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Preface

This monograph is one of several published in a series by the Bureau International des Poids et Mesures
(BIPM) on behalf of the Comité Consultatif des Rayonnements lonisants (CCRI), previously known as
the Comité Consultatif pour les Etalons de Mesure des Rayonnements lonisants (CCEMRI). The aim of
this series of publications is to review topics that are of importance for the measurement of ionizing
radiation and especially of radioactivity, in particular those techniques normally used by participants in
international comparisons. It is hoped that these publications will prove to be useful reference volumes
both for those who are already engaged in this field and for those who are approaching such
measurements for the first time.

The purpose of this monograph, number 5 in the series, is to present the recommended values of nuclear
and decay data for a wide range of radionuclides. Activity measurements for more than fifty-five of these
radionuclides have already been the subject of comparisons under the auspices of Section Il (dedicated to
the Measurement of radionuclides) of the CCRI. The material for this monograph is now covered in four
volumes. The first two volumes contain the primary recommended data relating to half-lives, decay
modes, X-rays, gamma-rays, electron emissions; alpha- and beta-particle transitions and emissions, and
their uncertainties for a set of sixty-eight radionuclides, Volume 1 for those radionuclides with mass
number up to and including 150 and Volume 2 for those radionuclides with mass number over 150.
Volume 3 contains the equivalent data for twenty-six additional radionuclides as listed and re-evaluations
for *°Sh and ***Sm while Volume 4 contains the data for a further thirty-one radionuclides with re-
evaluation for ?°Ra. The data have been collated and evaluated by an international working group (Decay
Data Evaluation Project) led by the LNE-LNHB. The evaluators have agreed on the methodologies to be
used and the CD-ROM included with this monograph contains the evaluators' comments for each
radionuclide in addition to the data tables included in the monograph.

The work involved in evaluating nuclear data is on-going and the recommended values are updated on the
LNHB website at http://www.nucleide.org/DDEP_WG/DDEPdata.htm.

The publication of further volumes of Monographie 5 is envisaged as and when necessary to add new
radionuclide data or re-evaluations in a more permanent format that can be referenced easily.

Although other data sets may still be used when evaluating radionuclide activity, use of this common,
recommended data set should help to reduce the uncertainties in activity evaluations and lead to more
coherent results for comparisons.

K. Carneiro A.J. Wallard
President of the CCRI Director of the BIPM


http://www.nucleide.org/DDEP_WG/DDEPdata.htm
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“TABLE DE RADIONUCLEIDES”

Sommaire - Ce volume regroupe I’évaluation des radionucléides suivants :

133|, 133X€, 133Xem' 135X3m, 139Ce, 206T|, ZlOTI, ZlOPb’ ZloBi, ZlOPO, 213P0, 214Pb, 214Bi, 214P0, 217Rn, 218P0,
218At, 218Rn, ZZlFr, 222Rn, 226Ra, 227AC, 232U, 236U, 237Np, 238Np, 239U, 239Np, 239PU, 241PU, 246Cm, 252Cf.

Les valeurs recommandées et les incertitudes associées comprennent : la période radioactive, les modes
de décroissance, les émissions a, B, y, X et électroniques ainsi que les caractéristiques des transitions
correspondantes.

“TABLE OF RADIONUCLIDES™

Summary - This volume includes the evaluation of the following radionuclides:

133|, 133X€, 133Xem' 135X3m, 139Ce, 206T|, ZlOTI, ZlOPb’ ZloBi, ZlOPO, 213P0, 214Pb, 214Bi, 214P0, 217Rn, 218P0,
218At, 218Rn, ZZlFr, 222Rn, 226Ra, 227AC, 232U, 236U, 237Np, 238Np, 239U, 239Np, 239PU, 241PU, 246Cm, 252Cf.

Primary recommended data comprise half-lives, decay modes, X-rays, gamma-rays, electron emissions,
alpha- and beta-particle transitions and emissions, and their uncertainties.

“TABELLE DER RADIONUKLIDE”

Zusammenfassung - Dieser Band umfaft die Evaluation der folgenden Radionuklide:

133|, 133)(6, 133Xem' 135X8m, 139Ce, 206T|, 210-|—|, 210Pb, ZloBi, 21OP0, ZlSPO, 214Pb, 214Bi, 214PO, 217Rn, 218PO,
218At, Zlan, 221Fr, 222Rn, 226Ra, 227AC, 232U, 236U, 237Np, 238Np, 239U, 239Np, 239PU, 241PU, 246Cm, 252Cf.

In diesem Bericht sind evaluierte Werte der Halbwertszeiten, Ubergangswahrscheinlichkeiten und
Ubergangsenergien von a, B-, B'-, EC- und Gammaiibergingen, Konversionskoeffizienten von
Gammalbergéngen sowie der Emissionswahrscheinlichkeiten von Réntgen- und Gammagquanten, Auger-
und Konversionselektronen und deren Unsicherheiten zusammengefalit.

“TABJIMIIA PAJIMOHYKJ/INAOB”
Pe3toMe - ITOT TOM BKITFOUAET OIEHKH XapaKTEPUCTHK pacIiaa s CICIyIONUX HYKIHIOB:

133|, 133X€, 133Xem' 135X3m, 139Ce, 206T|, ZlOTI, ZlOPb’ ZloBi, ZlOPO, 213P0, 214Pb, 214Bi, 214P0, 217Rn, 218P0,
218At, 218Rn, ZZlFr, 222Rn, 226Ra, 227AC, 232U, 236U, 237Np, 238Np, 239U, 239Np, 239PU, 241PU, 246Cm, 252Cf.

OCHOBHBIC PEKOMEHIYEMbIC NAaHHBIC BKIIOYAIOT IEPHOJBI MTOJypacmiana, BUABI pacrana, X-U3ITydeHHe,
ramMmma-u3jIydeHue, HJICKTPOHHOE WH3IyueHue, anbda- W OeTa- Mepexoasl M HU3IYYCHHUS, a TaKkkKe
MTOTPENTHOCTH PACCMOTPEHHBIX BEIMYMH.
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“TABLA DE RADIONUCLEIDOS”
Contenido - Este volimen agrupa la evaluacion de los radionucleidos siguientes :

lSSl, 133Xe, 133Xem’ 135Xem, 139Ce, ZOGTI, 21OT|’ ZlOPb, ZloBi, ZlOPO, 213P0, 214Pb, 214Bi, 214P0, 217Rn, 218P0,
218At, 218Rn, 221Fr, 222Rn, 226Ra, 227AC, 232U, 236U, 237Np, 238Np, 239U, 239Np, ZSQPU, 241PU, 246Cm, 252Cf.

Los valores recomendados y las incertidumbres asociadas comprenden : el periodo de semidesintegracion
radiactiva, los modos de desintegracion, las emisiones o, 3, y, X y electronicas incluyendo las
caracteristicas de las transiciones correspondientes.
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TABLE DE RADIONUCLEIDES

INTRODUCTION

Le Laboratoire National Henri Becquerel (LNHB) a commencé I'étude des données nucléaires et
atomiques qui caractérisent la décroissance des radionucléides en 1974. Ces évaluations ont fait I'objet de
la publication des quatre volumes de la Table de Radionucléides [87Ta] et de trois volumes de la
Monographie BIPM-5 [99Be, 04Be, 06Be]. Ce nouveau volume s’inscrit dans la continuation du travail
précédent.

D’autre part, pour des raisons évidentes, telles la facilité de mise a jour des données ou la commodité
de consultation pour les utilisateurs, le LNHB a créé une base de données informatisée. Le logiciel
NUCLEIDE est la forme informatisée de cette table, il permet un acceés aisé aux différentes informations a
I'aide de menus déroulants atteints par un simple « clic » sur un « bouton ».

Le propos de la Table est d'étudier un nombre limité de radionucléides utiles dans le domaine de la
métrologie ou dans des domaines variés d'applications (médecine nucléaire, environnement, cycle du
combustible, etc.) et d'en présenter une étude compléte.

Les données recommandées comprennent : la période radioactive, les modes de décroissance, les
émissions a, B, v, X et électroniques ainsi que les caractéristiques des transitions associées.

Dans le but de mettre a jour et d'ajouter de nouvelles évaluations plus rapidement Le Laboratoire
National Henri Becquerel (LNHB, France) et le Physikalisch-Technische Bundesanstalt (PTB, Germany)
ont établi un accord de coopération. Ils ont ensuite été rejoints par Idaho National
Engineering & Environmental Laboratory (INEEL, USA), Lawrence Berkeley National Laboratory
(LBNL, USA) et Khlopin Radium Institute (KRI, Russia). Le premier travail de cette collaboration
internationale a été d'établir une méthode et des régles communes d'évaluation. Les évaluations proposent
des valeurs recommandées et leurs incertitudes. Ces valeurs ont été évaluées a partir des données
expérimentales disponibles. A défaut, elles sont issues de calculs théoriques. Toutes les références
utilisées pour I'évaluation d'un radionucléide sont listées a la fin de chaque chapitre.

Ce volume est le quatriéme de la Monographie 5 [04Be] publiée sous I’égide du BIPM.

VALEURS RECOMMANDEES ET INCERTITUDES

Les principales étapes pour I'évaluation des données et leurs incertitudes sont :

- une analyse critique de toutes les publications disponibles afin de retenir ou non une valeur et son
incertitude, ramenée a l'incertitude-type composée ;

- la détermination d'une valeur recommandée qui est, selon les cas, une moyenne simple ou pondérée des
valeurs issues des publications, ceci est décidé apres examen du chi carré réduit. Dans le cas d'une
moyenne pondérée, le poids relatif de chaque valeur est limité a 50 %. L'incertitude, notée uc, est la plus
grande des valeurs des incertitudes interne ou externe ; dans le cas de valeurs incompatibles, elle peut étre
étendue pour recouvrir la valeur la plus précise.

Pour certaines applications il est nécessaire de définir une incertitude élargie, notée U, telle que :
U(y) = k x uc(y) ou k est le facteur d'élargissement.
La valeur de k retenue pour cette publication est : k = 1.

Les valeurs d'incertitude indiquées portent sur les derniers chiffres significatifs, ainsi :
9,230 (11) signifie 9,230+0,011 et
9,2 (11) 92+1,11

Si une valeur est donnée sans incertitude, cela signifie qu'elle est considérée comme douteuse. Elle est
indiquée a titre indicatif et souvent a été estimée en fonction du schéma de désintégration comme étant
« de l'ordre de ».

Des précisions concernant les techniques d'évaluation peuvent étre obtenues dans les références [85Zi],
[96He], [991n] (voir rubrique Références) ou directement aupres des auteurs.
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La description physique des données évaluées est disponible dans la référence [99In].

NUMEROTAGE

Les niveaux d'un noyau sont numérotés, arbitrairement, de O pour le niveau fondamental a n pour le
énieme niveau excité. Les diverses transitions sont ainsi repérées par leur niveau de départ et leur niveau
d'arrivee.

Dans le cas de transition de faible probabilité qu'il n'est pas possible de situer sur le schéma de
désintégration, les niveaux de départ et d'arrivée sont notés (-1, n).

Dans le cas de I'émission gamma de 511 keV qui suit une désintégration béta plus, la notation adoptée
est: (-1, -1).

UNITES

Les valeurs recommandées sont exprimées :
- pour les périodes :

Symbole
. en secondes pour Ty, <= 60 secondes S
. en minutes pour Ty, > 60 secondes min
. en heures pour Ty, > 60 minutes h
. en jours pour Ty, > 24 heures d
. en années pour Ty, > 365 jours a

1 année = 365,242 198 jours = 31 556 926 secondes ;

- pour les probabilités de transition et nombre de particules émises, les valeurs sont données pour 100
désintégrations ;

- les énergies sont exprimées en keV.

AVERTISSEMENT

Ce document a été imprimé en 2008, pour toutes les nouvelles évaluations et mises a jour ultérieures le
lecteur se référera aux documents accessibles sur :

http://www.nucleide.org/NucData.htm

http://www1.bipm.org/fr/publications/monographie-ri-5.html
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TABLE OF RADIONUCLIDES

INTRODUCTION

The evaluation of decay data for the “Table de Radionucléides” by the Bureau National de Métrologie —
Laboratoire National Henri Becquerel/Commissariat & L’Energie Atomique (BNM — LNHB/CEA) began
in 1974, continued to 1987 and four volumes were published [87Ta] and then, in 1999, the fifth volume
was published containing the revised evaluations for 30 selected radionuclides [99Be]. This work has
been pursued and three volumes of evaluations have already been published as Monographie BIPM-5
[04Be, 06Be].

Moreover, LNHB developed a software (NUCLEIDE) with the objectives of making it easier to update
and add data and, obviously, to offer easy access to the nuclear and atomic decay data to the user by
“click on the button” facilities.

The aim of this Table is to provide recommended data for nuclides of special interest for metrology or
practical applications like nuclear medicine, monitoring and reactor shielding, etc.

Primary recommended data comprise half-lives, decay modes, X-rays, gamma-rays, electron emissions,
alpha- and beta-particle transitions and emissions, and their uncertainties. All the references used for the
evaluations are given.

In order to update the data of the nuclides already present and to add new evaluations, the Laboratoire
National Henri Becquerel (LNHB, France) and the Physikalisch-Technische Bundesanstalt (PTB,
Germany) established a cooperative agreement ; they were then joined by the lIdaho National
Engineering & Environmental Laboratory (INEEL, USA), the Lawrence Berkeley National Laboratory
(LBNL, USA) and the Khlopin Radium Institute (KRI, Russia). This international collaboration is based
on an informal agreement, the initial work of this group was to discuss and to agree on a methodology to
be used in these evaluations. The data and associated uncertainties were evaluated from all available
experiments and taking into account theoretical considerations.

This volume is the fourth in the series of the Monographie 5 published under the BIPM auspices.

RECOMMENDED VALUES AND UNCERTAINTIES

The main steps for the evaluation of the data and their uncertainties are :

- a critical analysis of all available original publications in order to accept or not each value and its
uncertainty reduced to the combined standard uncertainty ;

- the determination of the best value which is either the weighted or the unweighted average of the
retained values, this is decided after examination of the reduced % value. For a weighted average of
discrepant data, each weight is limited to 50 %, and the uncertainty, designated uc, is the larger of the
internal or external uncertainty values, which may be expanded to cover the most precise input value.

For some applications it may be necessary to define an expanded uncertainty, designated U, as :
U(y) =k x ug(y) where k is the coverage factor.
For this publication the expanded uncertainty is computed with k = 1.

The value of the uncertainty, in parentheses, applies to the least significant digits, i.e. :
9.230 (11) means 9.230 £ 0.011 and
9.2 (11) 9.2+1.1

A value given without an uncertainty is considered questionable. It is provided for information and often
its order of magnitude is estimated from the decay scheme.

Information on evaluation methods may be obtained from references [85Zi, 96He, 99In] or directly from

the authors.
Information on the meaning of physical data may be obtained from reference [991n].
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NUMBERING

Nuclear levels are arbitrarily numbered from 0 (for the ground state level) to n (for the n" excited level).
All transitions are designated by their initial and final levels.

For transitions with weak emission probabilities that are not shown by an arrow in the decay scheme, the
initial and final levels are noted (-1, n).

For a 511 keV gamma emission, which follows a beta plus disintegration, the adopted numbering is (-1, -1).

UNITS
The recommended values are given :
- for half-lives :
Symbol
. in seconds for Ty, <= 60 seconds S
. in minutes for Ty, > 60 seconds min
. in hours for Ty, > 60 minutes h
. in days for Ty, > 24 hours d
. inyears for Ty, > 365 days a

1 year = 365.242 198 days = 31 556 926 seconds

- for transition probabilities and number of emitted particles, the values are given for 100 disintegrations
of the parent nuclide.

- for energies, the values are expressed in keV.

NOTICE

This report was printed in 2008, new evaluations and updated issues will be available on:
http://www.nucleide.org/NucData.htm
http://www1.bipm.org/fr/publications/monographie-ri-5.html
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TABELLE DER RADIONUKLIDE

EINLEITUNG

Die Evaluation der Zerfallsdaten fir die ,,Table de Radionucléides* durch das Laboratoire National Henri
Becquerel (BNM-LNHB/CEA) begann im Jahre 1974, diese Arbeit wurde bis 1987 fortgesetzt, und es
wurden vier Bande veroffentlicht [87Ta]. Seitdem sind des weiteren drei Bande der Monographie
BIPM-5 [99Be, 04Be, 06Be] erschienen. Der vorliegende neue Band stellt die Fortsetzung der
vorhergehenden Arbeit dar.

Dariiber hinaus wurde im LNHB eine computerbasierte Datenbank entwickelt. Die Software NUCLEIDE
erleichtert die Aktualisierung und die Einbeziehung weiterer Daten und ermdglicht den Zugang zu den
Kern- und Atomdaten fur den Anwender ,,auf Tastendruck®.

Der Zweck dieser Tabelle ist es, empfohlene Daten einer begrenzten Anzahl von Radionukliden fir
metrologische und praktische Anwendungen wie etwa in der Nuklearmedizin, der Umweltiiberwachung,
dem Brennstoffkreislauf, der Reaktorabschirmung usw. zur Verfligung zu stellen.

Die empfohlenen Daten betreffen die Halbwertszeit, die Art des Zerfalls und die Charakteristika der a.-,
B-, v-, Rontgen- und Elektronenemissionen und der entsprechenden Ubergénge.

Um die bereits vorliegenden Daten zu aktualisieren und neue Evaluationen schneller einbeziehen zu
kénnen, vereinbarten das Laboratoire National Henri Becquerel (LNHB, Frankreich) und die
Physikalisch-Technische Bundesanstalt (PTB, Deutschland) eine Ubereinkunft zur Zusammenarbeit. Es
schlossen sich das ldaho National Engineering and Environmental Laboratory (INEEL, USA), das
Lawrence Berkeley National Laboratory (LBNL, USA) und das Khlopin Radium Institute (KRI,
RuBland) an. Eine der ersten Arbeiten dieser Gruppe war es, die in diesen Evaluationen benutzte
Methodologie zu diskutieren und festzulegen. Die Datenbank umfal3t empfohlene Daten und ihre
Unsicherheiten, die aus den verfligbaren experimentellen Daten oder theoretischen Berechnungen
gewonnen wurden. Alle fur die Evaluation benutzten Referenzen werden angegeben.

Dieser Band ist die vierte Ausgabe der Monographie BIPM-5 [04Be].

EMPFOHLENE WERTE UND UNSICHERHEITEN

Die Hauptschritte firr die Evaluation der Daten und Unsicherheiten sind:

- Eine kritische Analyse aller verfugbaren Veréffentlichungen, um einen jeweils verdffentlichten Wert
und seine Unsicherheit - auf die kombinierte Standardunsicherheit zurtickgefiihrt - zu beriicksichtigen
oder auszuschlief3en.

- Die Bestimmung eines empfohlenen Wertes, der entweder das gewichtete oder das ungewichtete Mittel
der veroffentlichten Werte ist. Die Entscheidung wird nach der Priifung des reduzierten Chi-Quadrat-
Werts getroffen. Im Falle des gewichteten Mittels wird das Gewicht jedes Einzelwerts auf 50 % begrenzt.
Die Unsicherheit, als u. bezeichnet, ist der gréRere Wert der inneren oder duBeren Unsicherheit. Flr einen
diskrepanten Datensatz kann sie so vergréRert werden, dal3 der genaueste Einzelwert in der Unsicherheit
mit eingeschlossen ist.

Fur einige Anwendungen ist es notwendig, eine vergroRerte Unsicherheit, als U bezeichnet, wie folgt zu
definieren:

U(y) =k x uc(y) wo k der Erweiterungsfaktor ist.

Fur die vorliegende Veroffentlichung ist die erweitere Unsicherheit mit k = 1 berechnet.

Die Werte der Unsicherheit beziehen sich auf die letzten Stellen, d. h.:

9,230 (11) bedeutet 9,230+0,011 und

9,2 (11) bedeutet 92+11

Wenn ein Wert ohne Unsicherheit angegeben ist, bedeutet das, daR dieser Wert als fragwirdig zu

betrachten ist. Er wird zur Information mitgeteilt und ist oft abgeschatzt aus dem Zerfallsschema im Sinne
»in der GréBRenordnung von“.
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Informationen Uber die Evaluationsprozedur kénnen aus den Referenzen [85Zi, 96He, 99In] oder direkt
von den Autoren bezogen werden.

Die Bedeutung der evaluierten Daten kann aus Ref. [99In] entnommen werden.

NUMERIERUNG

Die Kernniveaus werden willkirlich numeriert von 0 fir den Grundzustand bis zu n fiir das n-te angeregte
Niveau. Alle Ubergédnge werden durch ihr Ausgangs- und Endniveau gekennzeichnet. Fir Uberginge mit
geringen Wahrscheinlichkeiten, die nicht im Zerfallsschema gezeigt werden konnen, werden als
Ausgangs- und Endniveau (-1, n) angegeben.

Fir die 511 keV-Gamma-Emission, die dem Beta Plus-Zerfall folgt, ist die angenommene Numerierung (-
1,-1).
EINHEITEN

Die empfohlenen Werte sind ausgedriickt:
- fir Halbwertszeiten:

. in Sekunden fiir Ty, < 60 Sekunden S
. in Minuten fur Ty, > 60 Sekunden min
. in Stunden fur Ty, > 60 Minuten h
. in Tagen fir Ty, > 24 Stunden d
. in Jahren fur Ty, > 365 Tage a

1a=365,242 198 d = 31 556 926 s

- fiir Ubergangswahrscheinlichkeiten und die Anzahl der emittierten Teilchen werden Werte angegeben,
die sich auf 100 Zerfélle beziehen.

- die Werte der Energien sind in keV ausgedriickt.

HINWEIS

Dieses Dokument wurde im Jahre 2008 erstellt. Alle spéteren Fassungen oder neueren Evaluationen
kénnen vom Leser unter

http://www.nucleide.org/NucData.htm
http://www1.bipm.org/fr/publications/monographie-ri-5.html

abgerufen werden.
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TABJIULA PAIMOHYKJ/INJIOB

BBEJIEHUE

Ormenka manubx pacrtaga mis Table de Radionucléides, BNM — LNHB/CEA, 6rina Hauara B 1974 1. u
npoaomkaiack 10 1987 r. K romy Bpemenu Obutn onmyOiarkoBaHbl uyeThipe Toma [87Ta] u 3arem, B 1999
r., ObUl OMyOJIMKOBaH TMATBIH TOM, COJAEPXKAIIUA peBH30BaHHBIC OIECHKH st 30 BBHIOpaHHBIX
pamunonyknumaoB [99Be]. Dta pabora Obuta TPOMO/DKEHA, W TPH TOMa OBUTM OINMyOJIMKOBAHBI Kak
Monographie BIPM-5 [04Be, 06Be] .

B nmomonuenne B LNHB Gbuta passura xommbrotepras ¢opma Table de Radionucléides (mporpamma
NUCLEIDE) ¢ tem, uto6s1 06ecrieunTh 6ojice mpocToe 0OHOBICHHE U IOTIOIHEHHE JaHHBIX U, OUEBHUJIHO,
TaKkKe C LENBI0 MPEIJIOKHUTh MOJB30BATEN0 Oojee JETKUH MOCTYN K SACPHBIM M aTOMHBIM JaHHBIM
pacmazga myTeM "HakaTHsl KHOTIKH' .

Hene HacTosimiero wu3maHusl - JAaTh PEKOMEHAOBAaHHBIE NAHHBIE JIsI HYKIMIOB, IPEICTABIAIOLINX
cneuuprUecKrii HMHTEepeC ISl METPOJIOTHH MM TNPaKTHYECKHX NPWIOKEHHH, TaKMX Kak saepHas
MeIWIHA, MOHUTOPHHT, PeakTOpPHAs 3aIlIuTa U JIp.

[lepBuuHble pEKOMEHAOBaHHbIE JaHHBIC BKIIOYAIOT IEPHOABI MOJypacmazna, BHABI paclaja,
XapakTepUCTUKH X- W TaMMa-u3JIy4YeHUH, SJIEKTPOHHBIX H3IydeHHH, anbpa- U OeTa-mepexofoB M
W3JTYYEeHUH U MOTPEHIHOCTH BEJIUYMH 3THUX XapaKTePUCTHK. B KHHUre naH MOJIHBINA CIHCOK JTUTEPATYpH,
WCIIOJIb30BAaHHON AJIS1 OLICHOK.

Jlns Toro yToObl OOHOBHTH JaHHBIC MO HyKIHIaM, yxe umeromumcs B Table de Radionucleides, u
N00aBUTH HOBBIE OLEHKH, HarmonampHas nmaGoparopusi uM. AHpu bekkepens (LNHB, ®pannus) u
Ouzuko-Texnnueckuit Muctutyr (PTB, 'epmanus) 3akimounny KoonepaTuBHOE cornamenue. K Hum
3aTeM MpHcoeaMHWINCh HanmoHanpHas nabopaTopusi NPUKIAJHBIX M IKOJIOTHYECKUX HCCIEIOBaHUI
Aitnaxo (INEEL, CIIA), JloypencoBckas Hammonamsnas Jlabopatopust bepxmm (LBNL, CIIA) u
Panmuessiii uactutyT M. B.I'. Xnonuna (KRI, Poccnst). 310 MexIyHapoaHOE COTPYIHUYECTBO OCHOBAHO
Ha He(pOpPMaILHOM coryalleHuy. [lepBoHauvanmbHas paboTa COCTOsIA B OOCYXKICHHH M TIPHHSITHU
COIJIACOBAaHHOM METOIOJIOTHH, KOTOpas MAOJDKHA OBITh HCIONB30BaHA B JTHUX OLEHKax. JlaHHele U
CBSI3aHHBIC C HUMH TIOTPEIIHOCTH OBUTH OIIEHEHBI C MCIIOJIb30BAHUEM BCEX MMEIOIIUXCS B PACTIOPSHKEHUN
PE3yJIbTaTOB SKCIEPHMEHTOB M C YYETOM TEOPETUYECKHX PACCMOTPEHHH.

Hacrosmmii Tom mipencraBisieT co0oi 4eTBEPTHIN BhITyck Monographie BIPM-5.

