.55 (11) 0.182 (4)
γ13,0(Ac) 273.14 (3) 0.101 (7) M1+E2 0.74 (11) 0.0579 (12)
γ17,6(Ac) 277.29 (3) 0.10 (6) E1+M2 0.5 (9) 0.0680 (15)
γ15,3(Ac) 283.690 (14) 1.72 (3) E1 0.0410 (6) 1.65 (3)
γ−1,3(Ac) 286.58 (10) 0.0104 (5) 0.0104 (5)
γ15,2(Ac) 300.060 (14) 4.25 (10) M1+E2 0.764 (17) 2.41 (5)
γ15,1(Ac) 302.670 (14) 2.4 (3) E1 0.0355 (5) 2.3 (3)
γ17,5(Ac) 302.680 (22) 0.22 (10) E1 0.0355 (5) 0.21 (10)
γ−1,4(Ac) 310.0 (1) 0.00092 (20) 0.00092 (20)
γ17,4(Ac) 313.090 (22) 0.129 (9) M1+E2 0.31 (9) 0.0987 (20)
γ16,1(Ac) 327.13 (4) 0.0372 (11) E1 0.0298 (5) 0.0361 (11)
γ15,0(Ac) 330.04 (1) 2.09 (5) M1+E2 0.541 (19) 1.36 (3)
γ17,3(Ac) 340.880 (22) 0.196 (7) E1+M2 0.11 (3) 0.177 (4)
γ18,4(Ac) 351.45 (3) 0.0029 (12) E1 0.0255 (4) 0.0028 (12)
γ16,0(Ac) 354.50 (4) 0.1094 (23) M1+E2 0.1375 (20) 0.0962 (20)
γ17,2(Ac) 357.250 (22) 0.240 (18) M1+E2 0.43 (10) 0.168 (4)
γ17,1(Ac) 359.860 (22) 0.0085 (3) 0.0085 (3)
γ20,4(Ac) 363.82 (4) 0.0080 (3) 0.0080 (3)
γ−1,5(Ac) 374.95 (10) 0.0045 (3) 0.0045 (3)
γ18,3(Ac) 379.24 (3) 0.066 (6) M1+E2 0.32 (11) 0.0498 (11)
γ21,5(Ac) 384.69 (6) 0.00365 (22) 0.00365 (22)
γ17,0(Ac) 387.23 (2) 0.00032 (11) E2 0.0773 (11) 0.0003 (1)
γ20,3(Ac) 391.61 (4) 0.00687 (22) E1 0.0202 (3) 0.00673 (22)
γ18,2(Ac) 395.61 (3) 0.00230 (22) E1 0.0198 (3) 0.00226 (22)
γ18,1(Ac) 398.22 (3) 0.0095 (3) 0.0095 (3)
γ19,1(Ac) 407.820 (22) 0.0475 (11) M1 0.334 (5) 0.0356 (8)
γ20,1(Ac) 410.59 (4) 0.00183 (22) E1 0.0183 (3) 0.00180 (22)
γ22,4(Ac) 427.14 (7) 0.0007 (4) 0.0007 (4)
γ19,0(Ac) 435.19 (2) 0.00294 (17) 0.00294 (17)
γ20,0(Ac) 437.96 (4) 0.0045 (3) 0.0045 (3)
γ−1,6(Ac) 438.72 (10) 0.0013 (4) 0.0013 (4)
γ24,4(Ac) 488.66 (10) 0.00165 (17) 0.00165 (17)
γ23,3(Ac) 490.65 (10) 0.0004 (1) 0.0004 (1)
γ22,0(Ac) 501.28 (7) 0.00076 (18) 0.00076 (18)
γ23,1(Ac) 509.63 (10) 0.00036 (17) 0.00036 (17)
γ24,3(Ac) 516.45 (10) 0.00137 (15) 0.00137 (15)
γ24,1(Ac) 535.43 (10) 0.00061 (12) 0.00061 (12)
γ25,6(Ac) 546.5 (3) 0.00083 (13) 0.00083 (13)
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Pa− 231

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ25,5(Ac) 571.9 (3) 0.00048 (20) 0.00048 (20)
γ25,4(Ac) 582.3 (3) 0.00031 (17) 0.00031 (17)
γ25,3(Ac) 610.1 (3) 0.0005 (4) 0.0005 (4)
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Pa− 233

1 Half-life, Q-value and Decay mode

T1/2 : 26.98 (2) d

Qβ− : 570.1 (20) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−
0,11 114.1 (20) 0.0011 (2) 1st forbidden 10.6

β−
0,10 154.3 (20) 25.4 (16) 1st forbidden 6.7

β−
0,9 171.5 (20) 15.4 (8) 1st forbidden 7

β−
0,8 189.8 (20) 0.020 (3) 1st forbidden unique 9.4

β−
0,7 229.6 (20) 25.9 (32) 1st forbidden 7.2

β−
0,6 249.4 (20) 0.020 (5) 2nd forbidden 10.4

β−
0,5 258.2 (20) 26.6 (32) 1st forbidden 7.3

β−
0,4 268.1 (20) 0.010 (2) Allowed 11.8

β−
0,3 271.3 (20) 0.12 (5) Allowed 9.8

β−
0,1 529.8 (20) 0.3 (19) 1st forbidden unique 10.2

β−
0,0 570.1 (20) 6.3 (23) 1st forbidden 9.1

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (U) 5.9 - 21.6 42.2 (13)

eAK (U) 0.95 (13)
KLL 71.78 - 80.95 }
KLX 88.15 - 98.34 }
KXY 104.42 - 115.40 }

ec7,5 L (U) 6.80 - 11.39 16.5 (21)
ec10,9 M (U) 11.714 - 13.710 1.53
ec1,0 L (U) 18.59 - 23.18 10.3 (15)
ec7,3 L (U) 19.9 - 24.5 0.013 (3)
ec7,5 M (U) 23.01 - 25.01 4.3 (6)
ec7,5 N (U) 27.118 - 28.180 1.14 (15)
ec2,1 L (U) 30.05 - 34.64 0.04
ec1,0 M (U) 34.8 - 36.8 2.8 (4)
ec1,0 N (U) 38.908 - 39.970 0.77 (12)
ec2,1 M (U) 46.26 - 48.26 0.011
ec10,7 L (U) 53.51 - 58.10 11.2 (12)
ec9,5 L (U) 64.84 - 69.43 10.6 (6)
ec10,7 M (U) 69.72 - 71.72 2.7 (3)
ec2,0 L (U) 70.40 - 74.99 0.034
ec10,7 N (U) 73.828 - 74.890 0.74 (9)
ec9,5 M (U) 81.05 - 83.04 2.57 (14)
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Pa− 233

Energy Electrons Energy
keV per 100 disint. keV

ec10,5 L (U) 82.10 - 86.69 2.70 (13)
ec9,5 N (U) 85.154 - 86.216 0.695 (38)
ec10,5 M (U) 98.31 - 100.31 0.66 (4)
ec10,5 N (U) 102.42 - 103.48 0.18 (1)
ec5,1 K (U) 155.95 (1) 0.0292 (6)
ec7,1 K (U) 184.527 (5) 4.62 (20)
ec5,0 K (U) 196.302 (5) 24.5 (8)
ec7,0 K (U) 224.874 (5) 2.24 (9)
ec7,2 L (U) 226.62 - 231.21 0.0107 (3)
ec5,1 L (U) 249.80 - 254.39 0.0396 (9)
ec10,1 K (U) 259.802 (5) 0.0336 (8)
ec5,1 M (U) 266.01 - 268.00 0.0108 (3)
ec7,1 L (U) 278.37 - 282.96 0.88 (4)
ec9,0 K (U) 282.890 (5) 0.0618 (12)
ec5,0 L (U) 290.15 - 294.74 4.83 (17)
ec7,1 M (U) 294.58 - 296.58 0.22 (1)
ec7,1 N (U) 298.688 - 299.750 0.0659 (25)
ec10,0 K (U) 300.162 (7) 0.16 (10)
ec5,0 M (U) 306.36 - 308.35 1.19 (4)
ec5,0 N (U) 310.463 - 311.525 0.343 (6)
ec7,0 L (U) 318.72 - 323.31 0.460 (14)
ec7,0 M (U) 334.93 - 336.93 0.098 (5)
ec7,0 N (U) 339.035 - 340.097 0.024 (8)
ec10,1 L (U) 353.65 - 358.24 0.0246 (5)
ec9,0 L (U) 376.73 - 381.32 0.0410 (9)
ec9,0 M (U) 392.94 - 394.94 0.01094 (25)
ec10,0 L (U) 394.01 - 398.60 0.056 (16)
ec10,0 M (U) 410.22 - 412.21 0.014 (3)

β−
0,11 max: 114.1 (20) 0.0011 (2) avg: 29.8 (5)

β−
0,10 max: 154.3 (20) 25.4 (16) avg: 40.9 (5)

β−
0,9 max: 171.5 (20) 15.4 (8) avg: 45.7 (5)

β−
0,8 max: 189.8 (20) 0.020 (3) avg: 50.9 (6)

β−
0,7 max: 229.6 (20) 25.9 (32) avg: 62.4 (6)

β−
0,6 max: 249.4 (20) 0.020 (5) avg: 68.2 (6)

β−
0,5 max: 258.2 (20) 26.6 (32) avg: 70.8 (6)

β−
0,4 max: 268.1 (20) 0.010 (2) avg: 73.7 (6)

β−
0,3 max: 271.3 (20) 0.12 (5) avg: 74.6 (6)

β−
0,1 max: 529.8 (20) 0.3 (19) avg: 156.1 (6)

β−
0,0 max: 570.1 (20) 6.3 (23) avg: 169.6 (6)
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4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (U) 11.619 — 20.714 40.6 (11)

XKα2 (U) 94.666 9.10 (26) } Kα
XKα1 (U) 98.44 14.6 (4) }

XKβ3 (U) 110.421 }
XKβ1 (U) 111.298 } 5.25 (18) Kβ

′
1

XKβ
′′
5 (U) 111.964 }

XKβ2 (U) 114.407 }
XKβ4 (U) 115.012 } 1.80 (7) Kβ

′
2

XKO2,3 (U) 115.377 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ10,9(U) 17.262 (6) 2.07 M1+1.66%E2 503 0.0041
γ7,5(U) 28.559 (10) 22.3 (28) M1+2.44%E2 313 (18) 0.071 (8)
γ1,0(U) 40.349 (5) 13.9 (19) M1+54%E2 580 (60) 0.024 (2)
γ7,3(U) 41.663 (10) 0.032 (7) [E1] 1.253 (25) 0.014 (3)
γ2,1(U) 51.81 (4) 0.055 [M1+28%E2] 108 0.0005
γ10,7(U) 75.269 (10) 16.1 (16) M1+2.2%E2 11.4 (12) 1.30 (3)
γ9,5(U) 86.595 (5) 16.1 (9) M1+0.31%E2 7.08 (14) 1.99 (10)
γ2,0(U) 92.16 (4) 0.0492 [E2] 19.5 0.0024
γ10,5(U) 103.86 (1) 4.44 (18) M1+(1%E2) 4.21 (21) 0.853 (6)
γ6,2(U) 228.57 (5) 0.0042 (7) 0.0042 (7)
γ7,2(U) 248.38 (4) 0.082 (2) [E2] 0.346 (7) 0.0609 (11)
γ3,1(U) 258.45 (2) 0.0289 (6) [E1] 0.0547 (11) 0.0274 (6)
γ5,1(U) 271.555 (10) 0.406 (4) E2 0.258 (5) 0.323 (3)
γ6,1(U) 280.61 (5) 0.011 (2) 0.011 (2)
γ8,2(U) 288.42 (10) 0.016 (3) 0.016 (3)
γ3,0(U) 298.81 (2) 0.12 (5) [E1] 0.0396 (8) 0.12 (5)
γ7,1(U) 300.129 (5) 12.3 (4) M1+0.6%E2 0.87 (2) 6.60 (21)
γ4,0(U) 301.99 (10) 0.010 (2) 0.010 (2)
γ5,0(U) 311.904 (5) 68.9 (12) M1+1%E2 0.80 (2) 38.3 (5)
γ6,0(U) 320.73 (10) 0.0051 (4) 0.0051 (4)
γ7,0(U) 340.476 (5) 7.24 (10) M1+5%E2 0.62 (2) 4.47 (3)
γ10,1(U) 375.404 (5) 0.751 (7) E2 0.0981 (20) 0.684 (7)
γ8,0(U) 380.28 (10) 0.0037 (9) 0.0037 (9)
γ9,0(U) 398.492 (5) 1.526 (15) E2 0.0835 (17) 1.408 (14)
γ10,0(U) 415.764 (5) 1.97 (12) M1+83%E2 0.13 (8) 1.747 (7)
γ11,0(U) 455.96 (10) 0.0011 (2) 0.0011 (2)
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1 Half-life, Q-value and Decay mode

T1/2 : 6.70 (5) h

Qβ− : 2195 (4) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−
0,77 51 (4) 0.42 (5) 4.98

β−
0,76 79 (4) 0.21 (3) 5.87

β−
0,75 94 (4) 0.064 (11) 6.6

β−
0,74 126 (4) 0.40 (7) 6.21

β−
0,73 129 (4) 0.140 (24) 6.69

β−
0,72 158 (4) 0.055 (8) 7.37

β−
0,71 161 (4) 0.90 (15) 6.19

β−
0,70 175 (4) 0.112 (16) 7.2

β−
0,69 195 (4) 0.122 (16) 7.31

β−
0,68 214 (4) 0.59 (8) 6.75

β−
0,67 226 (4) 0.044 (12) 7.95

β−
0,66 236 (4) 0.44 (19) 7.01

β−
0,65 254 (4) 0.35 (5) 7.22

β−
0,64 267 (4) 0.22 (4) 7.49

β−
0,63 279 (4) 0.21 (3) 7.56

β−
0,62 313 (4) 0.25 (3) 7.65

β−
0,61 332 (4) 0.029 (7) 8.66

β−
0,60 351 (4) 0.17 (3) 7.97

β−
0,59 383 (4) 1.43 (15) 7.17

β−
0,58 402 (4) 0.41 (8) 7.78

β−
0,57 411 (4) 0.061 (11) 8.64

β−
0,56 412 (4) 8 (3) 6.53

β−
0,55 424 (4) 0.129 (17) 8.36

β−
0,54 433 (4) 2.8 (4) 7.05

β−
0,53 457 (4) 0.78 (19) 7.68

β−
0,52 458 (4) 1.16 (14) 7.51

β−
0,50 472 (4) 8.4 (9) 1st forbidden 6.7

β−
0,51 472 (4) 36 (5) Allowed 6.06

β−
0,49 502 (4) 6.9 (8) 1st forbidden 6.87

β−
0,48 542 (4) 0.95 (13) 7.84

β−
0,47 545 (4) 0.18 (4) 8.64

β−
0,46 576 (4) 0.035 (20) 9.36

β−
0,45 606 (4) <0.7 >8.1

β−
0,44 613 (4) 0.05 (3) 9.3

β−
0,43 642 (4) 19.6 (18) Allowed 6.77

β−
0,42 647 (4) 0.078 (20) 9.18

β−
0,41 651 (4) 0.10 (9) 9.1

β−
0,40 658 (4) <0.9 >8.1

β−
0,39 662 (4) 0.21 (4) 8.79
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Energy Probability Nature log ft
keV × 100

β−
0,38 693 (4) 0.25 (4) 8.78

β−
0,37 699 (4) <2.7 >7.8

β−
0,36 709 (4) 0.12 (3) 9.14

β−
0,34 747 (4) 0.11 (3) 9.25

β−
0,31 883 (4) 0.109 (18) 9.5

β−
0,26 980 (4) 0.30 (12) 9.22

β−
0,25 1000 (4) <1.5 >8.5

β−
0,22 1067 (4) 1.9 (10) 8.54

β−
0,18 1104 (4) 0.69 (20) 9.04

β−
0,16 1126 (4) <8 1st forbidden >8

β−
0,15 1171 (4) 1.5 (13) 8.8

β−
0,14 1171 (4) <5 1st forbidden >8.3

β−
0,13 1206 (4) <3.1 1st forbidden unique >8.5

β−
0,12 1227 (4) <2.5 Allowed >8.6

β−
0,11 1232 (4) <0.4 >9.4

β−
0,10 1247 (4) <0.8 Allowed >9.2

β−
0,7 1346 (4) <0.8 1st forbidden >9.3

β−
0,2 2052 (4) <5 Allowed >9.2

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (U) 5.9 - 21.6 77 (10)

eAK (U) 1.08 (6)
KLL 71.776 - 80.954 }
KLX 88.153 - 98.429 }
KXY 104.51 - 115.59 }

ec25,16 K (U) 9.86 (1) 0.171 (26)
ec14,13 L (U) 12.5 - 17.1 6.1 (7)
ec43,33 K (U) 15.70 (1) 3.71 (33)
ec51,45 K (U) 19.01 (2) 0.86 (17)
ec1,0 L (U) 21.73 - 26.32 62 (16)
ec16,14 L (U) 23.69 - 28.28 5.1 (32)
ec13,7 K (U) 24.55 (2) 1.5 (11)
ec49,43 K (U) 25.31 (3) 0.054 (9)
ec33,30 K (U) 28.18 (2) 1.04 (16)
ec14,13 M (U) 28.8 - 30.7 1.69 (18)
ec14,13 N (U) 32.9 - 33.9 0.46 (5)
ec15,12 L (U) 33.20 - 37.79 0.8 (8)
ec45,39 L (U) 33.69 - 38.28 0.012 (4)
ec30,22 K (U) 34.28 (3) 0.0161 (48)
ec22,16 L (U) 36.4 - 41.0 0.34 (11)
ec3,2 K (U) 37.11 (2) 1.30 (15)
ec56,51 L (U) 37.43 - 42.02 2.2 (18)
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Energy Electrons Energy
keV per 100 disint. keV

ec1,0 M (U) 37.94 - 39.94 17.2 (43)
ec16,14 M (U) 39.9 - 41.9 1.4 (9)
ec13,9 L (U) 40.9 - 45.5 0.51 (16)
ec1,0 N (U) 42.05 - 43.11 4.7 (12)
ec33,28 K (U) 43.88 (2) 0.086 (13)
ec16,14 N (U) 44.01 - 45.07 0.38 (25)
ec25,22 L (U) 45.49 - 50.08 1.5 (5)
ec25,20 L (U) 47.70 - 52.29 0.58 (49)
ec22,11 K (U) 49.34 (5) 0.11 (12)
ec15,12 M (U) 49.41 - 51.41 0.24 (20)
ec22,16 M (U) 52.7 - 54.6 0.095 (32)
ec15,12 N (U) 53.52 - 54.58 0.07 (6)
ec56,51 M (U) 53.64 - 55.64 0.6 (5)
ec51,43 K (U) 55.25 (2) 1.96 (27)
ec22,16 N (U) 56.8 - 57.8 0.026 (9)
ec13,9 M (U) 57.2 - 59.2 0.127 (40)
ec56,51 N (U) 57.75 - 58.81 0.16 (14)
ec16,13 L (U) 58.08 - 62.67 1.7 (6)
ec14,7 K (U) 58.95 (3) 0.32 (31)
ec13,9 N (U) 61.3 - 62.3 0.033 (10)
ec25,22 M (U) 61.7 - 63.7 0.41 (15)
ec25,20 M (U) 63.91 - 65.91 0.16 (15)
ec51,41 K (U) 64.20 (8) 0.15 (5)
ec25,22 N (U) 65.81 - 66.87 0.112 (40)
ec25,20 N (U) 68.02 - 69.08 0.043 (38)
ec51,40 K (U) 70.55 (2) 5.4 (6)
ec16,13 M (U) 74.29 - 76.29 0.48 (17)
ec14,9 L (U) 75.41 - 80.00 0.024 (9)
ec2,1 L (U) 78.10 - 82.69 31 (6)
ec56,45 K (U) 78.13 (3) 0.7 (7)
ec16,13 N (U) 78.40 - 79.46 0.131 (46)
ec16,12 L (U) 79.13 - 83.72 0.0115 (22)
ec23,12 K (U) 81.20 (5) 0.1 (1)
ec22,14 L (U) 82.01 - 86.60 1.96 (33)
ec21,9 K (U) 84.35 (5) 0.1 (1)
ec16,11 L (U) 84.92 - 89.51 0.104 (32)
ec4,3 K (U) 85.37 (3) 0.138 (20)
ec13,5 K (U) 87.52 (3) 1.0 (5)
ec2,1 M (U) 94.31 - 96.31 8.7 (16)
ec22,14 M (U) 98.22 - 100.22 0.54 (9)
ec2,1 N (U) 98.42 - 99.48 2.36 (44)
ec16,11 M (U) 101.13 - 103.13 0.025 (8)
ec22,14 N (U) 102.33 - 103.39 0.148 (25)
ec25,16 L (U) 103.70 - 108.29 2.69 (41)
ec16,7 K (U) 104.40 (8) 0.276 (47)
ec43,33 L (U) 109.5 - 114.1 0.84 (8)
ec33,25 K (U) 110.90 (3) 4.4 (16)
ec51,37 K (U) 111.65 (3) 10 (1)
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Energy Electrons Energy
keV per 100 disint. keV

ec51,45 L (U) 112.85 - 117.44 0.169 (34)
ec25,11 K (U) 116.61 (3) 0.16 (15)
ec13,7 L (U) 118.39 - 122.98 0.90 (18)
ec49,43 L (U) 119.15 - 123.74 0.0120 (19)
ec25,16 M (U) 119.91 - 121.91 0.75 (11)
ec33,30 L (U) 122.02 - 126.61 0.49 (8)
ec25,16 N (U) 124.02 - 125.08 0.203 (31)
ec58,43 K (U) 124.6 (1) 0.042 (40)
ec43,33 M (U) 125.8 - 127.8 0.205 (18)
ec30,22 L (U) 128.12 - 132.71 0.111 (34)
ec51,45 M (U) 129.06 - 131.06 0.041 (8)
ec56,40 K (U) 129.77 (2) 1.06 (15)
ec43,33 N (U) 129.9 - 130.9 0.0546 (49)
ec3,2 L (U) 130.95 - 135.54 8.4 (10)
ec51,45 N (U) 133.17 - 134.23 0.0110 (22)
ec33,24 K (U) 133.62 (1) 0.118 (19)
ec13,7 M (U) 134.6 - 136.6 0.24 (6)
ec33,28 L (U) 137.72 - 142.31 0.0186 (28)
ec33,30 M (U) 138.23 - 140.23 0.129 (20)
ec13,7 N (U) 138.71 - 139.77 0.065 (15)
ec68,51 K (U) 141.6 (1) 0.036 (35)
ec33,30 N (U) 142.34 - 143.40 0.035 (5)
ec22,11 L (U) 143.18 - 147.77 0.047 (21)
ec30,22 M (U) 144.33 - 146.33 0.031 (9)
ec3,2 M (U) 147.16 - 149.16 2.33 (27)
ec51,43 L (U) 149.09 - 153.68 0.38 (5)
ec3,2 N (U) 151.27 - 152.33 0.63 (7)
ec26,10 K (U) 151.52 (5) 0.11 (9)
ec14,7 L (U) 152.79 - 157.38 0.126 (23)
ec49,33 K (U) 156.68 (5) 0.83 (11)
ec51,41 L (U) 158.0 - 162.6 0.029 (10)
ec22,11 M (U) 159.39 - 161.39 0.012 (6)
ec21,8 K (U) 159.4 (1) 0.056 (49)
ec51,40 L (U) 164.39 - 168.98 1.04 (11)
ec51,43 M (U) 165.3 - 167.3 0.092 (13)
ec14,7 M (U) 169 - 171 0.033 (7)
ec51,43 N (U) 169.41 - 170.47 0.0249 (34)
ec56,45 L (U) 171.97 - 176.56 0.255 (42)
ec23,12 L (U) 175.0 - 179.6 0.035 (11)
ec33,22 K (U) 178.19 (5) 0.84 (29)
ec21,9 L (U) 178.19 - 182.78 0.035 (11)
ec4,3 L (U) 179.21 - 183.80 0.38 (6)
ec33,20 K (U) 180.31 (8) 0.07 (6)
ec51,40 M (U) 180.6 - 182.6 0.253 (27)
ec13,5 L (U) 181.36 - 185.95 0.52 (6)
ec51,40 N (U) 184.71 - 185.77 0.068 (7)
ec56,45 M (U) 188.18 - 190.18 0.066 (11)
ec56,45 N (U) 192.29 - 193.35 0.0178 (30)
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Energy Electrons Energy
keV per 100 disint. keV

ec71,51 K (U) 194.6 (1) 0.029 (30)
ec4,3 M (U) 195.42 - 197.42 0.105 (15)
ec13,5 M (U) 197.57 - 199.57 0.138 (17)
ec23,8 K (U) 197.9 (1) 0.042 (42)
ec16,7 L (U) 198.242 - 202.832 0.053 (9)
ec4,3 N (U) 199.53 - 200.59 0.0285 (41)
ec37,29 L (U) 200.07 - 204.66 0.020 (6)
ec13,5 N (U) 201.68 - 202.74 0.0373 (46)
ec33,25 L (U) 204.7 - 209.3 1.46 (19)
ec34,22 K (U) 204.8 (1) 0.021 (16)
ec51,37 L (U) 205.49 - 210.08 1.94 (20)
ec25,11 L (U) 210.45 - 215.04 0.049 (12)
ec16,7 M (U) 214.452 - 216.450 0.0129 (22)
ec33,18 K (U) 214.80 (5) 0.0198 (23)
ec58,43 L (U) 218.4 - 223.0 0.012 (6)
ec33,25 M (U) 221 - 223 0.372 (47)
ec51,37 M (U) 221.7 - 223.7 0.469 (49)
ec56,40 L (U) 223.61 - 228.20 0.205 (30)
ec33,25 N (U) 225.1 - 226.1 0.100 (13)
ec51,37 N (U) 225.81 - 226.87 0.126 (13)
ec25,11 M (U) 226.66 - 228.66 0.0126 (24)
ec33,24 L (U) 227.46 - 232.05 0.0234 (38)
ec33,16 K (U) 236.3 (1) 0.0233 (28)
ec56,40 M (U) 239.82 - 241.82 0.050 (7)
ec46,28 K (U) 242.3 (1) 0.010 (8)
ec56,40 N (U) 243.93 - 244.99 0.0134 (19)
ec26,10 L (U) 245.36 - 249.95 0.031 (10)
ec49,33 L (U) 250.52 - 255.11 0.194 (25)
ec21,8 L (U) 253.28 - 257.87 0.015 (5)
ec37,21 K (U) 253.90 (5) 1.12 (14)
ec40,23 K (U) 256.4 (1) 0.50 (6)
ec49,33 M (U) 266.73 - 268.73 0.048 (6)
ec49,33 N (U) 270.84 - 271.90 0.0130 (17)
ec33,22 L (U) 272.03 - 276.62 0.33 (5)
ec33,20 L (U) 274.15 - 278.74 0.018 (7)
ec33,15 K (U) 282.1 (3) 0.027 (7)
ec33,22 M (U) 288.24 - 290.24 0.085 (13)
ec23,8 L (U) 291.7 - 296.3 0.0104 (44)
ec33,22 N (U) 292.35 - 293.41 0.0228 (34)
ec33,16 L (U) 330.1 - 334.7 0.0191 (23)
ec40,18 K (U) 331.0 (1) 0.0307 (41)
ec33,11 K (U) 343.08 (5) 0.125 (47)
ec37,21 L (U) 347.7 - 352.3 0.216 (26)
ec40,23 L (U) 350.242 - 354.832 0.100 (11)
ec37,15 K (U) 356.7 (1) 0.083 (9)
ec37,21 M (U) 364 - 366 0.052 (6)
ec71,43 K (U) 365.4 (1) 0.040 (31)
ec40,23 M (U) 366.452 - 368.450 0.0242 (28)
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Energy Electrons Energy
keV per 100 disint. keV

ec37,21 N (U) 368.1 - 369.1 0.0141 (17)
ec45,18 K (U) 382.4 (1) 0.0125 (24)
ec37,13 K (U) 391.16 (5) 0.0138 (15)
ec40,15 K (U) 397.8 (1) 0.0703 (11)
ec37,12 K (U) 412.4 (1) 0.069 (9)
ec33,11 L (U) 436.92 - 441.51 0.032 (7)
ec45,15 K (U) 449.8 (1) 0.149 (16)
ec37,15 L (U) 450.5 - 455.1 0.0159 (18)
ec40,12 K (U) 453.5 (2) 0.51 (8)
ec37,9 K (U) 454.1 (1) 1.30 (17)
ec59,26 K (U) 481.5 (1) 0.0247 (37)
ec40,15 L (U) 491.6 - 496.2 0.01341 (19)
ec53,21 K (U) 496.6 (1) 0.044 (6)
ec37,12 L (U) 506.23 - 510.82 0.0131 (17)
ec49,16 K (U) 508.8 (1) 0.028 (4)
ec48,15 K (U) 514.0 (1) 0.038 (6)
ec54,22 K (U) 518.9 (2) 0.0142 (25)
ec50,16 K (U) 538.3 (1) 0.046 (8)
ec45,15 L (U) 543.6 - 548.2 0.0283 (30)
ec40,12 L (U) 547.3 - 551.9 0.096 (16)
ec37,9 L (U) 547.9 - 552.5 0.248 (32)
ec40,12 M (U) 563.6 - 565.6 0.0232 (39)
ec37,9 M (U) 564.2 - 566.2 0.060 (8)
ec37,9 N (U) 568.3 - 569.3 0.0161 (21)
ec54,16 K (U) 577.2 (1) 0.104 (11)
ec7,2 K (U) 590.6 (1) 0.0130 (13)
ec49,11 K (U) 615.6 (2) 0.025 (19)
ec50,13 K (U) 617.96 (5) 0.50 (6)
ec54,14 K (U) 622.7 (1) 0.081 (9)
ec5,1 K (U) 627.482 (5) 0.0108 (11)
ec51,12 K (U) 639.7 (1) 0.049 (37)
ec56,15 K (U) 643.6 (1) 0.010 (8)
ec54,16 L (U) 671.0 - 675.6 0.0197 (21)
ec51,9 K (U) 680.8 (1) 0.0325 (38)
ec10,2 K (U) 688.9 (1) 0.097 (34)
ec7,1 K (U) 690.60 (5) 0.0112 (14)
ec12,2 K (U) 709.9 (2) 0.0223 (24)
ec50,13 L (U) 711.80 - 716.39 0.095 (11)
ec22,3 K (U) 716.3 (1) 0.0178 (21)
ec54,14 L (U) 716.5 - 721.1 0.0154 (17)
ec50,13 M (U) 728.01 - 730.01 0.0228 (26)
ec51,12 L (U) 733.5 - 738.1 0.010 (6)
ec24,3 K (U) 760.8 (1) 0.0269 (25)
ec15,2 K (U) 765.32 (4) 0.065 (8)
ec14,2 K (U) 765.32 (4) 0.0164 (23)
ec9,1 K (U) 768.06 (4) 0.101 (12)
ec10,2 L (U) 782.7 - 787.3 0.069 (24)
ec25,3 K (U) 783.46 (5) 0.0122 (15)
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Energy Electrons Energy
keV per 100 disint. keV

ec10,2 M (U) 799 - 801 0.064 (23)
ec12,1 K (U) 809.8 (1) 0.076 (9)
ec9,0 K (U) 811.5 (1) 0.070 (12)
ec13,1 K (U) 830.79 (3) 0.045 (5)
ec18,2 K (U) 832.5 (2) 0.0150 (19)
ec28,3 K (U) 850.6 (1) 0.011 (6)
ec15,2 L (U) 859.16 - 863.75 0.0172 (22)
ec9,1 L (U) 861.90 - 866.49 0.0268 (31)
ec15,1 K (U) 865.1 (1) 0.01533 (23)
ec12,1 L (U) 903.6 - 908.2 0.0194 (22)
ec9,0 L (U) 905.3 - 909.9 0.0179 (30)
ec21,1 K (U) 968.2 (1) 0.0130 (15)
ec37,2 K (U) 1238.3 (1) 0.0164 (17)
ec40,2 K (U) 1279.3 (1) 0.0271 (28)

β−
0,77 max: 51 (4) 0.42 (5) avg: 13.0 (11)

β−
0,76 max: 79 (4) 0.21 (3) avg: 20.4 (11)

β−
0,75 max: 94 (4) 0.064 (11) avg: 24.2 (11)

β−
0,74 max: 126 (4) 0.40 (7) avg: 33.1 (11)

β−
0,73 max: 129 (4) 0.140 (24) avg: 33.8 (11)

β−
0,72 max: 158 (4) 0.055 (8) avg: 41.9 (12)

β−
0,71 max: 161 (4) 0.90 (15) avg: 42.9 (12)

β−
0,70 max: 175 (4) 0.112 (16) avg: 46.7 (12)

β−
0,69 max: 195 (4) 0.122 (16) avg: 52.2 (12)

β−
0,68 max: 214 (4) 0.59 (8) avg: 57.8 (12)

β−
0,67 max: 226 (4) 0.044 (12) avg: 61.3 (12)

β−
0,66 max: 236 (4) 0.44 (19) avg: 64.3 (12)

β−
0,65 max: 254 (4) 0.35 (5) avg: 69.7 (12)

β−
0,64 max: 267 (4) 0.22 (4) avg: 73.5 (12)

β−
0,63 max: 279 (4) 0.21 (3) avg: 76.9 (12)

β−
0,62 max: 313 (4) 0.25 (3) avg: 87.3 (13)

β−
0,61 max: 332 (4) 0.029 (7) avg: 93.0 (13)

β−
0,60 max: 351 (4) 0.17 (3) avg: 98.9 (13)

β−
0,59 max: 383 (4) 1.43 (15) avg: 108.9 (13)

β−
0,58 max: 402 (4) 0.41 (8) avg: 114.8 (13)

β−
0,57 max: 411 (4) 0.061 (11) avg: 117.6 (13)

β−
0,56 max: 412 (4) 8 (3) avg: 118.1 (13)

β−
0,55 max: 424 (4) 0.129 (17) avg: 121.8 (13)

β−
0,54 max: 433 (4) 2.8 (4) avg: 124.7 (13)

β−
0,53 max: 457 (4) 0.78 (19) avg: 132.3 (14)

β−
0,52 max: 458 (4) 1.16 (14) avg: 132.5 (14)

β−
0,50 max: 472 (4) 8.4 (9) avg: 137.2 (13)

β−
0,51 max: 472 (4) 36 (5) avg: 137.1 (13)

β−
0,49 max: 502 (4) 6.9 (8) avg: 146.8 (14)

β−
0,48 max: 542 (4) 0.95 (13) avg: 160.1 (14)

β−
0,47 max: 545 (4) 0.18 (4) avg: 164.6 (13)

β−
0,46 max: 576 (4) 0.035 (20) avg: 171.4 (14)

β−
0,45 max: 606 (4) <0.7 avg: 181.7 (14)
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β−
0,44 max: 613 (4) 0.05 (3) avg: 184.1 (14)

β−
0,43 max: 642 (4) 19.6 (18) avg: 194.0 (14)

β−
0,42 max: 647 (4) 0.078 (20) avg: 195.6 (14)

β−
0,41 max: 651 (4) 0.10 (9) avg: 197.1 (14)

β−
0,40 max: 658 (4) <0.9 avg: 199.3 (14)

β−
0,39 max: 662 (4) 0.21 (4) avg: 200.6 (14)

β−
0,38 max: 693 (4) 0.25 (4) avg: 211.3 (14)

β−
0,37 max: 699 (4) <2.7 avg: 213.5 (14)

β−
0,36 max: 709 (4) 0.12 (3) avg: 216.9 (14)

β−
0,34 max: 747 (4) 0.11 (3) avg: 230.3 (14)

β−
0,31 max: 883 (4) 0.109 (18) avg: 278.7 (15)

β−
0,26 max: 980 (4) 0.30 (12) avg: 314.2 (15)

β−
0,25 max: 1000 (4) <1.5 avg: 312.6 (14)

β−
0,22 max: 1067 (4) 1.9 (10) avg: 346.5 (15)

β−
0,18 max: 1104 (4) 0.69 (20) avg: 360.2 (15)

β−
0,16 max: 1126 (4) <8 avg: 368.3 (15)

β−
0,15 max: 1171 (4) 1.5 (13) avg: 385.4 (16)

β−
0,14 max: 1171.2 (40) <5 avg: 385.4 (16)

β−
0,13 max: 1206 (4) <3.1 avg: 398.5 (16)

β−
0,12 max: 1227 (4) <2.5 avg: 406.4 (16)

β−
0,11 max: 1232 (4) <0.4 avg: 408.7 (16)

β−
0,10 max: 1247 (4) <0.8 avg: 414.4 (16)

β−
0,7 max: 1346 (4) <0.8 avg: 452.1 (16)

β−
0,2 max: 2052 (4) <5 avg: 732.2 (17)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (U) 11.6185 — 20.7141 77 (10)

XKα2 (U) 94.666 10.5 (6) } Kα
XKα1 (U) 98.44 16.8 (9) }

XKβ3 (U) 110.421 }
XKβ1 (U) 111.298 } 6.1 (4) Kβ

′
1

XKβ
′′
5 (U) 111.964 }

XKβ2 (U) 114.407 }
XKβ4 (U) 115.012 } 2.0 (1) Kβ

′
2

XKO2,3 (U) 115.377 }
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4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ14,13(U) 34.30 (4) 8.4 (9) (E2) 2270 (40) 0.0037 (4)
γ1,0(U) 43.49 (2) 86 (23) E2 713 (11) 0.12 (3)
γ16,14(U) 45.45 (5) 6.8 (44) M1+E2 250 (140) 0.027 (9)
γ15,12(U) 54.96 (10) ∼1.23 [M1+E2] 130 (110) ∼0.0094
γ14,12(U) 54.96 (10) ∼0.0094 [E1] 0.603 (9) ∼0.0094
γ45,39(U) 55.45 (5) 0.043 (14) (E1) 0.589 (9) 0.027 (9)
γ22,16(U) 58.20 (6) 0.47 (16) (E2) 174 (3) 0.0027 (9)
γ56,51(U) 59.19 (5) 2.9 (25) [M1+E2] 90 (70) 0.032 (11)
γ13,9(U) 62.70 (1) 2.3 (7) E1 0.426 (6) 1.6 (5)
γ25,22(U) 67.25 (10) 2.1 (8) M1+E2 57 (11) 0.036 (11)
γ25,20(U) 69.46 (5) 0.7 (6) [E2,M1] 40 (30) 0.018 (8)
γ16,13(U) 79.84 (2) 2.4 (9) E2 38.4 (6) 0.062 (22)
γ14,9(U) 97.17 (10) 0.27 (10) [E1] 0.1343 (20) 0.24 (9)
γ2,1(U) 99.86 (2) 46 (9) E2 13.42 (19) 3.2 (6)
γ16,12(U) 100.89 (2) 0.140 (27) [E1] 0.1218 (17) 0.125 (24)
γ22,14(U) 103.77 (2) 2.93 (49) (E2) 11.22 (16) 0.24 (4)
γ16,11(U) 106.68 (5) 0.17 (5) [M1] 3.83 (6) 0.036 (11)
γ25,16(U) 125.46 (1) 4.7 (7) E2 4.89 (7) 0.79 (12)
γ43,33(U) 131.30 (1) 23 (2) E1 0.265 (4) 18.2 (16)
γ51,45(U) 134.61 (2) 1.20 (24) M1 9.50 (14) 0.114 (23)
γ21,13(U) 137.23 (5) 0.033 (11) [E1] 0.239 (4) 0.027 (9)
γ13,7(U) 140.15 (2) 3.2 (10) M1+E2 5.3 (18) 0.51 (7)
γ49,43(U) 140.91 (3) 0.38 (6) [E1] 0.224 (4) 0.31 (5)
γ33,30(U) 143.78 (2) 2.02 (32) (M1+E2) 5.31 0.32 (5)
γ30,22(U) 149.88 (3) 0.24 (7) [E2] 2.31 (4) 0.073 (22)
γ3,2(U) 152.71 (2) 18.8 (22) E2 2.14 (3) 6.0 (7)
γ33,28(U) 159.48 (2) 0.77 (12) [E1] 0.1676 (24) 0.66 (10)
γ22,11(U) 164.94 (5) 0.23 (14) [E2,M1] 3.5 (19) 0.052 (22)
γ64,54(U) 165.61 (5) 0.084 (25) [E1] 0.1533 (22) 0.073 (22)
γ51,43(U) 170.85 (2) 2.97 (41) M1 4.83 (7) 0.51 (7)
γ14,7(U) 174.55 (3) 0.66 (31) [M1+E2] 2.9 (17) 0.17 (3)
γ51,41(U) 179.80 (8) 0.23 (8) [M1] 4.19 (6) 0.045 (16)
γ51,40(U) 186.15 (2) 8.5 (9) M1 3.79 (6) 1.78 (19)
γ56,45(U) 193.73 (3) 1.6 (7) [M1+E2] 2.1 (13) 0.50 (8)
γ23,12(U) 196.80 (5) 0.22 (12) E0+E2+M1 2.0 (13) 0.073 (22)
γ21,9(U) 199.95 (5) 0.22 (12) (E0+E2+M1) 2.0 (13) 0.073 (22)
γ4,3(U) 200.97 (3) 1.56 (23) E2 0.734 (11) 0.90 (13)
γ13,5(U) 203.12 (3) 3.0 (6) M1+E2 1.4 (4) 1.24 (15)
γ16,7(U) 220.00 (8) 0.49 (8) (M1) 2.37 (4) 0.146 (25)
γ66,53(U) 221.15 (10) 0.056 (24) [E1] 0.0780 (11) 0.052 (22)
γ37,29(U) 221.83 (10) 0.110 (33) [E2] 0.513 (8) 0.073 (22)
γ33,25(U) 226.50 (3) 11.3 (20) M1+E2 1.3 (3) 4.9 (6)
γ51,37(U) 227.25 (3) 18.4 (19) M1 2.17 (3) 5.8 (6)
γ25,11(U) 232.21 (3) 0.40 (16) [E2,M1] 1.2 (8) 0.18 (3)
γ66,51(U) 235.11 (3) 0.122 (25) [E1] 0.0678 (10) 0.114 (23)
γ17,7(U) 235.9 (30) 0.005 (3) 0.005 (3)
γ58,43(U) 240.2 (1) 0.11 (6) [M1,E2] 1.1 (8) 0.052 (22)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ56,40(U) 245.37 (2) 2.09 (30) M1 1.749 (25) 0.76 (11)
γ27,13(U) 247.79 (7) 0.00037 (4) 0.00037 (4)
γ33,24(U) 249.22 (1) 2.65 (42) E1 0.0594 (9) 2.5 (4)
γ68,51(U) 257.2 (1) 0.10 (6) [M1,E2] 0.9 (7) 0.052 (22)
γ26,10(U) 267.12 (5) 0.32 (12) [E2,M1] 0.8 (6) 0.18 (3)
γ49,33(U) 272.28 (5) 2.18 (28) M1+E2 1.004 (14) 1.09 (14)
γ21,8(U) 275.04 (10) 0.17 (7) [M1,E2] 0.8 (6) 0.094 (23)
γ22,7(U) 278.3 (1) 0.052 (14) [E2] 0.238 (4) 0.042 (11)
γ33,22(U) 293.79 (5) 4.3 (6) M1+E2 0.42 (10) 3.0 (4)
γ33,20(U) 295.91 (8) 0.23 (8) [M1+E2] 0.6 (5) 0.146 (25)
γ17,5(U) 298.7 (2) 0.015 (6) [E1] 0.0396 (6) 0.014 (6)
γ64,46(U) 308.6 (2) 0.025 (7) [E2] 0.1726 (25) 0.021 (6)
γ71,51(U) 310.2 (1) 0.109 (35) [M1,E2] 0.5 (4) 0.073 (13)
γ27,9(U) 310.52 (10) 0.000135 (15) 0.000135 (15)
γ23,8(U) 313.5 (1) 0.156 (47) [E2,M1] 0.5 (4) 0.104 (14)
γ21,6(U) 316.7 (1) 0.121 (16) [E2] 0.1597 (23) 0.104 (14)
γ34,22(U) 320.4 (1) 0.078 (24) [E2,M1] 0.5 (4) 0.052 (8)
γ33,18(U) 330.40 (5) 0.80 (9) [E1] 0.0318 (5) 0.78 (9)
γ74,52(U) 331.4 (1) 0.073 (13) 0.073 (13)
γ21,5(U) 340.2 (1) 0.042 (9) [E1] 0.0298 (5) 0.041 (9)
γ31,12(U) 343.8 (2) 0.035 (8) [E1] 0.0292 (5) 0.034 (8)
γ33,16(U) 351.9 (1) 0.47 (6) E2 0.1175 (17) 0.42 (5)
γ46,28(U) 357.9 (1) 0.050 (19) [M1,E2] 0.4 (3) 0.036 (11)
γ56,33(U) 360.6 (3) 0.018 (7) [E1] 0.0264 (4) 0.018 (7)
γ26,7(U) 365.0 (3) 0.018 (7) [E1] 0.0257 (4) 0.018 (7)
γ37,21(U) 369.50 (5) 3.91 (47) M1 0.565 (8) 2.5 (3)
γ40,23(U) 372.0 (1) 1.87 (21) M1(+E2) 0.517 (8) 1.23 (14)
γ32,11(U) 379.1 (1) 0.043 (11) [E1] 0.0237 (4) 0.042 (11)
γ31,9(U) 385.4 (1) 0.043 (11) [E1] 0.0229 (4) 0.042 (11)
γ27,7(U) 387.94 (6) 0.00072 (6) 0.00072 (6)
γ45,25(U) 394.1 (1) 0.096 (14) [E1] 0.0219 (3) 0.094 (14)
γ33,15(U) 397.7 (3) 0.063 (16) [M2] 1.349 (20) 0.027 (7)
γ−1,2(U) 401.8 (2) 0.036 (11)
γ40,22(U) 409.8 (1) 0.35 (5) [E1] 0.0202 (3) 0.34 (5)
γ49,30(U) 416.1 (1) 0.039 (12) [E2] 0.0746 (11) 0.036 (11)
γ−1,3(U) 425.3 (2) 0.036 (11)
γ37,16(U) 426.95 (5) 0.47 (5) [E1] 0.0185 (3) 0.46 (5)
γ27,6(U) 427.4 (4) 0.000031 (10) 0.000031 (10)
γ68,42(U) 433.1 (1) 0.094 (14) 0.094 (14)
γ40,18(U) 446.6 (1) 0.153 (20) [M1] 0.338 (5) 0.114 (15)
γ27,5(U) 450.93 (4) 0.0050 (24) M1+E2 0.241 (4) 0.0040 (19)
γ42,19(U) 452.4 (3) 0.027 (9) 0.027 (9)
γ33,11(U) 458.68 (5) 1.30 (15) M1+E2 0.14 (5) 1.14 (12)
γ45,22(U) 461.5 (1) 0.045 (14) [M1] 0.309 (5) 0.034 (11)
γ39,16(U) 464.2 (1) 0.040 (14) [M1] 0.304 (5) 0.031 (11)
γ40,16(U) 468.0 (1) 0.223 (30) [E1] 0.01539 (22) 0.22 (3)
γ37,15(U) 472.3 (1) 0.46 (5) [M1] 0.290 (4) 0.36 (4)
γ41,16(U) 474.2 (2) 0.037 (11) [E1] 0.01499 (21) 0.036 (11)
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Pa− 234

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ42,16(U) 478.6 (1) 0.127 (15) [E1] 0.01472 (21) 0.125 (15)
γ71,43(U) 481.0 (1) 0.36 (6) [M1,E2] 0.16 (12) 0.31 (4)
γ45,18(U) 498.0 (1) 0.078 (15) [M1] 0.252 (4) 0.062 (12)
γ66,35(U) 502.0 (1) 0.03 (10) [E2,M1] 0.15 (10) 0.027 (90)
γ37,13(U) 506.75 (5) 1.32 (14) [E1] 0.01314 (19) 1.30 (14)
γ40,15(U) 513.4 (1) ∼0.468 [M1] 0.232 (4) ∼0.38
γ40,14(U) 513.5 (1) ∼0.77 [E1] 0.01280 (18) ∼0.76
γ45,16(U) 519.6 (1) 0.41 (5) [E1] 0.01251 (18) 0.40 (5)
γ49,24(U) 521.4 (1) 0.76 (9) [E1] 0.01242 (18) 0.75 (9)
γ37,12(U) 527.9 (1) 0.49 (6) (M1) 0.215 (3) 0.40 (5)
γ43,15(U) 529.1 (3) 0.102 (46) [E2,M1] 0.13 (9) 0.09 (4)
γ76,44(U) 534.1 (1) 0.084 (13) [E1] 0.01185 (17) 0.083 (13)
γ71,37(U) 537.2 (1) 0.093 (16) [M1,E2] 0.12 (9) 0.083 (13)
γ39,13(U) 543.8 (1) 0.140 (25) [E2] 0.0389 (6) 0.135 (24)
γ47,19(U) 553.7 (1) 0.045 (16) [E1] 0.01105 (16) 0.045 (16)
γ44,14(U) 558.0 (2) 0.097 (24) [E2] 0.0367 (6) 0.094 (23)
γ36,9(U) 559.2 (2) 0.074 (22) [E1] 0.01084 (16) 0.073 (22)
γ76,43(U) 562.8 (3) 0.040 (13) [M1,E2] 0.11 (8) 0.036 (11)
γ45,15(U) 565.2 (1) 1.23 (13) (M1) 0.179 (3) 1.04 (11)
γ40,12(U) 568.9 (2) 4.2 (7) M1 0.1759 (25) 3.6 (6)
γ37,9(U) 569.5 (1) 10.9 (14) M1 0.1754 (25) 9.3 (12)
γ41,12(U) 575.5 (1) 0.03 (1) [E2,M1] 0.10 (7) 0.027 (9)
γ43,12(U) 584.1 (1) 0.19 (31) [E2] 0.0331 (5) 0.18 (30)
γ64,32(U) 586.3 (1) 0.075 (13) [E2] 0.0328 (5) 0.073 (13)
γ40,10(U) 590.3 (10) 0.040 (12) [E2,M1] 0.10 (7) 0.036 (11)
γ50,22(U) 595.4 (2) 0.097 (24) [E2] 0.0317 (5) 0.094 (23)
γ59,26(U) 596.9 (1) 0.231 (35) [M1] 0.1547 (22) 0.20 (3)
γ49,18(U) 602.6 (1) 0.55 (6) [E1] 0.00939 (14) 0.54 (6)
γ43,10(U) 604.6 (3) 0.057 (24) [E2,M1] 0.09 (6) 0.052 (22)
γ53,21(U) 612.0 (1) 0.43 (6) (M1) 0.1447 (21) 0.38 (5)
γ41,9(U) 617.0 (2) 0.054 (23) [E2] 0.0294 (5) 0.052 (22)
γ44,11(U) 619.0 (2) 0.039 (12) [M1+E2] 0.08 (6) 0.036 (11)
γ49,16(U) 624.2 (1) 0.39 (6) (M1+E2) 0.1015 (15) 0.35 (5)
γ20,4(U) 628.1 (1) 0.24 (5) [E1] 0.00868 (13) 0.24 (5)
γ48,15(U) 629.4 (1) 0.40 (7) (M1) 0.1342 (19) 0.35 (6)
γ51,18(U) 632.6 (2) 0.039 (12) [E2,M1] 0.08 (6) 0.036 (11)
γ54,22(U) 634.3 (2) 0.153 (27) [M1] 0.1315 (19) 0.135 (24)
γ−1,4(U) 643.2 (2) 0.027 (9)
γ37,7(U) 646.5 (1) 0.115 (15) [E1] 0.00822 (12) 0.114 (15)
γ50,16(U) 653.7 (1) 0.53 (9) M1 0.1213 (17) 0.47 (8)
γ56,22(U) 655.2 (2) 0.136 (24) [E1] 0.00802 (12) 0.135 (24)
γ46,11(U) 657.4 (1) 0.40 (5) 0.40 (5)
γ−1,5(U) 659.8 (1) 0.27 (4)
γ48,13(U) 663.9 (1) 0.54 (9) [E1] 0.00782 (11) 0.54 (9)
γ11,3(U) 666.5 (1) 1.19 (13) [E1] 0.00777 (11) 1.18 (13)
γ35,5(U) 669.7 (1) <0.0006 <0.0006
γ49,15(U) 669.7 (1) 1.01 (10) [E1] 0.00770 (11) 1.0 (1)
γ24,4(U) 675.1 (1) 0.103 (14) [E2] 0.0242 (4) 0.101 (14)
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Pa− 234

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ59,22(U) 683.9 (2) 0.161 (40) [E1] 0.00740 (11) 0.16 (4)
γ40,8(U) 685.1 (2) 0.15 (4) 0.15 (4)
γ54,16(U) 692.6 (1) 1.38 (14) (M1) 0.1040 (15) 1.25 (13)
γ51,15(U) 699.03 (5) 3.6 (4) 3.6 (4)
γ7,2(U) 705.9 (1) 2.31 (23) [E1] 0.00698 (10) 2.29 (23)
γ8,2(U) 708.3 (2) 0.024 (9) [E2] 0.0219 (3) 0.023 (9)
γ−1,6(U) 711.5 (1) 0.156 (25)
γ52,14(U) 713.7 (1) 0.147 (25) [E1] 0.00684 (10) 0.146 (25)
γ62,23(U) 716.5 (2) 0.033 (10) [M1,E2] 0.06 (4) 0.031 (9)
γ15,3(U) 727.8 (2) 0.116 (15) [E2] 0.0207 (3) 0.114 (15)
γ49,11(U) 730.9 (2) 0.67 (11) [M1,E2] 0.06 (4) 0.63 (10)
γ50,13(U) 733.39 (5) 7.6 (9) M1 0.0893 (13) 7.0 (8)
γ54,14(U) 738.0 (1) 1.26 (14) (M1) 0.0878 (13) 1.16 (13)
γ5,1(U) 742.813 (5) 2.09 (21) E1 0.00636 (9) 2.08 (21)
γ49,10(U) 745.9 (1) 0.32 (5) [E1] 0.00631 (9) 0.32 (5)
γ52,13(U) 748.1 (3) 0.105 (23) [E1] 0.00628 (9) 0.104 (23)
γ51,12(U) 755.0 (1) 1.29 (15) (E2,M1) 0.05 (4) 1.23 (13)
γ56,15(U) 758.9 (1) 0.262 (33) [M1,E2] 0.05 (4) 0.25 (3)
γ50,11(U) 761.0 (2) 0.074 (22) [E2] 0.0189 (3) 0.073 (22)
γ28,4(U) 764.8 (2) 0.21 (5) [M1,E2] 0.05 (3) 0.20 (5)
γ6,1(U) 766.4 (2) 0.26 (5) (E2) 0.0187 (3) 0.26 (5)
γ58,15(U) 769.1 (1) 0.196 (22) [M1,E2] 0.05 (3) 0.187 (20)
γ54,13(U) 772.4 (2) 0.074 (22) [E2] 0.0184 (3) 0.073 (22)
γ−1,7(U) 778.6 (2) 0.046 (10)
γ30,4(U) 780.4 (2) 0.91 (9) [E1] 0.00581 (9) 0.90 (9)
γ9,2(U) 783.4 (1) 0.305 (41) [E2] 0.0179 (3) 0.30 (4)
γ5,0(U) 786.272 (22) 1.22 (13) (E1) 0.00573 (8) 1.21 (13)
γ54,12(U) 792.8 (3) 0.045 (11) [E1] 0.00565 (8) 0.045 (11)
γ18,3(U) 794.9 (2) 0.69 (11) [E2] 0.01735 (25) 0.68 (11)
γ51,9(U) 796.1 (1) 2.64 (31) [E2] 0.01730 (25) 2.6 (3)
γ55,12(U) 802.3 (2) 0.033 (10) [M1] 0.0703 (10) 0.031 (9)
γ10,2(U) 804.1 (1) 0.85 (30) E0+E2 0.37 0.62 (22)
γ7,1(U) 805.80 (5) 2.51 (30) [E1] 0.00549 (8) 2.5 (3)
γ8,1(U) 808.4 (3) 0.19 (6) E0+E2 4.2 0.036 (11)
γ53,9(U) 811.5 (1) 0.130 (16) [M1,E2] 0.04 (3) 0.125 (15)
γ56,12(U) 814.2 (1) 0.315 (41) [E2] 0.01654 (24) 0.31 (4)
γ11,2(U) 819.2 (1) 1.91 (20) [E1] 0.00533 (8) 1.9 (2)
γ−1,8(U) 824.2 (2) 1.25 (15)
γ12,2(U) 825.1 (2) 1.93 (20) [E2] 0.01611 (23) 1.9 (2)
γ20,3(U) 829.3 (2) 0.36 (11) [E1] 0.00521 (8) 0.36 (11)
γ22,3(U) 831.5 (1) 4.2 (5) [E1] 0.00518 (8) 4.2 (5)
γ75,28(U) 839.5 (1) 0.031 (8) 0.031 (8)
γ49,7(U) 844.1 (1) 0.44 (5) [E2] 0.01540 (22) 0.43 (5)
γ−1,9(U) 846.1 (2) 0.052 (12)
γ59,11(U) 848.9 (2) 0.027 (8) [E1] 0.00500 (7) 0.027 (8)
γ8,0(U) 851.8 (1) 0.074 (22) [E2] 0.01513 (22) 0.073 (22)
γ57,9(U) 857.7 (2) 0.037 (8) [E2] 0.01493 (21) 0.036 (8)
γ59,10(U) 863.2 (2) 0.076 (23) [E2,M1] 0.036 (22) 0.073 (22)
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Pa− 234

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ77,29(U) 869.7 (1) 0.20 (3) 0.20 (3)
γ50,7(U) 874.0 (3) 0.037 (8) [E2,M1] 0.035 (21) 0.036 (8)
γ24,3(U) 876.0 (1) 2.59 (23) (E2) 0.01432 (20) 2.55 (23)
γ15,2(U) 880.52 (4) 6.3 (8) [E2] 0.01418 (20) 6.2 (8)
γ14,2(U) 880.52 (4) 4.3 (6) [E1] 0.00468 (7) 4.3 (6)
γ9,1(U) 883.24 (4) 9.8 (11) E2 0.01409 (20) 9.7 (11)
γ66,16(U) 890.1 (4) 0.027 (8) 0.027 (8)
γ25,3(U) 898.67 (5) 3.31 (40) [E1] 0.00451 (7) 3.3 (4)
γ10,1(U) 904.2 (1) 0.345 (41) [E2] 0.01346 (19) 0.34 (4)
γ65,15(U) 916.5 (2) 0.024 (7) 0.024 (7)
γ26,3(U) 918.4 (1) 0.101 (14) [E2] 0.01306 (19) 0.100 (14)
γ−1,10(U) 920.5 (2) 0.029 (8)
γ12,1(U) 925.0 (1) 8.0 (9) (E2) 0.01288 (18) 7.9 (9)
γ16,2(U) 926.0 (2) 1.8 (13) [E1] 0.00428 (6) 1.8 (13)
γ9,0(U) 926.7 (1) 7.4 (12) (E2) 0.01284 (18) 7.3 (12)
γ66,15(U) 935.8 (2) 0.067 (10) 0.067 (10)
γ17,2(U) 942.0 (3) 0.047 (9) [E2] 0.01244 (18) 0.046 (9)
γ13,1(U) 946.00 (3) 13.6 (15) (E1) 0.00412 (6) 13.5 (15)
γ18,2(U) 947.7 (2) 1.65 (21) [E2] 0.01230 (18) 1.63 (21)
γ19,2(U) 952.7 (1) 0.083 (13) 0.083 (13)
γ59,8(U) 960.0 (1) 0.074 (13) [E2] 0.01199 (17) 0.073 (13)
γ28,3(U) 965.8 (1) 0.49 (6) [M1,E2] 0.027 (16) 0.48 (6)
γ73,18(U) 975.1 (1) 0.027 (8) 0.027 (8)
γ29,3(U) 978.2 (3) 0.090 (23) 0.090 (23)
γ14,1(U) 980.3 (1) ∼2.71 [E1] 0.00387 (6) ∼2.7
γ15,1(U) 980.3 (1) ∼1.79 [E2] 0.01152 (17) ∼1.77
γ30,3(U) 981.6 (3) 0.73 (22) [E1] 0.00387 (6) 0.73 (22)
γ22,2(U) 984.2 (1) 1.64 (21) [E1] 0.00385 (6) 1.63 (21)
γ63,9(U) 989.5 (1) 0.104 (14) 0.104 (14)
γ−1,11(U) 992.0 (2) 0.083 (22)
γ60,7(U) 994.6 (3) 0.062 (22) 0.062 (22)
γ73,16(U) 997.7 (3) 0.046 (12) 0.046 (12)
γ71,15(U) 1009.9 (3) 0.067 (12) 0.067 (12)
γ76,19(U) 1019.5 (4) 0.027 (8) 0.027 (8)
γ23,2(U) 1021.8 (2) 0.156 (41) [M1] 0.0370 (6) 0.15 (4)
γ−1,12(U) 1023.6 (2) 0.062 (22)
γ−1,13(U) 1025.3 (2) 0.052 (22)
γ24,2(U) 1028.7 (1) 0.58 (6) [E2] 0.01051 (15) 0.57 (6)
γ75,16(U) 1032.8 (2) 0.018 (5) 0.018 (5)
γ−1,14(U) 1035.9 (2) 0.026 (10)
γ69,11(U) 1037.9 (2) 0.018 (7) 0.018 (7)
γ17,1(U) 1041.1 (2) 0.033 (11) [E2,M1] 0.023 (13) 0.032 (11)
γ32,3(U) 1044.4 (2) 0.031 (3) 0.031 (3)
γ70,12(U) 1051.4 (2) 0.062 (12) 0.062 (12)
γ70,11(U) 1057.8 (3) 0.0177 (16) 0.0177 (16)
γ71,12(U) 1065.1 (1) 0.027 (8) 0.027 (8)
γ69,9(U) 1073.6 (2) 0.104 (14) 0.104 (14)
γ21,1(U) 1083.2 (1) 0.53 (6) (M1) 0.0317 (5) 0.51 (6)
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Pa− 234

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ17,0(U) 1085.3 (3) 0.027 (8) [E2] 0.00950 (14) 0.027 (8)
γ71,9(U) 1106.9 (2) 0.083 (13) 0.083 (13)
γ66,7(U) 1110.6 (1) 0.062 (12) 0.062 (12)
γ23,1(U) 1121.7 (1) 0.257 (41) M1 0.0289 (4) 0.25 (4)
γ33,3(U) 1125.2 (1) 0.36 (8) [E1] 0.00305 (5) 0.36 (8)
γ21,0(U) 1126.8 (1) 0.303 (40) [E2] 0.00885 (13) 0.30 (4)
γ34,3(U) 1151.4 (3) 0.032 (10) [E1] 0.00294 (5) 0.032 (10)
γ76,11(U) 1153.5 (3) 0.046 (9) 0.046 (9)
γ26,1(U) 1171.3 (1) 0.091 (13) [E2] 0.00824 (12) 0.090 (13)
γ66,5(U) 1173.1 (1) 0.046 (9) 0.046 (9)
γ71,8(U) 1182.1 (2) ∼0.0094 ∼0.0094
γ27,1(U) 1193.77 (2) 0.021 (6) E1 0.00277 (4) 0.021 (6)
γ77,9(U) 1217.3 (1) 0.22 (3) 0.22 (3)
γ−1,15(U) 1220.4 (2) 0.062 (12)
γ27,0(U) 1237.3 (3) <0.0094 E1 0.00262 (4) <0.0094
γ40,3(U) 1241.2 (1) 0.232 (30) (E2) 0.00740 (11) 0.23 (3)
γ41,3(U) 1247.8 (2) 0.022 (6) [E2] 0.00733 (11) 0.022 (6)
γ42,3(U) 1252.6 (2) 0.018 (8) 0.018 (8)
γ43,3(U) 1256.5 (1) 0.060 (8) [M1,E2] 0.014 (8) 0.059 (8)
γ33,2(U) 1277.7 (2) 0.047 (9) [M2] 0.0473 (7) 0.045 (9)
γ45,3(U) 1292.8 (1) 0.48 (6) M1 0.0199 (3) 0.47 (6)
γ−1,16(U) 1296.4 (2) 0.029 (7)
γ−1,17(U) 1301.2 (2) 0.018 (5)
γ−1,18(U) 1327.0 (2) 0.018 (5)
γ36,2(U) 1342.9 (2) 0.012 (5) [E1] 0.00232 (4) 0.012 (5)
γ37,2(U) 1352.9 (1) 1.18 (12) M1 0.01766 (25) 1.16 (12)
γ47,3(U) 1354.6 (2) 0.14 (4) [E1] 0.00229 (4) 0.14 (4)
γ38,2(U) 1359.0 (1) 0.156 (25) 0.156 (25)
γ39,2(U) 1389.6 (2) 0.073 (22) [E1] 0.00222 (4) 0.073 (22)
γ40,2(U) 1393.9 (1) 2.11 (21) M1 0.01634 (23) 2.08 (21)
γ49,3(U) 1397.5 (2) 0.083 (22) [E1] 0.00220 (3) 0.083 (22)
γ41,2(U) 1400.3 (1) 0.182 (30) [E2,M1] 0.011 (6) 0.18 (3)
γ43,2(U) 1409.1 (2) 0.045 (10) 0.045 (10)
γ35,1(U) 1414.4 (2) <0.0028 <0.0028
γ51,3(U) 1426.9 (1) 0.17 (3) 0.17 (3)
γ36,1(U) 1442.8 (2) 0.031 (7) [E1] 0.00212 (3) 0.031 (7)
γ45,2(U) 1445.4 (1) 0.32 (5) [M1] 0.01488 (21) 0.32 (5)
γ37,1(U) 1452.7 (1) 0.82 (9) [M1] 0.01468 (21) 0.81 (9)
γ38,1(U) 1458.9 (1) 0.094 (23) 0.094 (23)
γ46,2(U) 1475.8 (2) 0.008 (4) 0.008 (4)
γ56,3(U) 1485.4 (2) 0.030 (7) [M1] 0.01387 (20) 0.030 (7)
γ57,3(U) 1488.0 (2) 0.014 (6) 0.014 (6)
γ40,1(U) 1493.6 (1) 0.105 (14) [E2] 0.00531 (8) 0.104 (14)
γ58,3(U) 1496.0 (2) 0.036 (9) 0.036 (9)
γ41,1(U) 1500.0 (2) 0.0111 (40) [E2] 0.00528 (8) 0.011 (4)
γ−1,19(U) 1507.3 (2) 0.020 (5)
γ48,2(U) 1510.1 (2) <0.0094 <0.0094
γ59,3(U) 1515.6 (2) 0.073 (13) 0.073 (13)
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Pa− 234

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ−1,20(U) 1520.7 (2) 0.0094 (9)
γ−1,21(U) 1538.8 (2) 0.014 (4)
γ49,2(U) 1550.1 (1) 0.073 (13) [E1] 0.00196 (3) 0.073 (13)
γ61,3(U) 1567.0 (2) 0.0114 (23) 0.0114 (23)
γ51,2(U) 1579.9 (1) 0.073 (22) 0.073 (22)
γ62,3(U) 1585.9 (1) 0.146 (17) 0.146 (17)
γ52,2(U) 1594.0 (1) 0.312 (40) M1,E2 0.008 (4) 0.31 (4)
γ54,2(U) 1618.3 (2) 0.009 (4) 0.009 (4)
γ55,2(U) 1627.3 (1) 0.076 (11) 0.076 (11)
γ56,2(U) 1638.1 (1) 0.210 (21) (M1) 0.01083 (16) 0.208 (21)
γ57,2(U) 1640.5 (3) 0.010 (4) 0.010 (4)
γ65,3(U) 1644.9 (2) 0.010 (4) 0.010 (4)
γ58,2(U) 1650.2 (2) <0.006 <0.006
γ−1,22(U) 1655.7 (1) 0.026 (4)
γ−1,23(U) 1664.8 (3) 0.018 (7)
γ59,2(U) 1668.4 (1) 0.78 (9) (M1) 0.01035 (15) 0.77 (9)
γ67,3(U) 1672.8 (1) 0.034 (11) 0.034 (11)
γ50,1(U) 1679.5 (1) 0.077 (18) 0.077 (18)
γ68,3(U) 1685.7 (1) 0.31 (4) 0.31 (4)
γ52,1(U) 1693.8 (2) 0.7 (1) 0.7 (1)
γ53,1(U) 1695.0 (3) 0.27 (7) 0.27 (7)
γ60,2(U) 1700.5 (2) 0.104 (14) 0.104 (14)
γ61,2(U) 1719.7 (2) 0.018 (6) 0.018 (6)
γ70,3(U) 1723.2 (2) 0.016 (4) 0.016 (4)
γ55,1(U) 1727.8 (2) 0.020 (5) 0.020 (5)
γ62,2(U) 1737.7 (2) 0.075 (11) 0.075 (11)
γ72,3(U) 1741.1 (2) 0.049 (8) 0.049 (8)
γ−1,24(U) 1743.2 (2) 0.033 (8)
γ58,1(U) 1750.0 (1) 0.064 (10) 0.064 (10)
γ−1,25(U) 1757.5 (1) 0.024 (6)
γ59,1(U) 1768.0 (3) 0.020 (5) 0.020 (5)
γ73,3(U) 1770.8 (2) 0.068 (17) 0.068 (17)
γ63,2(U) 1773.0 (2) 0.068 (17) 0.068 (17)
γ64,2(U) 1783.7 (2) 0.025 (7) 0.025 (7)
γ65,2(U) 1797.1 (1) 0.24 (3) 0.24 (3)
γ75,3(U) 1805.8 (3) 0.0052 (22) 0.0052 (22)
γ66,2(U) 1815.3 (3) 0.009 (4) 0.009 (4)
γ76,3(U) 1819.8 (3) 0.0042 (11) 0.0042 (11)
γ67,2(U) 1825.1 (3) 0.009 (4) 0.009 (4)
γ−1,26(U) 1830.8 (3) 0.0042 (11)
γ68,2(U) 1838.0 (2) 0.0042 (11) 0.0042 (11)
γ−1,27(U) 1849.8 (2) 0.028 (7)
γ63,1(U) 1872.8 (2) 0.035 (9) 0.035 (9)
γ64,1(U) 1884.1 (3) 0.016 (5) 0.016 (5)
γ71,2(U) 1890.1 (2) 0.146 (17) 0.146 (17)
γ72,2(U) 1893.4 (3) ∼0.0062 ∼0.0062
γ65,1(U) 1896.7 (2) 0.104 (23) 0.104 (23)
γ66,1(U) 1915.5 (3) 0.020 (5) 0.020 (5)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ74,2(U) 1925.4 (2) 0.30 (5) 0.30 (5)
γ−1,28(U) 1927.9 (4) 0.054 (12)
γ−1,29(U) 1935.2 (4) ∼0.0094
γ68,1(U) 1937.7 (3) 0.042 (11) 0.042 (11)
γ75,2(U) 1958.0 (4) 0.010 (3) 0.010 (3)
γ76,2(U) 1971.2 (4) ∼0.0027 ∼0.0027
γ70,1(U) 1977.4 (4) 0.017 (5) 0.017 (5)
γ71,1(U) 1989.6 (4) 0.007 (4) 0.007 (4)
γ76,1(U) 2072.2 (4) 0.0042 (22) 0.0042 (22)
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1 Half-life, Q-value and Decay mode

T1/2 : 1.159 (11) min

Qβ− : 2269 (4) keV
QIT : 73.92 (2) keV
β− : 99.85 (1) %
IT : 0.15 (1) %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−
0,30 299 (4) 0.00389 (22) 6.8

β−
0,29 332 (4) 0.0108 (3) 6.6

β−
0,28 358 (4) 0.0452 (8) 6

β−
0,27 394 (4) 0.0258 (3) 6.4

β−
0,26 406 (4) 0.00311 (19) 7.4

β−
0,25 460 (4) 0.0146 (7) 6.9

β−
0,24 473 (4) 0.0021 (3) 7.7

β−
0,23 488 (4) 0.0357 (18) 6.6

β−
0,22 575 (4) 0.0024 (3) 8

β−
0,21 602 (4) 0.0061 (3) 7.6

β−
0,20 667 (4) 0.00127 (23) 8.5

β−
0,19 677 (4) 0.0249 (5) 7.2

β−
0,18 698 (4) 0.00231 (19) 8.4

β−
0,17 715 (4) 0.0320 (6) 7.2

β−
0,16 768 (4) 0.0131 (6) 7.7

β−
0,14 834 (4) 0.0092 (11) 7.9

β−
0,13 1032 (4) 0.0121 (11) 8.2

β−
0,12 1095 (4) 0.0046 (3) 8.7

β−
0,9 1224 (4) 1.006 (13) 6.5

β−
0,4 1459 (4) 0.945 (12) 6.8

β−
0,3 1483 (4) 0.049 (3) 8

β−
0,0 2269 (4) 97.599 (24) Allowed 5.5

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (U) 5.9 - 21.6 0.856 (19)

eAK (U) 0.0203 (3)
KLL 71.776 - 80.954 }
KLX 88.153 - 98.429 }
KXY 104.51 - 115.59 }

eAL (Pa) 5.9 - 20.9 0.048 (4)

ec1,0 L (U) 21.73 - 26.32 1.030 (19)
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Energy Electrons Energy
keV per 100 disint. keV

ec1,0 M (U) 37.94 - 39.94 0.285 (5)
ec1,0 N (U) 42.05 - 43.11 0.0770 (14)
ec1,0 L (Pa) 52.82 - 57.19 0.103 (8)
ec1,0 M (Pa) 68.56 - 70.48 0.025 (2)

β−
0,30 max: 299 (4) 0.00389 (22) avg: 83.0 (13)

β−
0,29 max: 332 (4) 0.0108 (3) avg: 93.0 (13)

β−
0,28 max: 358 (4) 0.0452 (8) avg: 101.0 (13)

β−
0,27 max: 394 (4) 0.0258 (3) avg: 112.3 (13)

β−
0,26 max: 406 (4) 0.00311 (19) avg: 116.0 (13)

β−
0,25 max: 460 (4) 0.0146 (7) avg: 133.3 (13)

β−
0,24 max: 473 (4) 0.0021 (3) avg: 137.4 (14)

β−
0,23 max: 488 (4) 0.0357 (18) avg: 142.3 (14)

β−
0,22 max: 575 (4) 0.0024 (3) avg: 171.2 (14)

β−
0,21 max: 602 (4) 0.0061 (3) avg: 180.1 (14)

β−
0,20 max: 667 (4) 0.00127 (23) avg: 202.5 (14)

β−
0,19 max: 677 (4) 0.0249 (5) avg: 205.8 (14)

β−
0,18 max: 698 (4) 0.00231 (19) avg: 213.3 (14)

β−
0,17 max: 715 (4) 0.0320 (6) avg: 219.2 (14)

β−
0,16 max: 768 (4) 0.0131 (6) avg: 237.6 (15)

β−
0,14 max: 834 (4) 0.0092 (11) avg: 261.1 (15)

β−
0,13 max: 1032 (4) 0.0121 (11) avg: 333.1 (15)

β−
0,12 max: 1095 (4) 0.0046 (3) avg: 356.7 (15)

β−
0,9 max: 1224 (4) 1.006 (13) avg: 405.6 (16)

β−
0,4 max: 1459 (4) 0.945 (12) avg: 496.0 (16)

β−
0,3 max: 1483 (4) 0.049 (3) avg: 505.3 (16)

β−
0,0 max: 2269 (4) 97.599 (24) avg: 820.5 (17)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (U) 11.6185 — 20.7141 0.856 (19)

XKα2 (U) 94.666 0.1973 (25) } Kα
XKα1 (U) 98.44 0.316 (4) }

XKβ3 (U) 110.421 }
XKβ1 (U) 111.298 } 0.115 (2) Kβ

′
1

XKβ
′′
5 (U) 111.964 }

XKβ2 (U) 114.407 }
XKβ4 (U) 115.012 } 0.0382 (5) Kβ

′
2

XKO2,3 (U) 115.377 }

XL (Pa) 11.3676 — 20.1126 0.046 (4)
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4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(U) 43.49 (2) 1.414 (26) E2 713 (11) 0.00198 (2)
γ8,7(U) 62.70 (1) 0.0019 (6) E1 0.426 (6) 0.0013 (4)
γ1,0(Pa) 73.92 (2) 0.15 (1) (M1+E2) 10.6 (4) 0.0129 (9)
γ2,1(U) 99.86 (2) 0.0082 (7) E2 13.42 (19) 0.00057 (5)
γ18,14(U) 135.32 (8) 0.0000052 (6) [E1] 0.247 (4) 0.0000042 (5)
γ11,8(U) 137.23 (5) 0.000059 (21) [E1] 0.239 (4) 0.000048 (17)
γ8,5(U) 140.1 (10) <0.008 M1+E2 5.3 (18) <0.00127
γ20,14(U) 166.5 (1) 0.000000273 (6) [E1] 0.1514 (22) 0.000000237 (5)
γ12,8(U) 185.0 (4) 0.00172 (15) 0.00172 (15)
γ9,6(U) 193.4 (8) 0.00133 (28) [E2] 0.847 (18) 0.00072 (15)
γ14,13(U) 197.91 (15) 0.000081 (39) [M1,E2] 2.0 (12) 0.000027 (7)
γ11,7(U) 199.9 (10) 0.0017 (8) (E0+E2+M1) 1.9 (12) 0.00058 (12)
γ8,3(U) 203.3 (8) 0.0029 (5) M1+E2 1.4 (4) 0.00119 (9)
γ23,18(U) 209.9 (4) 0.00132 (15) 0.00132 (15)
γ10,5(U) 235.9 (3) 0.000096 (43) [E1] 0.0673 (10) 0.00009 (4)
γ−1,1(U) 243.5 (8) 0.00050 (9)
γ13,8(U) 247.7 (8) 0.0019 (8) [M1,E2] 1.0 (7) 0.00097 (22)
γ9,3(U) 258.227 (3) 0.0778 (8) (E1) 0.0548 (8) 0.0738 (8)
γ11,6(U) 275.5 (8) 0.00056 (22) [M1,E2] 0.8 (6) 0.00031 (6)
γ10,3(U) 299 (1) 0.00067 (14) [E1] 0.0395 (7) 0.00064 (13)
γ13,7(U) 311 (1) 0.00054 (11) [E1] 0.0363 (6) 0.00052 (11)
γ11,4(U) 316.7 (1) 0.00022 (6) [E2] 0.1597 (23) 0.00019 (5)
γ24,15(U) 338.1 (8) 0.00113 (23) 0.00113 (23)
γ11,3(U) 340.2 (1) 0.000074 (22) [E1] 0.0298 (5) 0.000072 (21)
γ28,17(U) 357.5 (10) 0.00080 (17) 0.00080 (17)
γ24,14(U) 362.8 (10) 0.00069 (15) 0.00069 (15)
γ13,5(U) 387.6 (8) 0.000512 (44) [E2] 0.0899 (14) 0.00047 (4)
γ12,3(U) 387.6 (8) 0.00097 (15) 0.00097 (15)
γ13,4(U) 427.4 (2) 0.000020 (5) [E1] 0.0185 (3) 0.000020 (5)
γ14,8(U) 445.91 (10) 0.000037 (9) [M1,E2] 0.20 (14) 0.000031 (7)
γ13,3(U) 450.98 (10) 0.00385 (16) M1+E2 0.241 (4) 0.00310 (13)
γ28,15(U) 453.58 (10) 0.00282 (16) [M1] 0.324 (5) 0.00213 (12)
γ22,13(U) 456.7 (10) 0.00095 (20) [M1] 0.318 (5) 0.00072 (15)
γ17,10(U) 468.43 (10) 0.00206 (12) 0.00206 (12)
γ28,14(U) 475.74 (10) 0.00305 (17) [M1] 0.285 (4) 0.00237 (13)
γ18,10(U) 485.44 (7) 0.0000217 (28) [M1,E2] 0.16 (11) 0.0000187 (17)
γ19,10(U) 507.5 (10) 0.00158 (15) 0.00158 (15)
γ17,9(U) 509.2 (8) 0.0022 (3) 0.0022 (3)
γ20,10(U) 516.60 (6) 0.000015 (2) (M1) 0.228 (4) 0.0000122 (16)
γ18,9(U) 526.02 (10) 0.0000110 (12) [M1] 0.217 (3) 0.000009 (1)
γ23,13(U) 543.98 (10) 0.00349 (15) 0.00349 (15)
γ20,9(U) 557.24 (6) 0.0000098 (13) (M1) 0.186 (3) 0.0000083 (11)
γ−1,2(U) 557.3 (10) 0.00072 (17)
γ25,13(U) 572 (1) 0.00102 (20) [M1] 0.173 (3) 0.00087 (17)
γ18,8(U) 581.19 (10) 0.000081 (9) [E1] 0.01006 (14) 0.000080 (9)
γ14,4(U) 624.6 (10) 0.000117 (12) [E1] 0.00877 (13) 0.000116 (12)
γ−1,3(U) 647.7 (8) 0.00158 (15)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ14,3(U) 649 (1) 0.000064 (9) [M1,E2] 0.08 (5) 0.000059 (8)
γ16,6(U) 649 (1) 0.0010 (3) 0.0010 (3)
γ23,11(U) 655.3 (10) 0.00139 (15) 0.00139 (15)
γ15,3(U) 670.8 (10) 0.0004 (1) [M1,E2] 0.07 (5) 0.00037 (9)
γ28,13(U) 673.9 (10) 0.00071 (14) [M1] 0.1118 (17) 0.00064 (13)
γ25,11(U) 683.4 (10) 0.00058 (12) [E1] 0.00741 (11) 0.00058 (12)
γ16,4(U) 691.0 (3) 0.00898 (19) 0.00898 (19)
γ23,10(U) 695.5 (10) 0.00164 (14) 0.00164 (14)
γ29,13(U) 699.02 (10) 0.0058 (3) 0.0058 (3)
γ17,6(U) 702.0 (1) 0.00721 (16) 0.00721 (16)
γ5,2(U) 705.94 (12) 0.0052 (6) [E1] 0.00698 (10) 0.0052 (6)
γ6,2(U) 708.2 (10) <0.00072 [E2] 0.0219 (4) <0.0007
γ18,6(U) 719.01 (7) 0.0000271 (24) [M1+E2] 0.06 (4) 0.0000256 (20)
γ30,13(U) 732.5 (10) 0.00130 (15) 0.00130 (15)
γ19,6(U) 740.10 (8) 0.0118 (3) 0.0118 (3)
γ3,1(U) 742.813 (5) 0.0946 (30) E1 0.00636 (9) 0.094 (3)
γ20,6(U) 750.12 (6) 0.0000184 (22) (M1) 0.0841 (12) 0.000017 (2)
γ−1,4(U) 760.3 (10) 0.00158 (15)
γ18,4(U) 760.53 (15) 0.0000046 (10) [M1] 0.0811 (12) 0.0000043 (9)
γ4,1(U) 766.361 (20) 0.3290 (41) (E2) 0.0187 (3) 0.323 (4)
γ19,4(U) 781.75 (10) 0.00782 (18) 0.00782 (18)
γ7,2(U) 783.4 (1) 0.000040 (7) [E2] 0.0179 (3) 0.000039 (7)
γ3,0(U) 786.272 (22) 0.0539 (7) E1+M2 0.00573 (8) 0.0536 (7)
γ20,4(U) 791.94 (5) 0.0000106 (14) [M1] 0.0728 (11) 0.0000099 (13)
γ5,1(U) 805.75 (10) 0.0062 (8) [E1] 0.00549 (8) 0.0062 (8)
γ6,1(U) 808.2 (1) 0.00281 (17) 0.00281 (17)
γ21,5(U) 818.2 (5) 0.0010 (3) 0.0010 (3)
γ28,10(U) 825.5 (2) 0.0014 (4) 0.0014 (4)
γ22,5(U) 844.1 (8) 0.00109 (23) 0.00109 (23)
γ6,0(U) 851.6 (1) 0.00707 (15) [E2] 0.01514 (22) 0.00696 (15)
γ28,9(U) 866.8 (10) 0.00116 (16) 0.00116 (16)
γ21,3(U) 880.52 (4) 0.00392 (5) 0.00392 (5)
γ7,1(U) 883.24 (3) 0.00386 (5) E2 0.01409 (20) 0.00381 (5)
γ−1,5(U) 887.29 (100) 0.00708 (14)
γ28,8(U) 921.72 (10) 0.01275 (20) 0.01275 (20)
γ7,0(U) 926.61 (10) 0.00127 (13) (E2) 0.01284 (18) 0.00125 (13)
γ26,7(U) 936.3 (10) 0.00102 (17) 0.00102 (17)
γ10,2(U) 941.96 (10) 0.00253 (9) [E2] 0.01244 (18) 0.00250 (9)
γ8,1(U) 945.961 (16) 0.01064 (14) (E1) 0.00412 (6) 0.01060 (14)
γ25,5(U) 960 (1) 0.0009 (3) 0.0009 (3)
γ23,3(U) 996.1 (20) 0.0059 (17) 0.0059 (17)
γ9,1(U) 1001.026 (18) 0.856 (8) E2 0.01107 (16) 0.847 (8)
γ10,1(U) 1041.7 (1) 0.00122 (8) [E2,M1] 0.023 (13) 0.00119 (8)
γ28,6(U) 1059.4 (8) 0.00111 (22) 0.00111 (22)
γ28,5(U) 1061.86 (10) 0.00224 (9) 0.00224 (9)
γ11,1(U) 1081.9 (10) 0.00094 (20) (M1) 0.0318 (5) 0.00091 (19)
γ10,0(U) 1084.25 (10) 0.00081 (40) [E2] 0.00952 (14) 0.0008 (4)
γ30,5(U) 1120.6 (8) 0.00173 (15) 0.00173 (15)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ28,3(U) 1124.93 (10) 0.00347 (9) 0.00347 (9)
γ11,0(U) 1124.93 (10) 0.00039 (9) [E2] 0.00888 (13) 0.00039 (9)
γ12,0(U) 1174.2 (10) 0.00192 (19) 0.00192 (19)
γ13,1(U) 1193.77 (3) 0.01363 (18) E1 0.00277 (4) 0.01359 (18)
γ−1,6(U) 1220.37 (10) 0.00091 (9)
γ13,0(U) 1237.28 (10) 0.00529 (11) E1 0.00262 (4) 0.00528 (11)
γ−1,7(U) 1353.0 (15) 0.0015 (5)
γ14,1(U) 1392.6 (9) 0.0029 (11) E1 0.00221 (4) 0.0029 (11)
γ15,1(U) 1413.89 (10) 0.00229 (8) [E1] 0.00217 (3) 0.00229 (8)
γ14,0(U) 1434.16 (10) 0.00975 (16) E1 0.00213 (3) 0.00973 (16)
γ16,1(U) 1458.5 (15) 0.0019 (5) 0.0019 (5)
γ16,0(U) 1501 (2) 0.0013 0.0013
γ17,1(U) 1510.22 (10) 0.01308 (19) 0.01308 (19)
γ18,1(U) 1527.28 (10) 0.00237 (8) M1+E2 0.009 (4) 0.00235 (8)
γ19,1(U) 1550.1 (10) 0.00137 (15) 0.00137 (15)
γ17,0(U) 1553.77 (10) 0.00826 (14) 0.00826 (14)
γ20,1(U) 1558.4 (10) 0.00074 (9) M1 0.01228 (18) 0.00073 (9)
γ18,0(U) 1570.67 (10) 0.00111 (8) M1 0.01204 (17) 0.00110 (8)
γ19,0(U) 1593.5 (6) 0.00235 (12) 0.00235 (12)
γ20,0(U) 1601.8 (15) 0.00048 (22) (M1) 0.01146 (17) 0.00047 (22)
γ21,0(U) 1667.6 (10) 0.00118 (6) 0.00118 (6)
γ22,0(U) 1694.1 (10) 0.00038 (2) 0.00038 (2)
γ−1,8(U) 1720.5 (15) 0.00033 (15)
γ−1,9(U) 1732.2 (15) 0.0019 (3)
γ23,1(U) 1737.77 (10) 0.0214 (3) 0.0214 (3)
γ−1,10(U) 1759.81 (10) 0.00146 (5)
γ25,1(U) 1765.44 (10) 0.0084 (6) 0.0084 (6)
γ24,0(U) 1796.3 (9) 0.00031 (5) 0.00031 (5)
γ25,0(U) 1809.05 (10) 0.00376 (7) 0.00376 (7)
γ26,1(U) 1819.69 (10) 0.00089 (5) 0.00089 (5)
γ27,1(U) 1831.37 (10) 0.01759 (23) 0.01759 (23)
γ26,0(U) 1863.09 (10) 0.00120 (5) 0.00120 (5)
γ28,1(U) 1867.7 (1) 0.00932 (12) 0.00932 (12)
γ27,0(U) 1874.9 (1) 0.00819 (14) 0.00819 (14)
γ29,1(U) 1893.51 (11) 0.00218 (6) 0.00218 (6)
γ28,0(U) 1911.20 (11) 0.00628 (9) 0.00628 (9)
γ30,1(U) 1926.5 (10) 0.00045 (4) 0.00045 (4)
γ29,0(U) 1937.01 (13) 0.00285 (5) 0.00285 (5)
γ30,0(U) 1970.3 (8) 0.00041 (4) 0.00041 (4)
γ−1,11(U) 2022.24 (12) 0.000186 (3)
γ−1,12(U) 2041.23 (13) 0.00011 (1)
γ−1,13(U) 2065.80 (13) 0.00007
γ−1,14(U) 2093.19 (38) 0.00002
γ−1,15(U) 2102.14 (15) 0.00006
γ−1,16(U) 2136.69 (14) 0.00007
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1 Half-life, Q-value and Decay mode