PEKOMEHJIOBAHHBIE 3HAYEHIA 1 [TOI' PEITHOCTU
OcCHOBHBIE L1ary A OLEHKHU JaHHBIX U UX MTOTPENIHOCTEN CIeAyIONIHeE:

- KpI/ITI/I‘{CCKI/Iﬁ aHaJIn3 BCCX HMCIOIIUXCSA OPUTHHAJIbHBIX Hy6JII/IKaLIPII>'I, YTOOBI IIPpUHATE WA
OTBCPrHyTbh JAaHHOC 3HAYCHUC U Cro MNOrpCIIHOCTb, MNPUBCACHHYIO K KOM6I/IHI/IpOBaHHOMy
CTaHJAPTHOMY OTKJIIOHCHMIO,

- OIpElNeleHUE JIYYlIero 3HA4eHMs, KOTOPOE SBJIETCS B3BCIUIECHHBIM WM HEB3BEIICHHBIM CPEIHUM
COXpPaHEHHBIX BEJIMYHUH; BHIOOP B3BELIEHHOTO MJIM HEB3BEIICHHOT'O CPEJHETO ONpPEAEISIeTCS aHAIH30M
BeMMuMHBI X°. B ciydae CpeIHEro B3BEIICHHOTO BEC KaXJIOTO OPUIHHANLHOTO pe3yibTaTa
orpannunBaercs 50 %. B kauectBe uroroBoil morpeumrHoctH (Uc) mpuHHMaeTcs OoJjblias U3 IBYX
MOTPEUIHOCTEN CpeJHEero B3BEUIEHHOTO. BHYTpeHHeW u BHemHeid. Jlns pacxopngmerocs Habopa
JAHHBIX OHAa MOXET OBITh pacIIMpeHa, YTOOBI IEPEKPHITh CAMOE TOYHOE BXOJHOE 3HAUCHHE.

JIsi HEKOTOpBIX TMPUMEHEHHH MOXET OKa3aThCs HEOOXOAMMBIM paciiipenHas morpemHocts (U),
BeipakeHHast kak: U(y) = K x Uc(y), rae K - koadduunent nepekpoitus. st 3T0M myONuKanuy IPHUHATO
k=1.

3HauCHUE MOTPELIHOCTH, B CKOOKaX, MPUBOAMTCS B SMHUIIAX TOCICIHEH 3HaYalei Hudpsbl, T.e.:

9,230 (11) osmawaer 9,230+0,011

9,2 (11) 92+11
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Ecnu 3HaueHue BemUUMHBI AaeTcs 0e3 MOTPElIHOCTH, OHa CUUTACTCS COMHUTENBHON M MPUBOAUTCS IS
uHpopmMaru. Takue BETMUMHBI YaCTO OLIEHUBAJIMCH U3 CXEMBI paciaia 1moj pyopuko# "nopsiaka’.

Wudopmamuio o mporeaypax OLCHKM MOXKHO NONXyudTh u3 myOnukammii [85Zi, 96He, 99In] wmm
HETIOCPEACTBEHHO OT aBTOPOB.
Wudopmaryst o cMbiciie pU3NIECKUX BETUYNH MOXKET OBITh TosrydeHa u3 [991n].

HYMEPALIIUA

SlnepHble YPOBHH MPOM3BOIBHO MPOHYMEpOBaHbI OT O i1 OCHOBHOTO COCTOSHHUSI JO N s N-0r0
BO30YKJICHHOTO YpOBHs. Bee mepexo/ sl 0003HAYAIOTCS M0 WX HAYAILHOMY U KOHEUHOMY YPOBHSIM.

Jlis CnabbIX mepexo/IoB, HE MOKA3aHHBIX CTPENKOM B CXeMe pacmaja, HavyajdbHbIH W KOHEYHBIH yPOBHU
obo3navarorcs kak (-1, n).

Jna ramma-usnydenus ¢ sHeprueit 511 koB, koTopoe ciemyer 3a OGeTa-IUTIOC PacmagioM, MPUHSITO
obosnauenue (-1, -1).

EJIMHULIBI
P CKOMCHIOBAHHBIC 3HAYCHUA BLIpa)KeHLI:

- U1 IE€pHUOO0B IIOJIypacmaga:

- B ceKkyHmax st Ty, < 60 CcexyHn S
- B MUHYTax ais Ty, > 60 CexyHa min
- B yacax s Ty, > 60 MunyT h
- B CyTKax Jisi 11, > 24 dacos d
- B romax juis 11, > 365 cyTok a

1 rox = 365,242 198 cytok = 31 556 926 cexynn

- A BCpOﬂTHOCTefI MEPEXO0a0B U YHUCJia UCITYCKACMbIX YaCTHUL 3HAYCHUS JaHbI Ha 100 pacnanos,

- JUIs SHEPruil 3HAUCHUS BBIPAKCHBI B KIJI03JIeKTpoHBOIbTaX (KeV).

[NPUMEYAHUE

Orort Beiyck noarotosied B 2008 r. HoBwie onieHkn 1 0OHOBJICHHBIE Pe3yIETAaTHl MOXKHO HAWTH Ha
caire:

http://www.nucleide.org/NucData.htm

http://www1.bipm.org/fr/publications/monographie-ri-5.html
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TABLA DE RADIONUCLEIDOS

INTRODUCCION

El Laboratorio Nacional Henri Becquerel (LNHB) inici6 en 1974 el estudio de datos nucleares y atdmicos
que caracterizan la desintegracion de radionucleidos. Esas evaluaciones han permitido la publicacion de
cuatro volimenes de la Tabla de Radionucleidos [87Ta, 99Be]. Este nuevo volumen es el siguiente en la
continuacion del estudio precedente Monographie BIPM-5 [04Be, 06Be].

Para facilitar la correccién de nueva informacion y mejorar la comodidad de consulta a los lectores, el
LNHB a creado una base de datos informatizada. EI programa NUCLEIDE permite el acceso a la Tabla
de Radionucleidos con la ayuda de menus en cascada disponibles con un simple « clic ».

El objetivo de la Tabla de Radionucleidos es el de proporcionar informacion sobre un nimero limitado de
radionucleidos utilizados en el campo de la metrologia o en otras disciplinas (medicina nuclear, medio
ambiente, ciclo del combustible, etc.)

Los datos recomendados incluyen : el periodo de semidesintegracion, los modos de desintegracién, las
emisiones a, B, v, X y de electrones atdmicos asociados a las mismas.

Con el propdsito de actualizar y agregar nuevas evaluaciones rapidamente el Laboratoire National Henri
Becquerel (LNHB, Francia) y el Physikalisch-Technische Bundesanstalt (PTB , Alemania) establecieron
un acuerdo de colaboracion. Posteriormente se unieron el Idaho National Engineering & Environmental
Laboratory (INEEL, USA), Lawrence Berkeley National Laboratory LBNL, USA) y Khoplin Radium
Institute (KRI, Rusia). El primer trabajo de esta colaboracién internacional fue el de establecer el método
y las reglas comunes de evaluacién. Las evaluaciones proponen valores recomendados e incertidumbres
asociadas. Estos valores han sido evaluados a partir de datos experimentales. En su ausencia, los valores
se obtienen por célculos teéricos. Todas las referencias utilizadas para la evaluacion de un radionucleido
se citan al final de cada capitulo.

VALORES RECOMENDADOS E INCERTIDUMBRES

Las principales etapas para evaluar datos con sus incertidumbres son:

- Un analisis critico de todas las publicaciones disponibles con el fin de obtener un valor con su
incertidumbre, considerada como incertidumbre tipica combinada.

- La determinacion de un valor recomendado que es, segun el caso, una media simple o ponderada de
valores obtenidos de publicaciones. Esto se decide tras el chi-cuadrado reducido. En el caso de una
media ponderada para conjuntos de valores discrepantes, el peso estadistico relativo de cada valor es
limitado al 50 %. La incertidumbre, u, es el mayor de los valores de las incertidumbres interna o
externa. En el caso de conjuntos de valores discrepantes, este valor puede ser extendido con el fin de
incluir el valor experimental méas preciso.

Para ciertas aplicaciones, es necesario definir una incertidumbre expandida, llamada U:
U(y) =k x uc(y) donde k es el factor de cobertura.
El valor de k utilizado en esta publicacion es : k = 1.

Los valores de incertidumbres indicados entre paréntesis corresponden a las Ultimas cifras significativas,
por ejemplo :

9,230 (11) significa 9,230+0,011 vy

9,2 (11) significa 92+1,1

Valores dados sin incertidumbres se consideran dudosos (usualmente se presentan como valores
aproximados, y a menudo estimados a partir de los esquemas de desintegracion).
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Para més informacion sobre las técnicas de evaluacion consultar [85Zi], [96He], [99In] o directamente
con el autor.

NUMERACION

Los niveles de un nucleo estan arbitrariamente numerados desde “0” (para el nivel fundamental), hasta
“n” para el enésimo nivel excitado. Las transiciones se representan por sus niveles inicial y final.

En el caso de una transicion débil e imposible de situar en el esquema de desintegracion, el nivel inicial y
el final estan designados con la siguiente notacion : (-1, n).

En el caso de una emision y de 511 keV que sigue a una desintegracion B, la notacion adoptada es : (-1, -
1).

UNIDADES

Los valores recomendados se dan:
- para los periodos de semidesintegracion :

Simbolo
. en segundos para Ty, < 60 segundos S
. en minutos para Ty, > 60 segundos min
. en horas para Ty, > 60 minutos h
. en dias para Ty, > 24 horas d
. en afios para Ty, > 365 dias a

1 afio = 365,242 198 dias = 31 556 926 segundos ;
- para las probabilidades de transicién y numero de particulas emitidas, los valores se dan por

100 desintegraciones ;
- para las energias, los valores se expresan en keV.

ADVERTENCIA

Este documento ha sido imprimido en el 2008. Para obtener todas las nuevas evaluaciones actualizadas
ulteriormente, el lector debera referirse a los documentos disponibles en :

http://www.nucleide.org/NucData.htm
http://www1.bipm.org/fr/publications/monographie-ri-5.html
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Volume 4 — A =133 to 252 Volume 3 - A =310 244
Mass  Nuclide Page Mass  Nuclide Page
133 1-133 1 3 H-3 1
133 Xe-133 11 55 Fe-55 5
133 Xe-133m 17 56 Co-56 11
135 Xe-135m 23 60 Co-60 23
139 Ce-139 31 63 Ni-63 29
206 TI-206 39 65 Zn-65 33
210 TI-210 45 79 Se-79 39
210 Pb-210 51 90 Sr-90 43
210 Bi-210 59 90 Y-90 47
210 P0-210 65 90 Y-90m 53
213 P0-213 71 108 Ag108 59
214 Pb-214 75 108 Ag-108m 67
214 Bi-214 83 111 In-111 75
214 Po-214 111 125 Sh-125" 81
217 Rn-217 117 137 Cs-137 91
218 Po-218 121 153 Sm-153" 99
218 At-218 125 159 Gd-159 109
218 Rn-218 129 203 Pb-203 115
221 Fr-221 135 233 Pa-233 123
222 Rn-222 143 233 Th-233 133
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59
60
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64
65
66
67
79
85
85
88
89
9
90
9
93
99
99

108

108

109

110

110

111

Nuclide
H-3
Be-7
C-11
N-13
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LNE - LNHB/CEA Table de Radionucléides

133 I
53 80

1 Decay Scheme

[-133 disintegrates by beta minus emission to excited levels in Xe-133.
L’ iode 133 se désexcite par émission beta moins vers les niveaux excités du xénon 133.

2 Nuclear Data

T1/2(1331 ) . 20,87 (8) h
T1/2(133X8 ) . 5,2474 (5) d
Q- (1331) : 1757 (4) keV

2.1 [ Transitions

Energy  Probability Nature lg ft
keV x 100

Boas 167 (4) 0,414 (15) Allowed 6,18
Boas 371 (4) 125 (4) Allowed 6,81
Boar 407 (4) 0,397 (12) Allowed 7,44
Boao 459 (4) 3,75 (7) Allowed 6,64
Boe 521 (4) 3,12 (6) Allowed 6,91
Bos 706 (4) 0,58 (5) Allowed 8,09
Bor 846 (4) 0,026 (18) (1st) Forbidden 9,7
By 882 (4) 4,16 (13) allowed 7,59
Bys 1013 (4) 1,81 (6) Unique (th) Forbidden 8,17
Bos 1227 (4) 83,42 (21) Allowed 6,81
Boa 1524 (4) 1,07 (6) 1st Forbidden Unique 9,92
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133

53 180

2.2 Gamma Transitions and Internal Conversion Coefficients

Energy Pryice Multipolarity oK ar am ar
keV x 100

va3(Xe) 150,382 (9) 0,029 (6)
Y11y (Xe) 167,97 (6) 0,078 (17)

yis12(Xe) 203,787 (31)  0,00432 (8)

Y1.0(Xe) 233,219 (15) 2,88 (2) M4 6,24 (9) 2,035 (29) 0,453 (6) 8,84 (12)
vi0s(Xe) 245837 (18) 0,035 (9)

v2.0(Xe) 262,70 (6) 0,377 (13) MI1+E2 0,0497 (7) 0,00641 (9) 0,001300 (18)  0,0577 (8)
v3.2(Xe) 267,17 (6) 0,117 (7)

Y6.3(Xe) 345,459 (6) 0,104 (18)

¥0.6(Xe) 361,118 (7) 0,11 (4)

v8,4(Xe) 372,143 (19) 0,009 (6)

y7.3(Xe) 381,578 (30) 0,045 (5)

710,7(Xe) 386,784 (30) 0,059 (5)

Y1.2(Xe) 417,55 (6) 0,155 (10) MI1+E2 0,0139 (10)  0,001921 (27)  0,000392 (6) 0,0163 (11)
~10,6(Xe) 422,903 (7) 0,314 (10) M1+E2 0,0128 (13) 0,00185 (3) 0,000379 (6) 0,0151 (13)
vi17(Xe) 438,930 (34) 0,040 (5)

¥5,1(Xe) 510,531 (22) 1,81 (6)

Y12.6(Xe) 510,822 (9) 0,004 (5)

vs,3(Xe) 522,525 (17) 0,04 (5)

3.0(Xe) 529,872 (3) 87,0 (2) M1+E2 0,00691 (13)  0,000956 (14)  0,0001948 (29)  0,00810 (14)
vizs(Xe) 537,543 (34) 0,035 (7)

vi05(Xe) 554,484 (17)  0,0004 (5)

Yo.4(Xe) 556,195 (10) 0,020 (3)
Y(1.2)(Xe) 567,1 (4) 0,003 (3)

Y10,4(Xe) 617,98 (1) 0,542 (15) MI1+E2 0,0050 (7) 0,00066 (6) 0,000134 (12) 0,0059 (8)
vr.2(Xe) 648,75 (7) 0,056 (13) M1 0,00510 (7)  0,000639 (9)  0,0001292 (18)  0,00590 (8)
vi14(Xe) 670,126 (19) 0,042 (6)

Y13,7(Xe) 678,490 (42) 0,022 (7)

v1,0(Xe) 680,254 (9) 0,648 (19) M1 0,00460 (6)  0,000570 (8)  0,0001152 (16)  0,00527 (7)
~9,3(Xe) 706,577 (6) 1,496 (40) M1+E2 0,0036 (6) 0,00047 (5) 0,000095 (10) 0,0042 (6)
Y10,3(Xe) 768,362 (6) 0,459 (15) MI1+E2 0,00318 (22)  0,000402 (22) 0,000081 (4) 0,00368 (24)
v8,2(Xe) 789,70 (6) 0,050 (4)

~11,3(Xe) 820,508 (17) 0,154 (6) M1+E2 0,0026 (3) 0,00033 (3) 0,000068 (6) 0,0031 (4)
Y12,3(Xe) 856,281 (9) 1,233 (40) MI1+E2 0,00202 (3) 0,000263 (4) 0,0000533 (8) 0,00235 (3)
Y6.0(Xe) 875,331 (5) 4,48 (12) E2+M3 0,001876 (26)  0,000245 (3)  0,0000496 (7)  0,00218 (3)
~13,4(Xe) 909,686 (31) 0,213 (9) M1+E2 0,00222 (4) 0,000277 (5) 0,0000559 (9) 0,00257 (4)
y7.0(Xe) 911,45 (3) 0,046 (6)
V1.3 (Xe) 1018,1 (5)  0,0060 (26)

v102(Xe) 103553 (6)  0,0086 (18)

vs,0(Xe)  1052,397 (17) 0,551 (16)

~13,3(Xe) 1060,068 (30) 0,137 (7) M1+E2 0,00143 (20) 0,000179 (22) 0,000036 (4) 0,00165 (23)
v12(Xe)  1087,68 (6)  0,0121 (18)

yo.0(Xe)  1236,449 (5) 1,49 (4)

~10,0(Xe) 1298,234 (5) 2,33 (7) M1+E2 0,000822 (12) 0,0001026 (15) 0,00002070 (29) 0,000972 (14)
Y13,2(Xe) 1327,24 (7)  0,00022 (22)

yi1,0(Xe)  1350,380 (17) 0,148 (5) M1+E2 0,00085 (10)  0,000104 (12)  0,0000211 (23)  0,00101 (12)
Yi2.0(Xe)  1386,153 (8)  0,0086 (26) [E2]

Yiz0(Xe) 158994 (3)  0,0029 (4)
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3 Atomic Data

3.1 Xe
wrg 0,888 (H)
or 0,097 (5)

)
nkgr : 0902 (4)

3.1.1 X Radiations

Energy Relative
keV probability
Xk
Kas 29,459 53,98
Kag 29,779 100
K33 33,562 }
K1 33,625 }
Kf5 33,881 } 28,99
KB 34,415 }
Kpy 34,496 } 6,84
KOs 3 34,552 }
XL
Le 3,6378
La 4,0977 — 4,1103
Ln 3,9576
Lg 4,4176 — 4,7758
Ly 4,895 — 5,296
3.1.2 Auger Electrons
Energy Relative
keV probability
Auger K
KLL 23,512 — 24,842 100
KLX 27,897 — 29,770 46,5
KXY 32,27 — 34,54 5,41
Auger L 2,4 - 5,2
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4 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Xe) 24 - 52 0,677 (4)
eAK (Xe) 0,072 (4)

KLL 23,512 - 24,842 }

KLX 27,897 - 29,770 }

KXY 32,27 - 34,54 }
€C10 T (Xe) 198,655 - 233,207 2,59 (6)
ec1o K (Xe) 198,655 (15) 1,828 (41)
€C10 L (Xe) 227,766 - 228,437 0,596 (13)
€C1,0 M (Xe) 232,070 - 232,542 0,1327 (29)
ecspx  (Xe) 495331  (3) 0,596 (11)
€C3,0 L (Xe) 524,419 - 525,090 0,083 (12)
Bo13 max: 167 (4) 0,414 (15)
Boas avg 45,1 (12)
Boaz max: 371 (4) 1,25 (4)
Bo.12 avg:  108,8 (14)
Bo11 max: 407 (4) 0,397 (12)
60_,11 avg: 120,8 (14)
Bo.10 max: 459 (4) 3,75 (7)
Bo.10 avg: 138,7 (14)
Bio max: 521 (4) 3,12 (6)
Bo.o avg:  160,4 (15)
Bos max: 706 (4) 0,58 (5)
Bos avg: 228 4 (16)
Bon max: 846 (4) 0,026 (18)
Box avg:  283,1 (16)
Bos max: 882 (4) 4,16 (13)
Bos avg: 2974 (16)
Bos max: 1013 (4) 1,81 (6)
Bos avg:  350,5 (17)
Bis max: 1227 (4) 83,42 (21)
Bos avg: 4394 (17)
Boa max: 1524 (4) 1,07 (6)
Bon avg: 5720  (17)
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5 Photon Emissions

5.1 X-Ray Emissions

Energy Photons
keV per 100 disint.
XL (Xe) 3,6378 — 5,296 0,0724 (14)
XKay  (Xe) 29,459 0,163 (4) } Ko
XKa;  (Xe) 29,779 0,303 (6) }
XKB;  (Xe) 33,562 }
XKB  (Xe) 33,625 }0,0877 (19) K 3
XKGE  (Xe) 33,881 }
XKf;  (Xe) 34,415 }
XKB;  (Xe) 34,496 b 0,0207 (7) K 3
XKOg3 (Xe) 34,552 }
5.2 Gamma Emissions
Photons

per 100 disint.

V(-1,1)(Xe)

Y4,2(Xe)

V(-1,2)(Xe)

¥7,2(Xe)

Y4,3(Xe) 150,382

Y13,12(Xe) 203,787
Y1,0(Xe) 233,219
7Y10,8(Xe) 245,837

)

(Xe)
(Xe) 345,459
Yo,6(Xe) 361,118
(Xe) 372,143
) 381,578
7Y10,7(Xe) 386,784

7Y10,6(Xe) 422,903
Y11,7(Xe) 438,930

75,1 (Xe) 510,530
7Y12,6(Xe) 510,821
78,3(Xe) 522,524

73,0(Xe) 529,8709
713,8(Xe) 537,542
7Y10,5(Xe) 554,483
Y9,4(Xe) 556,194

) 0,00432

710,4(Xe) 617,978 (10) 0,539
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Energy Photons
keV per 100 disint.

Yiia(Xe) 670,124 (19) 0,042 (6)
v13,7(Xe) 678,488 (42) 0,022 (7)
Y4,0(Xe) 680,252 (9) 0,645 (19)
v9,3(Xe) 706,575 (6) 1,49 (4)
Y10,3(Xe) 768,360 (6) 0,457 (15)
v8,2(Xe) 789,69 (6) 0,050 (4)
Y11,3(Xe) 820,505 (17) 0,154 (6)
v12,3(Xe) 856,278 (9) 1,23 (4)
Y6,0(Xe) 875,328 (5) 4,47 (12)
Y13,4(Xe) 909,683 (31) 0,212 (9)
~7,0(Xe) 911,447 (30) 0,046 (6)
V(-1,3)(Xe) 1018,1 (5) 0,0060 (26)
Y10,2(Xe) 1035,53 (6) 0,0086 (18)
v8,0(Xe) 1052,393 (17) 0,551 (16)
v13,3(Xe) 1060,063 0,137 (7)
vY11,2(Xe) 1087,67 (6) 0,0121 (18)
Y9,0(Xe) 1236,443 (5) 1,49 (4)
Yi00(Xe)  1298,227 (5) 2,33 (7)
Y13,2(Xe) 1327,23 (7) 0,00022 (22)
Y11,0(Xe) 1350,373 (17) 0,148 (5)
Y12,0(Xe)  1386,145 (8) 0,0086 (26)
Y13,0(Xe) 1589,93 (3) 0,0029 (4)

6 Main Production Modes

Te —133(57) I —133
{ Fissionproduct

Possible impurities : T—131, 1 —132, I —134,1—-135

7 References

(Half-life)

S.KATCOFF, W.RUBINSON. Phys. Rev. 91 (1953) 1458

- A.WAHL. Phys. Rev. 99 (1955) 730

(Half-life)

- G.HOLM, H. RYDE. Ark. Fysik 15 (1959) 387

(Gamma-ray emission probabilities)

- E.EICHLER, J.W.CHASE, N.R.JOHNSON, G.D.O’KELLEY. Bull. Am .Phys. Soc. 5 (1960) 448

(Beta emission energies)

- G.ANDERSON, G.RUDSTAM, G.SORENSEN. Ark. Fysik 28 (1965) 37

(Half-life)

- E.EICHLER, J.W.CHASE, N.R.JOHNSON, G.D.O’KELLEY. Phys. Rev. 146 (1966) 899

(Half-life, Beta emission probabilities)

- S.A.REyNoLs, J.F.EMERY, E.LWYATT. Nucl. Sci. Eng. 32 (1968) 46

(Half-life)

- R.N.SAXENA, HD.SHARMA. Nucl. Phys. A171 (1971) 593
(Beta emission probabilities, Gamma-ray emission probabilities)

- E.ACHTERBERG, F.C.IGLESIAS, A.E.JECH, JJAAMORAGUES, D.OTERO, M.L.PEREZ, N.PROTO,
J.J.ROSSI, W.SCHEUER, J.F.SUAREZ. Phys. Rev. C5 (1972) 1759

(K ICC, Gamma ray energies, Multipolarities)
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- R.B.BEczHaNoOv, O.SH.KOBILOV, KH.S.SABIROV, S.SK.SALIMOV, U KH. KHUDAIBERGENOV. Bull.
Acad. Sci. USSR 36 (1972) 2190
(Multipolarities)
- K.S.KraNE, C.E.OLSEN, W.A.STEYERT. Phys. Rev. C5 (1972) 1671
(Mixing ratio, Multipolarities)
- B.K.S.KOENE, H.LIGHTART, H. POSTMA. Nucl. Phys. A235 (1974) 267
(Mixing ratio, Multipolarities)
- R.AMEYER, F.F.MOMYER, JJHLANDRUM, E.A.HENRY, R.P.YAFFE, W.B.WALTERS. Phys. Rev. C14
(1976) 1152
(Beta emission probabilities, Gamma-ray emission probabilities, Decay scheme)
- G.H.FULLER. J. Phys. Chem. Ref. Data 5 (1976) 835
(Spin and Parity)
- K.S.KRANE. At. Data Nucl. Data Tables 42 (1977) 363
(Mixing ratio)
- T.LONNROTH, J. KUMPULAINEN, C.TUOKKO. Physica Scripta 27 (1983) 228
(Spin and Parity)
- P.RAGHAVAN. At. Data Nucl. Data Tables 42 (1989) 189
(Nuclear moments)
- S.RaAB. Nucl. Data Sheets 75 (1995) 527
(Decay scheme)
- E.ScHONFELD, H.JASSEN. Nucl. Instrum. Methods A369 (1996) 527
(Atomic Data)
- LM.BaND, M.B.TRZHASKOVSKAYA, C.W.JR.NESTOR. At. Data Nucl. Data Tables 81 (2002) 1
(Theoretical ICC)
- G.Aupi, AH WAPSTRA, C.THIBAULT. Nucl. Phys. A729 (2003) 337
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133
o4 Xe 79

1 Decay Scheme

Xe-133 disintegrates by beta minus emission to the excited levels of Cs-133.
Le xénon 133 se désintégre vers des niveauz excités du césium 133.

2 Nuclear Data

T1/2(133X8 ) . 5,2474 (5) d
Q (133Xe ) : 4274 (24) keV

2.1 [~ Transitions

Energy  Probability Nature lg ft
keV x 100

Bos 43,6 (24) 0,0092 (9) Allowed 6,84
Boo 2668 (24) 087 (8) Allowed 7,31
By, 3464 (24) 99,12 (8) Allowed 5,62

2.2 Gamma Transitions and Internal Conversion Coefficients

133
51 X€ 79

Energy Prtce Multipolarity oK ar aMm or
keV x 100
v2,1(Cs) 79,6142 (12) 0,78 (8)  M1+1,54%E2 1,495 (21) 0,217 (6) 0,0447 (12) 1,768 (26)
71,0(Cs) 80,9979 (11) 99,8 (12) M1+E2 1,429 (20) 0,214 (3) 0,0442 (6) 1,698 (24)
72,0(Cs) 160,6120 (16) 0,088 (10) M1+E2 0,234 (4) 0,0471 (13 0,0099 (3) 0,294 (5)
~3,2(Cs) 223,2368 (13)  0,00019 (7) M1+E2 0,0836 (12) 0,01103 (16 0,00226 (3)  0,0975 (14)
73,1(Cs) 302,8508 (5) 0,0061 (8)  M1+0,06%E2  0,0373 (5)  0,00484 (7)  0,000988 (14) 0,0434 (6)
73,0(Cs) 383,8485 (12)  0,0029 (4) E2 0,01684 (24) 0,00269 (4)  0,000559 (8)  0,0202 (3)

CIEMAT /M. GALAN 1




LNE - LNHB/CEA — Table de Radionucléides

3 Atomic Data

3.1 GCs
wrg 0,894 (4)
o 0,104 (5)

5)
ngr : 0,895 (4)

3.1.1 X Radiations

Energy Relative
keV probability
XK
Kay 30,6254 54,13
Kag 30,9731 100
K33 34,9197 }
K1 34,9873 }
Kf5 35,252 } 29,22
KB 35,822 }
Kp4 35,907 } 7,13
KOs 3 35,972 }
XL
Le 3,795
La 4,273 — 4,287
Ln 4,142
Lg 4,62 — 4,988
Ly 5,131 — 5,553
3.1.2 Auger Electrons
Energy Relative
keV probability

Auger K
KLL 24,411 — 25,804
KLX 28,991 - 30,961
KXY 33,55 - 35,96

Auger L 2,5—-5,6

100
47,2
5,56
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4 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Cs) 25 5,6 49,9 (3)
€AK (Cs) 5,65 (24)

KLL 24,411 - 25,804 }

KLX 28,991 - 30,961 }

KXY 33,55 - 35,96 }
ecor k  (Cs) 43,6295  (19) 0,419 (45)
ec1o T (Cs) 45,0133 - 80,9865 62,8 (10)
cciox  (Cs) 450133 (11) 52,9 (9)
eCol L (Cs) 73,8998 - 74,6022 0,061 (7)
ecio 1, (Cs) 75,2836 - 75,9860 7,92 (13)
ecciom  (Cs) 79,7808 - 80,2724 1,635 (26)
ec1o N (Cs) 80,7671 - 80,9214 0,3441 (46)
50_73 max: 43,6 (24) 0,0092 (9)
5&3 avg: 11,1 (7)
Bo.a max:  266,8 (24) 0,87 (8)
Bo avg: 75,2 (8)
Box max: 3464  (24) 99,12 (8)
Boa avg:  100,6 (8)

5 Photon Emissions
5.1 X-Ray Emissions
Energy Photons
keV per 100 disint.

XL (Cs) 3,795 — 5,553 5,79 (11)
XKay  (Cs) 30,6254 13,54 (24) } Ka
XKa;  (Cs) 30,9731 25,0 (5) }
XKB;  (Cs) 34,9197 }
XK3  (Cs) 34,9873 b 7,31 (15) K
XK@,  (Cs) 35,252 }
XK@,  (Cs) 35,822 }
XK@y (Cs) 35,907 b 1,78 (6) K 5,
XKOy3 (Cs) 35,972 }
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5.2 Gamma Emissions

Energy Photons
keV per 100 disint.

¥2,1(Cs) 79,6142 (12) 0,28 (3)
v1,0(Cs) 80,9979 (11) 37,0 (3)
72,0(Cs) 160,6120 (16) 0,068 (8)
v3,2(Cs) 223,2368 (13) 0,00017 (6)
v3,1(Cs) 302,8508 (5) 0,0058 (8)
v3,0(Cs) 383,8485 (12)  0,0028 (4)

6 Main Production Modes

Fission product()
Possible impurities : Xe — 129, Xe — 131, Xe — 135

Possible impurities : Xe — 125, Xe — 127, Xe — 135

Xe — 132(n,y)Xe — 133 o :0,4 barns
Cs — 133(n,p)Xe — 133
Possible impurities : Xe — 135, Xe — 137

Ba — 136(n,a)Xe — 133
Possible impurities : Xe — 135, Xe — 137

{ Te — 130(a,n)Xe — 133

7 References

- C.S.Wu. Phys. Rev. 58 (1940) 926
(Production modes)

- E.P.CrLANCY. Phys. Rev. 60 (1941) 87
(Production modes)

- C.S.Wu, E.SEGRE. Phys. Rev. 67 (1945) 142
(Production modes)

- J.MACNAMARA, C.B.CoLLINS, H.G.THODE. Phys. Rev. 78 (1950) 129
(Half-life)

- L.BERGSTROM. Ark. Fysik 5 (1952) 191
(Gamma-ray emission probabilities, Beta emission probabilities)

- R.L. GrauaM, R.E.BELL. Can. J. Phys. 31 (1953) 377
(Hlaf-life level, K ICC, K/L ratio)

- I.BERGSTROM, S.THULIN, A .H.WAPSTRA, B.ASTROM. Ark. Fysik 7 (1954) 255
(K ICC, K/L ratio)

- P.LEHMAN, J.MILLER. Comp. Rend. Acad. Sci. (Paris) 240 (1955) 1525
(Half-life level)

- T.ALVAGER, B.JOHANSSON, W.ZUK. Ark. Fysik 14 (1958) 373
(Hlaf-life level)

- E.BODENSTEDT, H.J. KORNER, E.MATTHIAS. Nucl. Phys. 11 (1959) 584
(Half-life level)

- P.ErMAN, Z.SUJKOVVSKI. Ark. Fysik 20 (1961) 209
(Gamma-ray emission probabilities)
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P.THIEBERGER. Ark. Fysik 22 (1962) 127
(Half-life level)
- ILM.Govir, C.S.KHURANA, H.S.HANS. Nucl. Phys. 45 (1963) 60
(Half-life level)
- J.S.GEIGER, R.L.GRAHAM, I.BERGSTROM, F.BROWN. Nucl. Phys. 68 (1965) 352
(Half-life level)
J.E.THUN, S.TORNKVIST, K.B.NIELSEN, H.SNELLMAN, F.FALK, A.MOCOROA. Nucl. Phys. 88 (1966)
289
(Mixing ratio, Multipolarities)
- P.ALEXANDER, J.P.LAu. Nucl. Phys. A121 (1968) 612
(Half-life, Gamma ray energies, Gamma-ray emission probabilities)
- J.F.EMERY, S.A.REYNOLS, E.I.WAYTT. Nucl. Sci. Eng. 48 (1972) 319
(Half-life)
- L.M.CavaLLo, F.J.ScHIMA, M.P.UNTERWEGER. Phys. Rev. C10 (1974) 2631
(Half-life)
- JFONTANILLA, A.L.PRINDLE, JJHLANDRUM, R.A.MEYER. Bull. Am .Phys. Soc. 19 (1974) 501
(Half-life)
- D.C.HorrMmAN, J. W.BARNES, B.J.DROPESKI; F.O.LAWRENCE, G.M.KELLY, M.A.OTT. J. Inorg. Nucl. Chem.
37 (1975) 2336
(Half-life)
- M.J.Woobs, . W.GOODIER, S.E.M.Lucas. Int. J. Appl. Radiat. Isotop. 26 (1975) 485
(Half-life)
- K.S.KRANE. At. Data Nucl. Data Tables 19 (1977) 363
(Mixing ratio)
- P.RAGHAVAN. At. Data Nucl. Data Tables 42 (1989) 189
(Nuclear moments)
- M.P.UNTERWEGER, D.D.HopPPES, F.J.SCHIMA. Nucl. Instrum. Methods Phys. Res. A312 (1992) 349
(Half-life)
- R.H.MARTIN, N.A . KELLER. Int. J. Appl. Radiat. Isotop. 43 (1992) 463
(Gamma-ray emission probabilities)
- S.RaAB. Nucl. Data Sheets 75 (1995) 491
(Decay scheme)
- E.ScHONFELD, H.JANSSEN. Nucl. Instrum. Methods A369 (1996) 527
(Atomic Data)
- R.G.HELMER, C.VAN DER LEUN. Appl. Rad. Isotopes 52 (2000) 601
(Gamma ray energies)
- I.M.BAND, M.B.TRZHASKOVSKAYA, C.W.NESTOR. At. Data Nucl. Data Tables 81 (2002) 1
(Theoretical ICC)
- M.P.UNTERWEGER. Nucl. Instrum. Methods Phys. Res. A56 (2002) 125
(Half-life)
- G.Aupi, A.H.WapPsTRA, C.THIBAULT. Nucl. Phys. A729 (2003) 337
Q)
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133 m
o4 Xe 79

1 Decay Scheme
Xe-133m disintegrates by a strong converted gamma transition to the ground state of Xe-133.

Le Xénon 133 métastable se déexcite selon une transition gamma fortement convertie.

2 Nuclear Data

Ty/p(*3Xe™ ) 2,198 (13) d
T p(*Xe) @ 5256 (9) d

2.1 Gamma Transitions and Internal Conversion Coefficients

Energy Py4ice  Multipolarity aK ar anm ar
keV x 100
v1,0(Xe) 233,219 (15) 100 M4 6,25 (9) 2,04 (3) 0,453 (7) 8,84 (13)

3 Atomic Data

3.1 Xe
wrg 0,888 (H)
or : 0,007 (5)

)
nNKr : 0,902 (4)

CIEMAT /M. GALAN 17
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3.1.1 X Radiations

Energy Relative
keV probability
Xk
Kas 29,459 53,98
Kay 29,779 100
K33 33,562 }
K 33,625 }
K3 33,881 } 28,99
KB 34,415 }
K3y 34,496 } 6,84
KOs 3 34,552 }
XL
Le 3,638
La 4,008 — 4,11
Ly 3,958
Lg 4,418 — 4,776
Ly 4,895 — 5,296
3.1.2 Auger Electrons
Energy Relative
keV probability
Auger K
KLL 23,512 — 24,842 100
KLX 27,897 — 29,770 46,5
KXY 32,27 - 34,54 5,41
Auger L 2,4 -5,2

CIEMAT /M. GALAN
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4 Electron Emissions

Energy Electrons
keV per 100 disint.
eAL (Xe) 24 - 52 70,4 (10)
€AK (Xe) 7,1 (4)
KLL 23,512 - 24,842 }
KLX 27,897 - 29,770 }
KXY 32,27 - 34,54 }
€c1,0 K (Xe) 198,655  (15) 63,5 (12)
ecio L (Xe) 227,766 - 228,437 20,73 (40)
cciom  (Xe) 232,070 - 232,542 4,60 (8)
€c10 N (Xe) 233,006 - 233,152 0,943 (18)
9 Photon Emissions
5.1 X-Ray Emissions
Energy Photons
keV per 100 disint.
XL (Xe) 3,638 — 5,296 7.6 (4)
XKay  (Xe) 29,459 16,0 (4) } Ka
XKag (Xe) 29,779 29,7 (6) }
XKps (Xe) 33,562 }
XKB  (Xe) 33,625 1 8,61 (20) K 6
XK@,  (Xe) 33,881 }
XK@,  (Xe) 34,415 }
XK@ (Xe) 34,496 b 2,03 (7) K 5y
XKOy3 (Xe) 34,552 }
5.2 Gamma Emissions
Energy Photons
keV per 100 disint.

Yi0(Xe) 233,219 (15)

10,16 (13)

CIEMAT /M. GALAN
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6 Main Production Modes

Fission product
Possible impurities : Xe — 127, Xe — 131m, Xe — 131, Xe — 133, Xe — 135

Xe — 132(n,y)Xe — 133m o :0,05 (1) barns
Possible impurities : Xe — 125, Xe — 129m, Xe — 133, Xe — 135, Xe — 135m, Xe — 137

7 References

- LLBERGSTROM. Phys. Rev. 81 (1951) 638
(Half-life, Gamma ray energies, K/L ratio)
- LLBERGSTROM. Ark. Fysik 5 (1952) 191
(Half-life, Gamma ray energies)
- LLBERGSTROM. Ark. Fysik 7 (1954) 255
(K ICC, K/L ratio)
- P.ErMAN, Z.SUJKOVVSKI. Ark. Fysik 20 (1961) 209
(Half-life)
- P.ALEXANDER, J.P.LAu. Nucl. Phys. A121 (1968) 612
(Half-life, K ICC)
- K.J.FrANssON, P.ERMAN. Ark. Fysik 39 (1969) 7
(M4 transition)
- E.ACHTERBERG, F.C.IGLESIAS, A .E.JECcH, J.A.MORAGUES, D.OTERO, M.L.PEREZ, A.N.PrOTO, J.J.ROSSI,
W.SCHEUER, J.F.SUAREZ, R.A. MEYER. Phys. Rev. C5 (1972) 1759
(K ICC, Gamma ray energies, Multipolarities)
- JFONTANILLA, A.L.PRINDLE, JJHLANDRUM, R.A.MEYER. Bull. Am .Phys. Soc. 19 (1974) 501
(Half-life)
- D.C.HorrMmAN, JJW.BARNES, B.J.DROPESKI, F.O.LAWRENCE, G.M.KELLY, M.A.OTT. J. Inorg. Nucl. Chem.
37 (1975) 2336
(Half-life)
- R.A.MEYER, F.F.MOMYER,E.A .HENRY,R.P.YAFFE, W.B.WALTERS. Phys. Rev. C14 (1976) 1152
(Gamma ray energies)
- P.RAGHAVAN. At. Data Nucl. Data Tables 42 (1989) 189
(Nuclear moments)
- S.RaB. Nucl. Data Sheets 75 (1995) 491
(Decay scheme)
- E.ScHONFELD, H.JANSSEN. Nucl. Instrum. Methods Phys. Res. A369 (1996) 527
(Atomic Data)
- I.M.BAND, M.B.TRZHASKOVSKAYA. At. Data Nucl. Data Tables 81 (2002) 1
(Theoretical ICC)
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135 m

Xe

o4 81

1 Decay Scheme

Xe-135 metastable mainly disintegrates by isomeric transition to Xe-135. A weak beta minus transition

to Cs-135 has been observed.
Le xénon 135 metastable se déexcite vers le niveau fondamental de xénon 135 principalement. Une faible

transition béta moins vers le césium 135 a été observée.

2 Nuclear Data

Ty o (FXe™ ) 15,30 (3)  min
Ty /5(*35Cs ) 2300000 (300000) a
IR CY 9,14 (2) h
Q™ (13%Xem ) 1692 (4) keV
2.1 (3~ Transitions
Energy Probability Nature lg ft
keV x 100
Boa  334(4)  0,00016 8,7
Bos 500 (4)  0,000032 9,9
Boo 559 (4)  0,00024 9,2
Boa 9051 (40) 0,0036 (18) 1st Forbidden 8,7
2.2 Gamma Transitions and Internal Conversion Coefficients
Energy Prtce Multipolarity ax ar, anm ar
keV x 100
v1.0(Xe) 526,570 (5) 96,996 (2) M4 0,1908 (27) 0,0364 (5) 0,0077 (1) 0,237 (3)
~1,0(Cs) 786,91 0,0036 (18) E2
¥2,0(Cs) 1133 0,00024

CIEMAT /M. GALAN
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Energy Prtce Multipolarity aK ar, an ar
keV x 100
~3.0(Cs) 1192 0,000032
v4,0(Cs) 1358 0,00016 El
3 Atomic Data
3.1 Xe
wrg 0,888 (H)
wr, ;0,097 (5)
ngr : 0,902 (4)
3.1.1 X Radiations
Energy Relative
keV probability
Xk
Kas 29,459 53,98
Kag 29,779 100
K33 33,562 }
K 33,625 }
K3 33,881 } 28,99
KB 34,415 }
Kps 34,496 } 6,84
KOg3 34,552 }
Xy,
Le 3,6378
Lo 4,0977 — 4,1103
Ly 3,9576
Lg 4,4176 — 4,7758
Ly 4,895 — 5,2960
3.1.2 Auger Electrons
Energy Relative
keV probability
Auger K
KLL 23,512 — 24,842 100
KLX 27,897 — 29,770 46,5
KXY 32,27 — 34,54 5,41
Auger L 2,5-5,3

CIEMAT /M. GALAN 24
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4 Electron Emissions

Energy Electrons
keV per 100 disint.
eAL (Xe) 25 - 53 15,21 (9)
EAK (Xe) 1,73 (8)
KLL 23,512 - 24,842 }
KLX 27,897 - 29,770 }
KXY 32,27 - 34,54 }
ecio T (Xe) 492,006 - 526,560 19,16 (25)
€C1,0 K (Xe) 492,006 (5) 15,42 (22)
ec1,0 L (Xe) 521,12 - 521,79 2,943 (41)
cciom  (Xe) 52542 - 525,89 0,622 (8)
eccion  (Xe) 526,36 - 526,50 0,1283 (18)
60_74 max: 334 (4) 0,00016
Bo.a avg: 96,4 (13)
Bos max: 500 (4) 0,000032
Bos avg: 152,8 (15)
Bo.a max: 559 (4) 0,00024
Bo.a avg: 173,9 (15)
Boa max: 9051  (40) 0,0036 (18)
Boa avg: 306 (17)
5 Photon Emissions
5.1 X-Ray Emissions
Energy Photons
keV per 100 disint.
XL (Xe)  3,6378 — 5,2960 1,637 (30)
XKay (Xe) 29,459 3,90 (7) } Ka
XKa;  (Xe) 29,779 7,22 (12) }
XKB;  (Xe) 33,562 }
XK3  (Xe) 33,625 2,09 (4) K' 3
XKG  (Xe) 33,881 }
XKBy  (Xe) 34,415 }
XK@y (Xe) 34,496 b 0,494 (14) K'f,
XK0273 (Xe) 34,552 }

CIEMAT /M. GALAN
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5.2 Gamma Emissions

Energy Photons
keV per 100 disint.

Yi0(Xe) 526,570 (5) 80,84 (20)
Yi0(Cs) 786,89 0,0036 (18)
~2,0(Cs) 1133 0,00024
~3,0(Cs) 1192 0,000032
Y4,0(Cs) 1358 0,00016

6 Main Production Modes

Xe — 136(n,2n)Xe — 135m
Possible impurities : Xe — 135, Xe — 134, Xe — 133, Xe — 133m, Xe — 131

Xe — 134(n,y)Xe — 135m
Possible impurities : Xe — 135, Xe — 134, Xe — 133, Xe — 133m, Xe — 131

Possible impurities : Xe — 135, Xe — 134, Xe — 133, Xe — 133m, Xe — 131

Xe — 136(d,t)Xe — 135m
Possible impurities : Xe — 135, Xe — 134, Xe — 133, Xe — 133m, Xe — 131

Fission product ()
Possible impurities : Xe — 135, Xe — 134, Xe — 133, Xe — 133m, Xe — 131

{
{
{ Ba — 138(n,a)Xe — 135m
{
{

7 References

T.ALVAGER. Ark. Fysik 17 (1960) 521
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Publisher (1960)
(Modes of Production)
- R.S.HAGER, E.C.SELTZER. Nucl. Data A4 (1968) 1
(Theoretical ICC)
- P.ALEXANDER, J.P.LAu. Nucl. Phys. A121 (1968) 612
(Half-life)
- K. ToMURA, N.M1vAaJ1. Radiochim. Acta 10 (1968) 173
(Half-life)
- N.B.GOVE, M.MARTIN. At. Data Nucl. Data Tables A10 (1971) 205
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- R.A.MEYER. private communication (1974)
(Gamma ray energies, Gamma-ray emission probabilities, Beta minus emission probability)
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(Half-life)

- H.FEUERSTEIN, J.OsCHINSKI. J. Inorg. Nucl. Chem. 12 (1976) 243
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- H.G.BORNER, W.F.DaviDsoN, J.ALMEIDA, J.BLACHOT, J.A.PINSTON, P.H.M.VAN ASSCHE. Nucl. Instrum.
Methods 164 (1979) 579

(Gamma ray energies)
- W.B.WALTERS, S.M.LANE, N.L.SmITH, R.J.NAGLE, R.A.MEYER. Phys. Rev. C26 (1982) 2273
(Gamma ray energies, Beta minus emission probability)
- P.RAGHAVAN. At. Data Nucl. Data Tables 42 (1989) 189
(Nuclear moments)
- E.SCcHONFELD, H.JASSEN. Nucl. Instrum. Methods A369 (1996) 527
(Atomic Data)
- L.M.BAND, M.B.TRZHASKOVSKAYA,C.W.NESTOR. At. Data Nucl. Data Tables 81 (2002) 1
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- B.SiNvcH, A.A.RobpioNov, Y.L.KazHOV. Nucl. Data Sheets 109 (2008) 517
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139
. Ce

1 Decay Scheme

Ce-139 disintegrates by electron capture to La-139.
If asymmetric uncertainties are used, the probability of capture to the 165 keV level is 99,9973 (427-53)
and that to the ground state is less than 0,008%.
Le cérium 139 se désintégre par capture électronique vers le lanthane 139. La probabilité de capture vers le
niveau fondamental est inférieure a 0,008 %.

2 Nuclear Data

Tip(*Ce ) : 137,641 (20) d
QT(1Ce) : 270 (3) keV

2.1 Electron Capture Transitions

Energy Probability Nature lg ft Pg Pr, Py
keV x 100
€01 104,1 (30) 99,9973 (27) Allowed 542 0,716 (7) 0,217 (5) 0,0669 (18)
€0,0 270 (3) 0,008 2nd Forbidden 10,6

2.2 Gamma Transitions and Internal Conversion Coefficients

Energy Pryce Multipolarity aK ar an ar
keV x 100
71,0(La) 165,8576 (11) 100,00 (4) M1 0,2146 (10) 0,0288 (6) 0,0060 (2) 0,2516 (7)

INEEL, LNHB /R.G. Helmer, M.M. Bé 31



139

LNE - LNHB/CEA Table de Radionucléides 58

3 Atomic Data

3.1 La
wrg 0,905 (4)
o 0,117 (5)

5)
nkgr : 0,882 (4)

3.1.1 X Radiations

Energy Relative
keV probability
XK
Kay 33,0344 54,44
Kay 33,4421 100
K33 37,7206 }
K1 37,8015 }
Kf5 38,084 } 29,78
KB 38,7303 }
Kp4 38,828 } 7,53
KOs 3 38,91 }
Xy,
Le 4,117
La 4,634 — 4,65
Ln 4,525
Lg 5,041 — 5,381
Ly 5,62 — 6,072
3.1.2 Auger Electrons
Energy Relative
keV probability
Auger K
KLL 26,240 — 27,795 100
KLX 31,231 — 33,428 48,3
KXY 36,2 — 38,9 5,84
Auger L 2,7 —-6,2

INEEL, LNHB /R.G. Helmer, M.M. Bé 32
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4 Electron Emissions

KLL 26,240 - 27,795 }
KLX 31,231 - 33,428 }

Energy Electrons

keV per 100 disint.
eAL (La) 2,7 - 6,2 90,1 (6)
eAK (La) 8,4 (4)

KXY 36,2 - 389 }
ecio T (La) 126,933 - 165,843 20,10 (6)
ec1 0 K (La) 1269330  (11) 17,15 (8)
ec1o L (La) 159,591 - 160,375 2,30 (5)
ec1o M (La) 164,496 - 165,026 0,479 (16)
5 Photon Emissions
5.1 X-Ray Emissions
Energy Photons
keV per 100 disint.
XL (La) 4,117 — 6,072 12,19 (18)
XKay  (La) 33,0344 22,80 (24) } Ka
XKa;  (La) 33,4421 41,9 (4) }
XK3;  (La) 37,7206 }
XK@ (La) 37,8015 b 12,47 (18) K'
XKGs  (La) 38,084 }
XKB3,  (La) 38,7303 }
XK3;  (La) 38,828 b 3,16 (8) K (o
XKO3 (La) 38,91 }

5.2 Gamma Emissions

Energy Photons
keV per 100 disint.

vio(La) 1658575 (11) 79,90 (4)

INEEL, LNHB /R.G. Helmer, M.M. Bé 33
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6 Main Production Modes

Ce — 138(n,y)Ce — 139m o : 0,015 (5) barns
Ce — 139m(1.T.,)Ce — 139
Possible impurities : T1/2 = 56 s

Ce —138(n,y)Ce — 139 o : 1,1 (3) barns
Possible impurities : Ce — 141

La — 139(d,2n)Ce — 139
Possible impurities : none

La — 139(p,n)Ce — 139m
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(PK)
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A.R.RUTLEDGE, L.V.SMITH, J.S.MERRITT. Report AECL-6692 (1980)
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528

(PK)
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(PK)

K.RIISAGER. J. Phys. (London) G14 (1988) 1301
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A.A.KONSTANTINOV, et al . Conf. Nucl. Spectrom. At. Nucl. Structure, Baku, USSR, 12 - 14 Apr (1988) 553
(PK)

T.W.BURROWS. Nucl. Data Sheets 57 (1989) 337

(Spin and parity, Electron Capture Probabilities)
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- M.P.UNTERWEGER, D.D.HoOPPES, F.J.SCHIMA. Nucl. Instrum. Methods Phys. Res. A312 (1992) 349
(Half-life)

- E.SCHONFELD. Report PTB-6.33-95-2 (1995)
(Electron Capture Probabilities)

- M.M.HinDI, R.L.KozuB. Phys. Rev. C54 (1996) 2709
Q)

- E.ScHONFELD, H.JANSSEN. Nucl. Instrum. Methods Phys. Res. A369 (1996) 527
(Atomic Data)

- V.D.M.L.KALYANL Indian J. Phys. 71A(4) (1997) 493
(PK)

- B.SINGH, et al .. Nucl. Data Sheets 84, 1 (1998) 487
(Log ft)

- R.G.HELMER, C.VAN DER LEUN. Nucl. Instrum. Methods Phys. Res. A450 (2000) 35
(Gamma ray energies)

- E.SCHONFELD, U.ScHOTZIG. Appl. Rad. Isotopes 54 (2001) 785
(X-ray emission intensities)

- G.Aupi, A.H.WaAPSTRA, C.THIBAULT. Nucl. Phys. A729 (2003) 1
Q)

- T.KiBEDI, T.W. BUurrROWS, M.B. TRZHASKOVSKAYA, C.W. NESTOR, JR. Proc. Intern. Conf. Nuclear Data for
Science and Technology, Santa Fe, New Mexico, 26 September-1 Oc 769 (2005) 268
(ICC)
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. Tl
81 125

1 Decay Scheme

T1-206 disintegrates 100% by beta minus emissions to the ground state level of Pb-206 mainly.
Le thallium 206 se désintegre par émissions beta moins essentiellement vers le niveau fondamental de plomb
206.
2 Nuclear Data
Tip(*%°T1) : 4202 (11) min
Q-(*°T1) : 15324 (6) keV

2.1 (3~ Transitions

Energy  Probability Nature lg ft
keV x 100
Bo.o 366,0 (8) 0,110 (14) 1st Forbidden 6
Boa 729,3 (6) 0,0051 (3)  Unique 1st Forbidden 8,6
Boo 1532,4 (6) 99,885 (14) 1st Forbidden 5,2