T1/2 : 70.6 (11) y

Qα : 5413.63 (9) keV
α : 100 %
SF : 2.8 (6) ×10−12 %

2 α Emissions

Energy Probability
keV × 100

α0,8 4460.86 (9) 0.0000033 (9)
α0,7 4502.77 (9) 0.0000214 (16)
α0,6 4810.01 (9) 0.000054 (4)
α0,5 4931.00 (9) 0.000048 (4)
α0,4 4948.59 (9) 0.000051 (6)
α0,3 4997.90 (9) 0.00622 (9)
α0,2 5136.64 (9) 0.325 (6)
α0,1 5263.48 (9) 30.6 (6)
α0,0 5320.24 (9) 69.1 (6)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Th) 5.8 - 20.3 11.62 (22)

eAK (Th) 0.00057 (8)
KLL 68.406 - 76.745 }
KLX 83.857 - 93.345 }
KXY 99.29 - 109.64 }

ec2,1 K (Th) 19.414 (6) 0.01811 (33)
ec2,1 L (Th) 108.592 - 112.800 0.1742 (33)
ec2,1 M (Th) 123.882 - 125.732 0.0478 (8)
ec2,1 N (Th) 127.730 - 128.729 0.01283 (24)
ec1,0 L (Th) 37.28 - 41.50 22.4 (6)
ec1,0 M (Th) 52.57 - 54.42 6.14 (16)
ec1,0 N (Th) 56.420 - 57.417 1.646 (41)
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4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Th) 11.1177 — 19.5043 11.00 (24)

XKα2 (Th) 89.954 0.00524 (11) } Kα
XKα1 (Th) 93.351 0.00847 (16) }

XKβ3 (Th) 104.819 }
XKβ1 (Th) 105.604 } 0.00301 (7) Kβ

′
1

XKβ
′′
5 (Th) 106.239 }

XKβ2 (Th) 108.509 }
XKβ4 (Th) 108.955 } 0.001016 (29) Kβ

′
2

XKO2,3 (Th) 109.442 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Th) 57.752 (13) 30.8 (8) E2 153.2 (22) 0.200 (4)
γ2,1(Th) 129.065 (3) 0.325 (5) E2 3.74 (6) 0.0686 (7)
γ6,4(Th) 140.999 (20) 0.0000038 (16) E1 0.217 (3) 0.0000031 (13)
γ4,2(Th) 191.351 (11) 0.000055 (5) E2 0.776 (11) 0.000031 (3)
γ5,2(Th) 209.252 (6) 0.0000119 (33) E1 0.0848 (12) 0.000011 (3)
γ3,1(Th) 270.245 (7) 0.00332 (7) E1 0.0470 (7) 0.00317 (7)
γ3,0(Th) 328.004 (7) 0.00292 (7) E1 0.0305 (5) 0.00283 (7)
γ6,2(Th) 332.371 (6) 0.0000505 (31) E1 0.0297 (5) 0.000049 (3)
γ5,1(Th) 338.320 (5) 0.0000381 (19) E1 0.0285 (4) 0.0000370 (18)
γ8,5(Th) 478.41 (5) 0.0000014 (6) E1 0.01379 (20) 0.0000014 (6)
γ7,3(Th) 503.819 (23) 0.0000147 (9) E1 0.01243 (18) 0.0000145 (9)
γ8,3(Th) 546.454 (21) 0.0000010 (6) E1 0.01058 (15) 0.0000010 (6)
γ7,1(Th) 774.05 (9) 0.0000048 (8) E2 0.01649 (23) 0.0000047 (8)
γ8,1(Th) 816.62 (700) 0.00000083 (31) M1+E2 0.0359 (5) 0.0000008 (3)
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1 Half-life, Q-value and Decay mode

T1/2 : 159.1 (2) ×103 y

Qα : 4908.5 (12) keV
α : 100 %

2 α Emissions

Energy Probability
keV × 100

α0,52 4087.3 (12) 0.0000144 (21)
α0,43 4309 (2) 0.0009
α0,38 4404 (2) 0.0003
α0,37 4411 (2) 0.0004
α0,35 4457 (2) 0.0028
α0,34 4465 (2) 0.003
α0,32 4483 (2) 0.0014
α0,31 4503 (2) 0.001
α0,30 4507 (2) 0.012
α0,29 4513 (2) 0.018
α0,26 4538 (2) 0.004
α0,24 4565 (2) 0.0023
α0,21 4590 (2) 0.007
α0,19 4611 (2) 0.006
α0,18 4615 (2) 0.004
α0,17 4634 (2) 0.01
α0,16 4641 (2) 0.003
α0,15 4656 (2) 0.005
α0,13 4664 (2) 0.042
α0,11 4681 (2) 0.01
α0,10 4687 (2) 0.0028
α0,9 4701 (2) 0.06
α0,8 4729 (2) 1.61
α0,7 4751 (2) 0.01
α0,6 4754 (2) 0.163
α0,5 4758 (2) 0.016
α0,4 4783.5 (12) 13.2 (2)
α0,3 4796 (2) 0.28
α0,0 4824.2 (12) 84.3 (6)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Th) 5.8 - 20.3 0.01066 (20)

eAK (Th) 0.00076 (10)
KLL 68.406 - 76.745 }
KLX 83.857 - 93.345 }
KXY 99.29 - 109.64 }
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Energy Electrons
keV per 100 disint.

ec8,6 L (Th) 4.839 - 9.000 0.339 (20)
ec4,3 M (Th) 8.062 - 9.912 0.64 (32)
ec3,1 L (Th) 8.713 - 12.900 1.31 (17)
ec3,0 L (Th) 8.718 - 12.900 0.29 (5)
ec6,4 L (Th) 8.919 - 13.100 0.083 (15)
ec4,3 N (Th) 11.910 - 12.909 0.17 (9)
ec13,9 L (Th) 17.352 - 21.500 0.0123 (20)
ec8,6 M (Th) 20.129 - 21.979 0.0821 (48)
ec4,1 L (Th) 21.955 - 26.100 0.090 (25)
ec4,0 L (Th) 21.963 - 26.100 19 (17)
ec6,3 L (Th) 22.161 - 26.300 0.457 (25)
ec3,1 M (Th) 24.003 - 25.853 0.332 (43)
ec3,0 M (Th) 24.008 - 25.858 0.069 (13)
ec6,4 M (Th) 24.209 - 26.059 0.0200 (35)
ec3,0 N (Th) 27.860 - 28.855 0.0184 (34)
ec9,6 L (Th) 33.14 - 37.30 0.0612 (33)
ec8,4 L (Th) 34.229 - 38.400 1.3 (12)
ec4,1 M (Th) 37.245 - 39.095 0.025 (7)
ec4,0 M (Th) 37.253 - 39.103 5 (5)
ec6,3 M (Th) 37.451 - 39.301 0.110 (6)
ec6,3 N (Th) 41.300 - 42.298 0.0293 (16)
ec13,8 L (Th) 45.646 - 49.800 0.036 (27)
ec8,3 L (Th) 47.474 - 51.600 0.0164 (12)
ec9,6 M (Th) 48.43 - 50.28 0.0147 (8)
ec8,4 M (Th) 49.519 - 51.369 0.37 (30)
ec6,1 L (Th) 51.346 - 55.500 0.071 (6)
ec6,0 L (Th) 51.354 - 55.500 0.0109 (11)
ec8,4 N (Th) 53.370 - 54.366 0.10 (8)
ec13,8 M (Th) 60.936 - 62.786 0.010 (7)
ec6,1 M (Th) 66.636 - 68.486 0.0196 (15)
ec8,0 L (Th) 76.664 - 80.800 0.192 (10)
ec8,0 M (Th) 91.954 - 93.804 0.0526 (27)
ec8,0 N (Th) 95.810 - 96.801 0.0141 (7)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Th) 11.1177 — 19.5043 0.00936 (21)

XKα2 (Th) 89.954 0.00700 (18) } Kα
XKα1 (Th) 93.351 0.01133 (28) }

XKβ3 (Th) 104.819 }
XKβ1 (Th) 105.604 } 0.00403 (12) Kβ

′
1

XKβ
′′
5 (Th) 106.239 }
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Energy Photons
keV per 100 disint.

XKβ2 (Th) 108.509 }
XKβ4 (Th) 108.955 } 0.00136 (5) Kβ

′
2

XKO2,3 (Th) 109.442 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Th) 0.0076 2.1 2.1
γ4,3(Th) 13.244 0.86 (25) (M1) 358 (5) 0.0024 (7)
γ21,18(Th) 25.02 (5) 0.00056 (22) (E1) 4.57 (7) 0.00010 (4)
γ8,6(Th) 25.3106 (8) 0.452 (26) 213 (3) 0.00211 (12)
γ15,12(Th) 25.3106 (8) 0.0009 (M1) 213 (3) 0.000004
γ15,11(Th) 27.119 0.0123 (E2) 6130 (90) 0.000002
γ9,8(Th) 28.288 0.0056 (14) (M1) 153.4 (22) 0.000036 (9)
γ3,1(Th) 29.1851 (4) 1.76 (24) 225 (12) 0.0078 (10)
γ3,0(Th) 29.19 0.38 (7) M1 139.8 (20) 0.0027 (5)
γ6,4(Th) 29.3911 (4) 0.110 (19) (M1) 137 (2) 0.00080 (14)
γ17,13(Th) 32.453 0.00165 (31) (M1) 102.3 (15) 0.000016 (3)
γ27,23(Th) 32.52 (2) 0.0018 (6) (M1) 101.7 (15) 0.000018 (6)
γ30,26(Th) 32.73 (5) 0.00316 (39) (E1) 2.26 (4) 0.00097 (12)
γ13,9(Th) 37.80 (3) 0.0166 (26) (M1) 65.2 (10) 0.00025 (4)
γ4,1(Th) 42.431 0.123 (34) (E2) 684 (10) 0.00018 (5)
γ4,0(Th) 42.4349 (2) 9.4 (29) M1+E2 400 (400) 0.072 (4)
γ6,3(Th) 42.6333 (2) 0.618 (33) (M1) 45.8 (7) 0.0132 (7)
γ23,18(Th) 43.69 (3) 0.0018 (6) (M1) 42.6 (6) 0.000042 (14)
γ32,28(Th) 44.80 (2) 0.00113 (36) (M1) 39.5 (6) 0.000028 (9)
γ22,17(Th) 45.855 0.00034 (6) (M1) 36.9 (6) 0.0000091 (16)
γ26,21(Th) 51.0 (3) 0.0045 (42) (M1+E2) 150 (130) 0.00003 (1)
γ19,14(Th) 52.60 (3) 0.0026 (8) (M1) 24.7 (4) 0.00010 (3)
γ9,6(Th) 53.6106 (11) 0.0843 (44) (M1) 23.3 (4) 0.00347 (18)
γ8,4(Th) 54.7039 (11) 0.91 (8) M1+E2 110 (90) 0.0168 (8)
γ21,15(Th) 63.79 (6) 0.00044 (17) (M1) 14.02 (20) 0.000029 (11)
γ28,21(Th) 65.62 (5) 0.000068 (14) (E1) 0.358 (5) 0.00005 (1)
γ13,8(Th) 66.1183 (6) 0.032 (10) (M1+E2) 50 (40) 0.00106 (6)
γ8,3(Th) 67.9460 (5) 0.0228 (16) E2 70.2 (10) 0.000320 (23)
γ19,12(Th) 68.81 (3) 0.00122 (28) (M1) 11.23 (16) 0.000100 (23)
γ17,9(Th) 70.2813 (13) 0.0074 (5) (M1+E2) 11.74 (17) 0.00058 (4)
γ6,1(Th) 71.812 (8) 0.099 (8) E2 53.8 (8) 0.00181 (14)
γ6,0(Th) 71.8159 (20) 0.0156 (16) (M1+E2) 12.49 (18) 0.00116 (12)
γ21,14(Th) 72.825 0.0206 (15) (E2) 50.4 (7) 0.00040 (3)
γ11,6(Th) 74.542 (5) 0.00187 (10) (E1) 0.255 (4) 0.00149 (8)
γ12,6(Th) 76.350 (4) 0.000372 (37) (E1) 0.240 (4) 0.00030 (3)
γ15,8(Th) 76.350 (4) 0.000025 (E1) 0.240 (4) 0.00002
γ39,33(Th) 77.12 (3) 0.000530 (49) (E1) 0.233 (4) 0.00043 (4)
γ22,13(Th) 78.21 (5) 0.00068 (11) (M1+E2) 14.45 (21) 0.000044 (7)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ9,4(Th) 83.0125 (20) 0.00256 (35) M1+E2 12.20 (17) 0.000197 (22)
γ30,20(Th) 85.4221 (9) 0.000141 (47) (E1) 0.1779 (25) 0.00012 (4)
γ31,22(Th) 86.3 (3) 0.000362 (29) (M1+E2) 8.52 (17) 0.000038 (3)
γ35,27(Th) 86.3 (3) 0.0023 (7) (E2) 22.5 (5) 0.000099 (23)
γ18,9(Th) 87.25 (4) 0.00197 (49) (E2) 21.4 (3) 0.000088 (22)
γ21,12(Th) 89.39 (7) 0.00162 (19) (M1) 5.24 (8) 0.00026 (3)
γ20,11(Th) 89.9568 (24) 0.00146 (15) (M1) 5.36 (9) 0.000229 (23)
γ21,11(Th) 90.99 (1) 0.00185 (24) (M1) 4.98 (7) 0.00031 (4)
γ13,6(Th) 91.433 0.00074 (13) (E2) 17.14 (24) 0.000041 (7)
γ32,23(Th) 92.23 (12) 0.00019 (7) (M1) 4.79 (7) 0.000033 (12)
γ16,8(Th) 92.85 (3) 0.00026 (3) 0.00026 (3)
γ9,3(Th) 96.22 (3) 0.0246 (13) E(2) 13.49 (19) 0.00170 (9)
γ8,0(Th) 97.1346 (3) 0.282 (14) E2 12.91 (18) 0.0203 (10)
γ24,14(Th) 97.37 (4) 0.0023 (7) (E1) 0.1259 (18) 0.0020 (6)
γ17,8(Th) 98.565 0.00053 (9) (M1+E2) 4.50 (7) 0.000097 (16)
γ29,19(Th) 99.95 (15) 0.000021 (7) (E1) 0.1176 (18) 0.000019 (6)
γ15,6(Th) 101.70 (5) 0.000077 (17) (E1) 0.1123 (16) 0.000069 (15)
γ30,19(Th) 103.73 (10) 0.000070 (21) (E1) 0.1066 (16) 0.000063 (19)
γ21,9(Th) 111.93 (1) 0.000549 (41) (E1) 0.372 (6) 0.00040 (3)
γ26,15(Th) 114.2 (2) 0.00250 (31) (M1) 12.68 (19) 0.000183 (23)
γ39,30(Th) 116.3 (2) 0.000162 (31) (E1) 0.342 (5) 0.000121 (23)
γ22,9(Th) 116.3 (2) 0.000032 (6) (E2) 5.84 (10) 0.0000047 (9)
γ11,3(Th) 117.162 (2) 0.00383 (19) E1 0.336 (5) 0.00287 (14)
γ12,3(Th) 118.968 (5) 0.00481 (24) (E1) 0.325 (5) 0.00363 (18)
γ13,4(Th) 120.819 (2) 0.0168 (9) E2 4.95 (7) 0.00282 (15)
γ17,6(Th) 123.886 (7) 0.00392 (27) (E2) 4.45 (7) 0.00072 (5)
γ38,28(Th) 125.04 (23) 0.000108 (32) (M1) 9.83 (15) 0.000010 (3)
γ9,0(Th) 125.43 (4) 0.00027 (5) E2 4.22 (6) 0.000051 (10)
γ28,15(Th) 129.514 0.00007596 (E1) 0.266 (4) 0.00006
γ15,4(Th) 131.22 (8) 0.0000219 (28) (E1) 0.257 (4) 0.0000174 (22)
γ31,17(Th) 132.1 0.0000154 (31) (E2) 3.39 (6) 0.0000035 (7)
γ14,3(Th) 135.3390 (5) 0.00244 (12) E1 0.239 (4) 0.00197 (10)
γ38,27(Th) 139.3 (3) 0.000170 (19) (M1) 7.24 (11) 0.0000206 (23)
γ35,20(Th) 139.3 (3) 0.000014676 (E1) 0.223 (4) 0.000012
γ26,12(Th) 139.722 (3) 0.00074 (15) (M1) 7.17 (10) 0.000090 (18)
γ27,11(Th) 141.95 (10) 0.0000109 (18) (E1) 0.213 (3) 0.0000090 (15)
γ33,19(Th) 142.69 (1) 0.000041 (6) (E1) 0.211 (3) 0.000034 (5)
γ22,8(Th) 144.42 (2) 0.0010 (1) E2 2.34 (4) 0.00030 (3)
γ19,6(Th) 145.35 (2) 0.00208 (8) (E1) 0.202 (3) 0.00173 (7)
γ11,1(Th) 146.3462 (6) 0.00779 (36) (E1) 0.198 (3) 0.0065 (3)
γ25,9(Th) 146.9 (5) 0.000116 (10) 0.000116 (10)
γ12,0(Th) 148.20 (2) 0.000474 (24) (E1) 0.193 (3) 0.000397 (20)
γ29,14(Th) 152.62 (10) 0.0000130 (35) (E1) 0.179 (3) 0.000011 (3)
γ17,4(Th) 153.17 (4) 0.000105 (9) (E2) 1.84 (3) 0.000037 (3)
γ28,12(Th) 154.90 (3) 0.000168 (9) (E1) 0.1732 (25) 0.000143 (8)
γ30,14(Th) 156.19 (5) 0.0000421 (35) (E1) 0.1698 (24) 0.000036 (3)
γ26,9(Th) 162.45 (4) 0.000062 (6) (E1) 0.1546 (22) 0.000054 (5)
γ31,13(Th) 164.5 0.000622 (12) (E2) 1.385 (22) 0.000261 (5)
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γ14,1(Th) 164.5240 (5) 0.00690 (34) (E1) 0.1500 (21) 0.0060 (3)
γ21,6(Th) 165.61 (3) 0.000467 (26) (E1) 0.1476 (21) 0.000407 (23)
γ43,33(Th) 167.10 (7) 0.0000165 (14) 0.0000165 (14)
γ29,12(Th) 169.002 (5) 0.000047 (7) (E1) 0.1407 (20) 0.000041 (6)
γ29,11(Th) 170.809 (24) 0.000114 (7) (E1) 0.1371 (20) 0.000100 (6)
γ30,12(Th) 172.39 (10) 0.0000259 (25) (E1) 0.1342 (19) 0.0000228 (22)
γ30,11(Th) 174.192 (2) 0.000192 (10) (E1) 0.1309 (19) 0.000170 (9)
γ28,9(Th) 177.91 (16) 0.000030 (6) (M1) 3.62 (6) 0.0000066 (13)
γ37,22(Th) 184.1 (3) 0.000042 (9) (E2) 0.897 (14) 0.000022 (5)
γ33,15(Th) 185.76 (9) 0.0000087 (23) (E1) 0.1124 (16) 0.0000078 (21)
γ19,3(Th) 187.9670 (3) 0.00207 (10) (E1) 0.1093 (16) 0.00187 (9)
γ37,21(Th) 188.65 (6) 0.0000277 (44) (E1) 0.1083 (16) 0.000025 (4)
γ34,15(Th) 192.26 (4) 0.0000397 (44) (E1) 0.1036 (15) 0.000036 (4)
γ28,8(Th) 205.75 (6) 0.000078 (8) (M1) 2.40 (4) 0.0000228 (24)
γ21,3(Th) 208.179 (7) 0.00249 (12) (E1) 0.0859 (12) 0.00229 (11)
γ36,15(Th) 209.08 (8) 0.000019 (3) 0.000019 (3)
γ38,19(Th) 210.90 (8) 0.0000148 (26) (E1) 0.0833 (12) 0.0000137 (24)
γ18,0(Th) 212.36 (3) 0.000416 (22) (M1) 2.20 (3) 0.000130 (7)
γ26,6(Th) 216.07 (1) 0.000669 (32) (E1) 0.0787 (11) 0.00062 (3)
γ19,1(Th) 217.151 (4) 0.00354 (17) (E1) 0.0778 (11) 0.00328 (16)
γ34,12(Th) 217.8 (2) 0.000003 (E1) 0.0773 (11) 0.000003
γ34,11(Th) 219.43 (2) 0.000127 (6) (E1) 0.0759 (11) 0.000118 (6)
γ30,8(Th) 223.37 (3) 0.0000346 (43) (E2) 0.443 (7) 0.000024 (3)
γ39,18(Th) 224.33 (19) 0.00000139 (43) (E1) 0.0721 (11) 0.0000013 (4)
γ23,3(Th) 226.2 (2) 0.00020 (7) (M1) 1.84 (3) 0.000070 (23)
γ37,17(Th) 230.17 (2) 0.00015 (5) (M1+E2) 1.1 (7) 0.000071 (5)
γ34,9(Th) 240.373 (3) 0.00086 (5) M1+E2 1.09 (6) 0.000413 (22)
γ29,6(Th) 245.350 (1) 0.00732 (40) M1+E2 1.05 (4) 0.00357 (18)
γ30,6(Th) 248.724 (1) 0.00338 (17) (M1) 1.415 (20) 0.00140 (7)
γ23,0(Th) 255.91 (2) 0.000091 (6) (M1) 1.307 (19) 0.0000393 (25)
γ27,3(Th) 259.31 (2) 0.000350 (18) (M1) 1.260 (18) 0.000155 (8)
γ28,4(Th) 260.53 (2) 0.000229 (13) (M1) 1.244 (18) 0.000102 (6)
γ24,1(Th) 261.957 (4) 0.000495 (27) M1+E2 0.78 (4) 0.000278 (14)
γ34,8(Th) 268.675 (2) 0.000448 (25) M1+E2 0.82 (5) 0.000246 (12)
γ39,14(Th) 272.39 (2) 0.0000872 (49) (E2) 0.228 (4) 0.000071 (4)
γ28,3(Th) 273.74 (5) 0.0000323 (35) (M1) 1.085 (16) 0.0000155 (17)
γ29,4(Th) 274.735 (1) 0.000680 (41) M1+E2 0.62 (5) 0.000420 (22)
γ30,4(Th) 278.108 (2) 0.00177 (10) M1+E2 0.57 (4) 0.00113 (6)
γ33,7(Th) 284.29 (11) 0.0000093 (17) (E1) 0.0419 (6) 0.0000089 (16)
γ29,3(Th) 288.0290 (9) 0.00146 (37) (M1+E2) 0.6 (4) 0.00091 (5)
γ27,1(Th) 288.50 (3) 0.000227 (27) (M1) 0.938 (14) 0.000117 (14)
γ43,20(Th) 291.355 (9) 0.00062 (25) 0.00062 (25)
γ30,3(Th) 291.355 (9) 0.00755 (43) M1+E2 0.63 (3) 0.00463 (25)
γ40,15(Th) 291.93 (4) 0.000102 (15) 0.000102 (15)
γ34,6(Th) 293.996 (9) 0.000231 (13) M1 0.890 (13) 0.000122 (7)
γ28,0(Th) 302.989 (4) 0.000142 (7) (M1) 0.820 (12) 0.000078 (4)
γ45,24(Th) 307.45 (19) 0.0000075 (29) (M1,E2) 0.5 (4) 0.0000050 (14)
γ43,19(Th) 309.49 (3) 0.000083 (5) 0.000083 (5)
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γ36,6(Th) 310.71 (5) 0.000038 (3) 0.000038 (3)
γ39,9(Th) 311.76 (3) 0.0000651 (41) (E1) 0.0341 (5) 0.000063 (4)
γ45,23(Th) 313.45 (18) 0.0000056 (11) 0.0000056 (11)
γ41,13(Th) 315.39 (13) 0.0000173 (26) (M1) 0.734 (11) 0.0000100 (15)
γ29,0(Th) 317.169 (2) 0.0097 (6) M1+E2 0.371 (22) 0.0071 (4)
γ33,4(Th) 317.169 (2) 0.00047 (19) (M1) 0.723 (11) 0.00027 (11)
γ30,0(Th) 320.547 (1) 0.00371 (20) M1+E2 0.334 (25) 0.00278 (14)
γ34,4(Th) 323.381 (14) 0.00099 (5) M1+E2 0.280 (17) 0.00077 (4)
γ37,8(Th) 328.758 (19) 0.000112 (25) (M1+E2) 0.4 (3) 0.000080 (4)
γ34,3(Th) 336.63 (1) 0.000731 (44) M1+E2 0.26 (4) 0.00058 (3)
γ39,8(Th) 340.19 (8) 0.0000026 (16) (E1) 0.0284 (4) 0.0000025 (16)
γ37,6(Th) 354.04 (2) 0.000079 (14) (M1+E2) 0.32 (22) 0.000060 (4)
γ33,0(Th) 359.38 (4) 0.0000074 (23) (M1) 0.513 (8) 0.0000049 (15)
γ47,22(Th) 364.01 (12) 0.0000064 (16) 0.0000064 (16)
γ34,0(Th) 365.820 (3) 0.00115 (6) (M1) 0.489 (7) 0.00077 (4)
γ44,14(Th) 371.34 (9) 0.0000021 (10) (M1) 0.469 (7) 0.0000014 (7)
γ35,0(Th) 374.71 (20) 0.0000055 (29) (M1) 0.458 (7) 0.0000038 (20)
γ41,8(Th) 381.35 (8) 0.0000056 (19) (M1) 0.437 (7) 0.0000039 (13)
γ37,4(Th) 383.43 (3) 0.000123 (18) (M1+E2) 0.26 (18) 0.000096 (5)
γ42,9(Th) 387.86 (12) 0.0000012 (3) 0.0000012 (3)
γ40,6(Th) 393.60 (1) 0.0000130 (12) 0.0000130 (12)
γ37,3(Th) 396.62 (3) 0.0000047 (11) (E2) 0.0762 (11) 0.0000044 (10)
γ49,20(Th) 402.22 (2) 0.0000072 (14) 0.0000072 (14)
γ45,14(Th) 404.39 (5) 0.00000133 (41) (E1) 0.0195 (3) 0.0000013 (4)
γ41,6(Th) 406.58 (5) 0.0000021 (5) (M1) 0.367 (6) 0.0000015 (4)
γ42,8(Th) 416.31 (3) 0.000012 (1) 0.000012 (1)
γ40,4(Th) 423.09 (14) 0.00000052 (14) 0.00000052 (14)
γ49,18(Th) 425.46 (10) 0.00000080 (14) 0.00000080 (14)
γ40,3(Th) 436.23 (2) 0.0000035 (9) 0.0000035 (9)
γ42,6(Th) 441.53 (17) 0.00000073 (22) 0.00000073 (22)
γ41,3(Th) 449.520 (2) 0.0000082 (10) (M1) 0.280 (4) 0.0000064 (8)
γ43,6(Th) 455.48 (25) 0.00000117 (21) 0.00000117 (21)
γ47,12(Th) 456.87 (16) 0.00000044 (21) 0.00000044 (21)
γ46,9(Th) 459.81 (1) 0.0000076 (11) 0.0000076 (11)
γ40,0(Th) 465.37 (12) 0.00000047 (23) 0.00000047 (23)
γ42,4(Th) 471.06 (1) 0.0000185 (18) 0.0000185 (18)
γ48,11(Th) 474.41 (8) 0.00000077 (11) 0.00000077 (11)
γ41,0(Th) 478.64 (1) 0.00001829 (16) (M1) 0.236 (4) 0.00001480 (12)
γ43,4(Th) 484.34 (3) 0.0000028 (12) [M1] 0.228 (4) 0.0000023 (10)
γ51,14(Th) 500.40 (9) 0.00000070 (23) 0.00000070 (23)
γ42,0(Th) 513.20 (5) 0.0000165 (21) 0.0000165 (21)
γ52,20(Th) 514.81 (11) 0.0000112 (18) 0.0000112 (18)
γ48,8(Th) 523.68 (6) 0.00000094 (24) 0.00000094 (24)
γ50,9(Th) 531.54 (8) 0.00000070 (23) 0.00000070 (23)
γ47,6(Th) 533.53 (5) 0.00000128 (25) M1+E2 0.098 (14) 0.00000117 (23)
γ44,1(Th) 536.44 (12) 0.00000048 (23) (E1) 0.01098 (16) 0.00000047 (23)
γ49,8(Th) 540.52 (6) 0.00000164 (23) 0.00000164 (23)
γ46,4(Th) 542.41 (13) 0.00000047 (23) 0.00000047 (23)
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γ50,8(Th) 559.87 (18) 0.00000023 0.00000023
γ47,4(Th) 562.61 (6) 0.0000015 (8) M1+E2 0.075 (8) 0.0000014 (7)
γ45,0(Th) 569.19 (2) 0.0000041 (16) M1+E2 0.063 (4) 0.0000039 (15)
γ47,3(Th) 576.00 (7) 0.00000096 (43) M1+E2 0.064 (8) 0.0000009 (4)
γ48,4(Th) 578.42 (2) 0.0000034 (11) 0.0000034 (11)
γ46,0(Th) 584.94 (16) 0.00000023 0.00000023
γ48,3(Th) 591.64 (7) 0.00000070 (23) 0.00000070 (23)
γ47,0(Th) 605.16 (1) 0.0000051 (10) M1+E2 0.072 (7) 0.0000048 (9)
γ49,3(Th) 608.15 (5) 0.00000047 (23) 0.00000047 (23)
γ50,4(Th) 614.45 (7) 0.00000070 (23) 0.00000070 (23)
γ48,0(Th) 620.81 (3) 0.0000015 (6) 0.0000015 (6)
γ50,3(Th) 627.70 (8) 0.00000047 (23) 0.00000047 (23)
γ49,0(Th) 637.25 (10) 0.00000023 0.00000023
γ52,8(Th) 652.79 (19) 0.00000023 0.00000023
γ50,0(Th) 656.89 (5) 0.000004 (1) 0.000004 (1)
γ51,0(Th) 665.03 (10) 0.00000023 M1+E2 0.06 (4) 0.00000023
γ52,4(Th) 707.41 (2) 0.0000020 (9) 0.0000020 (9)
γ52,3(Th) 720.62 (11) 0.00000047 (23) 0.00000047 (23)
γ52,0(Th) 749.8 (9) 0.00000047 (23) 0.00000047 (23)
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1 Half-life, Q-value and Decay mode

T1/2 : 2.455 (6) ×105 y

Qα : 4857.7 (7) keV
α : 100 %

2 α Emissions

Energy Probability
keV × 100

α0,5 4108.6 (7) 0.000007
α0,4 4150.6 (7) 0.000026
α0,3 4275.2 (7) 0.00004 (1)
α0,2 4603.5 (7) 0.210 (2)
α0,1 4722.4 (7) 28.42 (2)
α0,0 4774.6 (7) 71.37 (2)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Th) 5.8 - 20.3 10.8 (4)

eAK (Th) 0.00029 (5)
KLL 68.406 - 76.745 }
KLX 83.857 - 93.345 }
KXY 99.29 - 109.64 }

ec1,0 L (Th) 32.7 - 36.9 20.9 (12)
ec1,0 M (Th) 48.0 - 49.9 5.70 (32)
ec1,0 N (Th) 51.9 - 52.9 1.53 (9)
ec2,1 L (Th) 100.4 - 104.6 0.132 (12)
ec2,1 M (Th) 115.7 - 117.6 0.0363 (34)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Th) 11.118 — 19.504 10.2 (4)

XKα2 (Th) 89.954 0.00269 (25) } Kα
XKα1 (Th) 93.351 0.0044 (4) }

XKβ3 (Th) 104.819 }
XKβ1 (Th) 105.604 } 0.00155 (15) Kβ

′
1

XKβ
′′
5 (Th) 106.239 }
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Energy Photons
keV per 100 disint.

XKβ2 (Th) 108.509 }
XKβ4 (Th) 108.955 } 0.00052 (5) Kβ

′
2

XKO2,3 (Th) 109.442 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Th) 53.20 (2) 28.7 (13) E2+M3 228 (7) 0.1253 (40)
γ2,1(Th) 120.90 (4) 0.228 (48) E2 4.92 (15) 0.0386 (32)
γ3,1(Th) 454.96 (5) 0.000025 (6) E1 0.01526 (46) 0.000025 (6)
γ5,2(Th) 503.5 (1) 0.00000095 [E2] 0.0418 (13) 0.00000095
γ3,0(Th) 508.16 (5) 0.0000152 (39) E1 0.01221 (37) 0.0000150 (39)
γ4,1(Th) 581.7 (1) 0.000012 (5) E2 0.0300 (9) 0.000012 (5)
γ5,1(Th) 624.4 (1) 0.00005 E0+E2+M1 5.1 (20) 0.00000082
γ5,0(Th) 677.6 (1) 0.000001 [E2] 0.0216 (6) 0.000001
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U − 235

1 Half-life, Q-value and Decay mode

T1/2 : 704 (1) ×106 y

Qα : 4678.3 (7) keV
α : 100 %
SF : 7 (2) ×10−9 %

2 α Emissions

Energy Probability
keV × 100

α0,22 3976 (5) ≈0.0011
α0,21 4013.2 (8) 0.0396 (10)
α0,20 4077.5 (7) 0.016 (12)
α0,19 4152 (5) 0.294 (13)
α0,18 4214.7 (19) 5.95 (12)
α0,17 4219.5 (7) 0.01732 (12)
α0,16 4227.6 (7) 0.122 (6)
α0,15 4248 (5) 0.069 (10)
α0,14 4266 (5) 0.22 (3)
α0,13 4279.3 (7) 0.0329 (5)
α0,12 4286.9 (7) 0.065 (13)
α0,11 4302.1 (7) 0.00959 (13)
α0,10 4322 (4) 3.33 (6)
α0,9 4327.9 (7) 0.405 (13)
α0,8 4361.9 (7) 0.206 (21)
α0,7 4366.1 (20) 18.80 (13)
α0,6 4381.1 (7) 0.106 (16)
α0,5 4397.8 (13) 57.19 (20)
α0,4 4414.9 (5) 3.01 (16)
α0,3 4437.9 (40) 0.236 (25)
α0,2 4502.4 (7) 1.28 (5)
α0,1 4556.0 (4) 3.79 (6)
α0,0 4596.4 (13) 4.74 (6)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Th) 5.8 - 20.3 24 (3)

eAK (Th) 0.381 (9)
KLL 68.406 - 76.745 }
KLX 83.857 - 93.345 }
KXY 99.29 - 109.64 }

ec7,5 L (Th) 11.117 - 15.300 8.3 (29)
ec10,7 L (Th) 20.6 - 24.8 1.09 (42)
ec1,0 L (Th) 21.484 - 25.700 18.2 (32)
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Energy Electrons
keV per 100 disint.

ec7,5 M (Th) 26.407 - 28.257 2.2 (8)
ec7,5 N (Th) 30.260 - 31.254 0.60 (23)
ec7,4 L (Th) 30.709 - 34.900 6.8 (14)
ec9,6 L (Th) 33.602 - 37.800 0.1771 (34)
ec10,7 M (Th) 35.9 - 37.8 0.26 (10)
ec1,0 M (Th) 36.774 - 38.624 4.9 (9)
ec10,7 N (Th) 39.8 - 40.8 0.070 (27)
ec1,0 N (Th) 40.630 - 41.621 1.32 (23)
ec19,18 L (Th) 43.87 - 48.00 0.1850 (27)
ec7,4 M (Th) 45.999 - 47.849 1.87 (39)
ec9,6 M (Th) 48.892 - 50.742 0.0484 (8)
ec7,4 N (Th) 49.850 - 50.846 0.5 (1)
ec9,6 N (Th) 52.740 - 53.739 0.01296 (22)
ec19,18 M (Th) 59.16 - 61.01 0.0445 (7)
ec19,18 N (Th) 63.01 - 64.01 0.01188 (18)
ec2,0 L (Th) 75.66 - 79.80 0.90 (11)
ec4,0 K (Th) 76.072 (4) 5.06 (8)
ec2,0 M (Th) 90.95 - 92.80 0.248 (30)
ec2,0 N (Th) 94.8 - 95.8 0.067 (8)
ec4,0 L (Th) 165.25 - 169.40 1.020 (18)
ec4,0 M (Th) 180.54 - 182.39 0.2468 (37)
ec4,0 N (Th) 184.390 - 185.387 0.0651 (10)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Th) 11.1177 — 19.5043 22 (3)

XKα2 (Th) 89.954 3.56 (9) } Kα
XKα1 (Th) 93.351 5.76 (14) }

XKβ3 (Th) 104.819 }
XKβ1 (Th) 105.604 } 2.06 (5) Kβ

′
1

XKβ
′′
5 (Th) 106.239 }

XKβ2 (Th) 108.509 }
XKβ4 (Th) 108.955 } 0.685 (18) Kβ

′
2

XKO2,3 (Th) 109.442 }
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4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ7,5(Th) 31.60 (5) 11.4 (40) M1+E2 667 0.017 (6)
γ10,7(Th) 41.4 (3) 1.5 (6) [M1] 49.9 (13) 0.029 (11)
γ1,0(Th) 42.01 (6) 24.7 (43) M1+E2 440 (30) 0.056 (9)
γ7,4(Th) 51.21 (4) 9.4 (19) [E2] 274 (4) 0.034 (7)
γ9,6(Th) 54.1 (1) 0.24 [E2] 210 (4) 0.00115
γ2,1(Th) 54.25 (5) 2.1 [M1+E2] 71 (3) 0.0285
γ19,18(Th) 64.45 (5) 0.26 [M1] 13.6 (2) 0.018
γ10,5(Th) 72.7 (2) 1.86 M1+E2 15 (3) 0.116
γ7,3(Th) 74.94 (3) 0.064 (8) [E1] 0.252 (4) 0.051 (6)
γ2,0(Th) 96.09 (2) 1.33 (16) [E2] 13.58 (19) 0.091 (11)
γ14,7(Th) 97 (4) 0.22 (7) [E2] 13 (3) 0.016 (4)
γ5,2(Th) 109.19 (7) 1.81 (14) [E1] 0.0932 (14) 1.66 (13)
γ10,3(Th) 115.45 (5) 0.040 (13) [E1] 0.348 (5) 0.03 (1)
γ3,1(Th) 120.35 (5) 0.31 [M1] 10.95 (16) 0.026
γ16,8(Th) 136.55 (5) 0.103 [M1] 7.66 (11) 0.012
γ7,2(Th) 140.76 (2) 0.244 (12) [E1] 0.218 (3) 0.20 (1)
γ20,18(Th) 142.40 (5) 0.018 [E2] 2.48 (4) 0.0051
γ4,1(Th) 143.767 (3) 13.20 (8) E1 0.207 (3) 10.94 (6)
γ18,7(Th) 150.936 (15) 0.61 (20) [M1] 5.76 (8) 0.09 (3)
γ5,1(Th) 163.356 (3) 5.855 (36) (E1) 0.1526 (22) 5.08 (3)
γ16,5(Th) 173 (1) 0.007 (6) [E1] 0.133 (3) 0.006 (5)
γ18,5(Th) 182.62 (5) 1.70 (22) [M1] 3.36 (5) 0.39 (5)
γ4,0(Th) 185.720 (4) 63.41 (35) E1 0.1124 (16) 57.0 (3)
γ7,1(Th) 194.940 (6) 0.693 (11) [E1] 0.1002 (14) 0.63 (1)
γ8,1(Th) 198.894 (14) 0.131 (7) M1 2.64 (4) 0.036 (2)
γ18,4(Th) 202.12 (1) 3.81 (8) [M1] 2.53 (4) 1.08 (2)
γ5,0(Th) 205.316 (4) 5.465 (33) (E1) 0.0887 (13) 5.02 (3)
γ19,7(Th) 215.28 (4) 0.090 (9) [M1] 2.12 (3) 0.029 (3)
γ6,0(Th) 221.386 (14) 0.349 (15) M1 1.96 (3) 0.118 (5)
γ13,2(Th) 228.76 (5) 0.021 M1 1.79 (3) 0.0074
γ9,1(Th) 233.50 (2) 0.102 (11) M1 1.687 (24) 0.038 (4)
γ8,0(Th) 240.88 (4) 0.181 (19) M1(+E2) 1.45 (22) 0.074 (4)
γ19,5(Th) 246.83 (2) 0.134 (7) [M1] 1.445 (21) 0.055 (3)
γ15,2(Th) 255.365 (10) 0.017 M1 1.315 (19) 0.0074
γ19,4(Th) 266.47 (4) 0.0097 (7) [E2] 0.245 (4) 0.0078 (6)
γ12,1(Th) 275.35 (15) 0.094 (11) M1+E2 0.84 (6) 0.051 (6)
γ9,0(Th) 275.49 (6) 0.065 M1(+E2) 1.02 (12) 0.032
γ16,2(Th) 281.42 (5) 0.013 M1 1.005 (14) 0.0063
γ13,1(Th) 282.94 (5) 0.013 [M1] 0.990 (14) 0.0063
γ17,2(Th) 289.56 (4) 0.0142 [M1] 0.929 (13) 0.0074
γ18,2(Th) 291.65 (3) 0.042 (6) [E1] 0.0396 (6) 0.040 (6)
γ11,0(Th) 301.7 (1) 0.01 M1 0.829 (12) 0.0053
γ15,1(Th) 310.69 (6) 0.011 (E2) 0.1517 (22) 0.0094
γ12,0(Th) 317.10 (8) 0.0019 M1 0.723 (11) 0.0011
γ17,1(Th) 343.5 (2) 0.0032 0.0032
γ18,1(Th) 345.92 (3) 0.041 (6) [E1] 0.0272 (4) 0.040 (6)
γ15,0(Th) 350 (5) 0.009 M1 0.552 (24) 0.006
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ19,2(Th) 356.03 (5) 0.0054 [E1] 0.0255 (4) 0.0053
γ18,0(Th) 387.84 (3) 0.041 (6) [E1] 0.0213 (3) 0.040 (6)
γ21,5(Th) 390.27 (20) 0.040 (1) 0.040 (1)
γ19,1(Th) 410.29 (4) 0.0033 [E1] 0.0189 (3) 0.0032
γ22,4(Th) 448.40 (6) 0.0011 0.0011
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1 Half-life, Q-value and Decay mode

T1/2 : 23.43 (6) ×106 y

Qα : 4573.1 (9) keV
α : 100 %
SF : ∼9 ×10−8 %

2 α Emissions

Energy Probability
keV × 100

α0,3 4168 0.00014 (5)
α0,2 4332 (8) 0.149 (22)
α0,1 4445 (5) 26.1 (40)
α0,0 4494 (3) 73.8 (40)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Th) 5.8 - 20.3 10.1 (12)

eAK (Th) 0.000139 (30)
KLL 68.406 - 76.745 }
KLX 83.857 - 93.345 }
KXY 99.29 - 109.64 }

ec1,0 L (Th) 28.99 - 33.20 19.2 (29)
ec1,0 M (Th) 44.28 - 46.13 5.3 (8)
ec1,0 N (Th) 48.13 - 49.12 1.41 (21)
ec2,1 L (Th) 92.32 - 96.50 0.092 (15)
ec2,1 M (Th) 107.61 - 109.46 0.0253 (41)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Th) 11.118 — 19.599 9.4 (10)

XKα2 (Th) 89.954 0.00128 (22) } Kα
XKα1 (Th) 93.351 0.0021 (4) }

XKβ3 (Th) 104.819 }
XKβ1 (Th) 105.604 } 0.00074 (13) Kβ

′
1

XKβ
′′
5 (Th) 106.239 }
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Energy Photons
keV per 100 disint.

XKβ2 (Th) 108.509 }
XKβ4 (Th) 108.955 } 0.00025 (5) Kβ

′
2

XKO2,3 (Th) 109.442 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Th) 49.46 (10) 26.3 (40) E2 324 (10) 0.081 (12)
γ2,1(Th) 112.79 (10) 0.150 (24) E2 6.67 (20) 0.0195 (31)
γ3,2(Th) 171.15 (20) 0.000142 (48) E2 1.186 (36) 0.000065 (22)
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M.-M.Bé, C.Dulieu, SAISINUC 2000 Manual, CEA/LNE-LNHB (2006)

(Evaluation software)

IFIN-HH /A. Luca



300

U − 236

IFIN-HH /A. Luca



301

U − 237

1 Half-life, Q-value and Decay mode

T1/2 : 6.749 (16) d

Qβ− : 518.6 (6) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−
0,9 147.7 (6) 1.3 (9) Allowed 7.32

β−
0,7 186.2 (6) 2.9 (9) Super-allowed 7.28

β−
0,6 237.2 (6) 48.2 (25) 1st forbidden 6.39

β−
0,5 251.1 (6) 40.9 (31) 1st forbidden 6.54

β−
0,2 459.1 (6) 7 (4) 1st forbidden unique 8.1

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Np) 5.04 - 13.52 58.5 (21)

eAK (Np) 1.49 (21)
KLL 73.50 - 83.13 }
KLX 90.36 - 97.28 }
KXY 107.10 - 114.58 }

ec2,1 L (Np) 3.918 - 8.731 14.6 (50)
ec6,5 M (Np) 8.07 - 10.15 36.0 (19)
ec1,0 L (Np) 10.769 - 15.586 17.0 (23)
ec6,5 N (Np) 12.31 - 13.41 9.79 (43)
ec9,7 L (Np) 16.11 - 20.93 0.7 (7)
ec3,1 L (Np) 20.277 - 25.094 0.47
ec2,1 M (Np) 20.606 - 22.681 3.9 (5)
ec4,2 L (Np) 20.996 - 25.813 3.2 (5)
ec1,0 M (Np) 27.457 - 29.532 4.3 (7)
ec7,6 L (Np) 28.58 - 33.40 0.19 (8)
ec1,0 N (Np) 31.695 - 32.793 1.16 (17)
ec9,7 M (Np) 32.80 - 34.88 0.2 (2)
ec3,1 M (Np) 36.965 - 39.040 0.12
ec9,7 N (Np) 37.04 - 38.14 0.05 (5)
ec2,0 L (Np) 37.114 - 41.931 28.6 (22)
ec4,2 M (Np) 37.684 - 39.759 0.84 (14)
ec3,1 N (Np) 41.203 - 42.301 0.032
ec4,2 N (Np) 41.92 - 43.02 0.233 (37)
ec7,5 L (Np) 42.40 - 47.22 0.387 (9)
ec7,6 M (Np) 45.27 - 47.35 0.0479 (21)
ec5,4 K (Np) 45.94 (2) 0.363 (9)
ec7,6 N (Np) 49.51 - 50.61 0.0127 (6)
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Energy Electrons Energy
keV per 100 disint. keV

ec3,0 L (Np) 53.4 - 58.2 0.0354 (7)
ec2,0 M (Np) 53.802 - 55.877 7.7 (3)
ec2,0 N (Np) 58.040 - 59.138 0.846 (24)
ec7,5 M (Np) 59.09 - 61.17 0.096 (2)
ec7,5 N (Np) 63.33 - 64.43 0.0255 (5)
ec5,2 K (Np) 89.331 (10) 50.1 (13)
ec5,1 K (Np) 115.73 (4) 0.114 (5)
ec5,4 L (Np) 142.18 - 147.00 2.04 (5)
ec5,0 K (Np) 148.87 (4) 0.53 (3)
ec5,4 M (Np) 158.87 - 160.95 0.565 (14)
ec5,4 N (Np) 163.11 - 164.21 0.1546 (33)
ec5,2 L (Np) 185.573 - 190.390 10.1 (3)
ec5,2 M (Np) 202.261 - 204.336 2.45 (7)
ec5,2 N (Np) 206.499 - 207.597 0.662 (14)
ec5,1 L (Np) 211.97 - 216.79 0.040 (2)
ec7,0 K (Np) 213.69 (4) 0.0757 (18)
ec8,1 K (Np) 216.71 (4) 0.052 (7)
ec5,1 M (Np) 228.66 - 230.74 0.0105 (5)
ec5,0 L (Np) 245.11 - 249.93 0.172 (9)
ec8,0 K (Np) 249.92 (4) 0.0206 (9)
ec9,0 K (Np) 252.259 (23) 0.046 (7)
ec5,0 M (Np) 261.80 - 263.88 0.045 (3)
ec5,0 N (Np) 266.055 - 267.153 0.0123 (7)
ec7,0 L (Np) 309.93 - 314.75 0.0733 (17)
ec8,1 L (Np) 312.95 - 317.77 0.0108 (3)
ec7,0 M (Np) 326.62 - 328.70 0.0197 (5)

β−
0,9 max: 147.7 (6) 1.3 (9) avg: 39.0 (2)

β−
0,7 max: 186.2 (6) 2.9 (9) avg: 49.8 (2)

β−
0,6 max: 237.2 (6) 48.2 (25) avg: 64.5 (2)

β−
0,5 max: 251.1 (6) 40.9 (31) avg: 68.6 (2)

β−
0,2 max: 459.1 (6) 7 (4) avg: 137.6 (2)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Np) 11.89 — 22.2 59.0 (21)

XKα2 (Np) 97.069 14.8 (4) } Kα
XKα1 (Np) 101.059 23.5 (6) }

XKβ3 (Np) 113.303 }
XKβ1 (Np) 114.234 } 8.57 (27) Kβ

′
1

XKβ
′′
5 (Np) 114.912 }
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Energy Photons
keV per 100 disint.

XKβ2 (Np) 117.476 }
XKβ4 (Np) 117.876 } 2.95 (10) Kβ

′
2

XKO2,3 (Np) 118.429 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ6,5(Np) 13.81 (2) 48.8 (25) M1+0.1%E2 492 (16) 0.099 (4)
γ2,1(Np) 26.34463 (24) 22 (5) E1 8 (2) 2.43 (6)
γ1,0(Np) 33.19629 (22) 23 (3) M1+1.66%E2 175 (24) 0.130 (5)
γ9,7(Np) 38.54 (3) 0.9 (9) M1+15%E2 280 (210) 0.0033 (20)
γ3,1(Np) 42.704 (5) 0.65 M1+1.66%E2 75 (9) 0.0085
γ4,2(Np) 43.420 (3) 4.3 (7) M1+16.8%E2 180 (23) 0.024 (2)
γ7,6(Np) 51.01 (3) 0.596 (25) E1 0.753 (15) 0.340 (14)
γ2,0(Np) 59.54091 (10) 73.7 (31) E1 1.16 (7) 34.1 (9)
γ7,5(Np) 64.83 (2) 1.800 (26) E1 0.400 (8) 1.286 (17)
γ4,1(Np) 69.76 (3) 0.0013 (3) (E1) 0.330 (7) 0.00095 (19)
γ3,0(Np) 75.899 (5) 0.05 (E2) 53.4 (11) 0.00091
γ4,0(Np) 102.959 (3) 0.0072 (10) E1 0.119 (3) 0.0064 (9)
γ5,4(Np) 164.61 (2) 5.02 (11) E2 1.70 (4) 1.86 (3)
γ5,2(Np) 208.00 (1) 84.8 (19) M1+2.4%E2 2.98 (7) 21.3 (3)
γ6,2(Np) 221.80 (4) 0.0316 (13) E2 0.547 (11) 0.0204 (8)
γ5,1(Np) 234.40 (4) 0.189 (8) M2 8.24 (16) 0.0205 (8)
γ5,0(Np) 267.556 (12) 1.5 (4) E1+19.4%M2 1.06 (6) 0.721 (10)
γ8,3(Np) 292.77 (6) 0.0030 (9) (E2) 0.215 (4) 0.0025 (7)
γ8,2(Np) 309.1 (3) 0.00028 (E1) 0.0377 (8) 0.00027
γ7,0(Np) 332.376 (16) 1.374 (19) E2 0.146 (3) 1.199 (16)
γ8,1(Np) 335.38 (4) 0.162 (9) M1+17.5%E2 0.69 (8) 0.0958 (22)
γ9,1(Np) 337.7 (2) 0.0101 (6) (E2) 0.139 (3) 0.0089 (5)
γ−1,2(Np) 340.45 0.0016 (3) 0.0016 (3)
γ8,0(Np) 368.602 (20) 0.0675 (28) M1(+E2) 0.622 (13) 0.0416 (17)
γ9,0(Np) 370.928 (23) 0.167 (8) M1+15.6%E2 0.53 (7) 0.109 (2)
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1 Half-life, Q-value and Decay mode

T1/2 : 4.468 (5) ×109 y

Qα : 4269.7 (29) keV
α : 100 %
SF : 5.45 (4) ×10−5 %

2 α Emissions

Energy Probability
keV × 100

α0,2 4038 (5) 0.13 (3)
α0,1 4151 (5) 22.33 (50)
α0,0 4198 (3) 77.54 (50)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Th) 5.8 - 20.3 8.43 (25)

eAK (Th) 0.00012 (4)
KLL 68.406 - 76.745 }
KLX 83.857 - 93.345 }
KXY 99.29 - 109.64 }

ec1,0 L (Th) 29.08 - 33.20 16.3 (8)
ec1,0 M (Th) 44.37 - 46.22 4.46 (21)
ec1,0 N (Th) 48.22 - 49.22 1.19 (6)
ec2,1 L (Th) 93.0 - 97.2 0.080 (22)
ec2,1 M (Th) 108.3 - 110.2 0.022 (6)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Th) 11.118 — 19.504 7.94 (28)

XKα2 (Th) 89.954 0.00109 (30) } Kα
XKα1 (Th) 93.351 0.0018 (5) }

XKβ3 (Th) 104.819 }
XKβ1 (Th) 105.604 } 0.00063 (17) Kβ

′
1

XKβ
′′
5 (Th) 106.239 }

XKβ2 (Th) 108.509 }
XKβ4 (Th) 108.955 } 0.00021 (6) Kβ

′
2

XKO2,3 (Th) 109.442 }
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306

U − 238

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Th) 49.55 (6) 22.5 (5) E2 321 (10) 0.0697 (26)
γ2,1(Th) 113.5 (1) 0.13 (3) [E2] 6.47 (19) 0.0174 (47)
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1 Half-life, Q-value and Decay mode

T1/2 : 23.46 (5) min

Qβ− : 1261.5 (16) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−
0,32 164.5 (16) 0.0060 (5)

β−
0,31 212.3 (16) 0.0059 (4)

β−
0,30 221.1 (16) 0.0077 (4)

β−
0,29 247.9 (16) 0.0074 (4)

β−
0,28 269.3 (16) 0.0262 (9)

β−
0,27 295.0 (16) 0.0008 (2)

β−
0,26 297.3 (16) 0.211 (3)

β−
0,25 302.3 (16) 0.0284 (7) 1st forbidden

β−
0,24 398.1 (16) 0.0005 (2)

β−
0,23 412.0 (16) 0.0264 (4) 1st forbidden

β−
0,22 417.4 (16) 0.215 (3)

β−
0,21 442.2 (16) 0.228 (3)

β−
0,18 566.3 (16) 0.0118 (11)

β−
0,17 599.2 (16) 0.261 (6) 1st forbidden 7.35

β−
0,15 697.6 (16) 0.0247 (7)

β−
0,14 731.2 (16) 0.0029 (4)

β−
0,13 743.5 (16) 0.063 (2)

β−
0,12 787.1 (16) 0.0033 (4)

β−
0,4 1143.9 (16) 2.2 (4) 1st forbidden 7.4

β−
0,3 1186.5 (16) 72.8 (19) 1st forbidden 5.91

β−
0,1 1230.4 (16) 9.4 (15) Allowed 6.83

β−
0,0 1261.5 (16) 14.4 (22) Allowed 6.7

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Np) 6.04 - 13.12 14.7 (7)

eAK (Np) 0.0091 (13)
KLL 73.501 - 83.134 }
KLX 90.358 - 101.054 }
KXY 107.19 - 118.66 }

ec1,0 L (Np) 8.704 - 13.520 14.0 (11)
ec4,3 L (Np) 20.7 - 25.5 1.48 (28)
ec3,1 L (Np) 21.106 - 25.920 3.72 (25)
ec1,0 M (Np) 25.392 - 27.467 3.6 (3)
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Energy Electrons Energy
keV per 100 disint. keV

ec1,0 N (Np) 29.630 - 30.728 0.99 (8)
ec4,3 M (Np) 37.4 - 39.4 0.39 (8)
ec3,1 M (Np) 37.794 - 39.869 0.94 (6)
ec4,3 N (Np) 41.6 - 42.7 0.10 (13)
ec3,1 N (Np) 42.032 - 43.130 0.248 (16)
ec2,0 L (Np) 48.78 - 53.60 0.115 (21)
ec3,0 L (Np) 52.237 - 57.050 10.7 (3)
ec2,0 M (Np) 65.47 - 67.55 0.032 (3)
ec8,3 K (Np) 67.48 (4) 0.049 (46)
ec10,8 K (Np) 68.61 (8) 0.010 (9)
ec3,0 M (Np) 68.925 - 71.000 2.64 (8)
ec3,0 N (Np) 73.163 - 74.261 0.704 (21)
ec8,3 L (Np) 163.72 - 168.54 0.0186 (6)

β−
0,32 max: 164.5 (16) 0.0060 (5) avg: 43.7 (5)

β−
0,31 max: 212.3 (16) 0.0059 (4) avg: 57.3 (5)

β−
0,30 max: 221.1 (16) 0.0077 (4) avg: 59.9 (5)

β−
0,29 max: 247.9 (16) 0.0074 (4) avg: 67.6 (5)

β−
0,28 max: 269.3 (16) 0.0262 (9) avg: 74.0 (5)

β−
0,27 max: 295.0 (16) 0.0008 (2) avg: 81.7 (5)

β−
0,26 max: 297.3 (16) 0.211 (3) avg: 82.4 (5)

β−
0,25 max: 302.3 (16) 0.0284 (7) avg: 83.9 (5)

β−
0,24 max: 398.1 (16) 0.0005 (2) avg: 113.4 (5)

β−
0,23 max: 412.0 (16) 0.0264 (4) avg: 117.8 (5)

β−
0,22 max: 417.4 (16) 0.215 (3) avg: 119.6 (5)

β−
0,21 max: 442.2 (16) 0.228 (3) avg: 127.4 (5)

β−
0,18 max: 566.3 (16) 0.0118 (11) avg: 168.0 (5)

β−
0,17 max: 599.2 (16) 0.261 (6) avg: 179.0 (5)

β−
0,15 max: 697.6 (16) 0.0247 (7) avg: 212.6 (5)

β−
0,14 max: 731.2 (16) 0.0029 (4) avg: 224.3 (5)

β−
0,13 max: 743.5 (16) 0.063 (2) avg: 228.6 (5)

β−
0,12 max: 787.1 (16) 0.0033 (4) avg: 244.0 (5)

β−
0,4 max: 1143.9 (16) 2.2 (4) avg: 374.0 (5)

β−
0,3 max: 1186.5 (16) 72.8 (19) avg: 390.4 (5)

β−
0,1 max: 1230.4 (16) 9.4 (15) avg: 406.8 (5)

β−
0,0 max: 1261.5 (16) 14.4 (22) avg: 418.6 (5)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Np) 11.871 — 21.491 16.1 (5)

XKα2 (Np) 97.069 0.091 (3) } Kα
XKα1 (Np) 101.059 0.144 (5) }
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Energy Photons
keV per 100 disint.

XKβ3 (Np) 113.303 }
XKβ1 (Np) 114.234 } 0.052 (2) Kβ

′
1

XKβ
′′
5 (Np) 114.912 }

XKβ2 (Np) 117.463 }
XKβ4 (Np) 117.876 } 0.018 (1) Kβ

′
2

XKO2,3 (Np) 118.429 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Np) 31.1310 (12) 19.0 (14) M1+E2 263 (13) 0.072 (4)
γ4,3(Np) 43.06 (2) 2.0 (4) M1+E2 154 (18) 0.013 (2)
γ3,1(Np) 43.533 (1) 9.3 (6) E1 1.14 (3) 4.35 (28)
γ−1,1(Np) 46.6 0.009 (4) 0.009 (4)
γ6,4(Np) 55.37 (5) 0.0076 (25) M1+E2 90 (30) 0.0000836 (20)
γ2,0(Np) 71.210 (2) 0.141 (4) E2 71.9 (14) 0.00193 (4)
γ3,0(Np) 74.664 (1) 65.8 (17) E1 0.276 (6) 51.6 (13)
γ4,1(Np) 86.72 (7) 0.065 (6) E1 0.186 (4) 0.055 (5)
γ15,11(Np) 111.0 (2) 0.0202 (5) 0.0202 (5)
γ4,0(Np) 117.727 (20) 0.123 (10) E1 0.0841 (17) 0.113 (9)
γ−1,2(Np) 134.71 (13) 0.0019 (3) 0.0019 (3)
γ−1,3(Np) 142.5 (1) 0.0045 (6) 0.0045 (6)
γ7,2(Np) 170.15 (5) 0.031 (1) 0.031 (1)
γ−1,4(Np) 174.07 (6) 0.0097 (3) 0.0097 (3)
γ8,3(Np) 186.15 (4) 0.10 (5) [M1+E2] 2.6 (16) 0.0288 (7)
γ10,8(Np) 187.28 (8) 0.020 (9) [M1+E2] 2.6 (16) 0.0056 (3)
γ9,7(Np) 197.28 (12) 0.0024 (3) 0.0024 (3)
γ24,17(Np) 201.18 (6) 0.0005 (2) 0.0005 (2)
γ−1,5(Np) 220.52 (4) 0.0282 (7) 0.0282 (7)
γ−1,6(Np) 236.28 (14) 0.00092 (18) 0.00092 (18)
γ21,16(Np) 239.86 (5) 0.00087 (23) 0.00087 (23)
γ21,15(Np) 255.37 (5) 0.0011 (2) 0.0011 (2)
γ30,19(Np) 258.44 (6) 0.00073 (18) 0.00073 (18)
γ8,0(Np) 260.80 (2) 0.00310 (21) [E1] 0.0549 (11) 0.0031 (2)
γ−1,7(Np) 262.89 (19) 0.0008 (3) 0.0008 (3)
γ−1,8(Np) 265.44 (17) 0.0009 (3) 0.0009 (3)
γ28,18(Np) 296.93 (13) 0.0024 (8) [M1+E2] 0.7 (5) 0.0014 (2)
γ26,17(Np) 301.95 (3) 0.0018 (7) [M1+E2] 0.6 (5) 0.0011 (3)
γ32,20(Np) 312.05 (3) 0.0006 0.0006
γ22,13(Np) 326.21 (7) 0.0044 (2) 0.0044 (2)
γ−1,9(Np) 330.14 (14) 0.00069 (13) 0.00069 (13)
γ−1,10(Np) 332.06 (14) 0.0012 (2) 0.0012 (2)
γ30,18(Np) 345.13 (8) 0.0039 (2) 0.0039 (2)
γ−1,11(Np) 348.23 (18) 0.0007 (3) 0.0007 (3)
γ−1,12(Np) 351.33 (15) 0.0007 (2) 0.0007 (2)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ−1,13(Np) 361.83 (8) 0.0044 (3) 0.0044 (3)
γ10,3(Np) 373.51 (4) 0.034 (10) [M1+E2] 0.35 (22) 0.025 (6)
γ11,3(Np) 378.06 (6) 0.0101 (4) 0.0101 (4)
γ11,2(Np) 381.27 (16) 0.0006 (2) 0.0006 (2)
γ−1,14(Np) 393.01 (18) 0.0006 (2) 0.0006 (2)
γ25,15(Np) 395.19 (11) 0.0021 (2) 0.0021 (2)
γ12,3(Np) 399.13 (13) 0.0016 (3) 0.0016 (3)
γ−1,15(Np) 400.55 (15) 0.0009 (2) 0.0009 (2)
γ−1,16(Np) 404.84 (18) 0.0009 (3) 0.0009 (3)
γ32,17(Np) 434.71 (4) 0.00122 (20) (E1) 0.0184 (4) 0.0012 (2)
γ−1,17(Np) 445.81 (12) 0.0011 (2) 0.0011 (2)
γ10,0(Np) 448.18 (2) 0.00920 (31) [E1] 0.0173 (4) 0.0090 (3)
γ−1,18(Np) 452.17 (12) 0.0016 (2) 0.0016 (2)
γ14,3(Np) 455.63 (6) 0.0008 (3) 0.0008 (3)
γ12,0(Np) 474.36 (6) 0.0017 (2) 0.0017 (2)
γ−1,19(Np) 478.13 (19) 0.00055 (23) 0.00055 (23)
γ−1,20(Np) 479.55 (14) 0.0010 (2) 0.0010 (2)
γ13,1(Np) 486.87 (3) 0.0627 (14) [E1] 0.0147 (4) 0.0618 (14)
γ−1,21(Np) 490.33 (13) 0.0007 (1) 0.0007 (1)
γ15,2(Np) 492.76 (7) 0.0050 (2) 0.0050 (2)
γ14,1(Np) 499.1 (1) 0.0021 (2) 0.0021 (2)
γ−1,22(Np) 502.12 (17) 0.0006 (2) 0.0006 (2)
γ16,3(Np) 504.76 (8) 0.00545 (31) [E2] 0.0488 (10) 0.0052 (3)
γ−1,23(Np) 506.80 (14) 0.0010 (2) 0.0010 (2)
γ13,0(Np) 518.00 (2) 0.00456 (30) [E1] 0.01300 (19) 0.0045 (3)
γ18,6(Np) 522.12 (10) 0.00274 (33) [M1+E2] 0.14 (10) 0.0024 (2)
γ15,1(Np) 532.86 (10) 0.0023 (2) 0.0023 (2)
γ−1,24(Np) 541.32 (10) 0.0029 (3) 0.0029 (3)
γ17,4(Np) 544.48 (9) 0.0041 (5) [M1+E2] 0.13 (9) 0.0036 (3)
γ16,1(Np) 547.99 (12) 0.00202 (30) [E1] 0.01170 (24) 0.0020 (3)
γ−1,25(Np) 558.46 (17) 0.0006 (2) 0.0006 (2)
γ29,11(Np) 560.63 (7) 0.0058 (3) 0.0058 (3)
γ15,0(Np) 563.89 (4) 0.0004 (2) 0.0004 (2)
γ−1,26(Np) 567.88 (18) 0.0004 (1) 0.0004 (1)
γ−1,27(Np) 575.27 (5) 0.0131 (4) 0.0131 (4)
γ−1,28(Np) 577.15 (14) 0.0014 (3) 0.0014 (3)
γ−1,29(Np) 585.49 (14) 0.0012 (2) 0.0012 (2)
γ17,3(Np) 587.62 (2) 0.0214 (15) [M1+E2] 0.11 (7) 0.0193 (5)
γ23,8(Np) 588.70 (8) 0.0055 (3) 0.0055 (3)
γ−1,30(Np) 591.82 (19) 0.0009 (4) 0.0009 (4)
γ−1,31(Np) 599.13 (15) 0.0007 (2) 0.0007 (2)
γ−1,32(Np) 602.79 (8) 0.0048 (3) 0.0048 (3)
γ−1,33(Np) 604.85 (6) 0.00096 (27) 0.00096 (27)
γ23,7(Np) 607.96 (15) 0.0013 (3) 0.0013 (3)
γ−1,34(Np) 614.53 (17) 0.0006 (2) 0.0006 (2)
γ−1,35(Np) 618.03 (16) 0.0007 (2) 0.0007 (2)
γ18,2(Np) 624.11 (7) 0.00626 (30) [E1] 0.0091 (2) 0.0062 (3)
γ−1,36(Np) 629.00 (11) 0.0027 (3) 0.0027 (3)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ17,1(Np) 631.10 (3) 0.0676 (20) [E1] 0.00892 (17) 0.067 (2)
γ32,11(Np) 644.253 (30) 0.0019 (4) 0.0019 (4)
γ21,6(Np) 646.26 (10) 0.0029 (3) 0.0029 (3)
γ−1,37(Np) 649.79 (19) 0.0009 (4) 0.0009 (4)
γ17,0(Np) 662.28 (2) 0.171 (5) [E1] 0.00815 (16) 0.170 (5)
γ18,1(Np) 664.17 (9) 0.00544 (40) [E1] 0.00811 (16) 0.0054 (4)
γ−1,38(Np) 668.76 (18) 0.00055 (18) 0.00055 (18)
γ−1,39(Np) 670.88 (20) 0.0006 (3) 0.0006 (3)
γ−1,40(Np) 691.01 (6) 0.0074 (3) 0.0074 (3)
γ−1,41(Np) 692.61 (13) 0.0016 (3) 0.0016 (3)
γ18,0(Np) 695.23 (2) 0.00363 (30) [E1] 0.00745 (15) 0.0036 (3)
γ−1,42(Np) 701.21 (10) 0.0024 (2) 0.0024 (2)
γ26,8(Np) 703.63 (10) 0.00235 (20) [E2] 0.0234 (5) 0.0023 (2)
γ19,3(Np) 707.38 (9) 0.0022 (2) 0.0022 (2)
γ20,3(Np) 710.35 (15) 0.003 0.003
γ−1,43(Np) 714.22 (9) 0.0030 (3) 0.0030 (3)
γ26,7(Np) 722.85 (4) 0.0276 (7) [E2] 0.0222 (4) 0.0270 (7)
γ23,5(Np) 727.52 (10) 0.0026 (3) 0.0026 (3)
γ−1,44(Np) 730.95 (6) 0.0090 (3) 0.0090 (3)
γ−1,45(Np) 746.06 (11) 0.0043 (5) 0.0043 (5)
γ21,2(Np) 748.09 (3) 0.0890 (4) 0.0890 (4)
γ29,8(Np) 752.84 (8) 0.0013 (3) 0.0013 (3)
γ−1,46(Np) 764.04 (11) 0.0026 (3) 0.0026 (3)
γ−1,47(Np) 768.15 (11) 0.0020 (2) 0.0020 (2)
γ−1,48(Np) 769.52 (17) 0.0004 (1) 0.0004 (1)
γ22,2(Np) 772.94 (9) 0.0029 (2) 0.0029 (2)
γ23,3(Np) 774.77 (4) 0.015 (4) 0.015 (4)
γ30,8(Np) 779.57 (14) 0.0006 (1) 0.0006 (1)
γ21,1(Np) 788.19 (7) 0.0049 (2) 0.0049 (2)
γ26,6(Np) 791.13 (5) 0.0075 (2) 0.0075 (2)
γ−1,49(Np) 795.13 (15) 0.0008 (2) 0.0008 (2)
γ22,1(Np) 812.89 (3) 0.0685 (3) 0.0685 (3)
γ21,0(Np) 819.26 (3) 0.129 (3) 0.129 (3)
γ−1,50(Np) 829.59 (17) 0.00046 (13) 0.00046 (13)
γ−1,51(Np) 831.89 (9) 0.0021 (2) 0.0021 (2)
γ25,4(Np) 841.45 (4) 0.0025 (4) 0.0025 (4)
γ22,0(Np) 844.10 (3) 0.139 (3) 0.139 (3)
γ26,4(Np) 846.39 (4) 0.0324 (13) [M1+E2] 0.04 (3) 0.0312 (8)
γ23,0(Np) 849.44 (9) 0.0020 (2) 0.0020 (2)
γ−1,52(Np) 862.56 (18) 0.0004 (1) 0.0004 (1)
γ30,6(Np) 867.11 (11) 0.00076 (8) 0.00076 (8)
γ28,5(Np) 869.57 (9) 0.0016 (1) 0.0016 (1)
γ28,4(Np) 874.43 (3) 0.00343 (22) [M1+E2] 0.038 (23) 0.0033 (2)
γ25,3(Np) 884.45 (5) 0.0086 (2) 0.0086 (2)
γ25,2(Np) 887.97 (3) 0.0023 (2) 0.0023 (2)
γ26,3(Np) 889.49 (4) 0.0217 (7) [M1+E2] 0.036 (22) 0.0209 (5)
γ27,2(Np) 895.15 (15) 0.0008 (2) 0.0008 (2)
γ−1,53(Np) 913.68 (9) 0.0019 (1) 0.0019 (1)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ28,3(Np) 917.40 (8) 0.00279 (12) [M1+E2] 0.034 (22) 0.0027 (1)
γ28,2(Np) 920.95 (8) 0.00261 (10) [E1] 0.00450 (9) 0.0026 (1)
γ30,4(Np) 922.83 (13) 0.0006 (1) 0.0006 (1)
γ25,1(Np) 928.05 (3) 0.0051 (2) 0.0051 (2)
γ31,4(Np) 931.51 (5) 0.00547 (33) [M1+E2] 0.032 (19) 0.0053 (3)
γ26,1(Np) 933.09 (3) 0.0263 (6) [E1] 0.00439 (9) 0.0262 (6)
γ29,3(Np) 938.98 (8) 0.00031 (8) 0.00031 (8)
γ−1,54(Np) 948.88 (19) 0.00024 (10) 0.00024 (10)
γ25,0(Np) 959.18 (3) 0.0078 (3) 0.0078 (3)
γ28,1(Np) 960.99 (5) 0.01054 (30) [E1] 0.00417 (9) 0.0105 (3)
γ26,0(Np) 964.23 (2) 0.0909 (20) [E1] 0.00415 (8) 0.0905 (20)
γ−1,55(Np) 970.07 (14) 0.0009 (2) 0.0009 (2)
γ31,3(Np) 974.58 (4) 0.00040 (8) [E2] 0.0123 (5) 0.00040 (8)
γ−1,56(Np) 988.51 (14) 0.00044 (9) 0.00044 (9)
γ28,0(Np) 992.16 (2) 0.00281 (10) [E1] 0.00395 (8) 0.0028 (1)
γ−1,57(Np) 1002.40 (13) 0.00049 (9) 0.00049 (9)
γ−1,58(Np) 1005.27 (13) 0.0006 (1) 0.0006 (1)
γ−1,59(Np) 1009.38 (18) 0.0003 (1) 0.0003 (1)
γ30,0(Np) 1040.37 (4) 0.0011 (1) 0.0011 (1)
γ32,1(Np) 1065.76 (12) 0.00060 (8) [M1+E2] 0.023 (13) 0.00059 (8)
γ32,0(Np) 1096.99 (3) 0.00164 (10) [M1+E2] 0.022 (13) 0.0016 (1)
γ−1,60(Np) 1101.99 (16) 0.00031 (1) 0.00031 (1)
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1 Half-life, Q-value and Decay mode

T1/2 : 1.55 (8) ×105 y

Qβ− : 480 (50) keV
QEC : 930 (50) keV
Qα : 5010 (50) keV
EC : 87.8 (6) %
β− : 12.0 (6) %
α : 0.2 (6) %

2 Electron Capture Transitions

Energy Probability Nature log ft PK PL PM+

keV × 100

ε0,6 82 (50) ∼0.096 allowed 14.6 0.6 0.4
ε0,3 620 (50) 87.8 (43) 1st forbidden 14.1 0.726 (8) 0.201 (5) 0.073 (2)
ε0,2 781 (50) <4.4 1st forbidden unique >15.9 0.74 0.19 0.07

3 β− Transitions

Energy Probability Nature log ft
keV × 100

β−
0,3 174 (50) 11.8 (12) 1st forbidden 14.5

β−
0,2 333 (50) <1.6 1st forbidden unique >16

4 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (U) 6.07 - 21.68 128.8 (19)

eAK (U) 2.1 (3)
KLL 71.78 - 80.95 }
KLX 88.15 - 98.43 }
KXY 104.51 - 115.59 }

eAL (Pu) 6.19 - 23.10 10.7 (3)

eAK (Pu) 0.021 (4)
KLL 75.26 - 85.36 }
KLX 92.61 - 103.73 }
KXY 109.93 - 121.78 }

ec1,0 L (Pu) 21.53 - 26.57 8.7 (5)
ec1,0 M (Pu) 38.70 - 40.86 2.42 (14)
ec2,1 L (Pu) 79.72 - 84.76 8.1 (6)
ec2,1 M (Pu) 96.89 - 99.04 2.28 (18)
ec3,2 K (Pu) 36.56 (2) 0.73 (8)
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Energy Electrons Energy
keV per 100 disint. keV

ec3,2 L (Pu) 135.25 - 140.29 5.4 (6)
ec3,2 M (Pu) 152.42 - 154.57 1.50 (16)

ec1,0 L (U) 23.486 - 28.076 63.9 (19)
ec1,0 M (U) 39.696 - 41.690 17.7 (5)
ec2,1 L (U) 82.475 - 87.065 58.6 (16)
ec2,1 M (U) 98.685 - 100.680 16.25 (47)
ec3,2 K (U) 44.706 (3) 6.6 (3)
ec3,2 L (U) 138.55 - 143.14 36.0 (18)
ec3,2 M (U) 154.76 - 156.76 10.0 (5)

β−
0,3 max: 174 (50) 11.8 (12) avg: 46 (15)

β−
0,2 max: 333 (50) 1.6 avg: 92 (16)

5 Photon Emissions

5.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (U) 11.619 — 20.714 117.5 (30)

XKα2 (U) 94.666 20.2 (3) } Kα
XKα1 (U) 98.44 32.4 (5) }

XKβ3 (U) 110.421 }
XKβ1 (U) 111.298 } 11.69 (25) Kβ

′
1

XKβ
′′
5 (U) 111.964 }

XKβ2 (U) 114.407 }
XKβ4 (U) 115.012 } 4.00 (11) Kβ

′
2

XKO2,3 (U) 115.377 }

XL (Pu) 12.1246 — 21.984 12.1 (4)