2.2 Gamma Transitions and Internal Conversion Coefficients

Energy Pice Multipolarity aK ar, an ar
keV x 100
~2,1(Pb) 363,3 (5) 0,00015 (15) E2 0,0414 (12) 0,0187 (6) 0,00476 (14) 0,0663 (20)
~v1,0(Pb) 803,06 (3) 0,0051 (3) E2 0,00801 (24) 0,00174 (5) 0,000419 (13) 0,01030 (31)
~v2,0(Pb)  1166,4 0,110 (14) EO0
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3 Atomic Data

3.1 Pb
wrg 0,963 (4)
or : 0379 (15)

1
nkr : 0,811 (5)

3.1.1 X Radiations

Energy Relative
keV probability
Xk
Kay 72,8049 59,5
Kay 74,97 100
K33 84,451 }
K1 84,937 }
Kf5 85,47 } 34,18
KB 87,238 }
Kp4 87,58 } 10,32
KOs 3 87,911 }
Xy,
Le 9,19
Lo 10,449 — 10,551
Ln 11,349
Lg 12,144 — 12,795
Ly 14,308 — 15,217
3.1.2 Auger Electrons
Energy Relative
keV probability
Auger K
KLL 56,028 — 61,669 100
KLX 68,181 — 74,969 55,8
KXY 80,3 — 88,0 7,78
Auger L 5,2 — 15,7

ANL /F.G. Kondev
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4 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Pb) 52 - 157
eAK (Pb) 0,0034 (6)

KLL 56,028 - 61,669 }

KLX 68,181 - 74,969 }

KXY 80,3 - 88,0 }
€C,0 K (Pb)  1078,4 0,093 (11)
€Co0 1 (Pb) 115054 - 1151,20 0,017 (3)
Boa max:  366,0 (8) 0,110 (14)
Bo.a avg: 104,52 (25)
Boa max:  729,3 (6) 0,0051 (3)
Bon avg: 232,39 (21)
Boo max: 15324 (6) 99,885 (14)
Boo avg: 538,86 (25)

5 Photon Emissions
5.1 X-Ray Emissions
Energy Photons
keV per 100 disint.

XL (Pb) 9,190 — 15,217 0,035 (4)
XKay (Pb) 72,8049 0,026 (3) } Ka
XKa;  (Pb) 74,97 0,044 (5) }
XKB;  (Pb) 84,451 }
XKB  (Pb) 84,937 10,0150 (17) K 3
XKG;  (Pb) 85,47 }
XKB;  (Pb) 87,238 }
XK@y  (Pb) 87,58 }0,0045 (6) K By
XKO33 (Pb) 87,911 }
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5.2 Gamma Emissions

Energy Photons
keV per 100 disint.

v21(Pb)  363,3 (5) 0,00014 (14)
vio(Pb) 803,06 (3)  0,0050 (3)

6 Main Production Modes

T1 — 205(n,y)T1 — 206 o :0,10 (3) barns
Bi — 210 a — decay

T1 - 205(d,p)T1 — 206

Pb — 207(t,a) T1 — 206

Pb — 208(d,a)T1 — 206
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- A. POULARIKAS, R.W. FINK. Phys. Rev. 115 (1959) 989
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- D.A. HOwEg, L.M. LANGER. Phys. Rev. 124 (1961) 519
(Maximum beta-decay energy)
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(Half-life, Maximum beta-decay energy)
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- L.L. CoLLins, G.D. O’KELLEY, E. EICHLER. ORNL-4791 (1972)
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- H.C. GrIFFIN, A.M. DONNE. Phys. Rev. Lett. 28 (1972) 107
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- 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. Atomic Data and Nuclear Data Tables. 20 (1977) 313
(Electron shells binding energies)
- W.H. TrzAskA, J. KANTELE, R. JUuLIN, J. KUMPULAINEN, P. VAN DuPPEN, M. HUYSE, J. WAUTERS. Z. Phys.
A335 (1990) 475
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- E. SCHONFELD, H. JANSSEN. Nucl. Instrum. Methods Phys. Res. A369 (1996) 527
(Fluorescence yields)
- E. SCHONFELD, G. RODLOFF. PTB-6.11-98-1 Braunschweig (1998)
(K Auger electron energies)
- E. SCHONFELD, G. RODLOFF. PTB-6.11-1999-1 Braunschweig (1999)
(KX-ray energies and relative emission probabilitie)
- E. BROWNE. Nucl. Data Sheets 88 (1999) 29
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- E. SCHONFELD, H. JANSSEN. Appl. Rad. Isot. 52 (2000) 595
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- .M. BanD, M.B. TRZHASKOVSKAYA, C.W. NESTOR, P.O. TIKKANEN, S. RAMAN. At. Data Nucl. Data Tables.
91 (2002) 1
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- M.-M.BE, R.G.HELMER, V. CHISTE. J. Nucl. Scien. and Techn. supl. 2 (2002) 481
(Saisinuc & supporting software)
- G.Aupi, A.H. WAapsTRA, C. THIBAULT. Nucl. Phys. A729 (2003) 337
(Decay Q values)
- R.D. DEsLATTES, E.G. KESSLER, P. INDELICATO, L. DE BIiLLY, E. LINDROTH, J. ANTON. Rev. Mod. Phys. 77
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. Tl
81 129

1 Decay Scheme

T1-210 disintegrates by beta minus emission to excited levels in Pb-210. A weak delayed neutron emission
has been observed.
Le thallium 210 se désintégre par émission béta moins vers des niveauxr excités de plomb 210. Une émission
de neutrons retardés de faible intensité a €té mise en évidence.

2 Nuclear Data

Ty p(*'T1) = 1,30 (3) min
Tip(*'"Pb ) = 2223 (12) a
Q- (*°T1) : 5482 (12) keV

2.1 [~ Transitions

Energy  Probability Nature lg ft
keV x 100

Boai 1380 (12)  ~2 6,2
Boio 1603 (12)  ~7 5,9
Boo 1860 (12) ~ 24 5,6
Bos 2024 (12) ~ 10 Allowed 6,1
Boz 2413 (12) ~ 10 2 Forbidden unique 6,4
Bos 4290 (12) ~ 31 Allowed 6,9
Boo 4386 (12) ~ 13 Allowed 7,3

2.2 Gamma Transitions and Internal Conversion Coefficients

Energy Pyice Multipolarity aK ar an ar
keV x 100
Y(=1,1)(Pb) 83 (30) 30 (6) [E2] ~ 10 ~ 3 ~ 14
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210
81 Tl 129

Energy Pyice Multipolarity aK ar o ar
keV x 100
~3.2(Pb) 97 (30) 40 (20) M1 + E2 ~4 ~3 ~ 0,8 ~9
Y2.1(Pb) 296 (3) 89 (11) E2 0,0671 (19)  0,0399 (17)  0,0103 (5) 0,120 (5)
Y(=1,2)(Pb) 356 (10) 5,0 (25) [M1] 0,221 (18) 0,038 (3) 0,0088 (8) 0,270 (22)
Y(—1,3(Pb) 382 (10) 3,7 (24) [M1] 0,183 (14)  0,0310 (24)  0,0073 (6) 0,223 (17)
~11,0(Pb) 480 (36) 2 (1)
Yin(Pb) 670 (20) 2 (1)
71,0(Pb) 799,6 (3) 100 E2 0,00811 (24)  0,001764 (50)  0,000425 (13) 0,01042 (31)
v7,5(Pb) 860 (30) 6,9 (20)
Y(-1,5)(Pb) 910 (30) 3(2)
v4.1(Pb) 1070 (20) 11,9 (49) [E1] 0,00185 (6)  0,000281 (8)  0,000065 (2)  0,00222 (7)
~5,2(Pb) 1110 (20) 6,9 (20)
Yo.6(Pb) 1210 (20) 16,8 (40)
¥6,2(Pb) 1310 (20) 20,8 (49)
~v5,1(Pb) 1410 (20) 4,9 (20)
7(,1,6)(Pb) 1490 (20) 2 (1)
Y(-1,7) (Pb) 1540 (30) 2 (1)
~s,4(Pb) 1590 (30) 2 (1)
Y18 (Pb) 1650 (30) 2 (1)
Y10.4(Pb) 2010 (30) 6,9 (20)
Y_10(Pb) 2090 (30) 4,9 (20)
y7.1(Pb) 2280 (12) 3(2)
~s.2(Pb) 2360 (30) 7,9 (30)
Yo.5(Pb) 2430 (30) 8,9 (30)
3 Atomic Data
3.1 Pb
WK 0,963 (4)
wr, 0,379 (15)
NKL 0,811 (5)
3.1.1 X Radiations
Energy Relative
keV probability
XK
Kas 72,805 59,5
Kay 74,97 100
K33 84,451 }
KBy 84,937 }
K05 85,47 b 342
KB 87,238 }
Kp4 87,58 } 10,3
KOs 3 87,911 }
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Energy Relative
keV probability
XL

L/ 9,186

La 10,449 — 10,551

Ly 11,349

LG 12,144 — 13,376

Ly 14,308 — 15,217

4 Electron Emissions
Energy Electrons
keV per 100 disint.

€C3,2 K (Pb) ~9 ~ 16
ec_11 L (Pb) 67,1392 - 69,9648 ~ 20
ec_1,1 M (Pb) 79,1493 - 80,5160 ~ 6
€C32 L (Pb) 81,1392 - 83,9648 ~ 12
€C32 M (Pb) 93,1493 - 94,5160 ~ 3,2
eca,1 K (Pb) 208 (3) 5,3 (7)
ec_1ak  (Pb) 268 (10) 0,88 (45)
€C2,1 L (Pb) 280,1392 - 282,9648 3,15 (42)
€C2,1 M (Pb) 292,1493 - 293,5160 0,81 (11)
ec.13k  (Pb) 294 (10) 0,55 (37)
€C21 N (Pb) 295,1064 - 295,8637 0,205 (27)
€C—12 L (Pb)  340,1392 - 342,9648 0,15 (8)
ec_12 M (Pb) 352,1493 - 353,5160 0,035 (18)
€C-13L (Pb)  366,1392 - 368,9648 0,09 (6)
ec_13 M (Pb) 378,1493 - 379,5160 0,022 (15)
€C1,0 K (Pb) 711,6 (3) 0,803 (12)
€C1,0 L (Pb) 783,7 - 786,6 0,1746 (25)
eclon  (Pb) 7957 - 7971 0,0421 (6)
€C1,0 N (Pb) 798, 7 - 799,5 0,01066 (16)
ecy1 K (Pb) 982 (20) 0,022 (9)
Bo.1 max: 1380 (12) ~ 2
Boin avg:  ATT (13)
Bo.10 max: 1603 (12) ~ T
Bo.10 avg: 568 (14)
Bo max: 1860 (12) ~ 24
Bog avg: 674 (10)
Bos max: 2024 (12) ~ 10
Bos avg: 743 (10)
By max: 2413 (12) ~ 10
Boz avg: 907 (7)
Bos max: 4290 (12) ~ 31
Bos avg: 1721 (11)
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Energy Electrons
keV per 100 disint.
Bo.a max: 4386 (12) ~ 13
Bo.o avg: 1763 (5)
5 Photon Emissions
5.1 X-Ray Emissions
Energy Photons
keV per 100 disint.
XKas  (Pb) 72,805 7 (4) } Ka
XKa;  (Pb) 74,97 11 (6) }
XK@s  (Pb) 84451 }
XKB3,  (Pb) 84937 } 3.8(19) K B
XK@s  (Pb) 85,47 }
XK G (Pb) 87,238 }
XK@y (Pb) 87,58 } 1,1 (6) K By
XKOs3 (Pb) 87,911 }
5.2 Gamma Emissions
Energy Photons
keV per 100 disint.
Y(=1,1)(Pb) 83 (30) 1,98 (40)
73,2(Pb) 97 (30) 4(2)
~2,1(Pb) 296 (3) 79 (10)
Y(~1,2)(Pb) 356 (10) 4(2)
Y(-1,3)(Pb) 382 (10) 3(2)
Y11,0(Pb) 480 (36) 2 (1)
Y(=1,4)(Pb) 670 (20) 2 (1)
Y0(Pb) 7996 (3) 98,969 (30)
~7,5(Pb) 860 (30) 6,9 (20)
Y15 (Pb) 910 (30) 3(2)
4,1 (Pb) 1070 (20) 11,9 (49)
~5.2(Pb) 1110 (20) 6,9 (20)
Y9,6(Pb) 1210 (20) 16,8 (40)
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Energy Photons
keV per 100 disint.

v6,2(Pb) 1310 (20) 20,8 (49)
v5,1(Pb) 1410 (20) 4,9 (20)
Y(-1,6)(Pb) 1490 (20) 2 (1)
Y(—1,7)(Pb) 1540 (30) 2 (1)
78,4 (Pb) 1590 (30) 2 (1)
Y(=1,8)(Pb) 1650 (30) 2 (1)
710,4(Pb) 2010 (30) 6,9 (20)
Y(-1,9)(Pb) 2090 (30) 4,9 (20)
v¥7,1(Pb) 2280 (12) 3(2)
78,2(Pb) 2360 (30) 7,9 (30)
79,3(Pb) 2430 (30) 8,9 (30)

6 Main Production Modes

Ra — 226 decay chain.

7 References
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- A.V. KoGan, L.I. RusiNov. Sov. Phys. - JETP 5 (1957) 365
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- G. STETTER. TID-14880 (1961)
(Neutron emission probability.)
- P. WEINZIERL, E. UJILAKI, G. PREINREICH, G. EDER. Phys. Rev. 134 (1964) B257
(Half-life, beta emission energies and probabilities, gamma-ray energies and emission probabilities.)
- B. HArRMATZ. Nucl. Data Sheets 34 (1981) 735
(Spin, parity, energy level, beta and gamma probabilities.)
- E. ScHONFELD, H. JANSSEN. Nucl. Instrum. Meth. Phys. Res. A369 (1996) 527
(Atomic data.)
- .M. BanD, M.B. TRZHASKOVSKAYA, C.W. NESTOR, JR., P.O. TIKKANEN, S. RAMAN. At. Data. Nucl. Data
Tables 81 (2002) 1
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- G. Aupi, A.H. WApPSTRA, C. THIBAULT. Nucl. Phys. A729 (2003) 129
Q)
- E. BROWNE. Nucl. Data Sheets 99 (2003) 483
(Spin, parity, energy level, beta and gamma probabilities.)
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1,30 (3) min

Tl

81 129
g Emission intensities per 100 disintegrations
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210 Pb
82 128

1 Decay Scheme

Pb-210 disintegrates by beta minus emission to the excited level and to the ground state level of Bi-210.
A weak alpha transition to the Hg-206 ground state has been observed.
Le plomb 210 se désintégre par émission béta moins vers le niveau excité et le niveau fondamental de bismuth
210. Une transition alpha de trés faible intensité (1,9(4) E-6 %) vers le niveau fondamental de mercure 206
a été mise en évidence.

2 Nuclear Data

Tip(*"Pb ) : 2223 (12) a
Tip(*'Bi) @ 5012 (5) d
Ti2(**Hg ) : 815 (10) min
Q- (*%Pb) : 63,5 (5) keV
Q“(*'°Pb) : 3792 (20) keV
2.1 « Transitions
Energy Probability F
keV x 100

apo 3792 (20) 0,0000019 (4) 1

2.2 [~ Transitions

Energy Probability Nature lg ft
keV x 100

Boa 17,0 (5) 80,2 (13) 1st Forbidden 5,5
Boo 63,5 (5) 19,8 (13) 1st Forbidden 7,8
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2.3 Gamma Transitions and Internal Conversion Coefficients

Energy Pryice Multipolarity or an ar
keV x 100
vio(Bi) 46,539 (1) 80,2 (13) M1 13,64 (19) 3,21 (5) 17,86 (25)
3 Atomic Data
3.1 Bi
wrg 0,964  (4)
wr, ;0,391 (16)
oy 0,0365  (20)
nNKr, . 0,809 (5)
nry - 1,29 (4)
3.1.1 X Radiations
Energy Relative
keV probability
Xk
Kay 74,8157 59,77
Koy 77,1088 100
K33 86,835 }
K 87,344 }
Kps 87,862 } 34,25
Ko 89,732 }
Kpy 90,074 } 10,48
KOs 3 90,421 }
Xy,
Le 9,4207
La 10,7308 — 10,8387
Ly 11,7127
Lg 12,4814 — 13,8066
Ly 14,7735 — 15,7084
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3.1.2 Auger Electrons

Energy Relative
keV probability

Auger L 5,3 -10,7

3.2 Hg
wrg 0,962 (4)
or : 0,355 (14)

14
ngr : 0,813 (4)

3.2.1 X Radiations

Energy Relative
keV probability
XK

Koy 68,895 58,99
Koy 70,82 100
K3 79,823 }

KpB 80,254 }

Kps 80,762 } 33,94
K, 82,435 }

Kby 82,776 } 9,94
KOs 3 83,028 }
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4 o Emissions
Energy  Probability
keV x 100
Q0,0 3720 (20) 0,0000019 (4)
5 Electron Emissions
Energy Electrons
keV per 100 disint.
eAL (Bi) 53 - 10,7 36,0 (9)
eAK (Bi)
€cio 1, (Bi) 30,152 - 33,120 58 (1)
ecio M (Bi) 42,540 - 43,959 13,65 (25)
ec1,o N (Bi) 45,601 - 46,382 3,50 (6)
Boa max: 17,0 (5) 80,2 (13)
Boa avg: 4,3 (1)
Boo max: 63,5 (5) 19,8 (13)
60_70 avg: 16,3 (1)
6 Photon Emissions
6.1 X-Ray Emissions
Energy Photons
keV per 100 disint.

XL (Bi) 94207 — 15,7084

22,0 (5)

6.2 Gamma Emissions

Energy
keV

Photons
per 100 disint.

~1,0(Bi) 46,539 (1)

4,252 (40)
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7 Main Production Modes

Ra — 226 decay chain()

8 References

- 1. CURIE. J. Phys. Radium 10 (1929) 388
(Half-life.)
- P. Curlig, I. CURIE. J. Phys. Radium 10 (1929) 385
(Half-life.)
- M. Curig, A. DEBIERNE, A.S. EVE, H. GEIGER, O. HAHN, S.C. LIND, ST. MEYER, E. RUTHERFORD, E. SCHWEID-
LER. Rev. Mod. Phys. 3 (1931) 427
(Half-life.)
- F. WAGNER. ANL - 4490 (1950) 5
(Half-life.)
- D.K. BurT, W.D. BRODIE. Proc. Phys. Soc. (London) 64A (1951) 791
(Gamma-ray intensity.)
- C.S. Wu, F. BoEnM, E. NAGEL. Phys. Rev. 91 (1953) 319
(Gamma-ray intensity.)
- P.E. DamoN, R.R. EDWARDS. Phys. Rev. 95 (1954) 1698
(Gamma-ray intensity.)
- J. ToBAILEM. J. Phys. Radium 16 (1955) 235
(Half-life.)
- W. STANNERS, M.A.S. Ross. Proc. Phys. Soc. 69A (1956) 836
(Beta intensity.)
- W.F. MERRITT, P.J. CamPION, R.C. HAWKINGS. Can. J. Phys. 35 (1957) 16
(Half-life.)
- J. TousseT. Comp. Rend. Acad. Sci. (Paris) 245 (1957) 1617
(Beta intensity.)
- R.W. FINK. Phys. Rev. 106 (1957) 266
(Gamma-ray intensity.)
- J. TousseT. J. Phys. Radium 19 (1958) 39
(Beta intensity.)
- LY. KRAUSE. Z. Physik 152 (1958) 586
(Gamma-ray intensity.)
- G. HABORTTLE. J. Inorg. Nucl. Chem. 12 (1959) 6
(Half-life.)
- B.D. PaTE, D.C. SANTRY, L. YAFFE. Can. J. Phys. 37 (1959) 1000
(Half-life.)
- W.R. ECKELMANN, W.S. BROECKER, J.L. KULP. Phys. Rev. 118 (1960) 698
(Half-life.)
- M. NURMIA, P. KAURANEN, M. KARRAS, A. StivoLA, A. IsoLA, G. GRAEFFE, A. LYYJYNEN. Nature 190 (1961)
427
(Alpha branching ratio.)
- P. KAURANEN. Ann. Acad. Sci. Fennicae, Ser. A VI 96 (1962)
(Alpha branching ratio.)
- L. IMRE, G. FABRyY, I. DEZSI. Nucl. Sci. Abstr. 17 (1963) 4186
(Half-life.)
- G.K. Worr, F. Lux, H.J. BORN. Radiochim. Acta 3 (1964) 206
(Alpha branching ratio.)
- H. RAMTHUN. Z. Naturforsch. 19a (1964) 1064
(Half-life.)
- H.R. vON GUNTEN, A. WYTTENBACH, H. DuLAKAS. J. Inorg. Nucl. Chem. 29 (1967) 2826
(Half-life.)
- A. HOHNDORF. Z. Naturforsch. 24a (1969) 612
(Half-life.)
- K.YA. GrRoMOvV, B.M. SABIROV, J.J. URBANETS. Bull. Acad. Sci. USSR, Phys. Ser. 33 (1970) 1510
(Gamma-ray intensity.)

LNE-CEA/LNHB /V. Chisté, M.M. Bé 55



LNE - LNHB/CEA — Table de Radionucléides 5210 Pb 128

- R. J. GEHRKE, R.A. LOKKEN. Nucl. Instrum. Methods 97 (1971) 219
(L x-rays.)
- R.G. HELMER, A.J. CAFFREY, R.J. GEHRKE, R.C. GREENWOOD. Nucl. Instrum. Meth. 188 (1981) 671
(Gamma-ray energy.)
- K. DEBERTIN, W. PESSARA. Int. J. Appl. Radiat. Isotop. 34 (1983) 515
(Gamma-ray intensity.)
- D. METHA, B. CHAND, S. SINGH, M.L. GARG, N. SINGH, T.S. CHEEMA, P.N. TREHAN. Nucl. Instrum. Meth.
Phys. Res. A260 (1987) 157
(L x-rays.)
- R.G. HELMER, M.A. LEE. Nucl. Data Sheets 61 (1990) 93
(Spin, parity, level energy.)
- Y. HiNvo, Y. KAWADA. Nucl. Instrum. Meth. Phys. Res. A286 (1990) 543
(Gamma-ray intensity.)
- U. ScHOTZIG. Nucl. Instrum. Meth. Phys. Res. A286 (1990) 523
(Gamma-ray intensity.)
- E. SCHONFELD, H. JANSSEN. Nucl. Instrum. Meth. Phys. Res. A369 (1996) 527
(Atomic data.)
- E. BROWNE. Nucl. Data Sheets 88 (1999) 29
(Spin, parity, level energy.)
- R.G. HELMER, C. VAN DER LEUN. Nucl. Instrum. Meth. Phys. Res. A450 (2000) 35
(Gamma-ray energy.)
- G.A. REcH, E. BROWNE, I.D. GoLpMAN, F.J. ScHIMA, E.B. NORMAN. Phys. Rev. C65 (2002) 057302
(Half-life.)
- .M. BanD, M.B. TRZHASKOVSKAYA, C. W. NESTOR, JR., P.O. TIKKANEN, S. RAMAN. At. Data Nucl. Data
Tables 81 (2002) 1
(Theoretical ICC.)
- E. BROWNE. Nucl. Data Sheets 99 (2003) 483
(Spin, parity, level energy.)
- G. Aupi, A.H. WAPSTRA, C. THIBAULT. Nucl. Phys. A729 (2003) 129
Q)

LNE-CEA/LNHB /V. Chisté, M.M. Bé 56



LNE-LNHB/CEA - Table de Radionucléides
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0
22,23 (12) a
/ 0 210
. Pb
82 128
y Emission intensities
per 100 disintegrations
2
5
4 0 ; 46,539
1 . 3ns
\ 17;0
- 5,012 (5) d
0 210
Bi
83 127
Q =635 keV
% B =100
0,0000019

0 206
Hg
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Q% = 3792 keV
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210 .
83 Bl 127

1 Decay Scheme

Bi-210 mainly disintegrates by beta minus emission to the Po-210 fundamental level. Two weak alpha
emissions to excited levels of T1-206 have been pointed out.
Le bismuth 210 se désintegre principalement par émission béta moins vers le niveau fondamental de polonium
210. Des transitions alpha de trés faible intensité vers les niveaux excités de 304,8 keV et 265,7 keV de
thalium 206 ont été mises en évidence.

2 Nuclear Data

Tip(*"Bi) : 5,012 (5)
Ti5(*"Po) : 1383763 (17)
Tip(*T1)  : 4,202 (11)
Q- (?YBi) : 1162,1 (8)
Q(*1Bi)  : 5042,7 (18)

2.1 « Transitions

o,

min

keV
keV

keV x 100

Energy  Probability

F

aga 4740 (4)  0,000084 (9)
a1 A778 (4)  0,000056 (6)

49
o8

2.2 [~ Transitions

Energy Probability
keV x 100

Nature lg ft

Boo  1162,1 (8) 99,99986 (2)

1st Forbidden 8
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2.3 Gamma Transitions and Internal Conversion Coefficients

Energy Price Multipolarity ax ar, an ar
keV x 100
Yio(TI) 265832 (5) 0,000056 (6) E2 0,0855 (12)  0,0561 (8) 0,01440 (21)  0,1603 (23)
~Y2.0(T1) 304,896 (6)  0,000084 (9) M1 0,307 (5)  0,0519 (8) 0,01210 (17) 0,375 (6)
3 Atomic Data
3.1 TI1
WK 0,967 (15)
wr, 0,40 (4)
nKr, 0,81  (3)
4 o Emissions
Energy  Probability
keV x 100
ao2 4650 (4)  0,000084 (9)
Qo,1 4687 (4)  0,000056 (6)
9 Electron Emissions
Energy Electrons
keV per 100 disint.
Boo max: 1162,1 (8) 99,99986 (2)
Boo avg:  389,2 (3)

6 Photon Emissions

6.1 Gamma Emissions
Energy Photons
keV per 100 disint.
71,0(T1) 265,832 (5) 0,000048 (5)

LNE-CEA/LNHB /V. Chisté, M.M. Bé

60



LNE - LNHB/CEA — Table de Radionucléides 5;0 Bi 127

Energy Photons
keV per 100 disint.

Yo0(Tl) 304,896 (6) 0,000061 (7)

7 Main Production Modes

Ra — 226 decay chain
Possible impurities : Bi — 214
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4,2 ps

2,3 ns

4,202 (11) min —

%0 2loBi

83 127
061
000 . 0,000084
0 04 - /
. Oon 1 ; 304,896 0,000056
v 27 265,832
1
07;0
206
Tl
81 125

Q% = 5042,7 keV
% a = 0,00014
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210
84 PO 126

1 Decay Scheme

Po-210 disintegrates by alpha emission to the 803-keV excited level (0,00124 (4) %) and to the ground
state level of Pb-206.
Le polonium 210 se désintegre par émission alpha principalement vers le niveau fondamental du plomb 206
ainsi que vers le niveau excité de 803 keV avec une intensité de 0,00124 (4)%.