XKα2 (Pu) 99.525 0.212 (23) } Kα
XKα1 (Pu) 103.734 0.33 (4) }

XKβ3 (Pu) 116.244 }
XKβ1 (Pu) 117.228 } 0.123 (14) Kβ

′
1

XKβ
′′
5 (Pu) 117.918 }

XKβ2 (Pu) 120.54 }
XKβ4 (Pu) 120.969 } 0.043 (5) Kβ

′
2

XKO2,3 (Pu) 121.543 }
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5.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Pu) 44.63 (10) 11.9 (7) E2 741 (15) 0.0161 (9)
γ1,0(U) 45.244 (2) 87.8 (6) E2 589 (12) 0.149 (3)
γ5,4(U) 56.6 (5) ∼0.08 (E2) 199 (10) ∼0.0004
γ2,1(Pu) 102.82 (2) 12.0 (6) E2 13.87 (28) 0.81 (6)
γ6,5(U) 104.1 (10) ∼0.096 E2 11.1 (6) ∼0.008
γ2,1(U) 104.234 (6) 87.8 (6) E2 10.99 (22) 7.32 (13)
γ3,2(Pu) 158.35 (3) 11.8 (12) E2 2.14 (4) 3.8 (4)
γ3,2(U) 160.307 (3) 87.8 (43) E2 1.76 (4) 31.8 (15)
γ4,2(U) 538.1 (1) ∼0.0008 E3 0.143 (3) ∼0.0007
γ5,2(U) 594.5 (3) ∼0.008 ∼0.008
γ4,1(U) 642.34 (5) ∼0.068 E1+(M2+E3) 0.15 (2) ∼0.059
γ4,0(U) 687.60 (5) ∼0.021 E1+(M2+E3) 0.31 (2) ∼0.016
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1 Half-life, Q-value and Decay mode

T1/2 : 22.5 (4) h

Qβ− : 537 (8) keV
QEC : 993 (13) keV
EC : 53 (1) %
β− : 47 (1) %

2 Electron Capture Transitions

Energy Probability Nature log ft PK PL PM+

keV × 100

ε0,4 306 (13) 1.64 (9) 1st forbidden 7.3 0.621 (10) 0.274 (7) 0.105 (3)
ε0,1 948 (13) 8.3 (30) allowed 7.8 0.751 (1) 0.184 (1) 0.0652 (1)
ε0,0 993 (13) 43.1 (32) allowed 7.1 0.753 (1) 0.182 (1) 0.0646 (1)

3 β− Transitions

Energy Probability Nature log ft
keV × 100

β−
0,1 492 (8) 11 (4) Allowed 7.2

β−
0,0 537 (8) 36 (4) Allowed 6.8

4 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (U) 6.4 - 21.6 21.7 (15)

eAK (U) 1.03 (17)
KLL 71.776 - 80.954 }
KLX 88.153 - 98.429 }
KXY 104.51 - 115.59 }

eAL (Pu) 6.19 - 22.99 3.8 (14)

ec1,0 L (Pu) 21.53 - 26.57 8 (3)
ec1,0 M (Pu) 38.70 - 40.86 2.2 (8)

ec1,0 L (U) 23.484 - 28.074 6.9 (22)
ec1,0 M (U) 39.694 - 41.690 1.9 (6)
ec4,1 K (U) 526.75 (9) 0.121 (13)
ec4,1 L (U) 620.59 - 625.18 0.034 (4)
ec4,0 K (U) 572.00 (5) 0.064 (6)
ec4,0 L (U) 665.8 - 670.4 0.0199 (23)

β−
0,1 max: 492 (8) 11 (4) avg: 143 (3)

β−
0,0 max: 537 (8) 36 (4) avg: 158 (3)
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5 Photon Emissions

5.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (U) 11.618 — 20.714 21.3 (18)

XKα2 (U) 94.666 9.9 (10) } Kα
XKα1 (U) 98.44 15.8 (15) }

XKβ3 (U) 110.421 }
XKβ1 (U) 111.298 } 5.7 (6) Kβ

′
1

XKβ
′′
5 (U) 111.964 }

XKβ2 (U) 114.407 }
XKβ4 (U) 115.012 } 1.95 (15) Kβ

′
2

XKO2,3 (U) 115.377 }
XL (Pu) 12.124 — 21.984 4.2 (16)

5.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Pu) 44.63 (10) 11.2 (37) E2 743 (15) 0.015 (5)
γ1,0(U) 45.242 (3) 9.6 (30) E2 589 (12) 0.016 (5)
γ2,1(U) 104.234 (6) 0.0143 (17) E2 11.0 (2) 0.00119 (14)
γ4,2(U) 538.11 (10) 0.0143 (17) E3 0.143 (3) 0.0125 (15)
γ4,1(U) 642.35 (9) 1.24 (8) E1+(M2+E3) 0.15 (2) 1.08 (6)
γ4,0(U) 687.60 (5) 0.383 (28) E1 0.31 (2) 0.292 (21)
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1 Half-life, Q-value and Decay mode

T1/2 : 2.144 (7) ×106 y

Qα : 4958.3 (12) keV
α : 100 %

2 α Emissions

Energy Probability
keV × 100

α0,20 4515.1 (19) 0.038 (4)
α−1,1 4550.5 (22) 0.011 (3)
α0,18 4573 (3) 0.048 (23)
α0,17 4578.6 (14) 0.393 (23)
α0,16 4599.1 (18) 0.373 (9)
α0,15 4619.7 (21) 0.032 (8)
α0,14 4640 (1) 6.43 (3)
α0,13 4665.0 (9) 3.46 (3)
α0,12 4676.4 0.38 (2)
α0,11 4698.2 (8) 0.535 (10)
α0,10 4708.3 (20)}
α0,9 4712.3 (20)} 1.174 (13)
α0,8 4741.3 (20) 0.019
α0,7 4766.5 (8) 9.5 (3)
α0,6 4771.4 (8) 23.0 (3)
α0,4 4788.0 (9) 47.64 (6)
α0,3 4803.5 (10) 2.02 (2)
α0,2 4816.8 (10) 2.430 (17)
α0,1 4866.4 (14) 0.51 (3)
α0,0 4872.7 (14) 2.41 (3)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Pa) 5.90 - 21.01 47.1 (20)

eAK (Pa) 0.167 (24)
KLL 70.08 - 78.82 }
KLX 85.99 - 95.86 }
KXY 101.87 - 112.59 }

ec13,5 K (Pa) 5.11 (2) 1.59 (9)
ec4,2 L (Pa) 8.269 - 12.641 32.7 (15)
ec14,12 L (Pa) 15.22 - 19.59 0.37 (11)
ec4,2 M (Pa) 24.013 - 25.932 8.4 (4)
ec6,2 L (Pa) 25.42 - 29.80 0.075 (3)
ec14,5 K (Pa) 30.65 (2) 2.26 (22)
ec14,12 M (Pa) 30.96 - 32.88 0.090 (27)
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Energy Electrons
keV per 100 disint.

ec2,0 L (Pa) 35.999 - 40.371 48.9 (29)
ec14,4 K (Pa) 38.82 (2) 0.80 (12)
ec6,2 M (Pa) 41.17 - 43.09 0.0186 (11)
ec17,14 L (Pa) 41.48 - 45.86 0.3 (2)
ec3,1 L (Pa) 42.8 - 47.2 0.80 (4)
ec3,0 L (Pa) 49.38 - 53.76 0.3 (2)
ec2,0 M (Pa) 51.743 - 53.662 13.4 (8)
ec17,14 M (Pa) 57.23 - 59.15 0.08 (6)
ec3,1 M (Pa) 58.5 - 60.5 0.220 (9)
ec3,0 M (Pa) 65.13 - 67.05 0.08 (6)
ec4,0 L (Pa) 65.372 - 69.744 13.9 (6)
ec5,1 L (Pa) 66.88 - 71.26 0.0183 (6)
ec5,0 L (Pa) 73.54 - 77.91 0.070 (7)
ec4,0 M (Pa) 81.116 - 83.035 2.7 (7)
ec5,0 M (Pa) 89.28 - 91.20 0.0170 (18)
ec13,5 L (Pa) 96.597 - 100.969 0.369 (22)
ec13,5 M (Pa) 112.341 - 114.260 0.091 (7)
ec14,5 L (Pa) 122.144 - 126.516 0.49 (5)
ec14,4 L (Pa) 130.309 - 134.681 0.257 (10)
ec14,5 M (Pa) 137.888 - 139.807 0.121 (12)
ec14,4 M (Pa) 146.053 - 147.972 0.0654 (34)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pa) 11.368 — 20.113 59.7 (32)

XKα2 (Pa) 92.288 1.813 (20) } Kα
XKα1 (Pa) 95.869 2.906 (20) }

XKβ3 (Pa) 107.595 }
XKβ1 (Pa) 108.422 } 1.06 (10) Kβ

′
1

XKβ
′′
5 (Pa) 109.072 }

XKβ2 (Pa) 111.405 }
XKβ4 (Pa) 111.87 } 0.380 (9) Kβ

′
2

XKO2,3 (Pa) 112.38 }
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4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ7,6(Pa) 5.18 0.220 (5)
γ5,4(Pa) 8.22 (5) ≈9 ≈0.12 (5)
γ−1,1(Pa) 21.5 0.352 (13)
γ−1,2(Pa) 27.7 0.84 (7)
γ4,2(Pa) 29.374 (20) 58.2 (26) E1 3.07 (6) 14.3 (6)
γ14,12(Pa) 36.32 (2) 0.50 (14) M1+1.20%E2 99 (20) 0.005 (1)
γ6,2(Pa) 46.53 (6) 0.209 (8) [E1] 0.914 (18) 0.109 (4)
γ2,0(Pa) 57.104 (20) 67.4 (40) E2 176 (4) 0.381 (21)
γ17,14(Pa) 62.59 (10) 0.4 (3) [M1+50%E2] 60 (50) 0.006 (2)
γ3,1(Pa) 63.9 (1) 1.10 (5) (E2) 102.3 (20) 0.0107 (4)
γ3,0(Pa) 70.49 (10) 0.42 (28) [M1+50%E2] 38 (26) 0.0107 (4)
γ10,5(Pa) 74.54 (10) 0.13 (3) [M1] 9.84 (20) 0.012 (3)
γ4,0(Pa) 86.477 (10) 29.8 (10) E1 1.43 (8) 12.26 (12)
γ5,1(Pa) 87.99 (3) 0.167 (4) [E1] 0.169 (4) 0.143 (3)
γ5,0(Pa) 94.64 (5) 0.75 (8) E1 0.140 (3) 0.66 (7)
γ9,2(Pa) 106.15 (25) 0.523 (31) [E2] 9.28 (19) 0.0509 (29)
γ13,6(Pa) 108.7 0.32 (4) M1+4.62%E2 3.5 (6) 0.071 (3)
γ12,4(Pa) 115.40 (35) 0.0029 (14) [M1+E2] 10 (4) 0.0026 (8)
γ13,5(Pa) 117.702 (20) 2.26 (12) M1+8.26%E2 12.2 (6) 0.171 (4)
γ12,3(Pa) 131.101 (25) 0.106 (6) E1 0.262 (5) 0.084 (5)
γ14,6(Pa) 134.285 (20) 0.62 (9) [M1+E2] 8.0 (11) 0.069 (5)
γ18,9(Pa) 139.9 (1) 0.00560 (49) [E1] 0.225 (5) 0.0046 (4)
γ14,5(Pa) 143.249 (20) 3.3 (3) M1+7.76%E2 6.94 (14) 0.42 (4)
γ14,4(Pa) 151.414 (20) 1.38 (14) M1+32.89%E2 4.9 (6) 0.234 (2)
γ20,13(Pa) 153.37 (10) 0.021 (6) [E2] 1.96 (4) 0.007 (2)
γ13,2(Pa) 155.239 (20) 0.103 (9) E1 0.176 (4) 0.088 (8)
γ10,1(Pa) 162.41 (8) 0.0382 (12) [E1] 0.158 (3) 0.033 (1)
γ10,0(Pa) 169.156 (20) 0.0768 (4) [E1] 0.143 (3) 0.0672 (3)
γ16,7(Pa) 170.59 (6) 0.100 (22) [M1+13.79%E2] 4.0 (5) 0.020 (4)
γ16,6(Pa) 176.12 (6) 0.070 (16) [M1+13.79%E2] 3.7 (5) 0.015 (3)
γ14,2(Pa) 180.81 (10) 0.0180 (11) [E1] 0.1223 (25) 0.016 (1)
γ20,11(Pa) 186.86 (35) 0.003 (3) [E1] 0.1131 (23) 0.003 (3)
γ17,7(Pa) 191.46 (5) 0.074 (9) [M1+13.79%E2] 2.9 (4) 0.019 (1)
γ16,4(Pa) 193.26 (5) 0.167 (18) [M1+13.79%E2] 2.8 (4) 0.044 (1)
γ18,7(Pa) 194.67 (20) 0.033 (1)
γ12,1(Pa) 194.95 (3) 0.192 (22) E1 0.1024 (21) 0.174 (20)
γ17,6(Pa) 196.86 (5) 0.078 (6) [M1+13.79%E2] 2.7 (3) 0.0210 (1)
γ18,6(Pa) 199.95 (6) 0.020 (3) [M1] 2.85 (6) 0.0053 (8)
γ12,0(Pa) 201.62 (5) 0.0429 (10) E1 0.0946 (19) 0.0392 (9)
γ20,9(Pa) 202.9 (2) 0.0052 (21) [E1] 0.0932 (19) 0.0048 (19)
γ16,3(Pa) 209.19 (5) 0.0163 (16) [E1] 0.0868 (17) 0.0150 (15)
γ13,0(Pa) 212.29 (5) 0.184 (11) E1 0.0839 (17) 0.17 (1)
γ17,4(Pa) 214.01 (5) 0.115 (13) [M1+13.79%E2] 2.1 (3) 0.037 (2)
γ16,2(Pa) 222.6 (2) 0.002 (2)
γ17,3(Pa) 229.94 (5) 0.015 (3) [E1] 0.0697 (14) 0.014 (3)
γ14,0(Pa) 237.86 (2) 0.0610 (6) [E1] 0.0645 (13) 0.0573 (6)
γ19,2(Pa) 248.95 (10) 0.012 (3) [M1+13.79%E2] 1.37 (16) 0.005 (1)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ20,7(Pa) 257.09 (20) 0.048 (24) [M1] 1.41 (3) 0.02 (1)
γ20,6(Pa) 262.44 (20) 0.01120 (49) [M1] 1.33 (3) 0.0048 (2)
γ20,4(Pa) 279.65 (20) 0.01320 (49) [E2] 0.222 (5) 0.0108 (4)
γ−1,4(Pa) 288.3 0.0162 (5)
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1 Half-life, Q-value and Decay mode

T1/2 : 2.102 (5) d

Qβ− : 1291.5 (4) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−
0,15 89.0 (4) 0.51 (6) 1st forbidden 6.57

β−
0,13 221.6 (4) 11.50 (7) Allowed 6.44

β−
0,12 263.0 (4) 44.75 (19) Allowed 6.09

β−
0,11 306.0 (4) 0.49 (1) 1st forbidden 8.25

β−
0,10 308.4 (4) 0.27 (3) Allowed 8.51

β−
0,9 323.3 (6) 0.082 (6) 1st forbidden 9.11

β−
0,8 328.7 (4) 1.25 (1) 1st forbidden 7.95

β−
0,5 630.1 (4) 0.036 (3) 1st forbidden 10.44

β−
0,4 686.4 (4) 0.103 (3) 1st forbidden 10.08

β−
0,1 1247.4 (4) 41.0 (25) Allowed 8.38

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Pu) 6.19 - 22.99 29.7 (14)

eAK (Pu) 0.021 (8)
KLL 75.26 - 85.36 }
KLX 92.607 - 103.729 }
KXY 109.93 - 121.78 }

ec1,0 L (Pu) 20.97 - 26.01 58.6 (17)
ec1,0 M (Pu) 38.14 - 40.30 16.4 (5)
ec2,1 L (Pu) 78.78 - 83.82 2.65 (10)
ec14,9 L (Pu) 91.3 - 96.3 0.036 (6)
ec2,1 M (Pu) 95.95 - 98.10 0.74 (3)
ec15,14 L (Pu) 97.01 - 102.05 0.28 (6)
ec14,9 M (Pu) 108.5 - 110.6 0.0100 (19)
ec15,14 M (Pu) 114.18 - 116.34 0.070 (7)
ec13,2 K (Pu) 802.20 (2) 0.0258 (11)
ec10,1 K (Pu) 817.1 (1) 0.114 (16)
ec12,1 K (Pu) 862.66 (2) 0.242 (8)
ec13,1 K (Pu) 904.08 (2) 0.080 (4)
ec12,0 K (Pu) 906.75 (2) 0.160 (3)
ec10,1 L (Pu) 915.84 - 920.88 0.022 (3)
ec12,1 L (Pu) 961.35 - 966.39 0.055 (3)
ec12,1 M (Pu) 978.52 - 980.68 0.015 (3)
ec13,1 L (Pu) 1002.77 - 1007.81 0.0184 (9)
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Energy Electrons Energy
keV per 100 disint. keV

ec12,0 L (Pu) 1005.44 - 1010.48 0.0405 (10)
ec12,0 M (Pu) 1022.61 - 1024.76 0.0101 (2)

β−
0,15 max: 89.0 (4) 0.51 (6) avg: 23.0 (2)

β−
0,13 max: 221.6 (4) 11.50 (7) avg: 59.9 (2)

β−
0,12 max: 263.0 (4) 44.75 (19) avg: 72.0 (2)

β−
0,11 max: 306.0 (4) 0.49 (1) avg: 84.9 (2)

β−
0,10 max: 308.4 (4) 0.27 (3) avg: 85.6 (2)

β−
0,9 max: 323.3 (6) 0.082 (6) avg: 90.1 (2)

β−
0,8 max: 328.7 (4) 1.25 (1) avg: 91.8 (2)

β−
0,5 max: 630.1 (4) 0.036 (3) avg: 189.2 (2)

β−
0,4 max: 686.4 (4) 0.103 (3) avg: 208.4 (2)

β−
0,1 max: 1247.4 (4) 41.0 (25) avg: 412.2 (2)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pu) 12.125 — 21.984 32.4 (14)

XKα2 (Pu) 99.525 0.210 (8) } Kα
XKα1 (Pu) 103.734 0.332 (12) }

XKβ3 (Pu) 116.244 }
XKβ1 (Pu) 117.228 } 0.122 (5) Kβ

′
1

XKβ
′′
5 (Pu) 117.918 }

XKβ2 (Pu) 120.54 }
XKβ4 (Pu) 120.969 } 0.042 (2) Kβ

′
2

XKO2,3 (Pu) 121.543 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Pu) 44.07 (2) 80.7 (23) E2 788 (16) 0.1024 (21)
γ2,1(Pu) 101.88 (2) 3.90 (14) E2 14.5 (3) 0.252 (8)
γ−1,1(Pu) 103.74 (2) 0.312 (3) 0.312 (3)
γ14,9(Pu) 114.4 (4) 0.055 (10) [E2] 8.47 (17) 0.0058 (10)
γ−1,2(Pu) 116.27 (8) 0.04 0.04
γ−1,3(Pu) 117.27 (8) 0.074 0.074
γ15,14(Pu) 120.11 (5) 0.48 (6) M1(+E2) 3.8 (6) 0.101 (5)
γ−1,4(Pu) 120.5 0.02 0.02
γ−1,5(Pu) 121.70 (8) 0.010 (1) 0.010 (1)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ15,13(Pu) 132.5 (1) 0.0018 (10) [E1] 0.267 (5) 0.0014 (8)
γ3,2(Pu) 157.42 (5) 0.003 [E2] 2.19 (4) 0.001
γ15,12(Pu) 174.08 (5) 0.0261 (9) [E1] 0.142 (3) 0.0229 (8)
γ−1,6(Pu) 220.87 (11) 0.037 (9) (M2) 11.4 (20) 0.0030 (5)
γ8,5(Pu) 301.37 (7) 0.0128 (12) E2 0.208 (4) 0.0106 (10)
γ14,6(Pu) 319.29 (11) 0.013 (3) M1+E2 0.59 (25) 0.0083 (10)
γ10,5(Pu) 321.75 (20) 0.0013 0.0013 (8)
γ11,5(Pu) 324.02 (9) 0.0184 (14) M1+E2 0.26 (7) 0.0146 (8)
γ7,4(Pu) 336.36 (15) 0.00020 (13) [E1] 0.0324 (7) 0.0002 (1)
γ8,4(Pu) 357.64 (7) 0.0612 (17) M1+E2 0.214 (16) 0.0504 (13)
γ10,4(Pu) 378.05 (13) 0.003 0.0030 (5)
γ11,4(Pu) 380.31 (10) 0.0180 (8) [M1] 0.623 (9) 0.0111 (5)
γ14,5(Pu) 421.1 (1) 0.0309 (15) [M1] 0.472 (7) 0.021 (1)
γ6,3(Pu) 459.8 (2) 0.0023 0.0023 (15)
γ5,2(Pu) 515.51 (7) 0.0386 (11) E1+M2 0.022 (4) 0.0378 (11)
γ4,1(Pu) 561.14 (5) 0.1072 (15) E1 0.0115 (2) 0.106 (2)
γ4,0(Pu) 605.16 (5) 0.078 (2) E1 0.0100 (2) 0.077 (2)
γ5,1(Pu) 617.39 (5) 0.0604 (7) E1+M2 0.0120 (14) 0.0593
γ6,2(Pu) 617.4 0.008 (0) 0.008
γ10,2(Pu) 836.96 (7) 0.0210 (8) [E2] 0.0174 (4) 0.0206 (8)
γ12,2(Pu) 882.63 (3) 0.816 (9) (E2) 0.0157 (3) 0.803 (9)
γ−1,7(Pu) 885 0.040 (5) 0.040 (5)
γ7,1(Pu) 897.34 (10) 0.0074 (10) (E2) 0.0152 (3) 0.0073 (10)
γ8,1(Pu) 918.70 (4) 0.531 (6) E1 0.0047 (1) 0.529 (6)
γ13,2(Pu) 923.99 (2) 2.64 (2) (M1+E2) 0.014 (1) 2.604 (20)
γ9,1(Pu) 924 0.065 0.065
γ14,2(Pu) 936.60 (5) 0.369 (5) [E1+M2] 0.0112 (22) 0.365 (5)
γ10,1(Pu) 938.94 (10) 0.18 (2) E0+E2 4.4 (4) 0.0327 (25)
γ11,1(Pu) 941.40 (4) 0.504 [E1+M2] 0.504 (6)
γ8,0(Pu) 962.76 (2) 0.648 (8) E1 0.00433 (9) 0.645 (8)
γ9,0(Pu) 968.9 (4) 0.017 (6) [M2] 0.116 (3) 0.015 (8)
γ10,0(Pu) 983.0 (3) 0.07 (2) [E2] 0.0128 (3) 0.068 (20)
γ12,1(Pu) 984.45 (2) 25.50 (13) M1+E2 0.0125 (5) 25.18 (13)
γ13,1(Pu) 1025.87 (2) 8.86 (7) M1+E2 0.0120 (5) 8.76 (6)
γ12,0(Pu) 1028.54 (2) 18.46 (13) E2 0.0117 (2) 18.25 (13)
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1 Half-life, Q-value and Decay mode

T1/2 : 2.356 (3) d

Qβ− : 722.5 (10) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−
0,13 166.3 (5) 0.0026 1st forbidden 9.7

β−
0,12 210.7 (5) 1.56 (16) Allowed 7.3

β−
0,11 217.3 (5) 0.0074 1st forbidden 9.7

β−
0,10 230.3 (5) 0.02 1st forbidden 9.3

β−
0,9 252.7 (5) 0.0027 1st forbidden unique 9.9

β−
0,8 330.9 (5) 38.8 (9) 1st forbidden 6.3

β−
0,7 335.1 (5) 2nd forbidden

β−
0,6 392.4 (5) 9.4 (14) Allowed 7.4

β−
0,5 437.0 (5) 43.0 (22) Allowed 6.9

β−
0,4 558.7 (5) 2nd forbidden

β−
0,3 646.8 (5) Allowed

β−
0,2 665.2 (5) 0.4 (72) Allowed

β−
0,1 714.6 (5) 6.5 (10) Allowed 8.4

β−
0,0 722.5 (5) 2nd forbidden unique

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Pu) 6.19 - 22.99 47.9 (26)

eAK (Pu) 1.36 (19)
KLL 75.26 - 85.36 }
KLX 92.61 - 103.73 }
KXY 109.93 - 121.78 }

ec1,0 M (Pu) 1.928 - 4.086 51 (6)
ec12,7 K (Pu) 2.6 0.1
ec6,5 L (Pu) 21.559 - 26.606 8.3 (10)
ec2,1 L (Pu) 26.311 - 31.358 13.3 (3)
ec2,0 L (Pu) 34.169 - 39.216 20.8 (32)
ec8,6 L (Pu) 38.36 - 43.40 0.457 (11)
ec6,5 M (Pu) 38.730 - 40.888 2.12 (26)
ec2,1 M (Pu) 43.482 - 45.640 3.6 (9)
ec6,4 K (Pu) 44.60 (6) 0.08 (3)
ec3,1 L (Pu) 44.74 - 49.78 7.1 (21)
ec2,0 M (Pu) 51.340 - 53.498 5.8 (9)
ec8,6 M (Pu) 55.53 - 57.68 0.114 (3)
ec12,6 K (Pu) 59.91 (3) 0.323 (10)
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Energy Electrons Energy
keV per 100 disint. keV

ec3,1 M (Pu) 61.91 - 64.07 2.0 (6)
ec4,3 L (Pu) 64.96 - 70.00 0.054 (30)
ec7,5 L (Pu) 78.86 - 83.90 0.084 (21)
ec4,3 M (Pu) 82.13 - 84.28 0.014 (9)
ec8,5 L (Pu) 83.02 - 88.07 4.9 (8)
ec4,2 L (Pu) 83.37 - 88.41 0.42 (7)
ec5,3 K (Pu) 87.962 (2) 7.76 (18)
ec7,5 M (Pu) 96.03 - 98.18 0.023 (6)
ec8,5 M (Pu) 100.19 - 102.35 1.30 (21)
ec4,2 M (Pu) 100.54 - 102.69 0.117 (19)
ec12,7 L (Pu) 101.3 - 106.3 0.024
ec12,5 K (Pu) 104.59 (2) 0.52 (3)
ec8,4 K (Pu) 106 0.030 (6)
ec5,2 K (Pu) 106.392 (1) 21.4 (8)
ec6,3 K (Pu) 132.61 (3) 0.161 (6)
ec6,4 L (Pu) 143.29 - 148.33 0.016 (7)
ec6,2 K (Pu) 151.05 (3) 0.092 (4)
ec5,1 K (Pu) 155.808 (1) 16.1 (7)
ec12,6 L (Pu) 158.59 - 163.63 0.066 (2)
ec5,0 K (Pu) 163.669 (2) 0.066 (2)
ec12,6 M (Pu) 175.76 - 177.92 0.0161 (5)
ec5,3 L (Pu) 186.65 - 191.70 1.71 (4)
ec8,3 K (Pu) 194.089 (3) 0.0469 (10)
ec12,5 L (Pu) 203.28 - 208.32 0.105 (7)
ec5,3 M (Pu) 203.82 - 205.98 0.42 (9)
ec5,2 L (Pu) 205.08 - 210.13 4.48 (16)
ec8,2 K (Pu) 212.519 (3) 0.0532 (11)
ec12,5 M (Pu) 220.45 - 222.60 0.0255 (18)
ec5,2 M (Pu) 222.25 - 224.41 1.10 (4)
ec6,3 L (Pu) 231.3 - 236.3 0.0324 (11)
ec6,2 L (Pu) 249.74 - 254.78 0.0186 (8)
ec5,1 L (Pu) 254.50 - 259.54 3.28 (9)
ec5,0 L (Pu) 262.36 - 267.40 0.093 (3)
ec5,1 M (Pu) 271.67 - 273.82 0.801 (18)
ec5,0 M (Pu) 279.53 - 281.68 0.0256 (6)

β−
0,13 max: 166.3 (5) 0.0026 avg: 44.2 (2)

β−
0,12 max: 210.7 (5) 1.56 (16) avg: 56.8 (2)

β−
0,11 max: 217.3 (5) 0.0074 avg: 58.7 (2)

β−
0,10 max: 230.3 (5) 0.02 avg: 62.5 (2)

β−
0,9 max: 252.7 (5) 0.0027 avg: 74.7 (2)

β−
0,8 max: 330.9 (5) 38.8 (9) avg: 98.3 (2)

β−
0,7 max: 335.1 (5) avg:

β−
0,6 max: 392.4 (5) 9.4 (14) avg: 111.5 (2)

β−
0,5 max: 437.0 (5) 43.0 (22) avg: 125.6 (2)

β−
0,4 max: 558.7 (5) avg:

β−
0,3 max: 646.8 (5) avg:

β−
0,2 max: 665.2 (5) 0.4 (72) avg:
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Energy Electrons Energy
keV per 100 disint. keV

β−
0,1 max: 714.6 (5) 6.5 (10) avg: 218.3 (2)

β−
0,0 max: 722.5 (5) avg:

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pu) 12.125 — 21.984 51.3 (24)

XKα2 (Pu) 99.525 13.5 (4) } Kα
XKα1 (Pu) 103.734 21.4 (6) }

XKβ3 (Pu) 116.244 }
XKβ1 (Pu) 117.228 } 7.84 (25) Kβ

′
1

XKβ
′′
5 (Pu) 117.918 }

XKβ2 (Pu) 120.54 }
XKβ4 (Pu) 120.969 } 2.72 (10) Kβ

′
2

XKO2,3 (Pu) 121.543 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Pu) 7.861 (2) 70 (8) M1+0.3%E2 5716 (400) 0.0122 (12)
γ3,2(Pu) 18.430 (4) 5.5 (30) [M1+E2] 0.02
γ6,5(Pu) 44.663 (5) 11.3 (14) M1+4%E2 86 (8) 0.13 (1)
γ2,1(Pu) 49.415 (3) 18 (5) M1+20%E2 126 (8) 0.145 (35)
γ2,0(Pu) 57.273 (4) 27 (7) E2 222 (5) 0.12 (3)
γ7,6(Pu) 57.3 ≈0.012 M1(+E2) ≈0.012
γ8,6(Pu) 61.460 (2) 1.900 (32) E1 0.473 (10) 1.29 (2)
γ3,1(Pu) 67.841 (7) 9.9 (30) E2 98.3 (20) 0.10 (3)
γ4,3(Pu) 88.06 (3) 0.078 (44) M1+20%E2 12 (6) 0.006 (2)
γ7,5(Pu) 101.96 (2) 0.12 (3) E2 14.4 (3) 0.008 (2)
γ8,5(Pu) 106.125 (2) 32.6 (9) E1(+M2) 0.26 (3) 25.9 (3)
γ4,2(Pu) 106.50 (3) 0.63 (10) E2 11.8 (3) 0.049 (8)
γ12,7(Pu) 124.4 0.15 E2 13.6 (3) 0.01
γ6,4(Pu) 166.39 (6) 0.12 (5) M1(+20%E2) 6.23 (13) 0.016 (7)
γ12,6(Pu) 181.70 (3) 0.497 (14) M1 4.78 (10) 0.086 (2)
γ5,3(Pu) 209.753 (2) 13.47 (24) M1+2%E2 2.94 (6) 3.42 (3)
γ12,5(Pu) 226.38 (2) 0.91 (5) M1+12%E2 2.58 (8) 0.255 (14)
γ8,4(Pu) 227.83 0.54 (11) M1+1.7%E2 0.0762 (15) 0.5 (1)
γ5,2(Pu) 228.183 (1) 38.6 (12) M1+7.3%E2 2.41 (8) 11.32 (22)
γ6,3(Pu) 254.40 (3) 0.314 (10) M1+2.5%E2 1.85 (4) 0.110 (3)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ6,2(Pu) 272.84 (3) 0.194 (8) M1+2.6%E2 1.52 (3) 0.077 (3)
γ5,1(Pu) 277.599 (1) 34.8 (9) M1+5%E2 1.42 (6) 14.4 (1)
γ5,0(Pu) 285.460 (2) 0.973 (13) E2 0.248 (5) 0.78 (1)
γ7,3(Pu) 311.70 (2) 0.002 (2) (M1+E2) 0.002 (2)
γ8,3(Pu) 315.880 (3) 1.649 (10) E1(+0.006%M2) 0.0372 (8) 1.59 (1)
γ6,1(Pu) 322.3 (2) 0.006 (E2) 0.170 (4) 0.0052
γ8,2(Pu) 334.310 (3) 2.107 (21) E1(+0.004%M2) 0.0329 (7) 2.04 (2)
γ13,4(Pu) 392.4 (5) 0.0016 (E1) 0.0016
γ11,3(Pu) 429.5 (5) 0.0039 0.0039
γ10,2(Pu) 434.7 (5) 0.013 E1(+M2) 0.013
γ11,2(Pu) 447.6 (5) 0.00026 0.00026
γ12,2(Pu) 454.2 (5) 0.00082 (M1) 0.00082
γ9,1(Pu) 461.9 (5) 0.0016 (E1) 0.0016
γ9,0(Pu) 469.8 (5) 0.0011 (E1) 0.0011
γ10,1(Pu) 484.3 (5) 0.001 (E1) 0.001
γ10,0(Pu) 492.3 (5) 0.006 (E1) 0.006
γ11,1(Pu) 497.8 (5) 0.0032 0.0032
γ13,2(Pu) 498.7 0.001 (E1) 0.001
γ12,1(Pu) 504.2 (5) 0.00078 (E2) 0.00078
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1 Half-life, Q-value and Decay mode

T1/2 : 87.74 (3) y

Qα : 5593.20 (19) keV
α : 100 %

2 α Emissions

Energy Probability
keV × 100

α0,14 4432.1 (2) ∼0.0000012
α0,13 4472.1 (2) 0.00000117 (7)
α0,12 4492.5 (2) ∼0.0000002
α0,11 4526.3 (2) 0.000000150 (16)
α0,10 4567.4 (2) 0.00000023
α0,9 4587.9 (2) 0.00000130 (5)
α0,8 4661.7 (2) 0.0000081
α0,7 4664.1 (2) 0.000000075 (22)
α0,6 4702.8 (2) 0.0001
α0,5 4726.0 (2) 0.00000821 (16)
α0,4 5010.4 (2) 0.00000680 (23)
α0,3 5208.0 (2) 0.00292 (4)
α0,2 5358.1 (2) 0.104 (3)
α0,1 5456.3 (2) 28.85 (6)
α0,0 5499.03 (20) 71.04 (6)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (U) 5.9 - 21.6 10.6 (4)

eAK (U) 0.0000110 (15)
KLL 71.78 - 80.95 }
KLX 88.15 - 98.43 }
KXY 104.51 - 115.59 }

ec1,0 L (U) 21.74 - 26.33 20.6 (6)
ec1,0 M (U) 37.95 - 39.95 5.7 (12)
ec1,0 N (U) 42.057 - 43.119 1.544 (39)
ec2,1 L (U) 78.095 - 82.685 0.0718 (17)
ec2,1 M (U) 94.305 - 96.300 0.01992 (49)
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4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (U) 11.619 — 20.714 10.63 (8)

XKα2 (U) 94.666 0.000106 (3) } Kα
XKα1 (U) 98.44 0.000169 (5) }

XKβ3 (U) 110.421 }
XKβ1 (U) 111.298 } 0.0000609 (22) Kβ

′
1

XKβ
′′
5 (U) 111.964 }

XKβ2 (U) 114.407 }
XKβ4 (U) 115.012 } 0.0000208 (6) Kβ

′
2

XKO2,3 (U) 115.377 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ8,6(U) 41.82 (11) 0.0000026 (14) [E2] 863 (18) 0.0000000030 (16)
γ1,0(U) 43.498 (1) 28.3 (8) E2 713 (15) 0.0397 (8)
γ11,9(U) 62.70 (1) 0.000000016 (4) E1 0.426 (9) 0.000000011 (3)
γ2,1(U) 99.852 (3) 0.1060 (23) E2 13.42 (27) 0.00735 (8)
γ11,7(U) 140.15 (2) 0.000000021 (7) M1+63%E2 5.1 (15) 0.0000000035 (7)
γ3,2(U) 152.719 (2) 0.00292 (4) E2 2.14 (4) 0.000930 (7)
γ13,8(U) 192.91 (7) 0.0000000012 (4) [E2] 0.856 (17) 0.00000000066 (20)
γ4,3(U) 200.97 (3) 0.00000680 (23) E2 0.734 (15) 0.00000392 (13)
γ11,5(U) 203.12 (3) 0.000000021 (5) M1+66%E2 1.5 (3) 0.0000000085 (15)
γ14,7(U) 235.9 (3) 0.000000010 (5) [E1] 0.0673 (14) 0.000000009 (5)
γ13,5(U) 258.227 (3) 0.000000074 (12) (E1) 0.0548 (11) 0.000000070 (11)
γ14,5(U) 299.1 (2) 0.000000046 (3) [E1] 0.0395 (8) 0.000000044 (3)
γ7,2(U) 705.9 (1) 0.000000050 (13) [E1] 0.00698 (14) 0.000000050 (13)
γ8,2(U) 708.3 (2) 0.00000050 (3) [E2] 0.0219 (5) 0.00000049 (3)
γ12,3(U) 727.8 (2) 0.0000000028 (3) (E2) 0.0207 (4) 0.0000000027 (3)
γ5,1(U) 742.813 (5) 0.00000513 (13) E1 0.00636 (13) 0.00000510 (13)
γ6,1(U) 766.38 (2) 0.0000223 (5) E2 0.0187 (4) 0.0000219 (5)
γ9,2(U) 783.4 (1) 0.000000022 (3) [E2] 0.0179 (4) 0.000000022 (3)
γ5,0(U) 786.27 (3) 0.00000322 (9) E1 0.00573 (12) 0.00000320 (9)
γ10,2(U) 804.4 (3) 0.00000017 E0+E2 0.57 0.00000011 (5)
γ7,1(U) 805.80 (5) 0.000000056 (15) [E1] 0.00549 (11) 0.000000056 (15)
γ8,1(U) 808.2 (1) 0.0000041 E0+17%E2 4.3 0.000000767 (25)
γ8,0(U) 851.7 (1) 0.00000129 (4) [E2] 0.01513 (30) 0.00000127 (4)
γ12,2(U) 880.5 (1) ≥0.00000015 (E0+E2) ≥0.00000015 (4)
γ9,1(U) 883.24 (4) 0.00000073 (4) E2 0.01409 (28) 0.00000072 (4)
γ10,1(U) 904.37 (15) 0.000000062 (11) [E2] 0.01346 (27) 0.000000061 (11)
γ9,0(U) 926.72 (1) 0.000000565 (25) (E2) 0.01284 (26) 0.000000558 (25)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ14,2(U) 941.94 (10) 0.000000472 (23) [E2] 0.01244 (25) 0.000000466 (23)
γ11,1(U) 946.00 (3) 0.000000092 (13) (E1) 0.00412 (8) 0.000000092 (13)
γ12,1(U) 980.3 (1) 0.000000042 (E2) 0.01152 (23) 0.000000042
γ13,1(U) 1001.03 (3) 0.00000099 (4) E2 0.01107 (22) 0.00000098 (4)
γ14,1(U) 1041.7 (2) 0.0000002 (E0+E2) 0.000000197 (16)
γ14,0(U) 1085.4 (2) 0.000000078 (9) (E2) 0.00950 (19) 0.000000077 (9)
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1 Half-life, Q-value and Decay mode

T1/2 : 24100 (11) y

Qα : 5244.51 (21) keV
α : 100 %

2 α Emissions

Energy Probability
keV × 100

α0,53 4059.1 (3) 0.000000021 (5)
α0,52 4116.78 (25) 0.000000093 (9)
α0,51 4180.6 (3) 0.00000020 (3)
α0,50 4186.53 (27) 0.000000077 (7)
α0,49 4202.4 (3) 0.000000041 (4)
α0,48 4204.42 (21) 0.000000061 (15)
α0,47 4279.70 (26) 0.000000199 (12)
α0,46 4305.79 (28) 0.000000098 (13)
α0,45 4325.5 (10) ∼0.000000042
α0,44 4326.92 (21) 0.000000228 (12)
α0,43 4349.15 (21) 0.00000030 (3)
α0,42 4364.42 (22) 0.000000084 (14)
α0,41 4390.20 (21) 0.00000101 (11)
α0,40 4392.08 (28) 0.000000247 (19)
α0,39 4400.0 (4) 0.0000103 (12)
α0,38 4400.26 (21) 0.000027 (3)
α0,37 4408.36 (22) 0.000000103 (17)
α0,36 4419.14 (26) 0.00000034 (4)
α0,35 4448.46 (21) 0.00000213 (9)
α0,34 4464.68 (21) 0.0000114 (3)
α0,33 4467.37 (21) 0.00000707 (13)
α0,32 4496.90 (21) <0.000000034
α0,31 4503.24 (21) 0.00000631 (11)
α0,30 4508.72 (21) 0.0000264 (6)
α0,29 4529.52 (22) 0.00000322 (21)
α0,28 4534.08 (22) 0.00000284 (7)
α0,27 4558.75 (22) 0.000012 (4)
α0,26 4632.35 (21) 0.00086 (3)
α0,25 4655.27 (27) 0.0000033 (7)
α0,24 4690.29 (21) 0.00056 (5)
α0,23 4718.39 (21) 0.0000400 (11)
α0,22 4737.05 (21) 0.00570 (5)
α0,21 4748.81 (21) 0.00075 (11)
α0,20 4770.01 (21) 0.00125 (3)
α0,19 4795.73 (21) 0.000944 (17)
α0,18 4805.33 (22) 0.000017 (4)
α0,17 4823.80 (22) ≈0.000022
α0,16 4829.38 (21) 0.00354 (7)
α0,15 4866.91 (21) 0.0018 (5)
α0,14 4870.38 (21) 0.0007 (3)
α0,13 4911.69 (21) 0.0030 (16)
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Energy Probability
keV × 100

α0,12 4935.00 (21) 0.0050 (7)
α0,11 4962.83 (21) 0.007 (1)
α0,10 4988.13 (21) 0.0034 (10)
α0,8 5008.70 (21) 0.0182 (27)
α0,7 5029.51 (21) 0.013 (4)
α0,6 5055.34 (21) 0.0375 (12)
α0,5 5076.28 (21) 0.052 (8)
α0,4 5105.81 (21) 11.87 (3)
α0,3 5111.21 (21) <0.02
α0,2 5143.82 (21) 17.14 (4)
α0,1 5156.59 (14) 70.79 (10)
α0,0 5156.65 (21) ∼0.03

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (U) 5.9 - 21.6 4.66 (19)

eAK (U) 0.00045 (6)
KLL 71.78 - 80.95 }
KLX 88.15 - 98.34 }
KXY 104.42 - 115.40 }

ec2,1 M (U) 7.427 - 9.425 15.4 (6)
ec5,4 L (U) 8.28 - 12.87 0.0259 (11)
ec4,2 L (U) 16.903 - 21.493 2.61 (16)
ec3,0 L (U) 24.45 - 29.04 0.0286 (16)
ec4,1 L (U) 29.866 - 34.456 6.09 (15)
ec4,2 M (U) 33.113 - 35.111 0.70 (4)
ec6,3 L (U) 35.07 - 39.66 0.0276 (13)
ec4,1 M (U) 46.076 - 48.074 1.68 (4)
ec5,2 L (U) 46.938 - 51.528 0.021 (6)
ec8,4 L (U) 77.02 - 81.61 0.0139 (12)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (U) 11.619 — 20.714 4.66 (5)

XKα2 (U) 94.666 0.00418 (4) } Kα
XKα1 (U) 98.44 0.00661 (9) }
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Energy Photons
keV per 100 disint.