2 Nuclear Data

Ti2(*"Po) : 1383763 (17) d
Q*(*""Po ) : 540746 (7) keV

2.1 « Transitions

Energy Probability F
keV x 100

agr  4604,36 (9)  0,00124 (4) 1,5
apo 540746 (7) 99,99876 (4) 1

2.2 Gamma Transitions and Internal Conversion Coefficients

Energy Pryice Multipolarity aK ar, am ar
keV x 100
~1,0(Pb) 803,10 (5) 0,00124 (4) E2 0,00804 (12) 0,001745 (25) 0,000420 (6) 0,01033 (15)
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3 Atomic Data

3.1 Pb
wrg 0,963 (4)
or : 0379 (15)

1
nkr : 0,811 (5)

3.1.1 X Radiations

Energy Relative
keV probability
Xk
Kay 72,805 59,5
Kay 74,97 100
K33 84,451 }
K1 84,937 }
Kf5 85,47 } 34,2
KB 87,238 }
Kp4 87,58 } 10,3
KOs 3 87,911 }
XL
Le 9,186
La 10,449 — 10,551
Ly 11,349
Lg 12,144 — 13,377
Ly 14,308 — 15,217

4 o Emissions

Energy Probability
keV x 100

apy  4516,66 (9)  0,00124 (4)
apo 530433 (7)  99,99876 (4)
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5 Photon Emissions

5.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pb) 9,186 — 15,217 0,00000384 (10)
XKas (Pb) 72,805 0,00000277 (10) } K«
XKay (Pb) 74,97 0,00000466 (17) }
XKp3 (Pb) 84,451 }
XK (Pb) 84,937 } 0,00000159 (6) K' 3
XKGs  (Pb) 85,47 }
XKpBs (Pb) 87,238 }
XKpy (Pb) 87,58 } 0,000000481 (20) K 3o
XKOz3 (Pb) 87,911 }

5.2 Gamma Emissions

Energy Photons
keV per 100 disint.

Y10(Pb) 803,10 (5) 0,00123 (4)

6 Main Production Modes

Ra — 226 decay chain
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213 P
84 O 129
1 Decay Scheme
Po-213 disintegrates 100% by alpha emissions to levels in Pb-209.
Le polonium 213 se désintégre principalement vers le niveau fondamental du plomb 209.
2 Nuclear Data
Ty /2(*"*Po ) 3,70 (5) 107%s
Ty 2(**Pb ) 3,253 (14) h
Q*(*13Po ) 8536,1 (26) keV
2.1 « Transitions
Energy Probability F
keV x 100
a1 7760 (10)  0,0050 (5) 185
00,0 8536,2 (25) 99,9950 (5) 1,238
2.2 Gamma Transitions and Internal Conversion Coefficients
Energy Pytce Multipolarity (7% ar, ang ar
keV x 100
v1.0(Pb) 7788 (3)  0,0050 (5) M1 0,0278 (4) 0,00462 (7)  0,001079 (16)  0,0339 (5)

CNDC /Huang Xiaolong, Wang Baosong 1
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« Emissions

Energy Probability
keV x 100

0.1 7614 (10)  0,0050 (5)
apo 83759 (25) 99,9950 (5)

4 Photon Emissions

Gamma Emissions

Energy Photons
keV per 100 disint.

Yi0(Pb) 7788 (3) 10,0048 (5)

5 Main Production Modes

Daughter of Bi — 213
Descendant of Ac — 225
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(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. GRoMoOV, T.M. MuMINOV. Proc. 45th Ann. Conf. Nucl. Spectrosc.

Struct. At. Nuclei St.Petersburg (1995) p.107
(Half-life)

- E.SCcHONFELD, H.JANSSEN. Nucl. Instrum. Meth. Phys. Res. A369 (1996) 527

(Atomic data)

- J. Wawryszczuk, K. V. KALYAPKIN, M.B. YUuLDASHEV, K.YA. GROMOV, V.I. FOMINYKH. Bull. Rus. Acad. Sci.

Phys. 61 (1997) 25
(Half-life)
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- V.G.CHuMIN, J.K. JABBER, K.V. KALYAPKIN, S.A. KUDRYA,V.V. TsUPKO-SITNIKOV, K.YA. GrROMOV, V.I.
FomiNykH, T.A. FURYAEV. Bull. Rus. Acad. Sci. Phys. 61 (1997) 1606
(Alpha emission probabilities)

- YA.VAVRYSHCHUK, K.YA.GrROMOV, V.B. ZLOKAZOV, V.G.KALINNIKOV,V.A. MOROZOV, N.V. MOROZOVA, V.I.
FOoMINYKH, V.V. TSuPKO-SITNIKOV, I.N.CHURIN. JINR-P6-97-180 (1997)
(Half-life)

- J.WawRryszczuk, K.YA. GRoMov, V.B. ZLokAzov, V.G. KALINNIKOV, V.A.MoRrozov, N.V. Morozova, V.I.
FOMINIKH, V.V. TSUPKO-SITNIKOV, I.N.CHURIN. Phys. Atomic Nuclei 61 (1998) 1322
(Half-life)

- V.A.MoOROzOV, N.V.MOROZOVA, YU.V.NORSEEV, ZH. SEREETER, V.B.ZLOKAZOV. Nucl. Instrum. Methods Phys.
Res. A484 (2002) 225
(Half-life)

- G.Aupi, A.H.WapPSTRA, C.THIBAULT. Nucl. Phys. A729 (2003) 129
Q)

- HuanG X1A0OLONG, WANG BAOSONG. Nuclear Science and Techniques Vol.108 (2007) 261
(Evaluation)

- M.S.BasuUNIA. Nucl. Data Sheets 108 (2007) 633
(NDS)
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214 Pb
82 132

1 Decay Scheme

Pb-214 disintegrates by beta minus emission to excited levels and to the ground state level of Bi-214.
Le plomb 214 se désintégre par émission béta moins vers des niveaux excités et le niveau fondamental du
bismuth 214.

2 Nuclear Data

Tip(**Pb) : 268 (9) min
Tip(*¥Bi) : 199 (4 min
Q-(*“Pb) : 1019 (11) keV
2.1 (3~ Transitions
Energy  Probability Nature lg ft
keV x 100

Boo 180 (11) (22) Allowed 4,5
Bos 222 (11) (27) Allowed 6,9
Bor 485 (11) 1,047 (17) 1st Forbidden 6,2
Bos 667 (11) (37) 1st Forbidden 5,1
Bo.a 729 (11) (39) 1st Forbidden 5,2
Boo 1019 (11) ( 1st Forbidden 6,3

2.2 Gamma Transitions and Internal Conversion Coefficients

Energy Pytce Multipolarity aK ar o ar
keV x 100
yio(Bi) 53,2275 (21) 14,71 (42) M1 + E2 9,80 (29) 2,32 (7) 12,88 (39)
Y(-1,0)(Bi) 107,22 (9)  0,0068 (14)
V(-1 (Bi) 137,45 (30) 0,045 (18)
Y(-1,2)(Bi) 141,3 (6) 0,027 (14)
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214
82 Pb 132

Energy Prtce Multipolarity ax ar oM ar
keV x 100
Y(-1.3)(Bi) 170,07 (6)  0,0146 (27)
~3.2(Bi) 196,17 (10) 0,069 (9)
~3.1(Bi) 205,642 (30)  0,0114 (23)
V(1.4 (Bi) 216,47 (7)  0,0100 (23)
~v4.1(Bi) 241,997 (3) 13,72 (20)  MI1(+E2) 0,724 (22)  0,1250 (38) 0,0295 (9) 0,888 (27)
~3.0(Bi) 258,87 (3) 0,924 (13) M1 0,601 (18)  0,1037 (31) 0,0244 (7) 0,737 (22)
~7.3(Bi) 274,80 (5) 0,504 (15)  MI + E2 0,295 (9) 0,0731 (22) 0,0179 (5) 0,392 (12)
~va.0(Bi) 295,224 (2) 27,29 (26) ML + E2 0,390 (12)  0,0698 (21) 0,0165 (5) 0,482 (14)
~o.7(Bi) 305,26 (3)  0,0324 (22) [E1] 0,0241 (7)  0,00413 (12)  0,000971 (29)  0,0295 (9)
v6.2(Bi) 314,32 (7) 0,077 (6)
6,1 (Bi) 323,83 (4)  0,0287 (32)
vs,0(Bi) 351,932 (2) 46,96 (37)  MI(+ E2) 0,260 (8) 0,0445 (13)  0,01049 (31) 0,319 (10)
~o.6(Bi) 462,00 (7) 0,213 (6)
7.1 (Bi) 480,43 (2)  0,3838 (49)  MI1(+E2) 0,1132 (34)  0,0192 (6) 0,00452 (14)  0,1384 (42)
~o.5(Bi) 487,09 (7) 0,438 (6) (E1) 0,00871 (26)  0,001423 (43)  0,000333 (10) 0,01058 (32)
vr.0(Bi) 533,66 (2) 0,192 (10) [M1,E2] 0,05 (3) 0,010 (4) 0,0023 (9) 0,06 (4)
~s.3(Bi) 538,41 (9)  0,0196 (27)
~9,4(Bi) 543,81 (7) 0,050 (9) El + M2  0,00696 (21) 0,001124 (34)  0,000262 (8)  0,00843 (25)
vo.3(Bi) 580,13 (3) 0,372 (6) (E1) 0,00611 (18)  0,000981 (29)  0,000229 (7)  0,00740 (22)
V1.5 (Bi) 765,96 (9) 0,053 (8)
0.1 (Bi) 785,96 (9) 1,068 (13) El 0,00341 (10)  0,000533 (16)  0,0001239 (37)  0,00410 (12)
vo.0(Bi) 839,00 (4) 0,589 (8) (E1) 0,00302 (9)  0,000470 (14) 0,0001092 (33) 0,00363 (11)
3 Atomic Data
3.1 Bi
WK 0,964 (4)
@r, 0,391 (16)
W 0,031 (3)
nNKr 0,809 (5)
LM 1,28
3.1.1 X Radiations
Energy Relative
keV probability
Xk
Kas 74,8157 59,77
Kay 77,1088 100
Kps 86,835 }
KBy 87,344 }
Kps 87,862 } 34,25
Kp3s 89,732 }
Kpy 90,074 } 10,48
KOy 90,421 }
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Energy Relative
keV probability
XL
Le 9,42
La 10,45 — 10,55
Ln 11,35
Lg 12,13 — 13,38
Ly 14,31 — 16,36
3.1.2 Awuger Electrons
Energy Relative
keV probability
Auger K
KLL 57,49 - 63,42 100
KLX 70,02 - 77,10 56,2
KXY 82,45 - 90,52 9,2
Auger L 53 —16,4
Electron Emissions
Energy Electrons
keV per 100 disint.
eAL (Bi) 5,3 - 164 19,8 (3)
eAK (Bi) 0,80 (9)
KLL 5749 - 63,42 }
KLX 70,02 - 77,10 }
KXY 82,45 - 90,52 }
ec1o L (Bi) 36,8400 - 39,8089 10,39 (31)
ec1o M (Bi) 49,2284 - 50,6479 2,46 (8)
ec1,0 N (Bi) 52,2893 - 53,0704 0,641 (20)
ecq 1 K (Bi) 151,471 (3) 5,26 (16)
60370 K (Bl) 168,34 (3) 0,32 (1)
ecs0 K (Bi) 204,698 (2) 7,22 (23)
ecq1 1, (Bi) 225,610 - 228,578 0,908 (28)
ecq1 M (Bi) 237,998 - 239,417 0,214 (7)
ec41 N (Bi) 241,059 - 241,840 0,0560 (17)
ec3 o I, (Bi) 242,48 - 245,45 0,0551 (17)
€C5,0 K (Bi) 261,406 (2) 9,26 (29)
ec40 L (Bi) 278,836 - 281,805 1,291 (40)
€cs o M (Bi) 291,225 - 292,644 0,305 (10)
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Energy Electrons

keV per 100 disint.
€C40 N (Bi) 294,286 - 295,067 0,0797 (25)
€c5,0 L (Bi) 335,544 - 338,513 1,584 (46)
€C5,0 M (Bi) 347,933 - 349,352 0,373 (11)
€Cs.0 N (Bi) 350,994 - 351,775 0,0975 (29)
B max: 180 (11) 2,762 (22)
B9 avg 50 (3)
Bos max: 222 (11) 0,0196 (27)
Bos avg: 62 (3)
By max: 485 (11) 1,047 (17)
Box avg: 145 (4)
Bos max: 667 (11) 46,52 (37)
Bos avg: 207 (4)
Boa max: 724 (11) 41,09 (39)
Bo.a avg: 227 (4)
B max: 1019 (11) 9,2 (7)
Boo avg 337 (4)

9 Photon Emissions
5.1 X-Ray Emissions
Energy Photons
keV per 100 disint.

XL (Bi) 9,42 — 16,36 12,42 (22)
XKay  (Bi) 74,8157 6,26 (12) } Ko
XKa;  (Bi) 77,1088 10,47 (20) }
XK@;  (Bi) 86,835 }
XKB  (Bi) 87,344 b} 3,59 (9) K
XK@,  (Bi) 87,862 }
XK@,  (Bi) 89,732 }
XK@y (Bi) 90,074 1,10 (4) K [,
XKOs3 (Bi) 90,421 }
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5.2 Gamma Emissions

Energy Photons
keV per 100 disint.

Y1,0(Bi) 53,2275 (21) 1,060 (7)
Y(-1,0)(B) 107,22 (9)  0,0068 (14)
Y(—1,)(Bi) 137,45 (30) 0,045 (18)
V(-1,2)(Bi) 141,3 (6) 0,027 (14)
Y(-1,3)(B)) 170,07 (6)  0,0146 (27)
73,2(Bi) 196,20 (5) 0,069 (9)
v3,1(Bi) 205,68 (9)  0,0114 (23)
Y(=1,4)(B)) 216,47 (7)  0,0100 (23)
7Ya,1(Bi) 241,997 (3) 7,268 (22)
7¥3,0(Bi) 258,87 (3)  0,5318 (36)
~7,3(Bi) 274,80 (5) 0,362 (10)
Y4,0(Bi) 205,224 (2) 18,414 (36)
Y9,7(Bi) 305,26 (3)  0,0315 (21)
76,2(Bi) 314,32 (7) 0,077 (6)
76,1(Bi) 323,83 (4)  0,0287 (32)
v5,0(Bi) 351,932 (2) 35,60 (7)
Y9,6(Bi) 462,00 (7) 0,213 (6)
¥7,1(Bi) 480,43 (2)  0,3371 (41)
79,5 (Bi) 487,09 (7) 0,433 (6)
~¥7,0(Bi) 533,66 (2) 0,182 (6)
78,3(Bi) 538,41 (8)  0,0196 (27)
79,4(Bi) 543,81 (7) 0,050 (9)
Y9,3(Bi) 580,13 (3) 0,369 (6)
Y(-1,5)(Bi) 765,96 (9) 0,053 (8)
¥9,1(Bi) 785,96 (9) 1,064 (13)
Y9,0(Bi) 839,04 (9) 0,587 (8)

6 Main Production Modes

Ra — 226 decay chain
Possible impurities : Pb — 210
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214 o
s BI1

1 Decay Scheme

Bi-214 disintegrates by beta minus emissions to the excited levels and to the ground state level of Po-214

(99,979 (13) %) and by alpha emission to the excited levels of T1-210 (0,0210 (13) %). Some long range
alpha emissions from the excited levels of Po-214 were pointed out with an intensity of 3,1 E-3 %.
Le bismuth 214 se désintégre par émission béta moins vers des niveaux excités et le niveau fondamental de
polonium 21/ et par émission alpha vers les niveaux excités du thalium 210 (0,0210 (13) %). Des émissions
alpha de long parcours provenant des niveaux excités de polonium 214 vers des niveauxr du plomb 210,
d’intensité de lordre de 3,1 E-3 %, ont été mises en évidence.

2 Nuclear Data

Tip(PY¥Bi) = 19,9 (4) min
Tip(*"Po) : 1623 (12) 107%s
Typ(P1T1) = 1,30 (3) min
Tip(*"Pb ) : 2223 (12) a
Q-(*“Bi) : 3270 (11) keV
Q“(*"“Bi) : 5621  (3) keV
2.1 « Transitions
Energy Probability F
keV x 100
05 5035 (3)  0,000052 (3) 45
Q0.4 5119 (3)  0,000045 (3) 160
03 5283 (3)  0,00013 (1) 450
@02 5373 (9)  0,00125 (7) 130
Q0.1 5556 (3) 0,0116 (7) 130
Q0.0 5621 (3) 0,0082 (5) 370
*a 8442 (6)  0,00012
*ap 1 8694 (6)  0,00006
*ag,0 9108 (6)  0,00002
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Energy Probability F

keV x 100
*oa0 9249 (6) 0,0022
*6.0 9494 (6) 0,00005
*ar o 9563 (8) 0,00002
*10,0 9680 (6) 0,0001
*a4,0 9850 (8) 0,00004
*oaq7o 9981 (6)  0,00012
*o21.0 10100 (6) 0,00007
*agso 10281 (6) 0,00014
*26 0 10339 (8) 0,00002
*32.0 10532 (6) 0,00008
*u3g 0 10713 (10)  0,00002

* Transitions « of long range.

2.2 [~ Transitions

Energy Probability Nature lg ft
keV x 100

Boso 86 (11) 0,001 (5) 6,8
6&79 99 (11) 0,00014 (9)  1st Forbidden 7.8
Bozr 110 (11) 0,00079 (12) 7,2
Boze 121 (11) 0,00019 8
Bozs 127 (11) 0,00118 (9) 7.3
Bozs 176 (11) 0,00037 (4) 8,2
Boze 188 (11)  0,0052 (7) 7.1
Bozo 204 (11) 0,00141 (23) 1st Forbidden 7,8
Bogo 216 (11) 0,030 (5) 6,6
Bogs 256 (11)  0,0252 (24) 6,9
50_,62 270 (11)  0,0160 (16) 7,1
Boer 284 (11) 0,032 (5) 6,9
Bogo 291 (11)  0,0165 (6) 7,2
/60_,58 309 (11) 0,00036 (14) 1st Forbidden 9
Bosr 329 (11) 0,041 (7) 7
Byss 336 (11) 0,00216 (32) 8,3
Boss  341(11)  0,0025 (9) 8,3
Boss 348 (11)  0,0220 (9) 7,3
60_753 353 (11)  0,0014 (9)  1st Forbidden 8,6
Bosz 373 (11)  0,0046 (5)  1st Forbidden 8,1
Bos 376 (11) 0,022 (3) 7.5
50_750 390 (11)  0,0115 (16) 7,8
Boue 400 (11)  0,0087 (4)  Ist Forbidden 7.9
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Energy Probability Nature lg ft
keV x 100

Bous 409 (11)  0,0146 (20) 7.6
Bour 443 (11) 0,00218 (17) 8,7
Bous 484 (11)  0,0248 (31) 7,8
Bous 500 (11) 0,038 (5) 7,6
Boue 541 (11) 0,525 (16) 6,6
By 551 (11) 0,247 (8) 6,9
Bose  BTL(11) 0,026 (4) 8
Bouo 573 (11) 0,471 (23) 1st Forbidden 7,7
Byss 575 (11) 0,231 (15) 1st Forbidden 7
Bogr 608 (11) 0,098 (9) 7.5
Boss 639 (11)  0,0223 (21) 8,2
Byss 665 (11) 0,058 (4) 7.7
Bose  TL0(11) 0,00018 (9)  1st Forbidden 10,5
Boge 727 (11) 0,044 ()  1st Forbidden 8,1
Bosi 764 (11) 0,092 (9)  1st Forbidden 7,9
Boso 765 (11) 0,169 (10) 1st Forbidden 7,6
Brag 788 (11) 1,227 (27) 6,8
Boos 822 (11) 2,76 (6) Allowed 6,5
Boor 84T (11)  0,0620 (49) 8.1
Boas 909 (11)  0,0030 (8) 9,6
Boas 922 (11)  0,0014 (9) 9,9
Boosa 977 (11) 0,558 (8)  1st Forbidden 7,4
Boa; 1004 (11) 0,187 (12) 1st Forbidden 8
Boo1 1068 (11) 5,642 (43) 1st Forbidden 6,6
Booo 1077 (11) 0,851 (10) 1st Forbidden 7,4
Boie 1124 (11) 0433 (22) 1st Forbidden 7.8
Boas 1151 (11) 4,339 (18) 1st Forbidden 6,8
Boag 1182 (11) 0,114 (6) 8,4
Boae 1253 (11) 2,449 (10) 1st Forbidden 7.2
Boas 1261 (11) 1,430 (9)  1st Forbidden 74
Boas 1275 (11) 1,171 (18) 7,5
Boas 1382 (11) 1,584 (10) 1st Forbidden 7.5
Boaa 1423 (11) 8,147 (28) 1st Forbidden 6,9
By 1506 (11) 17,10 (8)  1st Forbidden 6,6
Boao 1529 (11) 0,116 (16) 1st Forbidden 8,8
Bye 1540 (11) 17,494 (36) 1st Forbidden 6,7
Bys 1557 (11) 0,170 (16) 8,7
oy 1609 (11) 0,65 (6)  1st Forbidden 8,2
Bye 1727 (11) 3,12 (4) lst Forbidden 7,6
Bys 1857 (11) 0,396 (46) 1st Forbidden 8,6
Boa 1894 (11) 7,45 (5)  1st Forbidden 74
Byy 2661 (11) 0,62 (20) 1st Forbidden 9
Boo 3270 (11) 19,67 (20) 1st Forbidden 7,9
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2.3 Gamma Transitions and Internal Conversion Coefficients

Energy Multipolarity aK ar am ar
keV

~1,0(T1) 62,5 (10) (M1)

~2.1(T1) 191,1 (18)

v11,6(Po) 221 (1) [M1,E2] 0,5 (5) 0,158 (10) 0,0394 (9) 0,8 (5)
Y-1.0)(PO) 230 (1) 0,0474 (9) 0,00848 (15) 0,00200 (4) 0,0585 (11)
16,11 (Po) 252,80 (6) [M1] 0,658 (10) 0,1154 (17) 0,0272 (4) 0,809 (12)
~6.3(Po) 268,614 (26) [B1] 0,0329 (5) 0,00577 (9) 0,001359 (20)  0,0405 (6)
29,22 (Po) 273,80 (5)
742,28(130) 280,95 (5)
Yi—1.1)(Po) 304,2 (2) 0,23 (17) 0,055 (14) 0,014 (3) 0,30 (19)
~14,7(Po) 333,350 (42) [E1] 0,0202 (3) 0,00345 (5) 0,000811 (12) 0,0247 (4)
Yoig(Po) 33478 (8)

Y11,5(Po) 349,009 (24) [M1] 0,272 (4) 0,0475 (7) 0,01118 (16) 0,335 (5)
y11,4(Po) 386,823 (18) [M1,E2] 0,12 (9) 0,027 (10) 0,0065 (20) 0,16 (10)
~18,9(Po) 388,94 (5) (M1) 0,203 (3) 0,0353 (5) 0,00832 (12) 0,250 (4)
29,17 (Po) 394,05 (8)
+35,22(Po) 396,01 (8)

~2.1(Po) 405,74 (4) [E2] 0,0344 (5) 0,01478 (21) 0,00377 (6) 0,0541 (8)
~28,14(Po) 452,92 (10) [M1,E2] 0,08 (6) 0,017 (7) 0,0040 (15) 0,10 (7)
~0.5(Po) 454,850 (26) [E1] 0,01028 (15)  0,001706 (24)  0,000399 (6)  0,01251 (18)
v21,10(Po) 461,15 (20) [M1] 0,1289 (19) 0,0223 (4) 0,00525 (8) 0,1581 (23)
Y12,4(Po) 469,756 (18) [M1,E2] 0,07 (5) 0,015 (6) 0,0036 (14) 0,09 (6)
~21.0(Po) 474,52 (5) [M1,E2] 0,07 (5) 0,015 (6) 0,0035 (14) 0,09 (6)
7y38,22(Po) 485,92 (11)
~29,14(Po) 487,95 (13) [El] 0,00889 (13) 0,001463 (21) 0,000342 (5) 0,01080 (16)
739721(130) 494,2 (4)
vs1,15(Po) 496,90 (18)
23,11 (Po) 501,96 (15)
Vaz2,22(Po) 519,90 (5)
’742’21(130) 524,6 (2)

~6.2(Po 528 (1) [E2] 0,0198 (3) 0,00633 (10)  0,001584 (24)  0,0282 (5)
’}/23,9(130) 536,77 (4)

~21,7(Po) 543,0 (2) [M1,E2] 0,05 (4) 0,010 (5) 0,0024 (10) 0,06 (4)
~22,7(Po) 547,6 (3)
762,28 (Po) 551,9 (8)

~12,3(Po) 572,76 (7) [E1] 0,00643 (9) 0,001042 (15) 0,000243 (4) 0,00779 (11)
Y15.5(Po) 595,32 (7) [M1,E2] 0,04 (3) 0,008 (4) 0,0019 (8) 0,05 (3)
~a1,18(Po) 600,0 (5)

~1.0(Po) 609,316 (7) E2 0,01487 (21)  0,00416 (6) 0,001030 (15)  0,0204 (3)
~13,3(Po) 615,53 (10) [El] 0,00557 (8) 0,000898 (13) 0,000209 (3) 0,00674 (10)
~14,4(Po) 617,0 (2) [E1] 0,00555 (8) 0,000894 (13) 0,000209 (3) 0,00672 (10)
V51,23 (Po) 626,4 (6)
7(_173) (PO) 630,79 (7)

~15,4(Po) 633,14 (10) [M1,E2] 0,035 (21) 0,007 (3) 0,0016 (7) 0,044 (25)
v29,12(Po) 634,72 (21) [M1,E2] 0,035 (21) 0,007 (3) 0,0016 (7) 0,043 (25)
~16,4(Po) 639,62 (10) [EZ] 0,01351 (19) 0,00363 (5) 0,000895 (13) 0,0183 (3)
20,6 (Po) 649,19 (7) [M1,E2] 0,033 (20) 0,006 (3) 0,0015 (7) 0,041 (24)
’y27’11(PO) 658,7 (2)

~21,6(Po) 661,1 (2) [M1,E2] 0,031 (19) 0,006 (3) 0,0014 (6) 0,039 (22)
~3.1(Po) 665,445 (23) El 0,00479 (7)  0,000767 (11)  0,000179 (3)  0,00579 (9)
v38,16 (P0) 677,41 (15)
728,11 (Po) 683,22 (6) [El] 0,00456 (7) 0,000728 (11)  0,00016960 (24) 0,00551 (8)
739,15 (Po) 687,6 (3)

~a7,9(Po) 693,3 (5)

~s.2(Po) 697,88 (20) [M1,E2] 0,027 (16) 0,0051 (23) 0,0012 (6) 0,034 (19)
38,14 (Po) 699,82 (18)

18,5(Po) 703,11 (4) [M1] 0,0424 (6) 0,00724 (11)  0,001702 (24)  0,0519 (8)
728,10 (P0) 704,9 (3) [E1] 0,00429 (6) 0,000684 (10) 0,0001593 (23) 0,00519 (8)
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Energy Prytce Multipolarity aK ar, oM ar
keV x 100

~a1,15(Po) 708,8 (3) 0,0119 (20)

~17,4(Po) 710,73 (10) 0,076 (4)

~14,3(Po) 719,869 (37) 0,399 (10) E2 0,01075 (15) 0,00264 (4) 0,000646 (9) 0,01424 (20)
23,6 (Po) 722,98 (12) 0,037 (7)

42,14 (Po) 733,80 (15) 0,038 (3)

~18,4(Po) 740,73 (18) 0,0440 (23) [M1,E2] 0,024 (14) 0,0044 (20) 0,0010 (5) 0,029 (16)
20,9 (Po) 752,84 (3) 0,130 (8) [M1,E2] 0,023 (13) 0,0042 (19) 0,0010 (5) 0,028 (16)
~a,1(Po) 768,359 (14) 4,969 (19) M1 + E2 0,0122 (18) 0,0026 (3) 0,00063 (6) 0,0157 (21)
~v28,7(Po) 786,1 (4) 0,31 (5) [E1] 0,00350 (5) 0,000553 (8) 0,0001285 (18)  0,00422 (6)
~21,5(Po) 788,6 (5) 0,016 (5) [M1] 0,0315 (5) 0,00536 (8) 0,001258 (18) 0,0385 (6)
75,1 (Po) 806,173 (20) 1,276 (6) E2 0,00867 (13) 0,00197 (3) 0,000480 (7) 0,01127 (16)
~20,4(Po) 814,885 (10) 0,0399 (31) [M1,E2] 0,019 (11) 0,0034 (15) 0,0008 (4) 0,023 (13)
~20.7(Po) 821,18 (3) 0,172 (10) M1 0,0283 (4) 0,00482 (7) 0,001131 (16)  0,0346 (5)
~21,4(Po) 826,46 (20) 0,133 (11) M1 0,0279 (4) 0,00474 (7) 0,001113 (16) 0,0341 (5)
~12,2(Po) 832,38 (11) 0,0354 (20) [E2] 0,00816 (12) 0,00182 (4) 0,000442 (7) 0,01057 (15)
~35.12(Po) 847,16 (11) 0,016 (6)

~19,3(Po) 873,02 (19) 0,019 (3)

~24,5(Po) 878,03 (12) 0,0120 (28) [M1,E2] 0,016 (9) 0,0028 (13) 0,0007 (3) 0,019 (10)
~28,6(Po) 904,29 (10) 0,066 (8) [E1] 0,00271 (4) 0,000423 (6) 0,0000983 (14)  0,00326 (5)
~v24,4(Po) 915,74 (15) 0,023 (5) [M1,E2] 0,014 (8) 0,0025 (11) 0,0006 (3) 0,017 (9)
~20,3(Po) 917,8 (3) 0,005 (3) [E1] 0,00263 (4) 0,000411 (6) 0,0000956 (14)  0,00317 (5)
~ag,11(Po) 930,2 (2) 0,043 (8)

~6,1(Po) 934,059 (16) 3,173 (11) M1 + E2 0,0192 (8) 0,00327 (13) 0,00077 (3) 0,0234 (10)
~29,6(Po) 939,6 (5) 0,016 (4) [M1,E2] 0,013 (7) 0,0024 (11) 0,00056 (24) 0,016 (8)
v35,7(Po) 943,34 (12) 0,017 (3)

~37,8(Po) 949.8 (5) 0,0055 (23)

7v3g,10(Po) 952,2 (8) 0,0059 (23)

~30.6(Po) 961,61 (17)  0,0101 (14)

v42,11(Po) 964,08 (3) 0,363 (12)

~Ya1,10(Po0) 976,18 (12)  0,0151 (21)

~23,3(Po) 991,49 (19) 0,011 (3) [M1,E2] 0,012 (6) 0,0021 (9) 0,00049 (21) 0,014 (7)
748,12 (Po) 1013,8 (2) 0,0087 (19)

v44,11(Po) 1021,0 (5) 0,016 (3)

~28,5(Po) 1032,37 (8) 0,061 (4) [E1] 0,00213 (3) 0,000331 (5) 0,0000768 (11)  0,00257 (4)
~39,7(Po) 1038,0 (3) 0,0086 (15)

~27,4(Po) 1045,6 (2) 0,023 (3)

~7,1(Po) 1051,964 (31) 0,328 (8) [M1,E2] 0,010 (5) 0,0018 (8) 0,00042 (17) 0,012 (6)
~42,7(Po) 1067,2 (3) 0,024 (7)

~28,4(Po) 1069,96 (8) 0,272 (10) [E1] 0,00200 (3) 0,000310 (5) 0,0000719 (10)  0,00241 (4)
~s,1(Po) 1103,61 (20) 0,107 (15) [M1,E2] 0,009 (5) 0,0016 (7) 0,00037 (15) 0,011 (5)
29,4 (Po) 1104,79 (19) 0,074 (14) [M1,E2] 0,009 (5) 0,0016 (7) 0,00037 (15) 0,011 (5)
37,6 (Po) 1118,9 (5) 0,010 (4)

~9,1(Po) 1120,295 (15) 15,14 (3) M1 + E2 0,01246 (19) 0,00210 (3) 0,000494 (8) 0,01522 (23)
~31,4(Po) 1130,29 (19) 0,036 (3)

~10,1(Po) 1133,664 (31) 0,255 (8) [E2] 0,00462 (7) 0,000888 (13) 0,000212 (3) 0,00578 (8)
~11,1(Po) 1155,182 (16) 1,657 (7) MI1+E2 0,0110 (3) 0,00187 (5) 0,000438 (11) 0,0135 (4)
~32,4(Po) 1167,3 (2) 0,0123 (17)

~28.3(Po) 1172,98 (10) 0,055 (7) [B2] 0,00434 (6)  0,000824 (12)  0,000196 (3)  0,00542 (8)
~29,3(Po) 1207,70 (3) 0,455 (12) [E1] 0,001622 (23) 0,000249 (4) 0,0000577 (8) 0,00196 (3)
Y(=1,4)(Po) 1226,7 (3) 0,018 (8)

730,3(Po) 1230,6 (4) 0,007 (5)

~12,1(Po) 1238,115 (12) 5,901 (14) M1 + E2 0,00983 (14) 0,001651 (24) 0,000387 (6) 0,01200 (17)
13,1 (Po) 1280,97 (2) 1,451 (6) M1 0,00901 (13) 0,001513 (22) 0,000355 (5) 0,01101 (16)
~37,4(Po) 1284 (1) 0,013 (6)

~41,5(Po) 1303,76 (8) 0,105 (5)

~v38,4(Po) 1316,96 (15) 0,077 (7)

~35,3(Po) 1330,0 (2) 0,0120 (14)

Ya1,4(Po) 1341,49 (16)  0,0214 (27)

~42,4(Po) 1351 (1) 0,0042 (11)
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Energy Prytce Multipolarity aK ar, oM ar
keV x 100

Yes,7(Po) 1353,4 (8) 0,0036 (9)

¥4,0(Po) 1377,675 (12) 3,984 (11) E2 0,00324 (5) 0,000585 (9) 0,0001385 (20)  0,00404 (6)
714,1(Po) 1385,314 (31) 0,796 (5) [E1] 0,001281 (18)  0,000196 (3) 0,0000453 (7)  0,001631 (23)
Ya3,4(Po) 1392,5 (4) 0,0087 (19)

Y15,1(Po) 1401,494 (41) 1,337 (7) (M1 + E2) 0,0043 (7) 0,00074 (11) 0,00017 (3) 0,0053 (9)
Y16,1(Po) 1407,98 (4) 2,398 (8) (E2) 0,00312 (5) 0,000559 (8) 0,0001323 (19)  0,00389 (6)
738,3(Po) 1419,7 (3) 0,0055 (10)

¥o5,6(Po) 1470,9 (3) 0,0094 (13)

y17,1(Po) 1479,15 (14) 0,051 (4)

Y18,1(Po) 1509,236 (15) 2,144 (10) M1+E2 0,00591 (9) 0,000988 (14) 0,000232 (4) 0,00732 (11)
¥s1,4(Po) 1515,5 (3) 0,0072 (21)

Y19,1(Po) 1538,46 (6) 0,401 (22)

Y6,0(Po) 1543,375 (14) 0,303 (13) [E2] 0,00265 (4) 0,000463 (7) 0,0001093 (16)  0,00333 (5)
¥20,1(Po) 1583,244 (40) 0,712 (5) M1 +E2 0,00513 (14)  0,000858 (23) 0,000201 (6) 0,00642 (18)
721,1(Po) 1594,81 (8) 0,276 (15) [M1] 0,00514 (8)  0,000859 (12)  0,000201 (3)  0,00644 (9)
Y22,1(Po) 1599,31 (6) 0,322 (15)

Ye5,4(Po) 1636,3 (2) 0,0111 (16)

Y23,1(Po) 1657,00 (19) 0,047 (5)

¥7,0(Po) 1661,28 (6) 1,051 (9) E2 0,00232 (4) 0,000399 (6) 0,0000940 (14)  0,00296 (5)
¥57,3(Po) 1665,8 (2) 0,015 (6)

Y24,1(Po) 1683,99 (4) 0,217 (3)

Ye1,3(Po) 1711,0 (8) 0,023 (5)

¥o,0(Po) 1729,611 (13) 2,852 (10) E2 0,00216 (3) 0,000368 (6) 0,0000866 (13)  0,00278 (4)
26,1 (Po) 1751,4 (8) 0,0009 (5)

Y11,0(Po) 1764,498 (14) 15,39 (5) M1 0,00397 (6) 0,000661 (10)  0,0001548 (22)  0,00511 (8)
Ya7,1(Po) 1813,73 (14) 0,0108 (9)

Yas,1(Po) 1838,36 (5) 0,343 (10)

Y12,0(Po) 1847,431 (25) 2,025 (12)

¥29,1(Po) 1873,16 (6) 0,212 (8)

Y13,0(Po) 1890,29 (15) 0,078 (4)

~30,1(Po) 1895,92 (14) 0,146 (8)

¥31,1(Po) 1898,7 (4) 0,049 (8)

¥32,1(Po) 1935,6 (2) 0,032 (7)

¥35,1(Po) 1994,6 (6) 0,0024 (5)

Y15,0(Po) 2010,81 (12) 0,0434 (17)

¥36,1(Po) 2021,6 (2) 0,0214 (21)

¥37,1(Po) 2052,95 (12) 0,069 (4)

¥38,1(Po) 2085,1 (2) 0,0082 (5)

Y40,1(Po) 2089,7 (2) 0,0443 (22)

Ya1,1(Po) 2109,94 (12) 0,084 (3)

Y18,0(Po) 2118,552 (30) 1,162 (5) M1 0,00248 (4) 0,000412 (6) 0,0000964 (14)  0,00356 (5)
Y19,0(Po) 2147,9 (2) 0,0134 (13)

Y43,1(Po) 2160,4 (3) 0,007 (5)

Ya4,1(Po) 2176,5 (2) 0,0033 (6)

Y20,0(Po) 2192,56 (16) 0,038 (3)

Y21,0(Po) 2204,21 (4) 4,929 (23) M1 0,00224 (4) 0,000372 (6) 0,0000870 (13)  0,00333 (5)
7as,1(Po) 2251,6 (2) 0,0055 (5)

Y49,1(Po) 2260,3 (2) 0,0087 (4)

Y23,0(Po) 2266,52 (19) 0,0165 (8)

¥50,1(Po) 2270,9 (4) 0,0014 (3)

¥51,1(Po) 2284,3 (2) 0,0050 (4)

¥52,1(Po) 2287,65 (23) 0,0046 (5)

Y24,0(Po) 2293,40 (12) 0,306 (4)

¥s3,1(Po) 2310,2 (3) 0,0014 (9)

¥54,1(Po) 2312,4 (2) 0,0086 (8)

¥s5,1(Po) 2319,3 (3) 0,0014 (9)

¥56,1(Po) 2325,0 (3) 0,0017 (3)

¥s7,1(Po) 2331,3 (2) 0,026 (4)

7a5,0(Po) 2348,3 (13) 0,0014 (9)
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Energy Prytce Multipolarity aK ar, oM ar
keV x 100
58,1 (Po) 2353,5 (7) 0,00036 (14)
~26,0(Po) 2361,00 (19) 0,0021 (6)
60,1 (Po) 2369,0 (4) 0,0028 (4)
v61,1(Po) 2376,9 (2) 0,0086 (8)
62,1 (Po) 2390,8 (2) 0,00156 (14)
65,1 (Po) 2405,1 (5) 0,0011 (7)
y27,0(Po) 2423,27 (13) 0,0048 (6)
Y69,1(Po) 2444,7 (8) 0,008 (4)
28,0(Po) 2447,86 (10) 1,550 (7) El 0,000503 (7)  0,0000751 (11)  0,00001735 (25)  0,001424 (20)
y70,1(Po) 24590 (8) 0,00141 (23)
Y29,0(Po) 2482.8 (4) 0,00096 (18)
¥30,0(Po) 2505,4 (2) 0,0056 (6)
y77,1(Po) 2550,7 (7) 0,00032 (9)
~34,0(Po) 2562,0 (6) 0,00018 (9)
Y79,1(Po) 2564,0 (6) 0,00014 (9)
v35,0(Po) 2604,6 (5) 0,00036 (9)
36,0 (Po) 2630,9 (3) 0,00086 (23)
~37,0(Po) 2662,5 (10)  0,000200 (41)
Y38,0(Po) 2694,8 (2) 0,033 (3)
~40,0(Po) 2699,4 (3) 0,00282 (23)
741,0(Po) 2719,3 (2) 0,00170 (17)
~13,0(Po) 2769,9 (2) 0,0225 (8)
Y14,0(Po) 2785,9 (2) 0,0055 (5)
Ya7,0(Po) 2827,0 (2) 0,00218 (17)
718,0(Po) 2861,1 (4) 0,00041 (13)
v50,0(Po) 2880,3 (2) 0,0101 (16)
¥s1,0(Po) 2893,6 (2) 0,0057 (5)
~54,0(Po) 2921,9 (2) 0,0134 (5)
55,0 (Po) 2928.6 (3) 0,00109 (9)
756,0(Po) 2934,6 (3) 0,00046 (12)
Y60,0(Po) 2978,9 (2) 0,0137 (4)
~62,0(Po) 3000,0 (2) 0,0089 (7)
Y69,0(Po) 3053,9 (2) 0,022 (3)
Yr2,0(Po) 3081,7 (3) 0,0052 (7)
~v73,0(Po) 3094,0 (4) 0,00037 (4)
¥75,0(Po) 3142,6 (4) 0,00118 (9)
¥76,0(Po) 3149,0 (5) 0,00019
~v77,0(Po) 3160,6 (6) 0,00047 (8)
¥s0,0(Po) 3183,6 (4) 0,0011 (5)
3 Atomic Data
3.1 Po

WK 0,97 (2)

wr, 0,43 (4)

Wr 0,0328

nKr 0,805  (40)

NLM 1,267
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3.1.1 X Radiations

Energy Relative
keV probability
Xk
Kas 76,8641 59,7
Koy 79,2912 100
K33 89,2579 }
KB 89,8098 }
K3 90,3073 } 34,4
Kfs 90,4215 }
K0 92,32 }
K3y 92,6199 } 10,8
KOs 3 92,983 }
Xy
Le 9,66
Lo 11,016 — 11,13
Ln 12,085
L3 12,824 — 14,248
Ly 15,251 — 16,21

3.1.2 Awuger Electrons

Auger L

Energy Relative
keV probability
Auger K
KLL 58,97 - 65,20 100

KLX 71,93 - 76,60 56,5
KXY 84,72 -93,04 9,27

5,4 - 16,8
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3.2 Pb
wrg 0,968 (13)
wr, ;0,40 (4)

ngr : 0,806 (40)

4 o Emissions

Energy Probability
keV x 100
a5 4941 (3)  0,000052 (3)
Q4 5023 (3)  0,000045 (3)
00,3 5184 (3) 0,00013 (1)
0,2 5273 (9) 0,00125 (7)
040,1 5452 (3) 0,0116 (7)
0,0 5516 (3) 0,0082 (5)
Yoy 0 8287 (6) 0,00012
*o6.1 8430 (6) 0,00006
*oa0 8950 (6) 0,00002
*ou 0 9080 (6) 0,0022
*ou6.0 9320 (6) 0,00005
*ar 0 9378 (8) 0,00002
*10,0 9500 (6) 0,0001
*or14,0 9670 (8) 0,00004
*ai70 9802 (6) 0,00012
*o21.0 9907 (6) 0,00007
*agap 10082 (6) 0,00014
*aep 10150 (8) 0,00002
*agap 10332 (6) 0,00008
*aggo 10505 (10)  0,00002

* a of long range.
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5 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Po) 54 - 168 0,934 (16)
CAK (Po) 0,053 (7)

KLL 58,97 - 65,20 }

KLX 71,93 - 76,60 }

KXY 84,72 - 93,04 }
ecigo k. (Po) 29584 (5) 0,0800 (16)
€C1,0 K (Po) 516,216 (7) 0,676 (10)
€C1,0 L (Po) 592,388 - 595,510 0,1892 (28)
€C4,1 K (Po) 675,259 (14) 0,060 (9)
€C6,1 K (Po) 840,959 (16) 0,0595 (25)
€Cy.1 K (Po) 1027,195 (15) 0,1858 (29)
ec12,1 K (Po) 1145,015 (12) 0,0573 (8)
€c11,0 K (Po) 1671,398 (14) 0,0608 (9)
Bo.80 max: 86 (11) 0,0011 (5)
Bo.s0 avg: 23 (3)
Bo.79 max: 97 (11) 0,00014 (9)
Bo.79 avg: 26 (3)
Bo.rr max: 110 (11) 0,00079 (12)
Bor avg: 29 (3)
Bo.ze max: 121 (11) 0,00019
ﬁ(}im avg: 32 (3)
50_,75 max: 127 (11) 0,00118 (9)
Bors avg: 34 (3)
Bo.73 max: 176 (11) 0,00037 (4)
ﬁ[)_,73 avg: 48 (3)
Boora max: 188 (11) 0,0052 (7)
Bo 72 avg: 51 (3)
Booro max: 202 (11) 0,00141 (23)
Bo.zo avg: 55 (3)
Bo 69 max: 216 (11) 0,030 (5)
Bo 69 avg: 59 (3)
Boss max: 256 (11) 0,0252 (24)
Bo .65 avg: 71 (3)
Bo 62 max: 270 (11) 0,0160 (16)
Bo.62 avg: 75 (3)
Bos1 max: 284 (11) 0,032 (5)
Bo.61 avg: 80 (3)
Boeo max: 291 (11) 0,0165 (6)
50_,60 avg. 82 (3)
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Energy Electrons

keV per 100 disint.
Bo.ss max: 307 (11) 0,00036 (14)
Bo.58 avg: 87 (3)
Bo.s7 max: 329 (11) 0,041 (7)
ﬁ[I57 avg: 93 (3)
ﬁ()_,g)@ max: 336 (11) 0,00216 (32)
ﬂ()_756 avg: 95 (3)
Bo 55 max: 341 (11) 0,0025 (9)
Bo.s5 avg: 97 (3)
Bosa max: 348 (11) 0,0220 (9)
ﬂ(I54 avg: 99 (3)
Bo 53 max: 350 (11) 0,0014 (9)
Bo.s3 avg: 100 (3)
Bo.52 max: 373 (11) 0,0046 (5)
Bo 52 avg: 107 (3)
Bo.s1 max: 376 (11) 0,022 (3)
ﬂ&m avg: 108 (3)
Bos0 max: 390 (11) 0,0115 (16)
Bo.s0 avg: 113 (3)
Bo.49 max: 400 (11) 0,0087 (4)
Bo.49 avg: 116 (3)
Bouas max: 409 (11) 0,0146 (20)
Bo.as avg: 119 (4)
Bo.az max: 443 (11) 0,00218 (17)
Bo.az avg: 130 (4)
By 4 max: 484 (11) 0,0248 (31)
Bo.a4 avg: 143 (4)
Bo.a3 max: 500 (11) 0,038 (5)
Bo.a3 avg: 149 (4)
Bo,42 max: 541 (11) 0,525 (16)
Bo a2 avg: 162 (4)
Bo.a max: 551 (11) 0,247 (8)
Bo.a1 avg: 166 (4)
Bo.a0 max: 571 (11) 0,0471 (23)
Bo.40 avg: 172 (4)
Bo.s9 max: 571 (11) 0,026 (4)
Bo 39 avg: 173 (4)
Bo,38 max: 575 (11) 0,231 (15)
Bo.ss avg: 174 (4)
Bo.s7 max: 608 (11) 0,098 (9)
Bo.sz avg: 185 (4)
ﬁo_,36 max: 639 (11) 0,0223 (21)
Bo 36 avg: 196 (4)
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Energy Electrons

keV per 100 disint.
Boas max: 665 (11) 0,058 (4)
Bo.35 avg: 205 (4)
Bosa max: 708 (11) 0,00018 (9)
Bo 34 avg: 220 (4)
Bo.32 max: 725 (11) 0,044 (7)
Bo.32 avg: 226 (4)
Bo 31 max: 762 (11) 0,092 (9)
Bo.s1 avg: 240 (4)
Bo,30 max: 765 (11) 0,169 (10)
Bo.30 avg: 241 (4)
Bo.29 max: 788 (11) 1,227 (27)
Bo.29 avg: 249 (3)
Bo.os max: 822 (11) 2,76 (6)
Bo.2s avg: 262 (4)
50_727 max: 847 (11) 0,0620 (49)
Bo 27 avg: 271 (4)
Bo 26 max: 909 (11) 0,0030 (8)
Bo.26 avg: 294 (4)
Bo.25 max: 922 (11) 0,0014 (9)
Bo 25 avg: 298 (4)
Boaa max: 977 (11) 0,558 (8)
Bo,24 avg: 319 (4)
Bo 23 max: 1004 (11) 0,187 (12)
Bo.23 avg: 329 (4)
Bo.o1 max: 1066 (11) 5,642 (43)
5(121 avg: 353 (4)
Bo.20 max: 1077 (11) 0,851 (10)
Bo.20 avg: 357 (4)
Boto max: 1122 (11) 0,433 (22)
Bo19 avg: 375 (4)
50_,18 max: 1151 (11) 4,339 (18)
ﬂ(;lg avg: 386 (4)
Bo.17 max: 1182 (11) 0,114 (6)
Boar avg: 398 (4)
50_,16 max: 1253 (11) 2,449 (10)
Bo.16 avg: 425 (4)
Bo.15 max: 1259 (11) 1,430 (9)
Bo.1s avg: 428 (4)
Bo.14 max: 1275 (11) 1,171 (18)
Bo.1a avg: 434 (4)
ﬁ&lg max: 1380 (11) 1,584 (10)
Bo s avg: 476 (4)
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Energy Electrons

keV per 100 disint.
Boz max: 1423 (11) 8,147 (28)
Boaz avg: 493 (4)
B max: 1506 (1) 17,10 (8)
Bo11 avg: 526 (4)
B510 max: 1527 (11) 0,116 (16)
Boo avg: 535 (4)
Boo max: 1540 (1) 17,494 (36)
Boo avg: 540 (4)
Bos max: 1557 (11) 0,170 (16)
Bos avg: 547 (4)
By max: 1609 (11) 0,65 (6)
B avg: 568 (4)
Bos max: 1727 (11) 3,12 (4)
Bos avg: 616 (5)
Bos max: 1855 (11) 0,396 (46)
Bos avg: 669 (5)
Bo4 max: 1892 (11) 7,45 (5)
B avg: 685 (5)
Bon max: 2661 (11) 0,62 (20)
Boa avg: 1008 (5)
Boo max: 3270 (11) 19,67 (20)
Boo avg: 1270 (5)
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6 Photon Emissions

6.1 X-Ray Emissions

6.2

Energy Photons
keV per 100 disint.
XL (Po) 9,66 — 16,21 0,627 (15)
XKay (Po) 76,8641 0,426 (1 } Ka
XKay (Po) 79,2912 0,710 (22) }
XK33 (Po) 89,2579 }
XK3  (Po) 89,8098 b 0,244 (9) K
XKB;  (Po) 90,3073 }
XK@;  (Po) 90,4215 }
XK (Po) 92,32 }
XK3y (Po) 92,6199 }0,0760 (29) K B3,
XKO23 (Po) 92,983 }
Gamma Emissions
Energy Photons
keV per 100 disint.