XKβ3 (U) 110.421 }
XKβ1 (U) 111.298 } 0.00239 (3) Kβ

′
1

XKβ
′′
5 (U) 111.964 }

XKβ2 (U) 114.407 }
XKβ4 (U) 115.012 } 0.00131 (6) Kβ

′
2

XKO2,3 (U) 115.377 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(U) 0.0765 (4) 100 E3 1×1010 ∼0.00000001
γ2,1(U) 12.975 (10) 20.7 (8) M1+0.19(2)%E2 607 (17) 0.0341 (9)
γ−1,1(U) 14.22 (3) >0.006 >0.0055 (4)
γ5,4(U) 30.04 (2) 0.0346 (14) (M1) 157 (3) 0.000219 (8)
γ4,2(U) 38.661 (2) 3.56 (21) M1+22.2(16)%E2 339 (19) 0.01047 (21)
γ−1,2(U) 40.41 (5) >0.0002 >0.000163 (16)
γ10,7(U) 41.93 (5) 0.0097 (5) (M1) 58.6 (12) 0.000163 (8)
γ3,0(U) 46.21 (5) 0.0389 (21) M1+1.8(5)%E2 52.6 (27) 0.000726 (13)
γ11,8(U) 46.68 (3) 0.0044 (13) M1+9(5)%E2 86 (24) 0.000050 (6)
γ7,5(U) 47.60 (3) 0.00259 (11) (M1) 40.4 (8) 0.0000625 (25)
γ4,1(U) 51.624 (1) 8.38 (18) E2 310 (6) 0.02694 (26)
γ12,10(U) 54.039 (8) 0.00560 (14) M1 27.8 (6) 0.0001943 (28)
γ6,3(U) 56.828 (3) 0.0382 (18) M1+5.0(8)%E2 32.6 (15) 0.001136 (15)
γ14,12(U) 65.708 (30) 0.00095 (29) M1+4(6)%E2 19 (6) 0.0000473 (25)
γ9,6(U) 67.674 (12) 0.00283 (12) M1+3.6(11)%E2 16.9 (5) 0.000158 (5)
γ5,2(U) 68.696 (6) 0.029 (8) E2 78.6 (16) 0.00036 (10)
γ8,5(U) 68.73 (2) 0.0036 (17) (M1+20%E2) 27 0.00013 (6)
γ−1,3(U) 74.96 (10) >0.00004 >0.000038 (6)
γ7,4(U) 77.592 (14) 0.0068 (38) M1(+20(32)%E2) 17 (10) 0.000380 (6)
γ13,9(U) 78.43 (2) 0.0026 (15) M1(+20(32)%E2) 16 (10) 0.0001533 (28)
γ17,13(U) 89.39 (6) ∼0.000015 [M1] 6.40 (13) ∼0.000002
γ10,5(U) 89.64 (3) 0.00040 (22) (M1+E2) 14 (8) 0.000027 (2)
γ12,7(U) 96.14 (3) 0.00064 (3) [E2] 16.0 (3) 0.0000379 (19)
γ15,11(U) 97.6 (3) 0.0007 (5) M1+20(19)%E2 7.0 (19) 0.00009 (6)
γ8,4(U) 98.78 (2) 0.0204 (17) E2 14.1 (3) 0.00135 (11)
γ6,0(U) 103.06 (3) 0.00273 (9) E2 11.58 (23) 0.000217 (6)
γ11,5(U) 115.38 (5) 0.00362 (40) E2 6.87 (14) 0.00046 (5)
γ7,2(U) 116.26 (2) 0.0077 (15) M1+24(36)%E2 12.2 (26) 0.000581 (19)
γ10,4(U) 119.70 (3) 0.00021 (9) (M1+E2) 9 (4) 0.000021 (3)
γ14,10(U) 119.76 (2) 0.000063 (14) [E2] 5.99 (12) 0.000009 (2)
γ12,6(U) 122.35 (12) 0.00000125 (17) (E1) 0.312 (6) 0.00000095 (13)
γ37,29(U) 123.228 (5) 0.000000021 (5) (M1) 12.19 (24) 0.0000000016 (4)
γ21,14(U) 123.62 (5) 0.000310 (13) [M1] 12.08 (24) 0.0000237 (9)
γ9,3(U) 124.51 (3) 0.000413 (13) E2 5.06 (10) 0.0000681 (19)
γ10,3(U) 125.21 (10) 0.0000730 (21) [E1] 0.296 (6) 0.0000563 (16)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ7,0(U) 129.296 (1) 0.00805 (6) E1 0.275 (6) 0.00631 (4)
γ19,12(U) 141.657 (20) 0.000296 (11) [M1] 8.22 (16) 0.0000321 (10)
γ12,5(U) 143.35 (20) 0.000110 (46) [M1+E2] 5.3 (26) 0.0000174 (8)
γ15,8(U) 144.201 (3) 0.00106 (3) E2 2.72 (5) 0.000285 (7)
γ13,6(U) 146.094 (6) 0.000432 (12) E2 2.57 (5) 0.000121 (3)
γ10,2(U) 158.1 (3) 0.0000029 (3) [E2] 1.86 (4) 0.00000101 (10)
γ18,11(U) 160.19 (5) 0.0000172 (36) [E2] 1.77 (4) 0.0000062 (13)
γ16,10(U) 161.450 (15) 0.000814 (42) (M1) 5.67 (11) 0.000122 (6)
γ17,9(U) 167.81 (5) 0.0000074 (20) [E2] 1.47 (3) 0.0000030 (8)
γ10,0(U) 171.393 (6) 0.0001255 (34) [E1] 0.141 (3) 0.000110 (3)
γ42,28(U) 172.560 (8) ∼0.000000017 M1 4.70 (9) ∼0.000000003
γ12,4(U) 173.70 (5) 0.0000071 (18) [E2] 1.28 (3) 0.0000031 (8)
γ12,3(U) 179.220 (12) 0.0000739 (22) [E1] 0.127 (3) 0.0000656 (19)
γ−1,4(U) 184.55 (5) 0.000010 (3) [M1] 3.87 (8) 0.0000021 (6)
γ14,6(U) 188.23 (10) 0.0000123 (12) [E1] 0.1140 (23) 0.0000110 (11)
γ21,12(U) 189.36 (1) 0.00027 (11) [M1+E2] 2.3 (14) 0.0000820 (14)
γ−1,5(U) 193.13 (12) >0.000009 >0.0000090 (9)
γ19,10(U) 195.679 (8) 0.000456 (11) M1 3.30 (7) 0.000106 (2)
γ−1,6(U) 196.87 (5) >0.000004 >0.0000037 (4)
γ16,7(U) 203.550 (5) 0.002224 (49) M1 2.95 (6) 0.000563 (9)
γ21,11(U) 218.0 (5) >0.000002 >0.0000012 (10)
γ12,0(U) 225.42 (4) 0.0000161 (4) [E1] 0.0747 (15) 0.0000150 (4)
γ19,7(U) 237.77 (10) 0.0000422 (18) [M1] 1.91 (4) 0.0000145 (6)
γ26,14(U) 242.08 (3) 0.0000209 (14) [M1] 1.82 (4) 0.0000074 (5)
γ21,10(U) 243.38 (3) 0.000053 (18) [M1+E2] 1.1 (7) 0.0000254 (7)
γ14,3(U) 244.92 (5) 0.0000054 (5) 0.0618 (12) 0.0000051 (5)
γ24,12(U) 248.95 (5) 0.0000188 (16) [M1] 1.68 (3) 0.0000070 (6)
γ22,10(U) 255.384 (15) 0.000204 (6) [M1] 1.57 (3) 0.0000795 (20)
γ20,7(U) 263.95 (3) 0.0000629 (26) M1 1.43 (3) 0.0000259 (10)
γ30,20(U) 265.7 (3) 0.0000017 (4) [E1] 0.0514 (10) 0.0000016 (4)
γ16,4(U) 281.2 (2) 0.0000036 (12) [M1+E2] 0.7 (5) 0.0000021 (3)
γ19,5(U) 285.3 (2) 0.0000032 (12) [M1+E2] 0.7 (5) 0.0000019 (4)
γ22,7(U) 297.46 (3) 0.000100 (3) [M1] 1.025 (21) 0.0000492 (13)
γ24,10(U) 302.87 (5) 0.0000097 (8) [M1] 0.976 (20) 0.0000049 (4)
γ26,12(U) 307.85 (5) 0.0000101 (8) [M1] 0.933 (19) 0.0000052 (4)
γ21,6(U) 311.78 (4) 0.0000266 (8) [E1] 0.0361 (7) 0.0000257 (8)
γ23,7(U) 316.41 (3) 0.0000248 (10) M1 0.865 (17) 0.0000133 (5)
γ16,2(U) 319.68 (10) 0.0000073 (19) [M1+E2] 0.50 (35) 0.0000049 (5)
γ19,3(U) 320.862 (20) 0.0000558 (12) [E1] 0.0337 (7) 0.0000540 (12)
γ24,8(U) 323.84 (3) 0.0000960 (25) M1 0.811 (16) 0.0000530 (13)
γ16,0(U) 332.845 (5) 0.000503 (8) E1 0.0313 (6) 0.000488 (8)
γ26,11(U) 336.113 (12) 0.000192 (5) M1 0.733 (15) 0.0001111 (26)
γ20,4(U) 341.506 (10) 0.0001106 (24) M1 0.701 (14) 0.0000650 (13)
γ24,7(U) 345.00 (2) <0.000084 (M1) 0.682 (14) <0.00005
γ22,5(U) 345.013 (4) 0.000922 (15) M1 0.682 (14) 0.000548 (8)
γ−1,7(U) 350.8 (3) >0.000002 >0.0000018 (4)
γ19,2(U) 354.0 (5) 0.00000085 (33) [E2] 0.1150 (23) 0.00000076 (30)
γ26,10(U) 361.89 (5) 0.0000187 (11) [M1] 0.598 (12) 0.0000117 (7)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ19,0(U) 367.073 (25) 0.0000893 (21) [E1] 0.0254 (5) 0.0000871 (20)
γ21,3(U) 368.554 (20) 0.0000899 (14) [E1] 0.0252 (5) 0.0000877 (14)
γ22,4(U) 375.054 (3) 0.002376 (37) M1 0.543 (11) 0.001540 (21)
γ20,2(U) 380.191 (6) 0.000460 (7) M1 0.523 (10) 0.000302 (4)
γ26,8(U) 382.75 (5) 0.000387 (7) M1 0.513 (10) 0.000256 (4)
γ24,5(U) 392.53 (3) 0.000179 (24) M1 0.479 (10) 0.000121 (16)
γ20,1(U) 393.14 (3) 0.000619 (25) M1 0.477 (10) 0.000419 (17)
γ23,3(U) 399.53 (6) 0.00000625 (27) [E1] 0.0213 (4) 0.00000612 (26)
γ25,6(U) 406.8 (2) 0.0000030 (7) [E1] 0.0204 (4) 0.0000029 (7)
γ27,11(U) 411.2 (3) 0.000010 (4) [M1] 0.422 (8) 0.0000069 (30)
γ42,20(U) 412.49 (6) ∼0.000000018 [E1] 0.0199 (4) ∼0.000000018
γ22,2(U) 413.713 (5) 0.00207 (3) M1 0.415 (8) 0.001464 (21)
γ24,4(U) 422.598 (19) 0.0001669 (30) M1 0.392 (8) 0.0001199 (20)
γ22,1(U) 426.68 (3) 0.0000256 (6) [E2] 0.0699 (14) 0.0000239 (6)
γ24,3(U) 428.4 (3) 0.00000103 (10) [E1] 0.0184 (4) 0.00000101 (10)
γ26,6(U) 430.08 (10) 0.00000437 (19) [E1] 0.0183 (4) 0.00000429 (19)
γ23,0(U) 445.72 (3) 0.00000892 (26) E1 0.0170 (3) 0.00000877 (26)
γ−1,8(U) 446.82 (20) 0.0000009 (1) 0.00000085 (13)
γ26,5(U) 451.481 (10) 0.000223 (25) M1(+50%E2) 0.19 (13) 0.000187 (3)
γ27,8(U) 457.61 (5) 0.00000199 (4) [M1] 0.316 (6) 0.00000151 (3)
γ24,2(U) 461.25 (5) 0.00000242 (5) [E2] 0.0575 (12) 0.00000229 (5)
γ25,3(U) 463.9 (3) 0.000000284 (30) [E1] 0.0157 (3) 0.00000028 (3)
γ24,0(U) 473.9 (5) 0.000000061 (30) [E1] 0.0150 (3) 0.00000006 (3)
γ26,4(U) 481.66 (12) 0.00000485 (11) [E2] 0.0517 (10) 0.00000461 (10)
γ26,3(U) 487.06 (10) 0.000000269 (19) [E1] 0.0142 (3) 0.000000265 (19)
γ31,10(U) 493.08 (5) 0.00000089 (3) [E1] 0.0139 (3) 0.00000088 (3)
γ−1,9(U) 497.0 (5) 0.000000044 (25) 0.000000044 (25)
γ27,5(U) 526.4 (4) 0.000000059 (19) [E2] 0.0419 (8) 0.000000057 (19)
γ−1,10(U) 538.8 (2) 0.00000031 (2) 0.000000309 (19)
γ33,8(U) 550.5 (2) 0.000000440 (25) (E1) 0.01120 (22) 0.000000435 (25)
γ−1,11(U) 557.3 (5) 0.00000004 (2) 0.000000038 (19)
γ36,10(U) 579.4 (3) 0.000000091 (20) [E2] 0.0337 (7) 0.000000088 (19)
γ31,5(U) 582.89 (10) 0.000000624 (26) [E1] 0.0100 (2) 0.000000618 (26)
γ29,4(U) 586.3 (3) 0.000000155 (16) [E1] 0.0099 (2) 0.000000153 (16)
γ43,12(U) 596.0 (5) 0.000000040 (12) [E2] 0.0317 (6) 0.000000039 (12)
γ33,6(U) 597.99 (5) 0.00000179 (6) [E2] 0.0314 (6) 0.00000174 (6)
γ36,8(U) 599.6 (2) 0.000000204 (25) [E1] 0.00948 (19) 0.000000202 (25)
γ40,10(U) 606.9 (2) 0.000000136 (15) M1(+E2) 0.12 (3) 0.000000121 (13)
γ−1,12(U) 608.9 (2) 0.00000012 (2) 0.000000117 (12)
γ31,4(U) 612.83 (3) 0.00000096 (5) E1 0.00910 (18) 0.00000095 (5)
γ35,6(U) 617.1 (1) 0.00000154 (9) [M1] 0.142 (3) 0.00000135 (8)
γ31,3(U) 618.28 (6) 0.00000212 (8) (E2) 0.0292 (6) 0.00000206 (8)
γ33,5(U) 619.21 (6) 0.00000122 (8) [E1] 0.00892 (18) 0.00000121 (8)
γ32,3(U) 624.78 (3) <0.000000025 (M1) 0.137 (3) <0.000000022
γ29,2(U) 624.78 (5) 0.000000464 (19) [E1] 0.00877 (18) 0.000000460 (19)
γ28,0(U) 633.15 (6) 0.00000286 (7) M1(+E2) 0.122 (11) 0.00000255 (6)
γ29,1(U) 637.73 (5) 0.00000065 (6) [E1] 0.00844 (17) 0.00000064 (6)
γ29,0(U) 637.80 (5) 0.00000197 (20) E2 0.0273 (5) 0.00000192 (19)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ38,7(U) 639.99 (10) 0.00000869 (21) [E2] 0.0271 (5) 0.00000846 (20)
γ30,2(U) 645.94 (4) 0.00001502 (30) E1 0.00824 (16) 0.0000149 (3)
γ33,4(U) 649.32 (6) 0.00000073 (5) [E1] 0.00816 (16) 0.00000072 (5)
γ−1,13(U) 650.53 (6) 0.00000027 (4) 0.00000027 (4)
γ34,4(U) 652.05 (2) 0.00000668 (20) E1 0.00809 (16) 0.00000663 (20)
γ33,3(U) 654.88 (8) 0.00000233 (5) (E2) 0.0258 (5) 0.00000227 (5)
γ30,1(U) 658.86 (6) 0.00000967 (26) E1 0.00794 (16) 0.00000959 (26)
γ31,0(U) 664.58 (5) 0.000001712 (41) E2 0.0251 (5) 0.00000167 (4)
γ36,5(U) 668.2 (5) 0.000000040 (12) [E1] 0.00773 (15) 0.000000040 (12)
γ43,8(U) 670.8 (5) ≤0.000000009 (3) ≤0.000000009 (3)
γ32,0(U) 670.99 (4) ≤0.000000009 (3) [M1+E2] 0.06 (4) ≤0.000000009 (3)
γ35,3(U) 674.05 (3) 0.000000556 (22) 0.1120 (22) 0.00000050 (2)
γ40,5(U) 674.4 (5) 0.000000111 (11) (M1) 0.1120 (22) 0.00000010 (1)
γ−1,14(U) 685.97 (11) 0.00000127 (6) E1 0.00736 (15) 0.00000126 (6)
γ−1,15(U) 688.1 (3) 0.000000114 (11) 0.000000112 (11)
γ34,2(U) 690.81 (8) 0.00000059 (5) E1 0.00727 (15) 0.00000059 (5)
γ−1,16(U) 693.2 (5) 0.000000033 (13) 0.000000032 (13)
γ46,10(U) 693.81 (1) 0.000000019 (7) (E2) 0.0229 (5) 0.000000019 (7)
γ41,5(U) 697.8 (5) 0.000000076 (15) 0.000000074 (15)
γ−1,17(U) 699.6 (5) 0.00000008 (2) 0.000000080 (16)
γ33,0(U) 701.1 (2) 0.000000555 (29) [M1+E2] 0.06 (4) 0.000000524 (19)
γ34,1(U) 703.68 (5) 0.00000413 (13) E1 0.00702 (14) 0.00000410 (13)
γ−1,18(U) 712.96 (5) 0.000000052 (6) 0.000000052 (6)
γ44,7(U) 714.71 (14) 0.000000081 (8) E2 0.0215 (4) 0.000000079 (8)
γ39,4(U) 718.0 (5) 0.00000278 (6) E1 0.00677 (14) 0.00000276 (6)
γ35,0(U) 720.3 (5) 0.000000029 (5) 0.000000029 (5)
γ47,10(U) 720.55 (3) 0.000000020 (2) 0.000000020 (2)
γ41,4(U) 727.9 (2) 0.000000136 (8) M1 0.0911 (18) 0.000000125 (7)
γ46,7(U) 736.5 (5) 0.000000031 (9) M1+59(8)%E2 0.0481 (10) 0.000000030 (9)
γ−1,19(U) 742.7 (5) 0.000000038 (11) 0.000000038 (11)
γ37,2(U) 747.4 (5) 0.000000082 (16) E1 0.00629 (13) 0.000000081 (16)
γ38,2(U) 756.23 (6) 0.0000029 (5) [M1+E2] 0.05 (3) 0.0000028 (5)
γ39,2(U) 756.4 (4) 0.00000069 (19) [E1] 0.00615 (12) 0.00000069 (19)
γ47,7(U) 762.6 (2) ∼0.00000001 ∼0.00000001
γ45,5(U) 763.60 (15) >0.000000042 E0(+M1) 0.9 >0.000000022
γ41,2(U) 766.47 (3) 0.00000065 (11) E0+M1 4.0 (4) 0.00000013 (2)
γ51,12(U) 767.29 (4) 0.00000014 (3) 0.00000014 (3)
γ38,1(U) 769.15 (8) 0.0000153 (32) M1+E0 2.0 (2) 0.0000051 (10)
γ39,1(U) 769.4 (5) 0.0000068 (12) E1 0.00596 (12) 0.0000068 (12)
γ−1,20(U) 777.1 (3) 0.000000028 (7) 0.000000028 (7)
γ41,1(U) 779.43 (3) 0.000000147 (10) M1 0.0759 (15) 0.000000137 (9)
γ−1,21(U) 786.9 (2) 0.000000089 (9) E2 0.0177 (4) 0.000000087 (9)
γ−1,22(U) 788.5 (3) 0.000000035 (7) 0.000000035 (7)
γ42,2(U) 792.68 (6) 0.000000020 (4) (E1) 0.00565 (11) 0.000000020 (4)
γ−1,23(U) 796.9 (3) 0.000000015 (3) 0.000000015 (3)
γ−1,24(U) 803.2 (2) 0.000000064 (5) 0.000000064 (5)
γ42,1(U) 805.65 (6) 0.000000029 (4) E2 0.0169 (3) 0.000000028 (4)
γ43,2(U) 808.21 (4) 0.000000130 (6) M1 0.0690 (14) 0.000000122 (6)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ46,4(U) 813.7 (2) 0.000000048 (5) M1 0.0677 (14) 0.000000045 (5)
γ50,9(U) 816.0 (2) 0.000000026 (4) [M1+E2] 0.042 (25) 0.000000025 (4)
γ43,0(U) 821.25 (4) 0.000000050 (11) E1+M2 0.000000050 (11)
γ51,10(U) 821.3 (2) ∼0.000000006 ∼0.000000006
γ−1,25(U) 826.8 (3) 0.000000018 (6) 0.000000018 (6)
γ−1,26(U) 828.9 (2) 0.00000014 (1) 0.000000134 (8)
γ52,12(U) 832.2 (2) 0.000000030 (4) 0.000000030 (4)
γ−1,27(U) 837.3 (2) 0.000000020 (4) 0.000000020 (4)
γ47,4(U) 840.4 (2) 0.000000056 (6) M1(+E0) 0.14 (2) 0.000000049 (5)
γ44,1(U) 843.78 (1) 0.000000147 (9) M1(+E0) 0.09 (1) 0.000000135 (8)
γ47,2(U) 879.2 (3) 0.000000037 (4) [M1+E2] 0.035 (20) 0.000000036 (4)
γ47,1(U) 891.0 (3) 0.000000076 (8) [E2] 0.0139 (3) 0.000000075 (8)
γ−1,28(U) 895.4 (3) 0.000000008 (3) 0.0000000076 (25)
γ−1,29(U) 898.1 (3) 0.000000018 (4) 0.000000018 (4)
γ−1,30(U) 905.5 (3) 0.000000008 (3) 0.0000000076 (25)
γ−1,31(U) 911.7 (3) 0.000000014 (3) 0.000000014 (3)
γ49,4(U) 918.7 (3) 0.000000009 (3) 0.0000000088 (30)
γ−1,32(U) 931.9 (3) 0.000000013 (4) 0.000000013 (4)
γ50,3(U) 940.3 (3) 0.000000051 (5) [E2] 0.01250 (25) 0.000000050 (5)
γ48,2(U) 955.41 (2) 0.0000000321 (31) M1+27(13)%E2 0.036 (4) 0.000000031 (3)
γ49,2(U) 957.6 (3) 0.000000032 (3) 0.000000032 (3)
γ48,1(U) 968.37 (2) 0.000000029 (5) M1+27(20)%E2 0.035 (19) 0.000000028
γ51,2(U) 979.7 (3) 0.000000029 (5) [M1+E2] 0.026 (15) 0.000000028 (5)
γ−1,33(U) 982.7 (3) 0.000000011 (3) 0.0000000107 (25)
γ53,7(U) 986.90 (4) 0.000000021 (5) E1 0.00383 (8) 0.000000021 (5)
γ51,1(U) 992.64 (3) 0.000000027 (4) 0.000000027 (4)
γ52,4(U) 1005.7 (3) 0.000000018 (3) 0.0000000177 (25)
γ−1,34(U) 1009.4 (3) 0.000000014 (3) 0.0000000139 (25)
γ52,0(U) 1057.3 (2) 0.000000045 (7) 0.000000045 (7)
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1 Half-life, Q-value and Decay mode

T1/2 : 6561 (7) y

Qα : 5255.75 (15) keV
α : 100 %
SF : 5.7 ×10−6 %

2 α Emissions

Energy Probability
keV × 100

α0,10 4217.6 (2) <0.0000001
α0,9 4223.8 (4) <0.00000013
α0,8 4226.1 (3) <0.00000017
α0,7 4264.3 (3) 0.00000065 (8)
α0,6 4436.4 (2) 0.000000013 (7)
α0,5 4492.0 (2) 0.0000193 (4)
α0,4 4654.5 (2) 0.000047 (5)
α0,3 4863.5 (2) 0.001082 (18)
α0,2 5021.1 (2) 0.0863 (18)
α0,1 5123.6 (2) 27.16 (19)
α0,0 5168.13 (15) 72.74 (18)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (U) 5.01 - 21.60 10.3 (8)

eAK (U) 0.0000027 (4)
KLL 71.78 - 80.95 }
KLX 88.15 - 98.43 }
KXY 104.51 - 115.59 }

ec1,0 L (U) 23.486 - 28.076 19.8 (6)
ec1,0 M (U) 39.696 - 41.690 5.48 (15)
ec1,0 N (U) 43.803 - 44.865 1.483 (40)
ec2,1 L (U) 82.475 - 87.067 0.0571 (10)
ec2,1 M (U) 98.687 - 100.680 0.01585 (33)
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4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (U) 11.619 — 20.714 10.34 (15)

XKα2 (U) 94.666 0.0000260 (6) } Kα
XKα1 (U) 98.44 0.0000416 (9) }

XKβ3 (U) 110.421 }
XKβ1 (U) 111.298 } 0.0000150 (4) Kβ

′
1

XKβ
′′
5 (U) 111.964 }

XKβ2 (U) 114.407 }
XKβ4 (U) 115.012 } 0.00000513 (16) Kβ

′
2

XKO2,3 (U) 115.377 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(U) 45.244 (2) 27.3 (8) E2 589 (12) 0.0462 (9)
γ2,1(U) 104.233 (5) 0.0856 (14) E2 10.99 (22) 0.00714 (7)
γ3,2(U) 160.308 (3) 0.001116 (17) E2 1.76 (4) 0.0004045 (22)
γ4,3(U) 212.46 (5) 0.0000464 (48) E2 0.599 (12) 0.000029 (3)
γ5,2(U) 538.1 (1) 0.000000168 (14) E3 0.143 (3) 0.000000147 (12)
γ5,1(U) 642.34 (5) 0.00001449 (43) E1+(M2+E3) 0.15 (2) 0.0000126 (3)
γ5,0(U) 687.56 (10) 0.00000466 (14) E1 0.31 (2) 0.00000356 (9)
γ6,1(U) 698.94 <0.000000025 <0.000000025
γ9,2(U) 810.8 <0.000000043 <0.000000043
γ7,1(U) 874.0 (2) 0.00000059 (6) (E2) 0.0144 (3) 0.00000058 (6)
γ8,1(U) 912.4 (3) <0.00000007 (M1) 0.050 (1) <0.00000007
γ9,1(U) 915.1 (3) <0.000000063 (M1+E0) <0.000000063
γ10,1(U) 921.2 (2) <0.000000022 E1 0.00432 (9) <0.000000022
γ8,0(U) 958.0 (2) <0.0000001 <0.0000001
γ9,0(U) 960.3 <0.00000005 <0.00000005
γ10,0(U) 966.9 (2) <0.0000000501985 E1 0.00397 (8) <0.00000005
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1 Half-life, Q-value and Decay mode

T1/2 : 14.33 (4) y

Qβ− : 20.8 (2) keV
Qα : 5140.0 (5) keV
β− : 99.99756 (2) %
α : 0.00244 (2) %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−
0,0 20.8 (2) 99.99756 (2) 1st forbidden 5.8

3 α Emissions

Energy Probability
keV × 100

α0,10 4694 (3) ≈0.0000007
α0,9 4733 (3) ≈0.0000007
α0,8 4744 (5) ≈0.0000017
α0,7 4785.1 (11) 0.0000005 (2)
α0,6 4798.0 (5) 0.000029 (3)
α0,5 4853.8 (5) 0.000295 (8)
α0,4 4897.3 (5) 0.00203 (4)
α0,3 4973.1 (5) 0.000032 (3)
α0,2 4999.2 (5) 0.0000100 (12)
α0,1 5043.4 (5) 0.000025 (2)
α0,0 5054.6 (5) 0.0000086 (10)

4 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (U) 5.9 - 21.6 0.00117 (6)

eAK (U) 0.000031 (5)
KLL 71.776 - 80.954 }
KLX 88.153 - 98.429 }
KXY 104.51 - 115.59 }

β−
0,0 max: 20.8 (2) 99.99756 (2) avg: 5.8 (1)
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5 Photon Emissions

5.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (U) 11.619 — 20.714 0.001166 (40)

XKα2 (U) 94.666 0.000300 (7) } Kα
XKα1 (U) 98.44 0.000479 (10) }

XKβ3 (U) 110.421 }
XKβ1 (U) 111.298 } 0.000179 (5) Kβ

′
1

XKβ
′′
5 (U) 111.964 }

XKβ2 (U) 114.407 }
XKβ4 (U) 115.012 } 0.000059 (2) Kβ

′
2

XKO2,3 (U) 115.377 }

5.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ5,4(U) 44.18 (3) 0.000258 (17) M1+1.7(5)%E2 60.4 (29) 0.0000042 (2)
γ2,1(U) 44.86 (10) 0.000111 (25) [M1+15(4)%E2] 131 (25) 0.00000084 (10)
γ2,0(U) 56.30 (12) 0.00051 (4) (E2) 204 (4) 0.0000025 (2)
γ6,5(U) 56.76 (10) 0.0000280 (41) M1+1.1(13)E2 27 (3) 0.0000010 (1)
γ3,1(U) 71.64 (9) 0.000189 (14) (E2) 64.3 (13) 0.0000029 (2)
γ4,3(U) 77.01 (4) 0.000225 (6) (M1) 9.86 (20) 0.0000207 (4)
γ6,4(U) 100.94 (11) 0.00000099 (E2) 12.8 (3) 0.000000072
γ4,2(U) 103.680 (5) 0.000536 (14) [M1+0.47(1)%E2] 4.20 (9) 0.000103 (2)
γ7,4(U) 114 (1) 0.0000067 (13) E1 0.0883 (17) 0.0000062 (12)
γ5,3(U) 121.22 (5) 0.0000097 (10) (M1) 12.8 (3) 0.00000070 (7)
γ4,1(U) 148.567 (10) 0.001500 (27) [M1+2.8(1)%E2] 7.05 (14) 0.0001863 (8)
γ4,0(U) 159.96 (2) 0.0000179 (4) (E2) 1.78 (3) 0.00000645 (9)
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1 Half-life, Q-value and Decay mode

T1/2 : 3.73 (3) ×105 y

Qα : 4984.5 (10) keV
α : 100 %
SF : 5.5 ×10−4 %

2 α Emissions

Energy Probability
keV × 100

α0,3 4600.1 (10) 0.00084 (6)
α0,2 4756.2 (10) 0.0304 (13)
α0,1 4858.2 (10) 23.44 (17)
α0,0 4902.3 (10) 76.53 (17)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (U) 5.9 - 21.6 8.40 (19)

eAK (U) 0.00000188 (29)
KLL 71.78 - 80.95 }
KLX 88.15 - 98.43 }
KXY 104.51 - 115.59 }

ec1,0 L (U) 23.157 - 27.747 17.1 (5)
ec1,0 M (U) 39.367 - 41.360 4.72 (14)
ec1,0 N (U) 43.474 - 44.536 1.28 (4)
ec2,1 L (U) 81.74 - 86.33 0.0209 (11)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (U) 11.62 — 21.73 8.71 (21)

XKα2 (U) 94.666 0.0000180 (13) } Kα
XKα1 (U) 98.44 0.0000288 (21) }
XKβ3 (U) 110.421 }
XKβ1 (U) 111.298 } 0.0000104 (8) Kβ

′
1

XKβ
′′
5 (U) 111.964 }

XKβ2 (U) 114.407 }
XKβ4 (U) 115.012 } 0.00000355 (27) Kβ

′
2

XKO2,3 (U) 115.377 }
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4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(U) 44.915 (13) 23.5 (7) E2 610 (12) 0.0384 (8)
γ2,1(U) 103.50 (4) 0.0313 (16) E2 11.36 (23) 0.00253 (12)
γ3,2(U) 158.80 (8) 0.00084 (6) E2 1.83 (4) 0.000298 (20)
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Am− 241

1 Half-life, Q-value and Decay mode

T1/2 : 432.6 (6) y

Qα : 5637.82 (12) keV
α : 100 %

2 α Emissions

Energy Probability
keV × 100

α0,36 4757.58 (13) 0.00004 (3)
α0,34 4800.99 (13) 0.000086
α0,33 4834.15 (13) 0.0007
α0,32 4888.98 (15)
α0,30 4956.06 (15)
α0,29 4961.63 (14)
α0,28 4963.83 (13)
α0,27 5007.07 (14) 0.0001
α0,25 5055.36 (13)
α0,24 5065.97 (15) 0.00011
α0,23 5092.06 (13) ∼0.0004
α0,22 5099.08 (13) ∼0.0004
α0,21 5106.72 (16)
α0,20 5117.21 (13) 0.0004
α0,19 5132.8 (2)
α0,18 5155.12 (13) 0.0007
α0,17 5179.35 (13) 0.0003
α0,16 5181.63 (13) 0.0009
α0,15 5190.17 (23) 0.0006
α0,14 5217.26 (13)
α0,13 5225.08 (13) 0.0013
α0,12 5232.6 (3)
α0,11 5244.13 (13) 0.0022 (3)
α0,9 5280.99 (13) 0.0005
α0,8 5321.87 (13) 0.014 (3)
α0,6 5388.25 (13) 1.66 (3)
α0,5 5416.28 (13) ∼0.01
α0,4 5442.86 (12) 13.23 (10)
α0,3 5469.47 (12) <0.04
α0,2 5485.56 (12) 84.45 (10)
α0,1 5511.46 (12) 0.23 (1)
α0,0 5544.11 (12) 0.38 (1)
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3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Np) 6.04 - 13.52 33.4 (17)

eAK (Np) 0.000114 (16)
KLL 73.50 - 83.13 }
KLX 90.36 - 97.28 }
KXY 107.10 - 114.58 }

ec2,1 L (Np) 3.92 - 8.73 14 (5)
ec1,0 L (Np) 10.769 - 15.590 15.9 (21)
ec3,1 L (Np) 20.28 - 25.09 0.31 (7)
ec2,1 M (Np) 20.606 - 22.681 3.7 (5)
ec4,2 L (Np) 20.99 - 25.81 8.8 (12)
ec1,0 M (Np) 27.46 - 29.53 4.0 (6)
ec1,0 N (Np) 31.70 - 32.79 1.08 (16)
ec6,4 L (Np) 33.13 - 37.95 0.87 (11)
ec3,1 M (Np) 36.97 - 39.04 0.076 (17)
ec2,0 L (Np) 37.114 - 41.930 30.2 (22)
ec4,2 M (Np) 37.68 - 39.76 2.3 (4)
ec3,1 N (Np) 41.2 - 42.3 0.021 (5)
ec4,2 N (Np) 41.92 - 43.02 0.65 (9)
ec6,4 M (Np) 49.82 - 51.90 0.228 (30)
ec3,0 L (Np) 53.5 - 58.3 0.0232 (4)
ec2,0 M (Np) 53.802 - 55.877 8.12 (25)
ec6,4 N (Np) 54.06 - 55.16 0.062 (8)
ec6,2 L (Np) 76.54 - 81.36 0.225 (5)
ec6,2 M (Np) 93.23 - 95.31 0.0625 (16)
ec6,2 N (Np) 97.47 - 98.57 0.0171 (4)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Np) 11.89 — 22.2 37.66 (17)