71,0(T1) 62,5 (10) 0,0116 (7)
Y2,1(T1) 191,1 (18)  0,00125 (7)
11,6 (Po) 221 (1) 0,059 (6)
Y(=1,0)(Po) 230 (1) 0,0029 (10)
716,11 (Po) 252,80 (6) 0,0117 (18)
76,3(Po) 268,8 (2) 0,0161 (18)
29,22 (Po) 273,80 (5) 0,120 (8)
V42,28(Po) 280,95 (5) 0,062 (6)
Y(-1,1)(Po) 304,2 (2) 0,0255 (23)
Y14,7(Po) 333,350 (42) 0,063 (4)
Y(=1,2)(Po) 334,78 (8) 0,033 (5)
Y11,5(Po) 348,92 (6) 0,123 (32)
Y11,4(Po) 386,77 (5) 0,296 (5)
v18,9(Po) 388,88 (5) 0,394 (5)
Y29,17(Po) 394,05 (8) 0,0127 (18)
v35,22(Po) 396,01 (8) 0,0259 (18)
¥2,1(Po) 405,74 (3) 0,171 (7)
7Y28,14(Po) 452,92 (10) 0,031 (4)
Y9,3(Po) 454,770 (12) 0,288 (5)
7Y21,10(Po) 461,0 (2) 0,058 (8)
Y12,4(Po) 469,76 (7) 0,133 (15)
7¥21,9(Po) 474,41 (5) 0,092 (6)
738,22(Po) 485,92 (11) 0,021 (4)
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Energy Photons
keV per 100 disint.
yao1a(Po) 487,95 (13) 0,028 (9)
739,21 (Po) 494,2 (4) 0,011 (3)
yaiis(Po) 496,90 (18)  0,0068 (18)
723,11 (Po) 501,96 (15) 0,0181 (22)
yizaa(Po) 519,90 () 0,0166 (17)
V42,21 (Po) 524,6 (2) 0,0169 (17)
~6.2(Po) 528 (1) 0,0109 (13)
~23.9(Po) 536,77 (4) 0,061 (8)
7Y21,7(Po) 543.,0 (2) 0,088 (21)
~22.7(Po) 547,6 (3) 0,034 (3)
~62.25 (Po) 551,9 (8)  0,0055 (14)
Y12,3(Po) 572,76 (7) 0,071 (8)
15.5(Po) 595,23 (7) 0,0174 (15)
~1.18(Po) 600,0 (5) 0,008 (4)
1.0(Po) 609,312 (7) 45,49 (19)
13.3(Po) 615,73 (10) 0,055 (7)
y14.4(Po) 617,0 (2) 0,027 (5)
~51.23(Po) 6264 (6)  0,0041 (14)
Ye1z)(Po) 630,79 (7) 0,0166 (14)
15.4(Po) 633,14 (10) 0,055 (3)
7Y29,12(Po) 634,72 (21) 0,0064 (23)
Y16.4(Po) 639,67 (10) 0,034 (5)
~20.6(Po) 649,18 (7) 0,054 (7)
727,11 (Po) 658,7 (2) 0,017 (4)
7Y21,6(Po) 661,1 (2) 0,054 (4)
~3.1(Po) 665,453 (22) 1,530 (7)
yssa6(Po) 67741 (15) 0,005 (23)
yosi1(Po) 683,22 (6) 0,084 (6)
~39.15(Po) 687,6 (3) 0,0066 (14)
~or.9(Po) 6933 (5)  0,0059 (15)
~5.2(Po) 697,90 (25) 0,067 (4)
yasia(Po) 699,82 (18) 0,016 (5)
718,5(Po) 703,11 (4) 0,479 (11)
25,10 (Po) 704,9 (3) 0,051 (10)
~i1.15(Po) 708,8 (3) 0,019 (20)
y17.4(Po) 710,67 (10) 0,076 (4)
Y14.3(Po) 719,86 (3) 0,393 (10)
~23.6(Po) 722,98 (12) 0,037 (7)
yizaa(Po) 733,80 (15) 0,038 (3)
718,4(Po) 740,73 (18) 0,0428 (21)
29,9 (Po) 752,84 (3) 0,126 (8)
1.1 (Po) 768,356 (10) 4,892 (16)
7Y28,7(Po) 786,1 (4) 0,31 (5)
~21.5(Po) 788,6 (5) 0,015 (5)
~5.1(Po) 806,174 (18) 1,262 (6)
~20.4(Po) 815,0 (1) 0,039 (3)
~y20.7(Po) 821,18 (3) 0,166 (10)
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Energy Photons
keV per 100 disint.
7¥21,4(Po) 826,3 (2) 0,129 (11)
Y12,2(Po) 832,39 (11) 0,035 (2)
738,12(Po) 847,16 (11) 0,016 (6)
719,3(Po) 873,07 (19) 0,019 (3)
~o4.5(Po) 878,03 (12) 0,018 (27)
7Y28,6(Po) 904,29 (10) 0,066 (8)
~24.4(Po) 915,74 (15) 0,023 (5)
720,3(Po) 917,8 (3) 0,005 (3)
738,11 (Po) 930,2 (2) 0,043 (8)
76,1(Po) 934,061 (12) 3,10 (1)
729,6(Po) 939,6 (5) 0,016 (4)
735,7(Po) 943,34 (12) 0,017 (3)
737,8(Po) 949,8 (5) 0,0055 (23)
~35.10(Po) 9522 (8) 0,059 (23)
30,6 (Po) 961,61 (17) 0,0101 (14)
vz (Po) 964,08 (3) 0,363 (12)
Y41,10(Po) 976,18 (12) 0,0151 (21)
7¥23,3(Po) 991,49 (19) 0,011 (3)
748,12 (Po) 1013,8 (2) 0,0087 (19)
Y44,11(Po) 1021,0 (5) 0,016 (3)
7Y28,5(Po) 1032,37 (8) 0,061 (4)
739,7(Po) 1038,0 (3) 0,0086 (15)
Y27,4(Po) 1045,6 (2) 0,023 (3)
7,1(Po) 1051,96 (3) 0,324 (8)
Y42,7(Po) 1067,2 (3) 0,024 (7)
728,4(Po) 1069,96 (8) 0,271 (10)
~5.1(Po) 1103,64 (19) 0,106 (15)
729,4(Po) 1104,79 (19) 0,073 (14)
Y37,6(Po) 1118,9 (5) 0,010 (4)
Y9,1(Po) 1120,287 (10) 14,91 (3)
yara(Po) 113020 (19) 0,036 (3)
10,1 (Po) 1133,66 (3) 0,254 (8)
7Y11,1(Po) 1155,19 (2) 1,635 (7)
732,4(Po) 1167,3 (2) 0,0123 (17)
728,3(Po) 1172,98 (10) 0,055 (7)
29,3 (Po) 1207,68 (3) 0,454 (12)
V(~1,4)(Po) 1226,7 (3) 0,018 (8)
730,3(Po) 1230,6 (4) 0,007 (5)
Y12,1(Po) 1238,111 (12) 5,831 (14)
Y13,1(Po) 1280,96 (2) 1,435 (6)
Y37,4(Po) 1284 (1) 0,013 (6)
Y41,5(Po) 1303,76 (8) 0,105 (5)
yasa(Po)  1316,96 (15) 0,077 (7)
735,3(Po) 1330,0 (2) 0,0120 (14)
Y41,4(Po) 1341,49 (16) 0,0214 (27)
Y42,4(Po) 1351 (1) 0,0042 (11)
Ye5,7(Po) 1353,4 (8) 0,0036 (9)
LNE - LNHB /V.Chisté, M. M. Bé 98



LNE - LNHB/CEA — Table de Radionucléides

Energy Photons
keV per 100 disint.
Y4,0(Po) 1377,669 (12) 3,968 (11)
~14,1(Po) 1385,31 (3) 0,795 (5)
Y43,4(Po) 13925 (4) 0,0087 (19)
Y15,1(Po) 1401,50 (4) 1,330 (7)
yiea(Po) 140798 (4) 2,389 (8)
v38,3(Po) 1419,7 (3) 0,0055 (10)
65,6 (Po) 1470,9 (3) 0,0094 (13)
Y17.1(Po) 1479,15 (14) 0,051 (4)
718,1(Po) 1509,228 (15) 2,128 (10)
V51,4(Po) 1515,5 (3) 0,0072 (21)
7Y19,1(Po) 1538,50 (6) 0,401 (22)
76,0(Po) 1543,32 (6) 0,302 (13)
720,1(Po) 1583,22 (4) 0,707 (5)
Y21,1(Po) 1594,73 (8) 0,274 (15)
V22,1(Po) 1599,31 (6) 0,322 (15)
V65,4 (Po) 1636,3 (2) 0,0111 (16)
7Y23,1(Po) 1657,00 (19) 0,047 (5)
v¥7,0(Po) 1661,28 (6) 1,048 (9)
¥57,3(Po) 1665,8 (2) 0,015 (6)
Y24,1(Po) 1683,99 (4) 0,217 (3)
'761,3(130) 1711,0 (8) 0,023 (5)
79,0(Po) 1729,595 (15) 2,844 (10)
26,1 (Po) 1751,4 (8) 0,0009 (5)
Y11,0(Po) 1764,494 (14) 15,31 (5)
27,1 (Po) 1813,73 (14) 0,0108 (9)
728,1(Po) 1838,36 (5) 0,343 (10)
Y12,0(Po) 1847,420 (25) 2,025 (12)
729,1(Po) 1873,16 (6) 0,212 (8)
Y13,0(Po) 1890,30 (15) 0,078 (4)
730,1(Po) 1895,92 (14) 0,146 (8)
v31,1(Po) 1898,7 (4) 0,049 (8)
732,1(Po) 1935,5 (2) 0,032 (7)
735,1(Po) 1994,6 (6) 0,0024 (5)
Y15,0(Po) 2010,78 (12)  0,0434 (17)
36,1 (Po) 2021,6 (2) 0,0214 (21)
737,1(Po) 2052,94 (12) 0,069 (4)
738,1(Po) 2085,1 (2) 0,0082 (5)
40,1 (Po) 2089,7 (2) 0,0443 (22)
Y41,1(Po) 2109,92 (12) 0,084 (3)
7Y18,0(Po) 2118,55 (3) 1,158 (5)
719,0(Po) 2147,9 (2) 0,0134 (13)
43,1 (Po) 2160,4 (3) 0,007 (5)
Y44,1(Po) 2176,5 (2) 0,0033 (6)
720,0(Po) 2192,58 (16) 0,038 (3)
721,0(Po) 2204,21 (4) 4,913 (23)
48,1 (Po) 2251,6 (2) 0,0055 (5)
49,1 (Po) 2260,3 (2) 0,0087 (4)
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Energy Photons
keV per 100 disint.
’)/23’0(130) 2266,51 (13) 0,0165 ( )
7¥50,1(Po) 2270,9 (4) 0,0014 (3)
51,1 (Po) 2284,3 (2) 0,0050 (4)
7¥52,1(Po) 2287,65 (23) 0,0046 (5)
7247()(130) 2293,40 (12) 0,306 (4)
53,1 (Po) 2310,2 (3) 0,0014 (9)
Y54,1(Po) 2312,4 (2) 0,0086 (8)
755,1(Po) 2319,3 (3) 0,0014 (9)
56,1 (Po) 2325,0 (3) 0,0017 (3)
Y57,1(Po) 2331,3 (2) 0,026 (4)
7¥25,0(Po) 2348,0 (13) 0,0014 (9)
758,1(Po) 2353,5 (7) 0,00036 (14)
726,0(Po) 2361,00 (19) 0,0021 (6)
Y60,1(Po) 2369,0 (4) 0,0028 (4)
61,1 (Po) 2376,9 (2) 0,0086 (8)
Y62,1(Po) 2390,8 (2) 0,00156 (14)
65,1 (Po) 2405,1 (5) 0,0011 (7)
Y27,0(Po) 2423,27 (13) 0,0048 (6)
69,1 (Po) 2444.7 (8) 0,008 (4)
"}/287()(P0) 2447,86 (10) 1,548 (7)
70,1 (Po) 2459,0 (8) 0,00141 (23)
7¥29,0(Po) 24828 (4) 0,00096 (18)
730,0(Po) 2505,4 (2) 0,0056 (6)
Y77,1(Po) 2550,7 (7) 0,00032 (9)
Y34,0(Po) 2562,0 (6)  0,00018 (9)
79,1 (Po) 2564,0 (6) 0,00014 (9)
735,0(Po) 2604,5 (5) 0,00036 (9)
736,0(Po) 2630,9 (3) 0,00086 (23)
7Y37,0(Po) 2662,4 (10) 0,000200 (41)
7¥38,0(Po) 2694,7 (2) 0,033 (3)
7Y40,0(Po) 2699,4 (3) 0,00282 (23)
Y41,0(Po) 2719,3 (2) 0,00170 (17)
Y43,0(Po) 2769,9 (2) 0,0225 (8)
Y44,0(Po) 2785,9 (2) 0,0055 (5)
Y47,0(Po) 2826,98 (20) 0,00218 (17)
7Y48,0(Po) 2861,08 (40) 0,00041 (13)
750,0(Po) 2880,3 (2) 0,0101 (16)
¥51,0(Po) 2893,5 (2) 0,0057 (5)
Y54,0(Po) 2921.,9 (2) 0,0134 (5)
Y¥55,0(Po) 2928,6 (3) 0,00109 (9)
756,0(Po) 2934,6 (3) 0,00046 (12)
Y60,0(Po) 2978,9 (2) 0,0137 (4)
Y62,0(Po) 2999,98 (20) 0,0089 (7)
¥69,0(Po) 3053,88 (20) 0,022 (3)
7¥72,0(Po) 3081,7 (3) 0,0052 (7)
¥73,0(Po) 3093,98 (40) 0,00037 (4)
~75,0(Po) 3142,58 (40) 0,00118 (9)
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Energy
keV per 100 disint.
¥76,0(Po) 3149,0 (5) 0,00019
Y77,0(Po) 3160,6 (6) 0,00047 (8)
’YSO,O(PO) 3183,57 (40)

Main Production Modes
{ Ra — 226 decay chain

Possible impurities : Bi — 210
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(Gamma-ray emission probabilities.)
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214
84 PO 130

1 Decay Scheme

Po-214 decays by alpha emission mainly to the Pb-210 ground state level.
Le polonium 214 se désintégre par émission alpha principalement vers le niveau fondamental du plomb 210.

2 Nuclear Data

Typ(**Po ) : 1623 (12) 10765
Tip(*""Pb ) = 22,23 (12) a
Q*(*"Po) : 783346 (6) keV

2.1 « Transitions

Energy Probability F
keV x 100

0.2 6735,8 (10)  0,000058 (2) 400
apr 703376 (21)  0,0105 (7) 27
apo 783346 (6) 99,9895 (7) 1

2.2 Gamma Transitions and Internal Conversion Coefficients

Energy Prtce Multipolarity ak ar an ar

keV x 100
~2.1(Pb) 298 (1) 0,000058 (20) E2 0,0661 (11)  0,0389 (8)  0,00999 (20)  0,1180 (21)
~1,0(Pb) 799,7 (1) 0,0105 (7) E2 0,00810 (12) 0,001763 (25) 0,000425 (6) 0,01042 (15)
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3 Atomic Data

3.1 Pb
wrg 0,963 (4)
or : 0379 (15)

1
ngr : 0,811 (5)

3.1.1 X Radiations

Energy Relative
keV probability
XK
Kas 72,8049 59,5
Kay 74,97 100
K33 84,451 }
K1 84,937 }
Kf5 85,47 } 34,2
KB 87,238 }
Kb 87,58 } 10,3
KOs 3 87,911 }
XL
L¢ 9,19
La 10,4495 — 10,5512
Ly 11,3495
Lg 12,1443 — 12,7953
Ly 14,3078 — 15,22

4 o Emissions

Energy Probability

keV x 100
Q0,2 6610,1 (10) 0,000058 (2)
a1 6902,6 (3) 0,0105 (7)
Q0,0 7686,82 (6) 99,9895 (7)
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5 Photon Emissions

5.1 X-Ray Emissions

Energy Photons

keV per 100 disint.
XL (Pb) 9,19 — 15,22 0,0000347 (13)
XKasg (Pb) 72,8049 0,0000246 (15) } Ko
XKay (Pb) 74,97 0,0000414 (25) }
XKp3 (Pb) 84,451 }
XK (Pb) 84,937 }0,0000141 (9) K 3
XK@;  (Pb) 85,47 }
XKpBs (Pb) 87,238 }
XKpy (Pb) 87,58 }0,00000427 (27) K B2
XKOz3 (Pb) 87,911 }

5.2 Gamma Emissions

Energy Photons
keV per 100 disint.

~2.1(Pb) 298 (1)  0,000052 (18)
Yio(Pb) 7997 (1) 0,0104 (6)

6 Main Production Modes

Ra — 226 decay chain

7 References

- J.V. DuNwoORTH. Nature (London) 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. D. Vid. Selsk. Medd. 20 (1943) 11
(Half-life.)

- G. vON DARDEL. Phys. Rev. 79 (1950) 734
(Half-life.)

- R. BALLINIL. Ann. Phys. (Paris) 8 (1953) 441
(Half-life.)
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- K.W. OGILVIE. Proc. Phys. Soc. (London) 76 (1960) 299
(Half-life.)

- A. Rytrz. 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 intensity.)

- 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 intensity 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. Znou, P. bE 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. Meth. Phys. Res.
A335 (1993) 443
(Half-life.)

- A. RyTz. At. Data. Nucl. Data Tables 47 (1995) 205
(Alpha energy and intensity.)

- Y.A. AKOVALL Nucl. Data Sheets 76 (1995) 127
(Energy level, spin, parity.)

- E. SCHONFELD, H. JANSSEN. Nucl. Instrum. Meth. Phys. Res. A369 (1996) 527
(Atomic data.)

- Y.A. AkovaLL Nucl. Data Sheets 84 (1998) 1
(Alpha energy and intensity.)

- .M. BanDp, M.B. TRZHASKOVSKAYA, C.W. NESTOR, JR., P.O. TIKKANEN, S. RAMAN. At. Data. Nucl. Data
Tables 81 (2002) 1
(Theoretical ICC.)

- G. Aupi, 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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217
. Rn

1 Decay Scheme

Alpha decay of Rn-217 occurs directly to the ground state level of Po-213.

Le radon 217 se désintégre par émission alpha a 100% vers le niveau fondamental de polonium 213.

2 Nuclear Data

Ty/2(*"Rn ) 0,54 (5) 1073s

Tip(*%Po) = 370 (5) 107%s

Q“*'"Rn ) : 7887 (3) keV

2.1 « Transitions

Energy  Probability
keV x 100

apo 7887 (3) 100

1,49

3 o Emissions

Energy  Probability
keV x 100

ape  T742(3) 100

4 Main Production Modes

Descendant of Th — 229

CNDC /Huang Xiaolong, Wang Baosong
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5 References

- W.W.MEINKE, A.GHIORSO, G.T.SEABORG. Phys.Rev. 81 (1951) 782
(Half-life)

- C.P.Ruiz. UCRL-9511 (1961)
(Half-life,Alpha energy)

- J.D.BowwmaN, 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.Aupi, A.H.WaAPSTRA, C.THIBAULT. Nucl. Phys. A729 (2003) 129
Q)

- M.S.BasuNIA. Nucl.Data Sheets 108 (2007) 633
(NDS)
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218
. Po .

1 Decay Scheme

Po-218 disintegrates mainly (99,978 (3) %) by alpha emission to the Pb-214 ground state. A weak beta
minus emission (0,022 (3) %) to At-218 has been pointed out.
Le polonium 218 se désintégre par émission alpha principalement (99,978 (3) % ) vers le niveau fondamental
de plomb 214. Une désintégration béta moins vers ['astate 218 de probabilité 0,022 (3) % a été mise en
évidence.

2 Nuclear Data

Ti5(*"®Po) = 3,094 (6) min
Tip(*18At) 14 (2) s

Tio(*"Pb ) : 26,8 (9) min
Q- (*8Po) : 260 (12) keV
Q“(*®Po) : 6114,68 (9) keV

2.1 « Transitions

Energy Probability F
keV x 100

agr  5277,68 (9) 0,001 (11) 7,5
apo  6114,68 (9) 99,9769 (32) 1

2.2 [~ Transitions

Energy  Probability
keV x 100

Boo 260 (12) 0,022 (3)
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2.3 Gamma Transitions and Internal Conversion Coefficients

Energy Pice Multipolarity
keV x 100
y10(Pb) 837 (2) 0,0011 (11) (E2)
3 o Emissions
Energy Probability
keV x 100
a1 5181 (2)  0,0011 (11)
Q0,0 6002,35 (9) 99,9769 (32)

4 Electron Emissions

Energy Electrons
keV per 100 disint.
Boo max: 260 (12) 0,022 (3)
Boo avg: 73 (4)

5 Photon Emissions

5.1 Gamma Emissions
Energy Photons
keV per 100 disint.
Y1.0(Pb) 836 (2) 0,0011 (11)

6 Main Production Modes

Ra — 226 decay chain
Possible impurities : Po — 214, Po — 210.
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7 References
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(Branching ratio.)
- .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. Aupi, A.H. WaprsTRA, C. THIBAULT. Nucl. Phys. A729 (2003) 129
Q)
- A.K. JaiN, B. SINGH. Nucl. Data Sheets 107 (2006) 1027
(Energy level and haf-life.)
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/0 218
a Po

84 134

o0 0,0011
o @7 837 /

99,9769

+. ////
26,8 (9) min 0 O/

0 214

Pb

82 132
Q? = 6114,68 keV
% a = 99,978
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g Emission intensities
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1,4 (2) s
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85 133
Q™ = 260 keV
% b = 0,022

218
84
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1 Decay Scheme

218
85

At 133

218
85

At 133

At-218 disintegrates by alpha emission to Bi-214 mainly . Gamma transitions between the Bi-214 levels
have not been observed. The disintegration by beta minus emission to Rn-218 was measured.

L’astate 218 se désintégre principalement par émission alpha vers des niveaux excités et le niveau fonda-
mental de bismuth 214. Des transitions gamma entre les niveaur de bismuth 214 n’ont pas été mises en
évidence. Une désintégration par émission béta moins d’intensité 0,1% vers le radon 218 a été mesurée.

2

Nuclear Data

Tip(*BAt) = 14 (2) s
Tio(*"™Rn) : 36,0 (19) 107%s
Ty 2(*"Bi ) 19,9  (4) min
Q™ (28At) 2881 (12) keV
Q*(*18At ) 6874 (3) keV
2.1 « Transitions
Energy  Probability F
keV x 100
a2 6771 (7) 6,4 (1) 38
agy 6811 (3) 90,0 (1) 3,9
Qo0 6874 (3) 3,6 (1) 150
2.2 [~ Transitions
Energy  Probability
keV x 100

Boo 2881 (12)

0,1 (1)

CEA/LNE - LNHB /V. Chisté, M.M. Bé
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3 o Emissions

Energy  Probability
keV x 100

«Q,2 6653 (5) 6,4 (1)
0.1 6694 (3) 90,0 (1)
ago 6756 (5) 3,6 (1)

4 Electron Emissions

Energy Electrons
keV per 100 disint.
Boo max: 2881 (12) 0,1 (1)
Boo avg: 1095 (12)

5 Main Production Modes

Ra — 226 decay chain

6 References

- R.J. WALEN. Comp. Rend. Acad. Sci. (Paris) 227 (1948) 1090
(Branching ratio.)

- R.J. WALEN. J. Phys. Radium 10 (1949) 95
(Beta emission probabilities, half-life.)

- R.J. WALEN, G. BASTIN-SCOFFIER. Compt. Rend. Cong. Phys. Nucl., Paris (1958) 910
(Alpha emission energies and probabilities, beta emission probabilities.)

- R.J. WALEN, G. BASTIN-SCOFFIER. Priv. Comm., quoted by 1964Hy02. (1963)

(Branching ratio.)

- E.K. HypE, I. PERLMAN, G.T. SEABORG. The Nuclear properties of the heavy elements, Vol. II, Pretence-Hall,
Inc., Englewood Cliffs, N.J. (1964) 460
(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. BUrRkE, H. FOLGER, H. GABELMANN, E. HAGeBO, P. HirLL, P. HOFF, O. JONSSON, N. KAFFRELL, W.
Kurcewicz, G. LovHOIDEN, K. NyBo, G. NymaAN, H. RAvVN, K. RIISAGER, J. RoGowsKl, K. STEFFENSEN,
T.F. THORSTEINSEN, AND ISOLDE COLLABORATION. Z. Physik A333 (1989) 131
(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. AKovALL Nucl. Data Sheets 76 (1995) 127
(Alpha emission probabilities and energies,spin and parity.)

- G. Aupi, A.H. WAprSTRA, 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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218
s RN .

1 Decay Scheme

Rn-218 disintegrates by alpha emission to the 609 keV level (0,127 (7) %) and to the ground state (99,873

(7) %) of Po-214.
Le radon 218 se désintégre par émission alpha vers le niveau excité de 609 keV (0,126 (8) %) et le fonda-

mental (99,874 (8) %) du polonium 214.

2 Nuclear Data

Tip(*"™Rn) : 360  (19) 1073s
Tip(*Po) @ 1623  (12) 107°s
Q“(*™Rn ) : 72625 (19) keV

2.1 « Transitions

Energy Probability F
keV x 100

agr 66532 (19) 0,127 (7) 4.8
ape 72625 (19) 99,873 (7) 1

2.2 Gamma Transitions and Internal Conversion Coefficients

Energy Pyice Multipolarity oK ar oM ar
keV x 100
~1,0(Po) 609,31 (6) 0,127 (7) E2 0,01487 (21) 0,00416 (6) 0,001030 (15) 0,0204 (3)
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3 Atomic Data

3.1 Po
wrg 0,965 (4)
or ;0,403 (16)

1
ngr = 0,807 (5)

3.1.1 X Radiations

Energy Relative
keV probability
Xk
Kas 76,864 60,05
Kay 79,293 100
K33 89,256 }
K1 89,807 }
Kf5 90,363 } 34,43
KB 92,263 }
K3y 92,618 } 10,71
KO3 3 92,983 }
XL
L¢ 9,66
La 11,0161 — 11,1303
Ly 12,0847
Lg 12,8239 — 13,6358
Ly 15,251 — 16,21
4 o Emissions
Energy Probability
keV x 100
a1 6531,1 (19) 0,127 (7)
Q0,0 7129,2 (19) 99,873 (7)
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5

5.1

Photon Emissions

X-Ray Emissions
Energy Photons
keV per 100 disint.

XL (Po) 9,66 — 16,21 0,00080 (3)
XKay (Po) 76,864 0,00052 (4) } Ka
XKa;  (Po) 79,293 0,00086 (6)  }
XKB;  (Po) 89,256 }
XKfB,  (Po) 89,807 b 0,000296 (21)  K'f
XKG;  (Po) 90,363 }
XK@,  (Po) 92,263 }
XKB:  (Po) 92,618 b 0,000002 (7) K f
XKO23 (Po) 92,983 }

5.2

Gamma Emissions

Energy Photons

keV per 100 disint.

Y10(Po) 609,31 (6) 0,124 (7)

Main Production Modes

Ra — 226 decay chain

References

- F. Asaro, I. PERLMAN. Phys. Rev. 104 (1956) 91

(Alpha energy.)

- P. A. Tove. Ark. Fysik 13 (1958) 549
(Half-life.)

- C.P. Ruiz. UCRL - 9511 (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

(Gamma intensity.)

- 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 energy and intensity, alpha intensity.)