XKα2 (Np) 97.069 0.001134 (30) } Kα
XKα1 (Np) 101.059 0.00181 (5) }

XKβ3 (Np) 113.303 }
XKβ1 (Np) 114.234 } 0.000658 (21) Kβ

′
1

XKβ
′′
5 (Np) 114.912 }

XKβ2 (Np) 117.463 }
XKβ4 (Np) 117.876 } 0.000226 (8) Kβ

′
2

XKO2,3 (Np) 118.429 }
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4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ2,1(Np) 26.3446 (2) 21 (5) E1 anomalous 8 (2) 2.31 (8)
γ−1,1(Np) 32.183 0.0174 (4) 0.0174 (4)
γ1,0(Np) 33.1963 (3) 21.3 (30) M1+1.66%E2 175 (24) 0.1215 (28)
γ3,1(Np) 42.704 (5) 0.42 (9) (M1+≈1.7%E2) ≈75 (7) 0.0055 (11)
γ4,2(Np) 43.420 (3) 12.1 (16) M1+16.6%E2 180 (23) 0.0669 (29)
γ14,10(Np) 51.01 (3) 0.000046 (21) E1 0.753 (11) 0.000026 (12)
γ6,4(Np) 55.56 (2) 1.19 (16) M1+17.5%E2 65 (6) 0.0181 (18)
γ−1,2(Np) 57.85 (5) 0.0052 (15)
γ2,0(Np) 59.5409 (1) 77.6 (25) E1 anomalous 1.16 (7) 35.92 (17)
γ14,9(Np) 64.83 (2) 0.000196 (28) E1 0.400 (8) 0.00014 (2)
γ8,6(Np) 67.50 (2) 0.013 (4) (M1+17%E2) 29 (6) 0.00042 (10)
γ4,1(Np) 69.76 (3) 0.0039 (5) (E1) 0.330 (7) 0.0029 (4)
γ3,0(Np) 75.90 (1) 0.032 (E2) 53.1 (11) 0.0006
γ5,1(Np) 96.79 (3) 0.000047 (16) 0.000047 (16)
γ6,2(Np) 98.97 (2) 0.329 (10) E2 15.2 (3) 0.0203 (4)
γ4,0(Np) 102.98 (2) 0.0218 (5) E1 0.1189 (24) 0.0195 (4)
γ−1,3(Np) 106.42 (5) 0.000015
γ20,13(Np) 109.70 (7) 0.000051 [E2] 9.44 (19) 0.0000049
γ21,13(Np) 120.36 (8) 0.0000045
γ8,4(Np) 123.05 (1) 0.00675 (30) E2 5.75 (12) 0.00100 (4)
γ6,1(Np) 125.30 (2) 0.00533 (26) (E1) 0.299 (6) 0.0041 (2)
γ29,22(Np) 139.44 (8) 0.000023 (5) [E2] 3.37 (7) 0.0000053 (11)
γ11,6(Np) 146.55 (3) 0.00172 (5) E2 2.73 (6) 0.00046 (1)
γ8,3(Np) 150.04 (3) 0.000087 (6) [E1] 0.197 (4) 0.000073 (5)
γ26,15(Np) 154.27 (20) 0.000004 [M1] 7.06 (14) 0.0000005
γ29,20(Np) 159.26 (20) 0.0000016 (6) [E1] 0.171 (4) 0.0000014 (5)
γ24,13(Np) 161.54 (10) 0.000011 [M1] 6.20 (12) 0.0000015
γ9,4(Np) 164.61 (2) 0.000178 (9) E2 1.70 (4) 0.000066 (3)
γ13,6(Np) 165.81 (6) 0.00011 (5) [M1+E2] 3.7 (22) 0.000023 (1)
γ18,8(Np) 169.56 (3) 0.000427 (26) E2 1.51 (3) 0.00017 (1)
γ11,5(Np) 175.07 (4) 0.000021 (3) [E1] 0.137 (3) 0.000018 (3)
γ−1,7(Np) 190.4 0.0000022 (5)
γ25,11(Np) 191.96 (4) 0.0000415 (20) [E2] 0.932 (19) 0.0000215 (10)
γ29,18(Np) 196.76 (8) 0.00000054 [E1] 0.1045 (21) 0.00000049
γ−1,8(Np) 201.70 (14) 0.0000008 0.0000008
γ18,7(Np) 204.06 (6) 0.00000226 (7) [E1] 0.0960 (19) 0.00000206 (6)
γ9,2(Np) 208.005 (23) 0.00313 (6) M1+2.38%E2 2.98 (6) 0.000786 (9)
γ13,4(Np) 221.46 (3) 0.00011 (5) [M1+E2] 1.5 (10) 0.0000434 (8)
γ26,10(Np) 232.81 (5) 0.0000155 (4) [M1] 2.22 (5) 0.00000482 (9)
γ9,1(Np) 234.40 (4) 0.0000080 (8) M2 8.24 (17) 0.00000087 (8)
γ26,9(Np) 246.73 (10) 0.00000703 (22) [M1] 1.88 (4) 0.00000244 (7)
γ13,3(Np) 248.52 (3) 0.00000155 (3) [E1] 0.0612 (12) 0.00000146 (3)
γ22,7(Np) 261.00 (7) 0.00000169 (8) [E2] 0.312 (6) 0.00000129 (6)
γ13,2(Np) 264.88 (3) 0.000018 (7) [M1+E2] 0.9 (7) 0.00000943 (12)
γ9,0(Np) 267.54 (4) 0.000055 (2) E1+19.4%M2 1.06 (6) 0.0000268 (6)
γ−1,9(Np) 270.63 (15) 0.0000005 (2)
γ−1,10(Np) 271.54 0.00000144 (5)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ20,6(Np) 275.77 (8) 0.000011 (4) [M1+E2] 0.8 (6) 0.00000632 (10)
γ27,9(Np) 278.04 (15) 0.00000270 (8) [M1] 1.35 (3) 0.00000115 (3)
γ13,1(Np) 291.3 (2) 0.00000318 (8) [E1] 0.0430 (9) 0.00000305 (8)
γ16,3(Np) 292.77 (6) 0.0000173 (4) [E2] 0.215 (4) 0.0000142 (3)
γ20,5(Np) 304.21 (20) 0.000000966 (21) [E1] 0.0391 (8) 0.00000093 (2)
γ16,2(Np) 309.1 (3) 0.00000210 (31) [E1] 0.0377 (8) 0.0000020 (3)
γ22,5(Np) 322.56 (3) 0.000257 (7) (M1+26.5%E2) 0.702 (12) 0.000151 (4)
γ−1,11(Np) 324.69 0.0000018 (3) 0.0000018 (3)
γ−1,12(Np) 329.69 0.0000011 (2) 0.0000011 (2)
γ14,0(Np) 332.35 (3) 0.000172 (5) E2 0.147 (3) 0.000150 (4)
γ16,1(Np) 335.37 (3) 0.00084 (4) M1+17.3%E2 0.69 (8) 0.000496 (7)
γ17,1(Np) 337.7 (2) 0.00000556 (10) (E2) 0.140 (3) 0.00000488 (9)
γ−1,13(Np) 350.71 0.00000139 (5) 0.00000139 (5)
γ20,3(Np) 358.25 (20) 0.00000133 (5) [E1] 0.0275 (6) 0.00000129 (5)
γ16,0(Np) 368.62 (3) 0.000347 (9) (M1) 0.622 (12) 0.000214 (5)
γ17,0(Np) 370.94 (3) 0.000080 (4) M1+16%E2 0.53 (7) 0.0000520 (8)
γ−1,14(Np) 374.83 0.00000313 (5) 0.00000313 (6)
γ22,3(Np) 376.65 (3) 0.000225 (9) (M1) 0.586 (12) 0.000137 (3)
γ23,3(Np) 383.81 (3) 0.000037 (7) [M1+E2] 0.33 (23) 0.0000281 (6)
γ−1,15(Np) 389.0 (3) 0.0000005 0.00000049
γ−1,16(Np) 390.61 (5) 0.00000573 (8) 0.00000573 (10)
γ29,7(Np) 400.78 (10) 0.00000018 (5) [M1+E2] 0.29 (21) 0.00000014 (3)
γ30,7(Np) 406.35 (15) 0.00000175 (28) [M1+E2] 0.28 (20) 0.00000137 (5)
γ−1,17(Np) 411.27 0.00000018 (4) 0.00000018 (4)
γ22,1(Np) 419.33 (4) 0.000036 (5) [M1+E2] 0.26 (18) 0.0000284 (4)
γ23,1(Np) 426.47 (4) 0.000039 (9) [M1+E2] 0.25 (18) 0.000031 (6)
γ−1,18(Np) 429.9 (1) 0.00000109 (5) 0.00000109 (5)
γ−1,19(Np) 440.63 0.00000056 (3) 0.00000056 (3)
γ−1,20(Np) 442.81 (7) 0.00000331 (7) 0.00000331 (8)
γ35,13(Np) 446.15 (6) 0.00000011 (2) 0.00000011 (2)
γ22,0(Np) 452.6 (2) 0.00000251 (7) [E2] 0.0635 (13) 0.00000236 (7)
γ26,2(Np) 454.66 (8) 0.0000129 (2) [M1] 0.351 (7) 0.00000953 (12)
γ23,0(Np) 459.68 (10) 0.0000043 (5) [M1+E2] 0.20 (14) 0.00000355 (7)
γ29,5(Np) 462.34 (8) 0.0000012 [M1+E2] 0.20 (14) 0.000001
γ30,5(Np) 468.12 (15) 0.0000032 (4) [M1+E2] 0.19 (14) 0.00000269 (6)
γ−1,21(Np) 486.05 0.00000105 (6) 0.00000105 (6)
γ28,4(Np) 487.13 (4) 0.00000080 (6) [M1] 0.291 (6) 0.00000062 (5)
γ−1,22(Np) 494.39 0.00000010 (2) 0.00000010 (2)
γ−1,23(Np) 501.39 0.00000014 (2) 0.00000014 (2)
γ27,1(Np) 512.5 (3) 0.00000210 (41) [E1] 0.0133 (3) 0.0000021 (4)
γ26,0(Np) 514.0 (5) 0.0000039 (2) [E1] 0.0132 0.0000038 (2)
γ30,3(Np) 522.06 (15) 0.00000113 (11) [M1+E2] 0.14 (10) 0.00000099 (5)
γ−1,24(Np) 525.14 0.00000016 (3) 0.00000016 (3)
γ38,13(Np) 529.17 (20) 0.00000072 (5) [E2] 0.0437 (9) 0.00000069 (5)
γ−1,25(Np) 532.44 0.00000008 (2) 0.00000008 (2)
γ27,0(Np) 546.12 (6) 0.00000025 (3) [E1] 0.0117 (2) 0.00000025 (3)
γ−1,26(Np) 548.15 0.00000005 (2) 0.00000005 (2)
γ−1,27(Np) 555.25 0.00000009 (2) 0.00000009 (2)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ33,6(Np) 563.46 (2) 0.000000460 (21) [E2] 0.0378 (8) 0.00000044 (2)
γ36,8(Np) 573.94 (20) 0.00000142 (12) [M1+E2] 0.11 (8) 0.00000128 (5)
γ−1,28(Np) 582.89 0.00000101 (6) 0.00000101 (6)
γ31,2(Np) 586.59 (20) 0.00000128 (5) [E2] 0.0346 (7) 0.00000124 (5)
γ28,0(Np) 590.09 (4) 0.00000283 (6) [E1] 0.0101 (2) 0.00000280 (6)
γ34,6(Np) 597.19 (2) 0.0000080 (5) [M1+E2] 0.10 (7) 0.00000729 (11)
γ−1,29(Np) 600.26 0.00000022 (3) 0.00000022 (3)
γ33,4(Np) 619.01 (2) 0.000065 (5) [M1+E2] 0.09 (7) 0.000060 (2)
γ38,8(Np) 627.18 (20) 0.00000056 (4) [M1+E2] 0.09 (6) 0.00000051 (2)
γ32,1(Np) 632.93 (15) 0.00000124 (5) 0.00000124 (5)
γ−1,30(Np) 636.9 0.00000021 (3) 0.00000021 (3)
γ36,6(Np) 641.32 (4) 0.0000076 (5) [M1+E2] 0.08 (6) 0.00000704 (10)
γ34,4(Np) 652.73 (2) 0.0000410 (25) [M1+E2] 0.08 (6) 0.0000376 (9)
γ33,2(Np) 662.40 (2) 0.00045 (10) (E0+M1+E2) 0.23 (5) 0.000367 (6)
γ32,0(Np) 666.2 (2) 0.00000095 (7) 0.00000095 (7)
γ36,5(Np) 669.83 (2) 0.00000051 (7) [E1] 0.0080 (2) 0.00000051 (7)
γ37,5(Np) 675.78 (13) 0.00000091 (7) [E2,M1] 0.07 (5) 0.00000085 (5)
γ34,3(Np) 679.79 (2) 0.00000334 (8) [E1] 0.00776 (16) 0.00000331 (8)
γ33,1(Np) 688.72 (4) 0.0000325 (6) [E1] 0.00758 (16) 0.0000323 (6)
γ−1,31(Np) 693.46 0.00000354 (7) 0.00000354 (8)
γ34,2(Np) 696.14 (2) 0.0000055 (3) [M1+E2] 0.07 (5) 0.00000517 (8)
γ−1,32(Np) 709.42 (5) 0.00000641 (18) 0.00000641 (19)
γ−1,33(Np) 712.5 0.00000020 (3) 0.00000020 (3)
γ33,0(Np) 721.96 (2) 0.000197 (5) [E1] 0.0070 (2) 0.000196 (5)
γ37,3(Np) 729.72 (15) 0.00000151 (6) [M1] 0.099 (2) 0.00000137 (5)
γ−1,34(Np) 731.44 0.00000046 (4) 0.00000046 (4)
γ−1,35(Np) 736.68 0.00000128 (5) 0.00000128 (5)
γ35,1(Np) 737.34 (5) 0.00000794 (8) 0.00000794 (11)
γ−1,36(Np) 740.51 0.00000019 (3) 0.00000019 (3)
γ−1,37(Np) 742.9 (3) 0.00000035 0.00000035
γ−1,38(Np) 745.02 0.00000009 (2) 0.00000009 (2)
γ−1,39(Np) 750.39 0.00000006 (2) 0.00000006 (2)
γ34,0(Np) 755.68 (2) 0.00000789 (11) [E1] 0.0064 (1) 0.00000784 (11)
γ−1,40(Np) 759.5 (1) 0.00000181 (5) 0.00000181 (5)
γ−1,41(Np) 763.31 0.00000023 (2) 0.00000023 (2)
γ36,1(Np) 766.62 (4) 0.00000504 (6) [E1] 0.00623 (12) 0.00000501 (6)
γ35,0(Np) 770.57 (10) 0.00000481 (5) 0.00000481 (7)
γ37,1(Np) 772.57 (12) 0.00000303 (5) [M1] 0.0847 (17) 0.00000279 (4)
γ−1,42(Np) 774.67 0.00000011 (2) 0.00000011 (2)
γ−1,43(Np) 777.39 0.00000015 (2) 0.00000015 (2)
γ−1,44(Np) 780.53 0.00000031 (2) 0.00000031 (2)
γ−1,45(Np) 782.2 (5) 0.00000015 0.00000015
γ39,3(Np) 786.00 (15) 0.00000062 (0) 0.00000062
γ−1,46(Np) 789.0 (3) 0.00000042 (6) 0.00000042 (6)
γ−1,47(Np) 792.6 0.00000003 (1) 0.00000003 (1)
γ−1,48(Np) 794.92 (20) 0.00000094 0.00000094
γ39,2(Np) 801.94 (20) 0.00000123 (7) 0.00000123 (7)
γ−1,49(Np) 803.19 0.00000016 (3) 0.00000016 (3)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ37,0(Np) 805.77 (12) 0.00000033 [M1,E2] 0.05 (3) 0.00000031
γ−1,50(Np) 811.9 (3) 0.00000063 (6) 0.00000063 (6)
γ−1,51(Np) 819.33 0.00000043 (6) 0.00000043 (6)
γ−1,52(Np) 822.21 0.00000024 (6) 0.00000024 (6)
γ39,1(Np) 828.60 (12) 0.00000021 (4) 0.00000021 (4)
γ−1,53(Np) 835.21 0.00000003 (1) 0.00000003 (1)
γ−1,54(Np) 838.88 0.00000004 (1) 0.00000004 (1)
γ−1,55(Np) 841.14 0.00000010 (3) 0.00000010 (3)
γ−1,56(Np) 843.7 0.00000097 (8) 0.00000097 (8)
γ−1,57(Np) 846.86 0.00000016 (3) 0.00000016 (3)
γ−1,58(Np) 847.4 (5) 0.0000003 0.00000027 (3)
γ−1,59(Np) 851.6 (10) 0.00000041 (6) 0.00000041 (6)
γ−1,60(Np) 854.95 0.00000023 (4) 0.00000023 (4)
γ−1,61(Np) 856.26 0.00000010 (3) 0.00000010 (3)
γ40,2(Np) 861.34 (20) 0.00000008 0.00000008 (3)
γ39,0(Np) 861.80 (12) 0.00000061 (6) 0.00000061 (6)
γ−1,62(Np) 870.63 0.00000150 (3) 0.00000150 (4)
γ−1,63(Np) 882 0.00000004 (1) 0.00000004 (1)
γ−1,64(Np) 886.53 0.00000015 (3) 0.00000015 (3)
γ40,1(Np) 887.68 (20) 0.00000033 (6) 0.00000033 (6)
γ−1,65(Np) 890.38 0.00000032 (5) 0.00000032 (5)
γ−1,66(Np) 894.47 0.00000003 (1) 0.00000003 (1)
γ−1,67(Np) 898.17 0.00000006 (2) 0.00000006 (2)
γ−1,68(Np) 902.61 0.00000033 (3) 0.00000033 (3)
γ−1,69(Np) 909.95 0.00000005 (1) 0.00000005 (1)
γ−1,70(Np) 912.4 0.00000028 (3) 0.00000028 (3)
γ40,0(Np) 920.88 (20) 0.00000019 (3) 0.00000019 (3)
γ−1,71(Np) 928.95 0.00000009 (2) 0.00000009 (2)
γ−1,72(Np) 939.2 0.00000005 (1) 0.00000005 (1)
γ41,0(Np) 946.06 0.000000010 (3) 0.000000010 (2)
γ−1,73(Np) 952.72 0.00000003 (1) 0.00000003 (1)
γ−1,74(Np) 955.91 0.00000060 (5) 0.00000060 (5)
γ42,0(Np) 962.19 0.00000004 (1) 0.00000004 (1)
γ−1,75(Np) 969.09 0.00000003 (1) 0.00000003 (1)
γ−1,76(Np) 980.84 0.00000003 (1) 0.00000003 (1)
γ43,0(Np) 1014.33 0.0000010 (2) 0.0000010 (2)
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1 Half-life, Q-value and Decay mode

T1/2 : 16.01 (2) h

Qβ− : 664.5 (4) keV
QEC : 751.3 (7) keV
β− : 83.1 (3) %
EC : 16.9 (3) %

2 Electron Capture Transitions

Energy Probability Nature log ft PK PL PM+

keV × 100

ε0,1 706.8 (7) 10.6 (5) 1st forbidden non-unique 7.26 0.7261 (23) 0.2016 (15) 0.0532 (10)
ε0,0 751.3 (7) 6.3 (6) 1st forbidden non-unique 7.55 0.7303 (22) 0.1987 (15) 0.0522 (10)

3 β− Transitions

Energy Probability Nature log ft
keV × 100

β−
0,1 622.4 (4) 45.8 (23) 1st forbidden non-unique 6.84

β−
0,0 664.5 (4) 37.3 (23) 1st forbidden non-unique 7.03

4 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Pu) 6.09 - 13.83 9.9 (5)

eAK (Pu) 0.36 (4)
KLL 75.263 - 85.357 }
KLX 92.607 - 103.729 }
KXY 109.93 - 121.78 }

eAL (Cm) 6.19 - 14.46 15.4 (10)

ec1,0 L (Cm) 17.60 - 23.16 33.1 (18)
ec1,0 M+ (Cm) 35.79 - 42.11 12.7 (7)
ec1,0 T (Cm) 17.60 - 42.11 45.8 (23)

ec1,0 L (Pu) 21.44 - 26.48 7.7 (4)
ec1,0 M+ (Pu) 38.61 - 44.53 2.9 (2)
ec1,0 T (Pu) 21.44 - 44.53 10.6 (5)

β−
0,1 max: 622.4 (4) 45.8 (23) avg: 185.92 (14)

β−
0,0 max: 664.5 (4) 37.3 (23) avg: 200.17 (14)
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5 Photon Emissions

5.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pu) 12.124 — 22.153 10.8 (5)

XKα2 (Pu) 99.525 3.55 (17) } Kα
XKα1 (Pu) 103.734 5.6 (3) }

XKβ3 (Pu) 116.244 }
XKβ1 (Pu) 117.228 } 2.06 (11) Kβ

′
1

XKβ
′′
5 (Pu) 117.918 }

XKβ2 (Pu) 120.54 }
XKβ4 (Pu) 120.969 } 0.72 (4) Kβ

′
2

XKO2,3 (Pu) 121.543 }

XL (Cm) 12.633 — 23.527 18.0 (11)

5.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Cm) 42.13 (5) 45.8 (23) E2 1155 (17) 0.040 (2)
γ1,0(Pu) 44.54 (2) 10.6 (5) E2 748 (11) 0.014 (1)
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1 Half-life, Q-value and Decay mode

T1/2 : 143 (2) y

Qα : 5637.10 (25) keV
QIT : 48.60 (5) keV
IT : 99.54 (1) %
α : 0.46 (1) %
SF : <4.8 ×10−9 %

2 α Emissions

Energy Probability
keV × 100

α0,68 4975 (3) 0.000009 (5)
α0,64 5027.3 (15) 0.00009 (5)
α0,59 5068 (3) 0.0012 (3)
α0,57 5082.6 (12) 0.00014 (5)
α0,56 5091.9 (7) 0.0009 (3)
α0,48 5143.07 (26) 0.0258 (11)
α0,47 5153.2 (15) 0.00009 (5)
α0,42 5173.45 (26) 0.00009 (5)
α0,41 5175.4 (10) 0.00009 (5)
α0,36 5207.15 (25) 0.409 (9)
α0,35 5215.4 (7) 0.00014 (5)
α0,28 5248.15 (25) 0.0018 (5)
α0,27 5248.21 (26) 0.0018 (5)
α0,25 5249.64 (26) 0.00009 (5)
α0,23 5251.80 (25) 0.00009 (5)
α0,20 5272.96 (25) 0.0046 (5)
α0,14 5314.95 (25) 0.0028 (5)
α0,11 5331.97 (25) 0.0007 (5)
α0,9 5367.73 (25) 0.0051 (9)
α0,6 5410.13 (25) 0.0046 (9)
α0,3 5458.68 (25) 0.00064 (18)
α0,1 5517.93 (25) 0.000014 (14)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Am) 6.26 - 23.70 22.1 (11)

eAL (Np) 6.036 - 13.516 0.35 (4)

eAK (Np) 0.0019 (7)
KLL 73.501 - 83.134 }
KLX 90.358 - 101.054 }
KXY 107.19 - 118.66 }
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Energy Electrons
keV per 100 disint.

ec1,0 L (Am) 24.8 - 30.10 47.1 (10)
ec1,0 M (Am) 42.47 - 44.78 37.6 (9)
ec1,0 N (Am) 46.98 - 48.15 11.9 (3)
ec1,0 O (Am) 48.23 - 48.49 2.71 (6)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Am) 12.377 — 22.836 25.0 (11)

XL (Np) 11.871 — 21.491 0.37 (4)

XKα2 (Np) 97.069 0.019 (9) } Kα
XKα1 (Np) 101.059 0.030 (14) }

XKβ3 (Np) 113.303 }
XKβ1 (Np) 114.234 } 0.011 (5) Kβ

′
1

XKβ
′′
5 (Np) 114.912 }

XKβ2 (Np) 117.463 }
XKβ4 (Np) 117.876 } 0.0037 (17) Kβ

′
2

XKO2,3 (Np) 118.429 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ3,2(Np) 24.34 (1) 0.021 (3) M1+E2 322 (5) 0.000064 (9)
γ1,0(Np) 26.427 (2) <0.24 M1+E2 338 (5) <0.000708
γ11,10(Np) 32.64 (1) 0.0026 (4) M1+E2 136.4 (20) 0.000019 (3)
γ9,6(Np) 43.11 (1) 0.0040 (9) M1+E2 61.3 (9) 0.000064 (14)
γ19,11(Np) 43.33 (1) 0.00112 (18) M1+E2 126.7 (18) 0.0000087 (14)
γ10,6(Np) 46.833 (3) 0.00037 (7) M1+E2 48.8 (7) 0.0000074 (14)
γ1,0(Am) 48.60 (5) 99.54 (1) E4 704000 (8000) 0.0001414 (22)
γ6,3(Np) 49.371 (3) 0.244 (8) E1 0.821 (12) 0.134 (4)
γ14,9(Np) 53.67 (1) 0.097 (13) M1+E2 46.0 (7) 0.0021 (3)
γ30,19(Np) 53.85 (2) 0.00011 (6) M1+E2 37.2 (6) 0.0000028 (14)
γ9,5(Np) 57.51 (1) 0.0015 (4) E1 0.549 (8) 0.00097 (23)
γ3,1(Np) 60.247 (3) 0.132 (12) M1+E2 23.1 (4) 0.0055 (5)
γ36,20(Np) 66.92 (1) 0.0205 (6) E1 0.368 (6) 0.0150 (5)
γ28,14(Np) 67.92 (2) 0.100 (8) M1+E2 24 (3) 0.0040 (3)
γ6,2(Np) 73.72 (1) 0.0101 (7) E1 0.285 (4) 0.0079 (6)
γ19,10(Np) 75.98 (1) 0.00052 (8) E2 52.8 (8) 0.0000097 (14)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ11,6(Np) 79.48 (1) 0.0033 (8) M1+E2 26 (4) 0.000124 (23)
γ27,11(Np) 85.16 (7) 0.020 (7) M1+E2 19 (3) 0.0010 (3)
γ3,0(Np) 86.674 (2) 0.205 (7) M1+E2 7.95 (12) 0.0229 (7)
γ−1,1(Np) 89.60 (5) 0.0013 (3) 0.0013 (3)
γ9,3(Np) 92.48 (1) 0.00324 (35) E1 0.1574 (22) 0.0028 (3)
γ11,5(Np) 93.88 (1) 0.0042 (5) E1 0.1513 (22) 0.0036 (4)
γ14,6(Np) 96.78 (1) 0.0059 (10) E2 16.90 (24) 0.00033 (6)
γ30,11(Np) 97.18 (2) 0.00013 (7) E2 16.58 (24) 0.000007 (4)
γ36,14(Np) 109.61 (1) ≤0.14 M1+E2 6.7 (7) ≤0.0184
γ6,1(Np) 109.618 (3) ≤0.02 E1 0.1010 (15) ≤0.0184
γ14,5(Np) 111.18 (1) 0.0027 (5) E1 0.0974 (14) 0.0025 (4)
γ19,6(Np) 122.81 (1) 0.00039 (18) M1+E2 9.6 (9) 0.00004 (2)
γ36,11(Np) 126.92 (1) 0.0008 (4) E2 5.03 (7) 0.00013 (7)
γ23,8(Np) 131.50 (5) 0.00034 (8) E1 0.268 (4) 0.00027 (6)
γ28,8(Np) 135.21 (2) 0.0085 (5) E1 0.251 (4) 0.0068 (4)
γ6,0(Np) 136.045 (2) 0.0118 (3) E1 0.247 (4) 0.0094 (3)
γ28,7(Np) 139.05 (3) ≤0.00014 E1 0.235 (4) ≤0.00011
γ8,1(Np) 139.11 (2) ≤0.00049 E2 3.40 (5) ≤0.00011
γ30,7(Np) 151.01 (3) 0.000099 (22) E1 0.194 (3) 0.000083 (18)
γ19,4(Np) 152.70 (2) ≤0.00082 E1 0.189 (3) ≤0.00069
γ9,1(Np) 152.73 (1) ≤0.00082 E1 0.189 (3) ≤0.00069
γ11,2(Np) 153.19 (1) 0.00037 (4) E1 0.187 (3) 0.00031 (4)
γ20,5(Np) 153.87 (1) 0.0266 (8) M1+E2 7.02 (10) 0.00332 (10)
γ10,1(Np) 156.451 (3) 0.00032 (5) E1 0.1784 (25) 0.00027 (5)
γ−1,2(Np) 160.61 (2) 0.0004 (2) 0.00041 (18)
γ34,8(Np) 163.1 (5) ≤0.079 M1+E2 3.9 (5) ≤0.0161
γ36,9(Np) 163.29 (1) ≤0.079 M1+E2 3.9 (5) ≤0.0161
γ−1,3(Np) 165.97 (15) 0.000046 (23) 0.000046 (23)
γ45,13(Np) 170.7 (8) 0.00280 (22) M1+E2 3.4 (5) 0.00063 (5)
γ48,14(Np) 174.76 (6) 0.00720 (16) M1+E2 3.1 (4) 0.00017 (4)
γ30,6(Np) 176.66 (2) 0.00006 (3) E2 1.285 (18) 0.000028 (14)
γ10,0(Np) 182.878 (2) 0.00103 (4) E1 0.1238 (18) 0.00092 (3)
γ11,1(Np) 189.10 (1) 0.00030 (5) E1 0.1146 (16) 0.00027 (5)
γ23,4(Np) 190.88 (5) 0.00012 (3) E1 0.1121 (16) 0.000106 (24)
γ28,4(Np) 194.59 (2) 0.00157 (5) E1 0.1072 (15) 0.00142 (5)
γ19,2(Np) 196.52 (1) 0.00011 (5) E1 0.1048 (15) 0.00010 (5)
γ36,6(Np) 206.39 (1) 0.0027 (3) E2 0.711 (10) 0.00156 (18)
γ20,2(Np) 213.19 (1) 0.00015 (5) M1+E2 1.73 (25) 0.000055 (18)
γ11,0(Np) 215.522 (4) 0.00064 (10) E1 0.0847 (12) 0.00059 (10)
γ19,1(Np) 232.43 (1) 0.00060 (3) E1 0.0712 (10) 0.00056 (3)
γ−1,4(Np) 233.69 (10) 0.00013 (3) 0.00013 (3)
γ25,2(Np) 236.90 (6) 0.00010 (5) M1+E2 1.27 (19) 0.000046 (23)
γ27,2(Np) 238.35 (7) 0.000017 (9) E1 0.0673 (10) 0.000016 (8)
γ17,0(Np) 250.33 (3) ≤0.0012 (M1+E2) 1.08 (16) ≤0.00056
γ30,2(Np) 250.37 (2) ≤0.0006 E1 0.0602 (9) ≤0.00056
γ42,4(Np) 270.55 (7) 0.000030 (9) E1 0.0506 (7) 0.000029 (8)
γ25,1(Np) 272.80 (6) 0.000069 (15) M1+E2 0.85 (13) 0.000037 (8)
γ36,2(Np) 280.11 (1) 0.000063 (7) E1 0.0468 (7) 0.000060 (6)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ25,0(Np) 299.23 (6) 0.000046 (23) M1+E2 0.65 (10) 0.000028 (14)
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1 Half-life, Q-value and Decay mode

T1/2 : 7367 (23) y

Qα : 5438.8 (10) keV
α : 100 %
SF : 3.8 (7) ×10−9 %

2 α Emissions

Energy Probability
keV × 100

α0,16 4695 (3) 0.0017 (5)
α0,15 4919 (3) 0.000085
α0,14 4930 (3) 0.00018
α0,13 4946 (3) 0.00034
α0,12 4997 (3) 0.0009 (4)
α0,11 5008 (3) 0.0009 (4)
α0,10 5029 (3) 0.0020 (6)
α0,9 5035 (3) 0.0020 (6)
α0,8 5088 (5) 0.0055 (6)
α0,7 5113 (1) 0.010 (1)
α0,6 5181 (1) 1.383 (7)
α0,4 5233.3 (10) 11.46 (5)
α0,3 5275.3 (10) 86.74 (5)
α0,1 5321 (1) 0.192 (3)
α0,0 5349.4 (23) 0.240 (3)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Np) 6.04 - 13.52 18.4 (11)

eAK (Np) 0.00058 (9)
KLL 73.501 - 83.134 }
KLX 90.358 - 101.054 }
KXY 107.19 - 118.66 }

ec1,0 L (Np) 8.70 - 13.52 9.4 (22)
ec4,3 L (Np) 20.8 - 25.6 7.4 (8)
ec3,1 L (Np) 21.10 - 25.92 5.04 (11)
ec1,0 M (Np) 25.39 - 27.47 2.4 (6)
ec1,0 N (Np) 29.63 - 30.73 0.65 (15)
ec6,4 L (Np) 32.753 - 37.570 1.10 (33)
ec4,3 M (Np) 37.5 - 39.5 1.95 (26)
ec3,1 M (Np) 37.79 - 39.87 1.266 (28)
ec4,3 N (Np) 41.7 - 42.8 0.53 (6)
ec3,1 N (Np) 42.03 - 43.13 0.336 (7)
ec6,4 M (Np) 49.441 - 51.516 0.30 (9)
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390

Am− 243

Energy Electrons
keV per 100 disint.

ec3,0 L (Np) 52.23 - 57.05 13.91 (32)
ec6,4 N (Np) 53.679 - 54.777 0.08 (2)
ec4,1 L (Np) 64.28 - 69.10 0.0485 (14)
ec3,0 M (Np) 68.92 - 71.00 3.44 (8)
ec3,0 N (Np) 73.16 - 74.26 0.917 (21)
ec6,3 L (Np) 76.073 - 80.890 0.17 (2)
ec4,1 M (Np) 80.97 - 83.05 0.01194 (36)
ec6,3 M (Np) 92.761 - 94.836 0.05 (1)
ec4,0 L (Np) 95.41 - 100.23 0.0361 (32)
ec6,3 N (Np) 96.999 - 98.097 0.010 (2)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Np) 11.871 — 21.491 18.9 (7)

XKα2 (Np) 97.069 0.0058 (4) } Kα
XKα1 (Np) 101.059 0.0092 (7) }

XKβ3 (Np) 113.303 }
XKβ1 (Np) 114.234 } 0.00335 (25) Kβ

′
1

XKβ
′′
5 (Np) 114.912 }

XKβ2 (Np) 117.463 }
XKβ4 (Np) 117.876 } 0.00115 (9) Kβ

′
2

XKO2,3 (Np) 118.429 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Np) 31.14 (3) 12.7 (30) M1+3.08%E2 263 (13) 0.048 (11)
γ4,3(Np) 43.1 10.1 M1+12.6%E2 154 (18) 0.065
γ3,1(Np) 43.53 (2) 12.62 (23) E1 1.143 (16) 5.89 (10)
γ6,5(Np) 50.6 (10) 0.011 (2) (E1) 0.77 (5) 0.0062 (10)
γ6,4(Np) 55.18 (5) 1.81 (26) M1+26.4%E2 107 (14) 0.0168 (11)
γ3,0(Np) 74.66 (2) 85.7 (16) E1 0.276 (4) 67.2 (12)
γ4,1(Np) 86.71 (2) 0.41 (1) E1 0.186 (3) 0.346 (9)
γ6,3(Np) 98.5 (2) 0.25 (4) (E2) 15.6 (3) 0.0151 (21)
γ4,0(Np) 117.60 (15) 0.62 (5) E1 0.0842 (13) 0.57 (5)
γ6,1(Np) 141.90 (6) 0.141 (10) E1 0.224 (4) 0.115 (8)
γ7,2(Np) 169 0.0014 (E1) 0.149 (3) 0.0012
γ9,5(Np) 195.0 (18) 0.001 (E1) 0.107 (3) 0.00085
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1 Half-life, Q-value and Decay mode

T1/2 : 10.1 (1) h

Qβ− : 1427.3 (10) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−
0,9 387.1 (10) 100 1st forbidden non-unique 5.63

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Cm) 6.19 - 14.46 86 (9)

eAK (Cm) 0.213 (27)
KLL 78.858 - 89.973 }
KLX 97.226 - 109.267 }
KXY 115.57 - 128.23 }

ec1,0 L (Cm) 18.439 - 24.000 73 (15)
ec3,2 K (Cm) 25.622 (2) 3.3 (7)
ec1,0 M (Cm) 36.628 - 38.956 21 (4)
ec1,0 N (Cm) 41.281 - 42.500 5.7 (12)
ec2,1 L (Cm) 74.857 - 80.410 70 (15)
ec4,3 K (Cm) 77.334 (4) 0.049 (11)
ec2,1 M (Cm) 93.046 - 95.374 20 (4)
ec2,1 N (Cm) 97.699 - 98.910 5.5 (12)
ec3,2 L (Cm) 129.337 - 134.890 36 (8)
ec3,2 M (Cm) 147.526 - 149.854 10.2 (21)
ec3,2 N (Cm) 152.179 - 153.390 2.8 (6)
ec4,3 L (Cm) 181.049 - 186.600 0.19 (4)
ec4,3 M (Cm) 199.238 - 201.566 0.053 (12)
ec4,3 N (Cm) 203.891 - 205.100 0.0147 (34)
ec9,4 K (Cm) 410.161 (16) 0.019 (6)
ec9,3 K (Cm) 615.736 (5) 3.9 (5)
ec9,3 L (Cm) 719.451 - 725.010 0.86 (11)
ec9,3 M (Cm) 737.640 - 739.968 0.21 (3)
ec9,3 N (Cm) 742.293 - 743.510 0.058 (8)
ec9,2 K (Cm) 769.599 (7) 0.34 (10)
ec9,2 L (Cm) 873.31 - 878.87 0.10 (3)
ec9,2 M (Cm) 891.50 - 893.83 0.026 (7)

β−
0,9 max: 387.1 (10) 100 avg: 109.6 (3)
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4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Cm) 12.633 — 23.527 100 (10)

XKα2 (Cm) 104.59 2.2 (3) } Kα
XKα1 (Cm) 109.271 3.4 (4) }

XKβ3 (Cm) 122.304 }
XKβ1 (Cm) 123.403 } 1.29 (16) Kβ

′
1

XKβ
′′
5 (Cm) 124.124 }

XKβ2 (Cm) 126.889 }
XKβ4 (Cm) 127.352 } 0.45 (6) Kβ

′
2

XKO2,3 (Cm) 127.97 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Cm) 42.965 (10) 100 (21) E2 1050 (15) 0.096 (20)
γ2,1(Cm) 99.383 (4) 100 (22) E2 19.3 (3) 5.0 (11)
γ3,2(Cm) 153.863 (2) 72 (15) E2 2.81 (4) 19 (4)
γ4,3(Cm) 205.575 (4) 0.66 (15) E2 0.887 (13) 0.35 (8)
γ9,4(Cm) 538.402 (16) 0.69 (20) E2 0.0495 (7) 0.66 (19)
γ9,3(Cm) 743.977 (5) 71 (9) M1+0.46%E2 0.077 (5) 66 (8)
γ9,2(Cm) 897.840 (7) 28 (8) E2 0.01697 (24) 28 (8)
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1 Half-life, Q-value and Decay mode

T1/2 : 26 (3) min

Qβ− : 1516 (3) keV
QEC : 164 (9) keV
β− : 99.964 (1) %
EC : 0.036 (1) %

2 Electron Capture Transitions

Energy Probability Nature log ft PK PL PM+

keV × 100

ε0,0 164 (9) 0.036 (1) allowed 6.37 0.24 (5) 0.53 (4) 0.168 (12)

3 β− Transitions

Energy Probability Nature log ft
keV × 100

β−
0,11 410 (3) 0.35 (9) (1st forbidden non-unique) 6.8

β−
0,10 432 (3) 0.56 (13) (allowed) 6.67

β−
0,7 496 (3) 0.08 (2) (allowed) 7.7

β−
0,6 531.1 (30) 1.36 (16) allowed 6.58

β−
0,1 1473 (3) 31 (9) allowed 6.74

β−
0,0 1516 (3) 67 (9) allowed 6.45

4 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Pu) 6.19 - 22.99 0.0124 (11)

eAK (Pu) 0.000253 (45)
KLL 75.263 - 85.357 }
KLX 92.607 - 103.729 }
KXY 109.93 - 121.78 }

eAL (Cm) 6.19 - 14.46 10.6 (23)

eAK (Cm) 0.00125 (27)
KLL 78.858 - 89.973 }
KLX 97.226 - 109.267 }
KXY 115.57 - 128.23 }

ec1,0 L (Cm) 18.439 - 23.995 23 (7)
ec1,0 M+ (Cm) 36.628 - 42.965 9 (3)
ec6,0 T (Cm) 856.66 - 984.91 1.0 (1)

β−
0,11 max: 410 (3) 0.35 (9) avg: 116.9 (7)
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Energy Electrons Energy
keV per 100 disint. keV

β−
0,10 max: 432 (3) 0.56 (13) avg: 123.7 (7)

β−
0,7 max: 496 (3) 0.08 (2) avg: 144.0 (7)

β−
0,6 max: 531.1 (30) 1.36 (16) avg: 155.7 (7)

β−
0,1 max: 1473 (3) 31 (9) avg: 495.8 (9)

β−
0,0 max: 1516 (3) 67 (9) avg: 512.3 (9)

5 Photon Emissions

5.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Cm) 12.633 — 23.527 12.3 (27)

XKα2 (Cm) 104.59 0.013 (4) } Kα
XKα1 (Cm) 109.271 0.020 (6) }

XKβ3 (Cm) 122.304 }
XKβ1 (Cm) 123.403 } 0.0076 (21) Kβ

′
1

XKβ
′′
5 (Cm) 124.124 }

XKβ2 (Cm) 126.889 }
XKβ4 (Cm) 127.352 } 0.0027 (8) Kβ

′
2

XKO2,3 (Cm) 127.97 }

5.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Cm) 42.965 (10) 32 (9) E2 1050 (15) 0.030 (9)
γ6,1(Cm) 941.95 (3) 0.36 (12) E2 0.01547 (22) 0.35 (12)
γ7,1(Cm) 977.80 (4) 0.08 (2) E0(+M1+E2)
γ6,0(Cm) 984.91 (2) 1.0 (1) E0
γ10,1(Cm) 1041.22 (3) 0.19 (6) (M1+E2) 0.19 (6)
γ11,1(Cm) 1062.95 (3) 0.30 (9) anomalous E1 0.11 (3) 0.27 (8)
γ10,0(Cm) 1084.181 (14) 0.37 (12) anomalous (E2) 0.041 (11) 0.36 (12)
γ11,0(Cm) 1105.91 (2) 0.05 (2) anomalous (E1) 0.17 (4) 0.04 (2)
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1 Half-life, Q-value and Decay mode

T1/2 : 162.86 (8) d

Qα : 6215.56 (8) keV
α : 100 %
SF : 6.36 ×10−6 %

2 α Emissions

Energy Probability
keV × 100

α0,15 4869.43 (23) 0.00000052 (14)
α0,14 4904.44 (23) 0.00000055 (15)
α0,13 5005.64 (19) 0.00000031 (10)
α0,12 5101.21 (10) 0.0000037 (10)
α0,11 5111.1 (3) ≤0.0000002
α0,10 5146.07 (12) 0.0000017 (5)
α0,9 5165.95 (16) 0.00000113 (21)
α0,8 5186.95 (12) 0.000035 (7)
α0,7 5366.22 (15) ≤0.00000022
α0,6 5462.47 (14) 0.000013 (3)
α0,5 5517.75 (11) 0.00025 (5)
α0,4 5607.76 (16) 0.00002
α0,3 5816.39 (11) 0.0046 (5)
α0,2 5969.24 (9) 0.034 (2)
α0,1 6069.37 (9) 25.94 (7)
α0,0 6112.72 (8) 74.06 (7)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Pu) 6.19 - 22.99 8.99 (21)

eAK (Pu) 0.0000082 (15)
KLL 75.2 - 85.3 }
KLX 92.6 - 103.6 }
KXY 109.8 - 121.5 }

ec1,0 L (Pu) 20.98 - 26.02 18.8 (6)
ec1,0 M (Pu) 38.15 - 40.31 5.25 (15)
ec2,1 L (Pu) 78.82 - 83.86 0.0263 (16)
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4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pu) 12.12 — 23.07 9.92 (23)

XKα2 (Pu) 99.525 0.000082 (9) } Kα
XKα1 (Pu) 103.734 0.000130 (15) }

XKβ3 (Pu) 116.244 }
XKβ1 (Pu) 117.228 } 0.000048 (6) Kβ

′
1

XKβ
′′
5 (Pu) 117.918 }

XKβ2 (Pu) 120.54 }
XKβ4 (Pu) 120.969 } 0.0000165 (19) Kβ

′
2

XKO2,3 (Pu) 121.543 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Pu) 44.08 (3) 26.0 (8) E2 787 (16) 0.0330 (7)
γ2,1(Pu) 101.92 (4) 0.0388 (22) E2 14.45 (21) 0.00251 (14)
γ3,2(Pu) 157.42 (9) 0.0046 (5) [E2] 2.19 (4) 0.00145 (16)
γ4,3(Pu) 210.20 (14) 0.00002052 E2 0.710 (14) 0.000012
γ8,5(Pu) 336.36 (15) 0.00000072 (31) [E1] 0.0323 (6) 0.0000007 (3)
γ9,5(Pu) 357.64 (7) 0.000000055 (11) M1+E2 0.214 (15) 0.000000045 (9)
γ7,3(Pu) 459.8 (2) 0.00000006 (3) 0.00000006 (3)
γ6,2(Pu) 515.25 (19) 0.0000046 (12) E1+M2 0.022 (3) 0.0000045 (12)
γ5,1(Pu) 561.02 (10) 0.000152 (40) E1 0.01153 (23) 0.00015 (4)
γ5,0(Pu) 605.04 (10) 0.000106 (30) E1 0.00999 (20) 0.000105 (30)
γ6,1(Pu) 617.20 (12) 0.0000080 (21) E1+M2 0.0120 (12) 0.0000079 (21)
γ7,2(Pu) 617.22 (13) 0.00000016 0.00000016
γ10,2(Pu) 837.01 (15) 0.00000019 (6) [E2] 0.0174 (3) 0.00000019 (6)
γ12,2(Pu) 882.63 (3) 0.000000068 (15) (E2) 0.0157 (3) 0.000000067 (15)
γ8,1(Pu) 897.33 (10) 0.000022 (6) (E2) 0.0152 (3) 0.000022 (6)
γ9,1(Pu) 918.7 (2) 0.00000054 (15) E1 0.00469 (9) 0.00000054 (15)
γ10,1(Pu) 938.91 (10) 0.00000097 (33) E0+E2 4.4 (4) 0.00000018 (6)
γ9,0(Pu) 962.8 (2) 0.00000053 (15) E1 0.00432 (8) 0.00000053 (15)
γ11,1(Pu) 974.5 (3) 0.0000002 0.0000002
γ13,2(Pu) 979.8 (2) 0.00000026 (8) 0.00000026 (8)
γ10,0(Pu) 983.0 (3) 0.00000051 (18) [E2] 0.01276 (25) 0.00000050 (18)
γ12,1(Pu) 984.5 (1) 0.0000020 (6) M1+E2 0.01279 (26) 0.0000020 (6)
γ12,0(Pu) 1028.5 (2) 0.0000016 (5) E2 0.01171 (23) 0.0000016 (5)
γ13,1(Pu) 1081.7 (3) 0.00000005 (2) 0.00000005 (2)
γ15,2(Pu) 1118.3 (3) 0.00000017 (9) [E2] 0.01001 (20) 0.00000017 (9)
γ14,1(Pu) 1184.6 (3) 0.00000050 (15) E2 0.00899 (18) 0.00000050 (15)
γ15,1(Pu) 1220.2 (3) 0.00000035 (11) E0+E2+(M1) 0.26 (3) 0.00000028 (9)
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1 Half-life, Q-value and Decay mode

T1/2 : 28.9 (4) y

Qα : 6168.8 (10) keV
QEC : 7.5 (17) keV
α : 99.71 (3) %
EC : 0.29 (3) %

2 Electron Capture Transitions

Energy Probability Nature log ft PK PL PM+

keV × 100

ε0,0 7.5 (17) 0.29 (3) 1st forbidden 7.2 0 (0) 0 (0) 1.000 (0)

3 α Emissions

Energy Probability
keV × 100

α0,27 5231 (15) 0.00039
α0,26 5268 (3) 0.0015
α0,25 5317 (3) 0.001
α0,24 5324 (3) 0.003
α0,23 5333 (3) 0.003
α0,22 5520.1 (11) 0.002
α0,21 5533 (3) 0.006
α0,20 5538 (3) 0.002
α0,19 5569.9 (10) 0.007
α0,18 5576 (3) 0.007
α0,17 5583.2 (10) 0.009
α0,16 5588 (3) 0.02
α0,15 5594 (3) 0.01
α0,14 5605.1 (11) ≤0.01
α0,13 5613 (3) 0.03
α0,12 5624 (5) 0.06
α0,11 5640 (3) 0.14
α0,10 5647 (3) 0.03
α0,9 5682 (1) 0.2
α0,8 5686.1 (10) 1.6 (1)
α0,7 5742.5 (10) 11.3 (2)
α0,6 5786.4 (10) 73.4 (4)
α0,5 5877.6 (14) 0.7
α0,4 5906.1 (10) 0.1
α0,3 5992.7 (10) 5.7 (2)
α0,2 6010.8 (10) 1.05 (12)
α0,1 6059.4 (10) 4.4 (2)
α0,0 6067.2 (10) 1.3 (2)

KRI /V.P. Chechev



406

Cm− 243

4 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Pu) 6.19 - 22.99 49.3 (15)

eAK (Pu) 1.34 (19)
KLL 75.263 - 85.357 }
KLX 92.607 - 103.729 }
KXY 109.93 - 121.78 }

ec1,0 M (Pu) 1.93 - 4.09 63.0 (45)
ec1,0 N (Pu) 6.30 - 7.44 17.4 (12)
ec3,2 M (Pu) 12.50 - 14.66 0.6 (6)
ec3,2 N (Pu) 16.87 - 18.01 0.16 (16)
ec7,6 L (Pu) 21.559 - 26.606 9.4 (16)
ec2,1 L (Pu) 26.308 - 31.355 18.4 (12)
ec2,0 L (Pu) 34.169 - 39.216 9.67 (14)
ec8,7 L (Pu) 34.2 - 39.2 1.720 (24)
ec7,6 M (Pu) 38.730 - 40.888 2.36 (49)
ec7,6 N (Pu) 43.104 - 44.239 0.66 (12)
ec2,1 M (Pu) 43.479 - 45.637 4.96 (34)
ec7,4 K (Pu) 44.60 (6) 0.079 (34)
ec3,1 L (Pu) 44.737 - 49.784 14.3 (36)
ec2,1 N (Pu) 47.853 - 48.988 1.36 (10)
ec2,0 M (Pu) 51.340 - 53.498 2.700 (42)
ec8,7 M (Pu) 51.4 - 53.5 0.419 (6)
ec8,7 N (Pu) 55.7 - 56.9 0.1142 (16)
ec2,0 N (Pu) 55.714 - 56.849 0.742 (11)
ec3,1 M (Pu) 61.908 - 64.066 4 (1)
ec4,3 L (Pu) 64.96 - 70.00 0.01633 (23)
ec3,1 N (Pu) 66.282 - 67.417 1.10 (28)
ec8,6 L (Pu) 78.86 - 83.90 0.0837 (12)
ec9,6 L (Pu) 83.021 - 88.068 0.056 (10)
ec4,2 L (Pu) 83.37 - 88.41 0.1284 (18)
ec6,3 K (Pu) 87.962 (2) 8.42 (29)
ec5,3 L (Pu) 94 - 99 0.442 (19)
ec8,6 M (Pu) 96.03 - 98.18 0.02344 (40)
ec9,6 M (Pu) 100.192 - 102.350 0.0148 (27)
ec4,2 M (Pu) 100.54 - 102.70 0.0360 (6)
ec6,2 K (Pu) 106.392 (2) 21.4 (7)
ec5,3 M (Pu) 111.2 - 113.3 0.123 (6)
ec5,3 N (Pu) 115.5 - 116.7 0.0340 (14)
ec7,3 K (Pu) 132.61 (3) 0.160 (15)
ec7,4 L (Pu) 143.29 - 148.33 0.016 (7)
ec7,2 K (Pu) 151.08 (9) 0.096 (12)
ec6,1 K (Pu) 155.808 (2) 16.0 (5)
ec6,0 K (Pu) 163.669 (2) 0.0615 (19)
ec6,3 L (Pu) 186.649 - 191.696 1.68 (6)
ec8,3 K (Pu) 189.9 (2) 0.0143 (18)
ec6,3 M (Pu) 203.820 - 205.978 0.408 (14)
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Energy Electrons
keV per 100 disint.

ec6,2 L (Pu) 205.079 - 210.126 4.27 (14)
ec6,3 N (Pu) 208.194 - 209.329 0.1112 (38)
ec6,2 M (Pu) 222.250 - 224.408 1.038 (33)
ec6,2 N (Pu) 226.624 - 227.759 0.282 (9)
ec7,3 L (Pu) 231.3 - 236.3 0.0323 (30)
ec7,2 L (Pu) 249.77 - 254.81 0.0193 (24)
ec6,1 L (Pu) 254.495 - 259.542 3.22 (11)
ec6,0 L (Pu) 262.36 - 267.40 0.0869 (27)
ec6,1 M (Pu) 271.666 - 273.824 0.784 (25)
ec6,1 N (Pu) 276.040 - 277.175 0.213 (7)
ec6,0 M (Pu) 279.53 - 281.68 0.0238 (7)

5 Photon Emissions

5.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pu) 12.1246 — 21.9844 52.1 (16)

XKα2 (Pu) 99.525 13.34 (28) } Kα
XKα1 (Pu) 103.734 21.1 (5) }

XKβ3 (Pu) 116.244 }
XKβ1 (Pu) 117.228 } 7.75 (21) Kβ

′
1

XKβ
′′
5 (Pu) 117.918 }

XKβ2 (Pu) 120.54 }
XKβ4 (Pu) 120.969 } 2.69 (8) Kβ

′
2

XKO2,3 (Pu) 121.543 }

5.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Pu) 7.861 (2) 85.5 M1+E2 5700 (400) 0.015
γ3,2(Pu) 18.430 (4) 0.8 (M1+E2) 8000 (6200) 0.0001
γ7,6(Pu) 44.663 (5) 12.7 (23) M1+E2 96 (13) 0.131 (16)
γ2,1(Pu) 49.414 (2) 25.4 M1+E2 126 (8) 0.2
γ2,0(Pu) 57.273 (4) 13.38 E2 222 (4) 0.06
γ8,7(Pu) 57.30 (2) 2.368 [M1] 28.6 (4) 0.08
γ9,7(Pu) 61.460 (2) 0.0222 (19) E1 0.473 (7) 0.0151 (13)
γ3,1(Pu) 67.841 (7) 20 (5) E2 98.5 (14) 0.20 (5)
γ4,3(Pu) 88.06 (3) 0.024 M1+E2 12.26 (18) 0.0018
γ8,6(Pu) 101.96 (2) 0.123 E2 14.42 (21) 0.008
γ9,6(Pu) 106.125 (2) 0.373 (34) E1(+M2) 0.26 (4) 0.296 (25)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ4,2(Pu) 106.47 (4) 0.192 E2 11.80 (17) 0.015
γ5,3(Pu) 117.1 (10) 0.7 (0) [E2] 7.6 (4) 0.08
γ7,4(Pu) 166.39 (6) 0.12 (5) M1 6.22 (9) 0.016 (7)
γ6,3(Pu) 209.753 (2) 13.95 (45) M1+E2 3.24 (5) 3.29 (10)
γ6,2(Pu) 228.183 (2) 37.7 (11) M1+E2 2.56 (4) 10.6 (3)
γ7,3(Pu) 254.40 (3) 0.314 (29) M1+E2 1.85 (3) 0.11 (1)
γ7,2(Pu) 272.87 (9) 0.201 (25) M1+E2 1.518 (22) 0.08 (1)
γ6,1(Pu) 277.599 (2) 34.3 (10) M1+E2 1.448 (21) 14.0 (4)
γ6,0(Pu) 285.460 (2) 0.910 (25) E2 0.247 (4) 0.73 (2)
γ8,3(Pu) 311.7 (2) 0.0350 (42) M1+E2 1.06 (3) 0.017 (2)
γ9,3(Pu) 315.880 (3) 0.0187 (21) E1(+M2) 0.0372 (9) 0.018 (2)
γ7,1(Pu) 322.3 (2) 0.0082 (12) [E2] 0.1699 (24) 0.007 (1)
γ9,2(Pu) 334.310 (3) 0.0248 (21) E1(+M2) 0.0329 (6) 0.024 (2)
Am-1,-1511

6 References

S.G.Thompson, A.Ghiorso, G.T.Seaborg, Phys. Rev. 80 (1950) 781

(Half-life)

F.Asaro, S.G.Thompson, I.Perlman, Phys. Rev. 92 (1953) 694

(Gamma-ray energies)

F.Asaro, Thesis, Report UCRL-2180, Univ. California (1953)

(Half-life)

J.F.Schooley, J.Rasmussen, Report UCRL-2932, Univ. California (1955) 63

(Alpha-particle and gamma-ray energies)

J.O.Newton, B.Rose, J.Milsted, Phil. Mag. 1 (1956) 981

(Gamma-ray energies)

F.Asaro, S.G.Thompson, F.S.Stephens Jr., I.Perlman, Bull. Am. Phys. Soc. 2 (1957) 393

(Alpha-particle energies)

G.R.Choppin, S.G.Thompson, J. Inorg. Nucl. Chem. 7 (1958) 197

(Total and EC decay half-life, alpha-particle energies and emission probabilities)

G.T.Ewan, J.S.Geiger, R.L.Graham, D.R.McKenzie, Phys. Rev. 116 (1959) 950

(Conversion electron intensities and ICC)

R.B.Ivanov, A.S.Krivokhatskii, V.G.Nedovesov, Izv. Akad. Nauk SSSR, Ser. Fiz. 26 (1962) 976

(Alpha-particle energies)

C.M.Lederer, Thesis, Report UCRL-11028, Univ. California (1963)

(Alpha-particle energies)

B.S.Dzhelepov, R.B.Ivanov, V.G.Nedovesov, V.P.Chechev, Zh. Eksp. Teor. Fiz. 45 (1963) 1360

(Alpha-particle energies and emission probabilities)

F.Asaro, S.G.Thompson, F.S.Stephens Jr., I.Perlman, Priv. Comm. (1957), cited in E.K.Hyde et al., The
Nuclear Properties of the Heavy Elements, Vol. II, Prentice-Hall Inc., Englewood Cliffs, N.J. (1964)

(Alpha-particle energies and emission probabilities)

I.A.Baranov, A.S.Krivokhatskii, A.N.Silantev, Izv. Akad. Nauk SSSR, Ser. Fiz. 28 (1964) 1255

(Gamma-ray energies)

E.K.Hyde, I.Perlman, G.T.Seaborg, The Nuclear Properties of the Heavy Elements, Vol. II, Prentice-Hall
Inc., Englewood Cliffs, N.J. (1964)

(Alpha-particle energies)

B.P.K.Maier, Z. Phys. 184 (1965) 143

(Gamma-ray energies)

S.A.Baranov, Y.F.Rodionov, V.M.Kulakov, V.M.Shatinskii, Yad. Fiz. 4 (1966) 1108

(Alpha-particle energies and emission probabilities)

J.Byrne, R.J.D.Beattie, S.Benda, I.Collingwood, J. Phys. (London) B3 (1970) 1166

(Alpha-particle energies)

KRI /V.P. Chechev



409

Cm− 243

S.A.Baranov, V.M.Shatinskii, V.M.Kulakov, Yad. Fiz. 14 (1971) 1101

(Alpha-particle energies)

F.T.Porter, I.Ahmad, M.S.Freedman, R.F.Barnes, R.K.Sjoblom, F.Wagner Jr., P.R.Fields, Phys. Rev.
C5 (1972) 1738

(Gamma-ray energies)

I.Ahmad, M.Wahlgren, Nucl. Instrum. Methods 99 (1972) 333

(KX-ray and gamma-ray emission probabilities)

K.S.Krane, C.E.Olsen, W.A.Steyert, Phys. Rev. C5 (1972) 1671

(E2/M1 mixing ratios)

I.Ahmad, H.Diamond, J.Milsted, J.Lerner, R.K.Sjoblom, Nucl. Phys. A208 (1973) 287

(Alpha-transition probabilities)

S.A.Baranov, A.G.Zelenkov, V.M.Kulakov, Proc. Advisory Group Meeting on Transactinium Nucl. Data,
Karlsruhe, Vol.III, IAEA-186, IAEA, Vienna (1976) 249

(Alpha-particle energies)

V.I.Vakatov, H.Sodan, R.Kalpakchieva, Y.T.Oganesyan, Y.E.Penionzhkevich, V.N.Polyanskii, L.P.Chelnokov,
Report JINR-P7-10123, Joint Institute of Nuclear Research, Dubna (1977)

(Alpha-particle energies)

H.G.Borner, G.Barreau, W.F.Davidson, P.Jeuch, T.von Egidy, J.Almeida, D.H.White, Nucl. Instrum.
Methods 166 (1979) 251

(Gamma-ray energies)

I.Ahmad, Nucl. Instrum. Methods 193 (1982) 9

(Gamma-ray energies)

G.A.Timofeev, V.V.Kalygin, P.A.Privalova, At. Energ. 60 (1986) 286

(Half-life)

V.N.Polynov, A.A.Druzhinin, A.M.Korochkin, E.A.Nikitin, V.A.Bochkarev, V.N.Vyachin, V.G.Lapin,
M.Yu.Maksimov, At. Energ. 62 (1987) 277

(SF half-life)

E.Simeckova, P.Cizek, M.Finger, J.John, P.Malinsky, V.N.Pavlov, Hyperfine Interactions 59 (1990) 185

(E2/M1 mixing ratios)

A.Rytz, At. Data Nucl. Data Tables 47 (1991) 205

(Alpha-particle energies)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 337

(Q)

E.Browne, Nucl. Data Sheets 98 (2003) 665

(243Cm alpha decay scheme and alpha decay data evaluation)

Y.A.Akovali, Nucl. Data Sheets 103 (2004) 515

(243Cm EC decay scheme and EC decay data evaluation)

A.Trkov, G.L.Molnar, Zs.Revay, S.F.Mughabghab, R.B.Firestone, V.G.Pronyaev, A.L.Nichols, M.C.Moxon,
Nucl. Sci. Eng. 150 (2005) 336

(239Pu gamma-ray emission probabilities in decay of 239Np)

V.P.Chechev, N.K.Kuzmenko, in Table of Radionuclides (Vol.4 - A = 133 to 252), Monographie BIPM-5, Bureau
International des Poids et Mesures, Sevres (2008)

(Pu-239 gamma-ray intensities from Np-239 decay)
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1 Half-life, Q-value and Decay mode

T1/2 : 18.11 (3) y

Qα : 5901.74 (5) keV
α : 100 %
SF : 1.36 ×10−4 %

2 α Emissions

Energy Probability
keV × 100

α0,9 4882.12 (8) 0.0000047 (11)
α0,8 4919.24 (7) 0.000050 (5)
α0,7 4958.20 (9) 0.000149 (16)
α0,6 5166.58 (7) 0.0000042 (30)
α0,5 5217.24 (7) 0.000055 (9)
α0,4 5315.3 0.00004
α0,3 5515.29 (6) 0.00352 (18)
α0,2 5665.41 (5) 0.0204 (15)
α0,1 5762.65 (5) 23.3 (4)
α0,0 5804.77 (5) 76.7 (4)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Pu) 6.19 - 22.99 8.09 (20)

eAK (Pu) 0.0000061 (9)
KLL 75.263 - 85.357 }
KLX 92.607 - 103.729 }
KXY 109.93 - 121.78 }

ec1,0 L (Pu) 19.720 - 24.767 16.9 (6)
ec1,0 M (Pu) 36.891 - 39.049 4.72 (16)
ec2,1 L (Pu) 75.76 - 80.80 0.0164 (11)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pu) 12.125 — 21.984 8.92 (23)

XKα2 (Pu) 99.525 0.000061 (4) } Kα
XKα1 (Pu) 103.734 0.000097 (5) }
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Energy Photons
keV per 100 disint.

XKβ3 (Pu) 116.244 }
XKβ1 (Pu) 117.228 } 0.0000354 (20) Kβ

′
1

XKβ
′′
5 (Pu) 117.918 }

XKβ2 (Pu) 120.54 }
XKβ4 (Pu) 120.969 } 0.0000123 (7) Kβ

′
2

XKO2,3 (Pu) 121.543 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Pu) 42.824 (8) 23.4 (8) E2 905 (18) 0.0258 (7)
γ2,1(Pu) 98.860 (13) 0.0239 (16) E2 16.6 (3) 0.00136 (9)
γ3,2(Pu) 152.63 (2) 0.00355 (18) (E2) 2.48 (5) 0.00102 (5)
γ4,3(Pu) 202.4 0.00004 (E2) 0.817 (16) 0.000022
γ8,6(Pu) 251.47 (6) 0.0000121 (24) (E1) 0.0606 (12) 0.0000114 (23)
γ7,5(Pu) 263.37 (8) 0.000065 (9) (E1) 0.0547 (11) 0.000062 (9)
γ9,6(Pu) 289.21 (7) 0.0000048 (48) E2+M3 7 (7) 0.0000006 (3)
γ8,5(Pu) 302.98 (6) 0.0000198 (31) (E1) 0.0405 (8) 0.000019 (3)
γ9,5(Pu) 340.72 (7) 0.0000018 (9) 0.0000018 (9)
γ6,2(Pu) 507.16 (5) 0.0000088 (28) (E1) 0.01401 (29) 0.0000087 (28)
γ5,1(Pu) 554.52 (4) 0.000088 (11) (E1) 0.01179 (24) 0.000087 (11)
γ5,0(Pu) 597.34 (4) 0.000054 (7) (E1) 0.01024 (21) 0.000053 (7)
γ6,1(Pu) 606.03 (4) 0.0000081 (14) 0.0000081 (14)
γ8,2(Pu) 758.63 (5) 0.0000141 (19) (E2) 0.0212 (4) 0.0000138 (19)
γ7,1(Pu) 817.89 (7) 0.000069 (9) (E2) 0.0182 (4) 0.000068 (9)
γ8,1(Pu) 857.50 (4) 0.0000057 (8) 0.0000057 (8)
γ7,0(Pu) 860.71 (7) 0.0000082 (20) (E0) 0.0000082 (20)
γ9,1(Pu) 895.24 (6) 0.0000019 (7) E1+M2 0.07 (7) 0.0000018 (6)
γ8,0(Pu) 900.32 (4) 0.0000013 (6) 0.0000013 (6)
γ9,0(Pu) 938.06 (6) 0.0000004 (4) 0.0000004 (4)
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1 Half-life, Q-value and Decay mode

T1/2 : 8250 (70) y

Qα : 5622.3 (5) keV
α : 100 %

2 α Emissions

Energy Probability
keV × 100

α0,8 5152 (3) ≤0.005
α0,7 5234.4 (12) 0.32
α0,6 5303.6 (12) 5.0 (1)
α0,5 5361.8 (12) 93.2 (5)
α0,4 5371.4 (5) 0.0210 (9)
α0,3 5371.7 (5) 0.39 (22)
α0,2 5436.1 (5) 0.04
α0,1 5488.5 (5) 0.83
α0,0 5530.4 (4) 0.58

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Pu) 6.19 - 22.99 50.1 (13)

eAK (Pu) 1.91 (27)
KLL 75.263 - 85.357 }
KLX 92.607 - 103.729 }
KXY 109.93 - 121.78 }

ec5,1 K (Pu) 11.290 (2) 24.7 (7)
ec6,2 K (Pu) 14.365 (9) 0.70 (14)
ec7,3 K (Pu) 18.067 (16) 0.032 (32)
ec1,0 L (Pu) 18.868 - 23.915 28.1 (16)
ec2,1 L (Pu) 30.703 - 35.750 2.43 (15)
ec6,5 L (Pu) 33.79 - 38.83 2.30 (22)
ec1,0 M (Pu) 36.039 - 38.197 7.16 (42)
ec4,0 K (Pu) 39.894 (1) 0.0135 (6)
ec1,0 N (Pu) 40.413 - 41.548 1.96 (11)
ec3,2 L (Pu) 42.431 - 47.478 0.32 (17)
ec7,6 L (Pu) 46.133 - 51.180 0.15 (9)
ec2,1 M (Pu) 47.874 - 50.032 0.615 (37)
ec6,5 M (Pu) 50.96 - 53.12 0.62 (6)
ec2,1 N (Pu) 52.248 - 53.383 0.168 (10)
ec5,0 K (Pu) 53.2613 (14) 40.0 (11)
ec6,5 N (Pu) 55.33 - 56.47 0.169 (17)
ec5,2 L (Pu) 56.169 - 61.216 1.9 (6)
ec3,2 M (Pu) 59.602 - 61.760 0.081 (44)
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Energy Electrons
keV per 100 disint.

ec7,6 M (Pu) 63.304 - 65.462 0.035 (26)
ec3,2 N (Pu) 63.976 - 65.111 0.022 (13)
ec7,6 N (Pu) 67.678 - 68.813 0.010 (7)
ec6,1 K (Pu) 68.17 (1) 0.502 (34)
ec2,0 L (Pu) 72.676 - 77.722 0.153 (32)
ec5,2 M (Pu) 73.340 - 75.498 0.52 (15)
ec5,2 N (Pu) 77.714 - 78.849 0.144 (49)
ec7,2 K (Pu) 83.602 (16) 0.013 (12)
ec2,0 M (Pu) 89.846 - 92.004 0.043 (9)
ec2,0 N (Pu) 94.220 - 95.355 0.0118 (25)
ec7,5 L (Pu) 102.99 - 108.03 0.028 (8)
ec5,1 L (Pu) 109.977 - 115.024 5.40 (16)
ec6,2 L (Pu) 113.052 - 118.099 0.231 (19)
ec7,3 L (Pu) 116.754 - 121.801 0.0160 (45)
ec5,1 M (Pu) 127.148 - 129.306 1.329 (39)
ec6,2 M (Pu) 130.223 - 132.381 0.059 (6)
ec5,1 N (Pu) 131.522 - 132.657 0.362 (10)
ec6,2 N (Pu) 134.597 - 135.732 0.0162 (17)
ec4,0 L (Pu) 138.581 - 143.628 0.0915 (41)
ec5,0 L (Pu) 151.948 - 156.995 8.40 (22)
ec4,0 M (Pu) 155.752 - 157.910 0.0256 (11)
ec6,1 L (Pu) 166.861 - 171.908 0.1357 (45)
ec5,0 M (Pu) 169.119 - 171.277 2.05 (5)
ec5,0 N (Pu) 173.493 - 174.628 0.560 (15)
ec6,1 M (Pu) 184.032 - 186.190 0.0343 (11)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pu) 12.1246 — 21.9844 51.7 (10)

XKα2 (Pu) 99.525 19.0 (5) } Kα
XKα1 (Pu) 103.734 30.1 (7) }

XKβ3 (Pu) 116.244 }
XKβ1 (Pu) 117.228 } 11.06 (30) Kβ

′
1

XKβ
′′
5 (Pu) 117.918 }

XKβ2 (Pu) 120.54 }
XKβ4 (Pu) 120.969 } 3.84 (12) Kβ

′
2

XKO2,3 (Pu) 121.543 }
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4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Pu) 41.972 (1) 38.2 (22) M1+E2 102.4 (20) 0.369 (20)
γ2,1(Pu) 53.807 (1) 3.34 (20) M1+E2 44.7 (11) 0.073 (4)
γ6,5(Pu) 56.89 (3) 3.16 (17) M1+E2 87 (7) 0.0359 (21)
γ3,2(Pu) 65.535 (3) 0.45 (22) M1+E2 24 (12) 0.018 (2)
γ7,6(Pu) 69.237 (18) 0.20 (4) M1(+E2) 28 (14) 0.007 (3)
γ5,2(Pu) 79.2728 (18) 2.8 (7) M1+E2 22 (6) 0.120 (7)
γ2,0(Pu) 95.7795 (12) 0.221 (47) E2 19.3 (3) 0.0109 (23)
γ7,5(Pu) 126.09 (4) 0.046 (13) [E2] 5.59 (8) 0.007 (2)
γ5,1(Pu) 133.081 (2) 34.7 (10) M1+E2 11.36 (17) 2.81 (7)
γ6,2(Pu) 136.156 (9) 1.13 (12) M1+E2 9 (1) 0.113 (4)
γ7,3(Pu) 139.858 (16) 0.064 (33) [M1,E2] 7 (4) 0.008 (1)
γ4,0(Pu) 161.685 (1) 0.210 (9) E2 1.96 (3) 0.071 (3)
γ5,0(Pu) 175.0523 (14) 61.0 (16) M1+E2 5.21 (8) 9.83 (22)
γ6,1(Pu) 189.965 (10) 0.889 (42) M1+E2 3.36 (16) 0.204 (6)
γ7,2(Pu) 205.393 (16) 0.028 (13) [M1,E2] 2.1 (14) 0.009 (1)
γ6,0(Pu) 231.935 (9) 0.0175 (27) [E2] 0.498 (7) 0.0117 (18)
γ−1,1(Pu) 388.16 (5) 0.019 (1) 0.019 (1)
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1 Half-life, Q-value and Decay mode

T1/2 : 4723 (27) y

Qα : 5476.7 (9) keV
α : 99.97385 (7) %
SF : 0.02615 (7) %

2 α Emissions

Energy Probability
keV × 100

α0,2 5242.5 (10) 0.020 (2)
α0,1 5343.7 (9) 20.81 (22)
α0,0 5387.5 (9) 79.17 (22)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Pu) 6.19 - 22.99 7.20 (21)

ec1,0 L (Pu) 21.441 - 26.488 15.1 (6)
ec1,0 M (Pu) 38.612 - 40.770 4.22 (17)
ec1,0 N (Pu) 42.986 - 44.121 1.161 (47)
ec2,1 L (Pu) 79.7 - 84.7 0.0135 (15)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pu) 12.125 — 21.984 7.95 (24)

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Pu) 44.545 (9) 20.82 (22) E2 746 (22) 0.0279 (8)
γ2,1(Pu) 102.8 (1) 0.020 (2) E2 13.86 (42) 0.00134 (14)
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1 Half-life, Q-value and Decay mode

T1/2 : 2.6470 (26) y

Qα : 6216.87 (4) keV
α : 96.914 (3) %
SF : 3.086 (8) %

2 α Emissions

Energy Probability
keV × 100

α0,3 5826.3 0.0019
α0,2 5976.6 0.23 (4)
α0,1 6075.64 (11) 15.1 (3)
α0,0 6118.1 (1) 81.7 (3)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Cm) 6.3 - 24.5 5.02 (13)

eAK (Cm) 0.0000025 (4)
KLL 78.858 - 89.973 }
KLX 97.226 - 109.267 }
KXY 115.57 - 128.23 }

ec1,0 L (Cm) 18.9 - 24.4 10.93 (33)
ec1,0 M (Cm) 37.1 - 39.4 3.08 (9)
ec1,0 N (Cm) 41.7 - 42.9 0.856 (26)
ec2,1 L (Cm) 75.7 - 81.2 0.159 (27)
ec2,1 M (Cm) 93.9 - 96.2 0.045 (8)
ec2,1 N (Cm) 98.5 - 99.7 0.0125 (21)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Cm) 12.634 — 23.319 6.07 (14)

XKα2 (Cm) 104.59 0.0000257 (7) } Kα
XKα1 (Cm) 109.271 0.0000402 (11) }

XKβ3 (Cm) 122.304 }
XKβ1 (Cm) 123.403 } 0.0000151 (5) Kβ

′
1

XKβ
′′
5 (Cm) 124.124 }
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Energy Photons
keV per 100 disint.

XKβ2 (Cm) 126.889 }
XKβ4 (Cm) 127.352 } 0.00000530 (19) Kβ

′
2

XKO2,3 (Cm) 127.97 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Cm) 43.399 (25) 15.2 (3) E2 1000 (15) 0.0152 (4)
γ2,1(Cm) 100.2 (4) 0.232 (39) E2 18.5 (5) 0.0119 (20)
γ3,2(Cm) 154.5 (6) 0.00192 E2 2.76 (6) 0.00051
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427

ContrIBUtors to DrAftIng AnD rEVIEw

Bé, M.-M. Laboratoire National henri Becquerel/Commissariat à l’énergie atomique, France 

Chechev, V.P. V.g. Khlopin Radium Institute, Russian Federation

huang Xiaolong China Nuclear Data Center, China Institute of Atomic Energy, China 

Kellett, M.A. International Atomic Energy Agency

Kondev, F.g. Argonne National Laboratory, United states of America

Luca, A. horia hulubei National Institute of Physics and Nuclear Engineering, Romania

Mukherjee, g. Variable Energy Cyclotron Centre, India

Nichols, A.L. International Atomic Energy Agency

Pearce, A. National Physical Laboratory, United Kingdom 



@ No. 23

ORDERING LOCALLY
In the following countries, IAEA priced publications may be purchased from the sources listed below or 
from major local booksellers.

Orders for unpriced publications should be made directly to the IAEA. The contact details are given at 
the end of this list.

AUSTRALIA
DA Information Services
648 Whitehorse Road, Mitcham, VIC 3132, AUSTRALIA 
Telephone: +61 3 9210 7777  Fax: +61 3 9210 7788 
Email: books@dadirect.com.au  Web site: http://www.dadirect.com.au

BELGIUM
Jean de Lannoy
Avenue du Roi 202, 1190 Brussels, BELGIUM 
Telephone: +32 2 5384 308  Fax: +32 2 5380 841 
Email: jean.de.lannoy@euronet.be  Web site: http://www.jean-de-lannoy.be

CANADA
Renouf Publishing Co. Ltd.
5369 Canotek Road, Ottawa, ON K1J 9J3, CANADA 
Telephone: +1 613 745 2665  Fax: +1 643 745 7660 
Email: order@renoufbooks.com  Web site: http://www.renoufbooks.com

Bernan Associates
4501 Forbes Blvd., Suite 200, Lanham, MD 20706-4391, USA 
Telephone: +1 800 865 3457  Fax: +1 800 865 3450 
Email: orders@bernan.com  Web site: http://www.bernan.com 

CZECH REPUBLIC
Suweco CZ, spol. S.r.o.
Klecakova 347, 180 21 Prague 9, CZECH REPUBLIC 
Telephone: +420 242 459 202  Fax: +420 242 459 203 
Email: nakup@suweco.cz  Web site: http://www.suweco.cz

FINLAND
Akateeminen Kirjakauppa
PO Box 128 (Keskuskatu 1), 00101 Helsinki, FINLAND 
Telephone: +358 9 121 41  Fax: +358 9 121 4450 
Email: akatilaus@akateeminen.com  Web site: http://www.akateeminen.com

FRANCE
Form-Edit
5 rue Janssen, PO Box 25, 75921 Paris CEDEX, FRANCE 
Telephone: +33 1 42 01 49 49  Fax: +33 1 42 01 90 90 
Email: fabien.boucard@formedit.fr  Web site: http://www.formedit.fr

Lavoisier SAS
14 rue de Provigny, 94236 Cachan CEDEX, FRANCE 
Telephone: +33 1 47 40 67 00  Fax: +33 1 47 40 67 02 
Email: livres@lavoisier.fr  Web site: http://www.lavoisier.fr

L’Appel du livre
99 rue de Charonne, 75011 Paris, FRANCE 
Telephone: +33 1 43 07 50 80  Fax: +33 1 43 07 50 80 
Email: livres@appeldulivre.fr  Web site: http://www.appeldulivre.fr

GERMANY
Goethe Buchhandlung Teubig GmbH
Schweitzer Fachinformationen 
Willstätterstrasse 15, 40549 Düsseldorf, GERMANY 
Telephone: +49 (0) 211 49 8740  Fax: +49 (0) 211 49 87428 
Email: s.dehaan@schweitzer-online.de  Web site: http://www.goethebuch.de

HUNGARY
Librotade Ltd., Book Import
PF 126, 1656 Budapest, HUNGARY 
Telephone: +36 1 257 7777  Fax: +36 1 257 7472 
Email: books@librotade.hu  Web site: http://www.librotade.hu



@ No. 23

ORDERING LOCALLY
In the following countries, IAEA priced publications may be purchased from the sources listed below or 
from major local booksellers.

Orders for unpriced publications should be made directly to the IAEA. The contact details are given at 
the end of this list.

AUSTRALIA
DA Information Services
648 Whitehorse Road, Mitcham, VIC 3132, AUSTRALIA 
Telephone: +61 3 9210 7777  Fax: +61 3 9210 7788 
Email: books@dadirect.com.au  Web site: http://www.dadirect.com.au

BELGIUM
Jean de Lannoy
Avenue du Roi 202, 1190 Brussels, BELGIUM 
Telephone: +32 2 5384 308  Fax: +32 2 5380 841 
Email: jean.de.lannoy@euronet.be  Web site: http://www.jean-de-lannoy.be

CANADA
Renouf Publishing Co. Ltd.
5369 Canotek Road, Ottawa, ON K1J 9J3, CANADA 
Telephone: +1 613 745 2665  Fax: +1 643 745 7660 
Email: order@renoufbooks.com  Web site: http://www.renoufbooks.com

Bernan Associates
4501 Forbes Blvd., Suite 200, Lanham, MD 20706-4391, USA 
Telephone: +1 800 865 3457  Fax: +1 800 865 3450 
Email: orders@bernan.com  Web site: http://www.bernan.com 

CZECH REPUBLIC
Suweco CZ, spol. S.r.o.
Klecakova 347, 180 21 Prague 9, CZECH REPUBLIC 
Telephone: +420 242 459 202  Fax: +420 242 459 203 
Email: nakup@suweco.cz  Web site: http://www.suweco.cz

FINLAND
Akateeminen Kirjakauppa
PO Box 128 (Keskuskatu 1), 00101 Helsinki, FINLAND 
Telephone: +358 9 121 41  Fax: +358 9 121 4450 
Email: akatilaus@akateeminen.com  Web site: http://www.akateeminen.com

FRANCE
Form-Edit
5 rue Janssen, PO Box 25, 75921 Paris CEDEX, FRANCE 
Telephone: +33 1 42 01 49 49  Fax: +33 1 42 01 90 90 
Email: fabien.boucard@formedit.fr  Web site: http://www.formedit.fr

Lavoisier SAS
14 rue de Provigny, 94236 Cachan CEDEX, FRANCE 
Telephone: +33 1 47 40 67 00  Fax: +33 1 47 40 67 02 
Email: livres@lavoisier.fr  Web site: http://www.lavoisier.fr

L’Appel du livre
99 rue de Charonne, 75011 Paris, FRANCE 
Telephone: +33 1 43 07 50 80  Fax: +33 1 43 07 50 80 
Email: livres@appeldulivre.fr  Web site: http://www.appeldulivre.fr

GERMANY
Goethe Buchhandlung Teubig GmbH
Schweitzer Fachinformationen 
Willstätterstrasse 15, 40549 Düsseldorf, GERMANY 
Telephone: +49 (0) 211 49 8740  Fax: +49 (0) 211 49 87428 
Email: s.dehaan@schweitzer-online.de  Web site: http://www.goethebuch.de

HUNGARY
Librotade Ltd., Book Import
PF 126, 1656 Budapest, HUNGARY 
Telephone: +36 1 257 7777  Fax: +36 1 257 7472 
Email: books@librotade.hu  Web site: http://www.librotade.hu



INDIA
Allied Publishers
1st Floor, Dubash House, 15, J.N. Heredi Marg, Ballard Estate, Mumbai 400001, INDIA 
Telephone: +91 22 2261 7926/27  Fax: +91 22 2261 7928 
Email: alliedpl@vsnl.com  Web site: http://www.alliedpublishers.com

Bookwell
3/79 Nirankari, Delhi 110009, INDIA 
Telephone: +91 11 2760 1283/4536 
Email: bkwell@nde.vsnl.net.in  Web site: http://www.bookwellindia.com

ITALY
Libreria Scientifica “AEIOU”
Via Vincenzo Maria Coronelli 6, 20146 Milan, ITALY 
Telephone: +39 02 48 95 45 52  Fax: +39 02 48 95 45 48 
Email: info@libreriaaeiou.eu  Web site: http://www.libreriaaeiou.eu

JAPAN
Maruzen Co., Ltd.
1-9-18 Kaigan, Minato-ku, Tokyo 105-0022, JAPAN 
Telephone: +81 3 6367 6047  Fax: +81 3 6367 6160 
Email: journal@maruzen.co.jp  Web site: http://maruzen.co.jp

NETHERLANDS
Martinus Nijhoff International
Koraalrood 50, Postbus 1853, 2700 CZ Zoetermeer, NETHERLANDS 
Telephone: +31 793 684 400  Fax: +31 793 615 698 
Email: info@nijhoff.nl  Web site: http://www.nijhoff.nl

Swets Information Services Ltd.
PO Box 26, 2300 AA Leiden
Dellaertweg 9b, 2316 WZ Leiden, NETHERLANDS 
Telephone: +31 88 4679 387  Fax: +31 88 4679 388 
Email: tbeysens@nl.swets.com  Web site: http://www.swets.com

SLOVENIA
Cankarjeva Zalozba dd
Kopitarjeva 2, 1515 Ljubljana, SLOVENIA 
Telephone: +386 1 432 31 44  Fax: +386 1 230 14 35 
Email: import.books@cankarjeva-z.si  Web site: http://www.mladinska.com/cankarjeva_zalozba

SPAIN
Diaz de Santos, S.A.
Librerias Bookshop  Departamento de pedidos 
Calle Albasanz 2, esquina Hermanos Garcia Noblejas 21, 28037 Madrid, SPAIN 
Telephone: +34 917 43 48 90  Fax: +34 917 43 4023   
Email: compras@diazdesantos.es  Web site: http://www.diazdesantos.es

UNITED KINGDOM
The Stationery Office Ltd. (TSO)
PO Box 29, Norwich, Norfolk, NR3 1PD, UNITED KINGDOM 
Telephone: +44 870 600 5552 
Email (orders): books.orders@tso.co.uk  (enquiries): book.enquiries@tso.co.uk  Web site: http://www.tso.co.uk

UNITED STATES OF AMERICA
Bernan Associates
4501 Forbes Blvd., Suite 200, Lanham, MD 20706-4391, USA 
Telephone: +1 800 865 3457  Fax: +1 800 865 3450 
Email: orders@bernan.com  Web site: http://www.bernan.com

Renouf Publishing Co. Ltd.
812 Proctor Avenue, Ogdensburg, NY 13669, USA 
Telephone: +1 888 551 7470  Fax: +1 888 551 7471 
Email: orders@renoufbooks.com  Web site: http://www.renoufbooks.com

United Nations
300 East 42nd Street, IN-919J, New York, NY 1001, USA 
Telephone: +1 212 963 8302  Fax: 1 212 963 3489 
Email: publications@un.org  Web site: http://www.unp.un.org

Orders for both priced and unpriced publications may be addressed directly to:
IAEA Publishing Section, Marketing and Sales Unit, International Atomic Energy Agency 
Vienna International Centre, PO Box 100, 1400 Vienna, Austria 
Telephone: +43 1 2600 22529 or 22488 • Fax: +43 1 2600 29302 
Email: sales.publications@iaea.org • Web site: http://www.iaea.org/books 13

-2
24

91



Library of Recommended
Actinide Decay Data, 2011

INTERNATIONAL ATOMIC ENERGY AGENCY
VIENNA

ISBN 978 –92–0–143910–9

Technical Editors
M.A. Kellett, A.L. Nichols

High quality decay data are an essential input across a wide 
range of nuclear applications, and none more so than in the 
case of the actinides and their related decay chain data. Well 
defi ned nuclear data are essential to ensure safe procedures 
within mining operations, various nuclear fuel cycles for energy 
generation, environmental monitoring, specifi c analytical 
techniques, and diagnostic and radiotherapeutic treatments in 
nuclear medicine. A major objective of the IAEA nuclear data 
programme is to promote improvements in the accuracy and 
quality of nuclear data used in science and technology. The 
contents of this report constitute the results of a coordinated 
research project established to assemble an updated decay data 
library for actinides. Recommended half-lives and decay scheme 
data have been comprehensively evaluated, and are tabulated in 
terms of a carefully selected set of actinide radionuclides.

Library of Recom
m

ended Actinide Decay Data, 2011

1


	_GoBack