LNE - LNHB /V. Chisté, M.M. Bé

131



218
LNE - LNHB/CEA — Table de Radionucléides 36 Rn 132

- A. RyTtz. At. Data. Nucl. Data Tables 23 (1979) 507
(Alpha energy and intensity.)
- J.D. BowMAN, R.E. ErpLEY, E.K. HYDE. Phys. Rev. C25 (1982) 941
(Alpha energy.)
- Y.A. ELLIS-AKOVALIL Nucl. Data Sheets 52 (1987) 789
(Alpha energy and intensity, gamma energy and intensity.)
- A. RyTrz. At. Data. Nucl. Data Tables 47 (1991) 205
(Alpha energy and intensity.)
- Y.A. AKOVALIL Nucl. Data Sheets 76 (1995) 127
(Alpha energy and intensity, gamma energy and intensity, spin, parity.)
- E. SCHONFELD, H. JANSSEN. Nucl. Instrum. Meth. Phys. Res. A369 (1996) 527
(Atomic data.)
- Y.A. AkovALL Nucl. Data Sheets 84 (1998) 1
(Alpha energy and intensity, gamma energy and intensity, spin, parity.)
- .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. Aupi, A.H. WapPSTRA, C. THIBAULT. Nucl. Phys. A729 (2003) 129

Q)
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/0 218
a Rn

86 132
g Emission intensities
per 100 disintegrations

o*; o/
162,3 (12) ps -

214

Po

84 130
Q? = 7262,5 keV
% a = 100
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0
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221
87 Fr 134

1 Decay Scheme

Fr-221 disintegrates 99.9952(15)% by alpha emission to levels in At-217 and 0.0048(15)% by beta minus
emission to levels in Ra-221. The beta minus decay scheme of Fr-221 has not been studied.

Le francium 221 se désintegre par transitions alpha vers des niveaux excités d’astate 217. Un faible bran-
chement béta moins n’est pas inclus ici.

2 Nuclear Data

Tip(**Fr) 479 (2)  min
Ty2(*'Ra) @ 28 (2)
Typ(*'7AL) ¢ 32,3 (4) 1073s
Q- (#Fr) : 314 (6) keV
Q*(*'Fr) : 64578 (14) keV

2.1 « Transitions

Energy Probability F
keV x 100

00,14 5601 (40) 0,000038 (10) 61
00,13 5632 (25)  0,00010 (2) 60
00,12 5794 (3) 0,0025 (5) 111
Q0,11 5802 (4) 0,0003 828
0,10 5882 (3) 0,064 (4) 11,7
0,9 5890 (4) 0,0031 (6) 290
o,8 5920 (3) 0,006 (1) 197
ao,7 6034 (3) 0,0285 (24) 143
0,6 6048,4 (20) 0,128 (3) 36,4
0,5 6075,9 (25) 0,064 (16) 117
0.4 6090,1 (20) 0,39 (7) 27
0,3 6187,9 (20) 0,15 (3) 65
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Energy Probability F
keV x 100
0,2 6239,2 (15) 15,1 (2) 2,2
0,1 6358 (2) 1,34 (7) 120
0,0 6458,0 (13) 82,8 (2) 3,44
2.2 Gamma Transitions and Internal Conversion Coeflicients
Energy Pice Multipolarity aK ar, o ar
keV x 100
vs2(At) 53,81 (3) 0,220 (38) M1 10,79 (15) 2,56 (4) 14,17 (20)
va.3(At) 96,3 (3) 0,046 (26) M1+E2 4,1 (18) 1,1 (5) 5,6 (24)
vio(At) 100,25 (2) 2,02 (17) M1 9,66 (14) 1,758 (25) 0,416 (6) 11,97 (17)
Y21 (At) 117,82 (3) 0,19 (14) M1 6,13 (9) 1,104 (16) 0,261 (4) 7,58 (11)
va2(At) 150,21 (3) 0,216 (12) M1 3,08 (5) 0,550 (8)  0,1303 (19) 3,80 (5)
va1(At) 171,83 (3) 0,129 (17) E2 0,226 (4) 0,471 (7)  0,1257 (18) 0,863 (12)
vioa(At)  208,3 (6) 0,0073 (14) [E2] 0,1519 (24) 0,206 (4)  0,0547 (11) 0,430 (8)
yao(At) 218,12 (2) 15,61 (21) E2 0,1375 (20)  0,1701 (24)  0,0451 (7) 0,367 (5)
vi25(At) 282,12 (9)
vs.1(At) 282,12 (9) 0,0097 (20) [M1,E2] 0,30 (23) 0,077 (17) 0,019 (4) 0,41 (25)
yra(At) 324,10 (6) 0,0252 (17) M1 0,362 (5)  0,0639 (9)  0,01510 (22) 0,446 (6)
Yi02(At) 359,86 (4) 0,0514 (20) M1 0,272 (4)  0,0479 (7)  0,01133 (16) 0,335 (5)
vs.0(At) 382,34 (4) 0,0437 (18) M1 0,231 (4)  0,0406 (6)  0,00960 (14) 0,284 (4)
veo(At) 410,64 (5) 0,1270 (26) E2 0,0344 (5)  0,01528 (22) 0,00392 (6)  0,0548 (8)
vs.1(At) 437,00 (5) 0,0010 (1)
Yi2.2(At) 446,30 (8) 0,0017 (4) E1 + M2
vo1(At)  468,3 (7) 0,0018 (3)
vso(At)  537.8 (8) 0,0045 (8)
’71271(At) 562,3 (12 0,005 (5)
Yo.o(At)  568,5 (3) 0,0012 (4)
vi00(At)  576,9 (4) 0,0033 (7) [M1] 0,0772 (11)  0,01342 (19) 0,00317 (5)  0,0948 (13)
~11,0 (At) 652 (2) 0,0004 (4)
Y12.0(At) 665 (2) 0,0009 (9)
vis0(At)  809,3 (2)  0,00010 (2)
vis0(At)  891,9 (3)  0,000038 (10)
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3 Atomic Data

3.1 At
wrg 0,966 (4)
or : 0416 (17)

1
ngr : 0,805 (5)

3.1.1 X Radiations

Energy Relative
keV probability
Xk
Kas 78,94 60,33
Koy 81,51 100
Kp3 91,73 }
KB 92,315 }
Kf5 92,883 } 34,63
K32 94,846 }
Kp4 95,211 } 10,9
KOs 3 95,595 }
Xy,
L¢ 9,8964
Ly - 16,7291

3.1.2 Auger Electrons

Energy Relative
keV probability
Auger K
KLL 60,489 — 67,031 100
KLX 73,811 - 81,516 56,8
KXY 87,10 — 95,72 8,07
Auger L 5,6 —17,4
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4 o Emissions

Energy Probability
keV x 100
0,14 5500 (40) 0,000038 (10)
Q0,13 5530 (25)  0,00010 (2)
0,12 5689 (3) 0,0025 (5)
Q.11 5697 (4) 0,0003
0,10 5776 (3) 0,064 (4)
00,9 5783 (4) 0,0031 (6)
00,8 5813 (3) 0,006 (1)
ao,7 5925 (3) 0,0285 (24)
0,6 5938.,9 (20) 0,128 (3)
00,5 5965,9 (25) 0,064 (16)
00,4 5979,9 (20) 0,39 (7)
0,3 6075,9 (20) 0,15 (3)
0,2 6126,3 (15) 15,1 (2)
a1 6243 (2) 1,34 (7)
Q0,0 6341,0 (13) 82,8 (2)

5 Electron Emissions

Energy Electrons
keV per 100 disint.
€AL (At) 56 - 174 3,05 (10)
CAK (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)
€C2,1 K (At) 22,10 (3) 0,13 (10)
€C32 I, (At) 36,33 - 39,60 0,156 (27)
€C4,2 K (At) 54,49 (3) 0,138 (8)
€C1,0 L (At) 82,77 - 86,04 0,274 (23)
ec1,0 M (At) 95,94 - 97,47 0,065 (5)
€C20 T (At) 122,40 - 218,08 4,19 (8)
€C2,0 K (At) 122,40 (2) 1,570 (31)
€C2,0 L (At) 200,64 - 203,91 1,943 (37)
€C2,0 M (At) 213,81 - 215,34 0,515 (10)
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6 Photon Emissions

6.1 X-Ray Emissions

Energy Photons
keV per 100 disint.
XL (At) 9,8964 — 16,7291 2,18 (7)
XKay  (At) 78,94 0,96 (5) } Ka
XKa;  (At) 81,51 1,59 (9) }
XK3;  (At) 91,73 }
XKB3  (At) 92,315 } 0,55 (6) K
XKGs  (At) 92,883 }
XK@ (At) 94,846 }
XKBs  (At) 95,211 b 0,18 (2) K'f,
XKO23 (At) 95,595 }
6.2 Gamma Emissions
Energy Photons
keV per 100 disint.

v3.2(At) 53,81 (3) 0,0145 (25)
Y4.3(At) 96,3 (3) 0,007 (3)
Y10(At) 100,25 (2) 0,156 (13)
Yo1(At) 117,82 (3) 0,022 (16)
Ya2(At) 150,21 (3) 0,0449 (25)
31(At) 171,83 (3) 0,069 (9)
Y104(At)  208,3 (6) 0,0051 (10)
Yo0(At) 218,12 (2) 11,42 (15)
Y51(At) 282,12 (9) 0,0069 (7)
7 1(At) 324,10 (6) 0,0174 (12)
Yi02(At) 359,86 (4) 0,0385 (15)
Y50(At) 382,34 (4) 0,0340 (14)
Ye.0(At) 410,64 (5) 0,1204 (25)
Ye1(At) 437,00 (5) 0,0010 (1)
Yi2.2(At) 446,30 (8) 0,0017 (4)
Y9.1(At) 468,3 (7) 0,0018 (3)
¥8.0(At) 537.,8 (8) 0,0045 (8)
Y12,1(At) 562,3 (12) 0,005 (5)
Y9.0(At) 568,5 (3) 0,0012 (4)
Y100(At)  576,9 (4) 0,0030 (6)
Y11,0(At) 652 (2) 0,0004 (4)
Y12,0(At) 665 (2) 0,0009 (9)
Y130(At)  809,3 (2)  0,00010 (2)
Y1a0(At) 8919 (3)  0,000038 (10)
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7 Main Production Modes

Descendant Th — 229

8 References

- A.C.EncGLisH, T.E.CRaNsHAW, P.DEMERS, J.A.HARVEY, E.P. Hincks, J.V. JELLEY, A.N. MAy. Phys.Rev. 72
(1947) 253
(Half-life)

- F.HAGEMANN, L.I.KATzIN, M.H. STUDIER, G.T. SEABORG, A. GHIORSO. Phys.Rev. 79 (1950) 435
(Half-life)

- B.S.DzHELEPOV, R.B.IvANOV, M.A .MIKHAILOVA, L.N.MoOskvIN, O.M.NAZARENKO, V.F.RobpioNoOvV. Izv. Akad.
Nauk SSSR Ser.Fiz. 31 (1967) 568
(Alpha energies and intensities)

- W.LOURENS. Thesis Technische Hogeschoo (1967)

(Half-life)

- C.-F.LEANG, G.BASTIN-SCOFFIER. Compt.Rend. 266B (1968) 629
(Alpha energies and intensities,Gamma-ray energies and intensities)

- J.K.DickENs, J.W.McCoONNELL. Radiochem. Radioanal. Lett. 47 (1981) 331
(Gamma-ray energies and emission probabilities)

- R.G.HELMER, C.W.REICH, M.A.LEE. Int. J.Appl. Radiat. Isotop. 37 (1986) 139
(Gamma-ray energies and emission probabilities)

- Y.A.AkOVALL Nucl.Data Sheets 61 (1990) 623
(NDS)

- A.RyTz. At.Data Nucl. Data Tables 47 (1991) 205
(Evaluation alpha energies)

- G.ARDISSON, V.BaRcl, O.EL SAMAD. Nucl. Instrum. Methods Phys. Res. A339 (1994) 168
(Gamma-ray energies and intensities)

- V.G.CHUMIN, S.S.ELISEEV, K.YA.GROMOV, YU.V. NORSEEV, V.I. FOMINYKH, V.V. TSUPKO-SITNIKOV. Bull.
Acad. Sci. USSR 59 (1995) 1854
(Beta minus decay branching ratio)

- Yu.S.BuTaABAEV, [.LADAM, K.YA.GROMOV, S.S.ELISEEV, R.A.N1vAZov,YU.V. NORSEEV, V.I. FOMINYKH, A.KH.
KHOLMATOV, V.V. TSUPKO-SITNIKOV, V.G. CHUMIN, M.B. YULDASHEV. Bull. Acad. Sci. USSR 59 (1995) 5
(Gamma-ray energies and intensities)

- R.K.SHELINE, C.F.LIANG, P.PARIs. Phys.Rev. C51 (1995) 1192
(Gamma-ray energies, intensities and emission probabilities)

- E.ScHONFELD, H.JANSSEN. Nucl. Instrum. Meth. Phys. Res. A369 (1996) 527
(Atomic data)

- V.G.CHUMIN, J.K.JABBER, K.V.KALYAPKIN, S.A. KUDRYA,V.V. TSUPKO-SITNIKOV, K.YA. GROMOV, V.I. Fo-
MINYKH, T.A. FURYAEV. Bull. Acad. Sci. USSR 61 (1997) 1606
(Beta minus decay branching ratio)

- K.YA.GrOMOV, J.K.JABBER, SH.R. MALIKOV, V.I. FOMINYKH, YU.V. KHOLNOV, V.V. TSUPKO-SITNIKOV, V.G.
CHUMIN. Bull. Acad. Sci. USSR 63 (1999) 685
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- J.GASPARRO, G.ARDISSON, V.BARCI, R.K. SHELINE. Phys.Rev. C62 (2000) 064305
(Gamma-ray emission probabilities)

- K.YA.GrOMOV, S.A.KUDRYA, SH.R.MALIKOV, V.A. SERGIENKO, V.I. FOMINYKH,V.V. TSUPKO-SITNIKOV, V.G.
CHUMIN. Bull. Acad. Sci. USSR 66 (2002) 1519
(Alpha energies and intensities,Gamma-ray energies and intensities)
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(NDS)
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/0 221
a Fr

87 134
g Emission intensities per 100 disintegrations

8
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000 0,000038
e 891,9 /
14
1
oo’ 0,0001
o 809,3
13
7. 9
oto®o? 0,0025
0%0%% o0 0,0003
0 664,4 '
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11
1.5
5.8°3 4
OO%'O?())'OO oLt 8’8831
0°0 (712) " ; 577,5 '
10 vo 5 (712,9/2)* ; 568,5
14
9 o0 0,006
oo 92t ; 5375
8
4
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222
86 Rn 136

1 Decay Scheme

Rn-222 disintegrates mainly to the ground state level in Rn-222.
Le radon 222 se désintegre par émission alpha principalement vers le niveau fondamental du polonium 218.

2 Nuclear Data

Tip(**Rn) : 38232 (8) d
Ti5(*"®Po) : 3,094 (6) min
Q*(*?2Rn) : 5590,3 (3) keV

2.1 « Transitions

Energy Probability F
keV x 100
0,2 4915 (5) = 0,0005 ~ 30
Q0,1 5080 (2) 0,078 1,9
0,0 5590,3 (3) 99,92 (1) 1

2.2 Gamma Transitions and Internal Conversion Coefficients

Energy Pyice Multipolarity ax or anm ar
keV x 100
v10(Po) 511 (2) 0,078 [E2] 0,0213 (4) 0,00704 (13) 0,00177 (4) 0,0306 (6)
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3 Atomic Data

3.1 Po
wrg 0,965 (4)
or ;0,403 (16)

1
ngr = 0,807 (5)

3.1.1 X Radiations

Energy Relative
keV probability
Xk
Kas 76,864 60,05
Kay 79,293 100
K33 89,256 }
K1 89,807 }
Kf5 90,363 } 34,43
KB 92,263 }
KpB,4 92,618 } 10,71
KO3 3 92,983 }
Xy
L¢ 9,66
La 11,0161 — 11,1303
Ly 12,0847
Lg 12,8239 — 14,2476
Ly 15,251 — 16,21

4 o Emissions

Energy Probability
keV x 100
ap2 4827 (4) =~ 0,0005
a1 4987 (1) 0,078
Q0,0 5489,48 (30) 99,92 (1)
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5 Photon Emissions

5.1 X-Ray Emissions

Energy Photons

keV per 100 disint.
XL (Po) 9,66 — 16,21 0,000766 (15)
XKaa (Po) 76,864 0,000469 (10) } K«
XKay (Po) 79,293 0,000781 (16) }
XK33 (Po) 89,256 }
XK (Po) 89,807 b 0,000269 (7) K3
XKG;  (Po) 90,363 }
XKBo (Po) 92,263 }
XKy (Po) 92,618 }0,0000837 (25) K'f3,
XKO23 (Po) 92,983 }

5.2 Gamma Emissions

Energy Photons
keV per 100 disint.

m,0Po) 510 (2) 0,076

6 Main Production Modes

Ra — 226 decay chain()

7 References

- W. BOTHE. Z. Phys. 16 (1923) 266
(Half-life.)

- I. Curig, C. CHAMIE. J. Phys. Radium 5 (1924) 238
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- J. ToBAILEM. Compt. Rend. (Paris) 233 (1951) 1360
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/0 222
a Rn

86 136
g Emission intensities
per 100 disintegrations

0,0005
675 /
.
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3,094 (6) min
0 218
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84 134
Q% = 5590,3 keV
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226
88 R‘a’ 138

1 Decay Scheme

Ra-226 disintegrates by alpha emission mainly to the 186 keV level and to the ground state level of

Rn-222.
Le radium 226 se désintegre par émission alpha principalement vers le niveau excité de 186 keV et le niveau

fondamental de radon 222.

2 Nuclear Data

Ty /2(**°Ra ) 1600 (1) a
Ty /2(***Rn ) 3,8232 (8) d
Q%(**°Ra ) 4870,62 (25) keV

2.1 « Transitions

Energy Probability F
keV x 100
00,4 4235,15 (29) 0,0002 8,65
00,3 4269,96 (26) 0,0008 4.5
0,2 442225 (28) 10,0066 (22) 10,4
a1 4684,41 (25) 5,95 (4) 0,96
Q0,0 4870,62 (25) 94,038 (40) 1

2.2 Gamma Transitions and Internal Conversion Coefficients

Energy Price Multipolarity oK ar am ar
keV x 100
v,0(Rn) 186,211 (13) 5,962 (48) E2 0,190 (3) 0,360 (5) 0,0963 (14) 0,677 (10)
v2,1(Rn) 262,27 (5)  0,0066 (22) [E2] 0,0923 (14) 0,0868 (14) 0,0230 (4) 0,209 (4)
v3,1(Rn) 414,60 (5)  0,0003 [E1] 0,01329 (19)  0,00228 (4)  0,000537 (8)  0,01628 (23)
~va,1(Rn) 449,37 (10)  0,0002 [E1] 0,01123 (16)  0,00191 (3)  0,000449 (7)  0,01373 (20)
v3,0(Rn) 600,66 (5)  0,0005 [E1] 0,00627 (9)  0,001034 (15) 0,000243 (4)  0,00762 (11)
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3 Atomic Data

3.1 Rn
wrg 0,967 (4)
or : 0428 (17)

1
ngr : 0,804 (5)

3.1.1 X Radiations

Energy Relative
keV probability
Xk
Kay 81,07 60,62
Kag 83,78 100
K33 94,247 }
K1 94,868 }
Kf5 95,449 } 34,68
KB 97,48 }
KpBa 97,853 } 11,1
KOs 3 98,357 }
Xy,
Le 10,14
La 11,5981 — 11,7259
Ln 12,8551
LG 13,5219 — 15,1631
Ly 16,2398 — 17,26

4 o Emissions

Energy Probability
keV x 100
00,4 4160 (2)  0,0002
ap3 4191 (2)  0,0008
0,2 4340 (1)  0,0066 (22)
a1 4601 (1) 5,95 (4)
Q0,0 4784,34 (25) 94,038 (40)
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5 Electron Emissions

Energy Electrons

keV per 100 disint.
ecior  (Rn) 87,814 - 186,168 2,407 (36)
ecciox  (Rn) 87,814  (13) 0,675 (11)
ecior.  (Rn) 168,163 - 171,600 1,280 (18)
€c1,0 M (Rn) 181,738 - 183,327 0,342 (5)
ecion  (Rn) 185,120 - 185,989 0,0892 (14)

6 Photon Emissions
6.1 X-Ray Emissions
Energy Photons

keV per 100 disint.
XL (Rn) 10,14 — 17,26 0,807 (14)
XKas (Rn) 81,07 0,192 (4) } Ka
XKa;  (Rn) 83,78 0,317 (6) }
XKfs  (Rn) 94,247 }
XKB;  (Rn) 94,868 }0,1098 (25) K B
XK@:  (Rn) 95,449 }
XKB  (Rn) 97,48 }
XK3;  (Rn) 97,853 }0,0351 (10) K 5,
XKO23 (Rn) 98,357 }

6.2 Gamma Emissions

Energy Photons
keV per 100 disint.
7,0Rn) 186,211 (13 3,555 (19)
72,1 (Rn) 262,27 (5)  0,0055 (18)
v3,1(Rn) 414,60 (5)  0,0003
74,1(Rn) 449,37 (10) 0,0002
v3,0(Rn) 600,66 (5)  0,0005
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7 Main Production Modes

U — 238 decay chain
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227 A
89 C 138

1 Decay Scheme

Ac-227 disintegrates mainly by beta minus transitions to excited levels in Th-227 and, by weak alpha

transitions to Fr-223.
L’actinium 227 se désintegre principalement par transitions béta vers des niveaur excités du thorium 227,
et pour une faible partie par transitions alpha vers le francium 223.

2 Nuclear Data

Ti2(**"Ac) : 21,772 3) a
Typ(*Th ) : 18,718 (5) d
Typ(**Fr )  : 22,00 (7)  min
Q(*"Ac) : 5042,19 (14) keV
Q (?"Ac) : 448 (8) keV
2.1 « Transitions
Energy Probability F
keV x 100
00,24 4441,19 (16) ~ 0,00004 8
o2 4501,45 (29) ~0,00008 12
Q22 4526,99 (26) ~0,0007 2,1
0,21 4539 (7) ~0,00007 26
Q0,20 4593 (5) ~0,00004 108
0,19 4663 (7) ~0,00004 340
o1 4676,72 (17) ~0,0003 65
Q0,16 4797,53 (21) T
Q0,15 4798,34 (19) |
Qe 4799,56 (16) | 0,006 (3) 23
013 4819,44 (17) 1
ao12 482258 (17) | 0,0012 142
Q011 4853,09 (16) 1
@10 4855,01 (17) | 0,025 (7) 11
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Energy Probability F
keV x 100
ap,9 4870,11 (15) 0,0011 329
ap 8 4881,71 (16) 0,014 (7) 31
a6 4907,68 (15) 0,001 663
ags  4941,19 (15) 1
a4 4942,56 (15) | 0,08 (1) 13
ap3 4960,06 (15) 0,087 (7) 16
ap2 4987,22 (16) 0,0015 1360
Qo,1 5029,30 (15) 0,546 (17) 7
a0 5042,19 (14) 0,658 (14) 7
2.2 (7 Transitions
Energy Probability Nature lg ft
keV x 100
Bos 6,9 (8) 0,3 allowed 6,9
Boo 20,5(8) =10 1st forbidden 6,8
Boa 355(8) =35 1st forbidden 7
Boo 448 (8) =~53 1st forbidden 7,1
2.3 Gamma Transitions and Internal Conversion Coefficients
Energy Prytce Multipolarity aK ar o ar
keV x 100
~1.0(Th) 9,3 ~ 36 E2 244000 (5000) 326000
1,0(Fr) 12,9 (1) 0,698 (E2) 37740 (800) 49860 (1000)
2.1 (Th) 15,2 (1) ~ 0,15 M1 177 (4) 238 (5)
v2.0(Th) 24,33 (5) ~ 95 M1+E2 254 (8) 64,0 (23) 340 (11)
~s.6(Fr) 25,95 0,00000055
vs1(Th) 28,57 (5) ~ 0,18 El 2,42 (5) 0,616 (13) 3,24 (7)
6.5 (Fr) 33,5 (1) 0,00033 (9) [E1] 1,50 (3) 0,371 (8) 1,99 (4)
v6.4(Fr) 35,0 (2) 0,000078 (28) [E1] 1,34 (3) 0,330 (7) 1,77 (4)
vs.0(Th) 37,90 (3) ~ 0,12 El 1,16 (3) 0,288 (6) 1,54 (3)
v4.2(Fr) 44,7 (1) 0,025 (23)  [M1+E2] 165 (150) 44 (40) 223 (200)
yi30(Fr) 51,06 0,00000028
vio6(Fr) 52,32 0,0000014
14,11 (Fr) 53,7 (2) 0,000064 (16) [E1] 0,427 (9) 0,104 (2) 0,563 (11)
~Y2.0(Fr) 55,0 (1) 0,0077 (14) M1+E2 12,5 (6) 2,98 (16) 16,4 (8)
viea1(Fr) 55,80 (5)  0,0000039
716,10 (FT) 57,56 (5) 0,0000032
8.5 (Fr) 59,4 (2) 0,000059 (14) [E1] 0,326 (7) 0,0790 (16) 0,430 (9)
~s,4(Fr) 60,6 (3) 0,000058 (14) [B1] 0,309 (6) 0,0749 (15) 0,408 (9)
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Energy Price Multipolarity aK ar aMm ar
keV x 100

vaa(Fr) 69,28 (8) 0,076 (14) M1+E2 13,7 (14) 3,6 (4) 18,4 (19)
Y14,10(Fr) 70,6 (2) 0,0023 (18)  [MI1+E2] 20 (14) 5 (4) 27 (19)
~o.4(Fr) 72,5 (2) 0,000086 (38) [E1] 0,191 (4) 0,0462 (10) 0,252 (5)
Y16.0 (Fr) 72,5 (2) 0,000086 (38) [B1] 0,191 (4) 0,0462 (10) 0,252 (5)
Yo2(Fr) 79,54 (8) 0,00132 (12) El 0,149 (3) 0,0360 (7) 0,197 (4)
~3.,0(Fr) 82,2 (1) 0,0192 (23) E2 16,25 (30) 4,40 (9) 22,1 (5)
Y155 (Fr) 83,0 (1)  0,0000014

Y12,6(Fr) 85,0 (5) 0,000011

10,5 (Fr) 86,1 (1) 0,00047

a1 (Fr) 86,7 (2) 0,034 (20)  [M1+E2] 8 (5) 2,1 (14) 11 (7)
v11,5(Fr) 88,1 (1) 0,0076 (43)  [M1+E2] 8 (5) 2,0 (13) 10 (6)
~5,1(Fr) 88,1 (1) 0,0076 (43)  [M1+E2] 8 (5) 2,0 (13) 10 (6)
Y13.6(Fr) 88,5 (6)  0,00000097

0.3 (Fr) 90,0 (1) 0,00021 (8) [E1] 0,107 (2) 0,0259 (5) 0,142 (3)
Ya,0(Fr) 99,6 (1) 0,036 (16) MI1+E2 44 (22) 1,2 (7) 6 (3)
s,0(Fr) 101,0 (1) 0,0048 (29)  [M1+E2] 4,1 (21) 1,1 (6) 6 (3)
vios(Fr)  105,0 (2) 0,0046 (16) M1 9,96 (20) 1,86 (4) 0,443 (9) 12,4 (25)
y1s(Fr) 106,85 (10) 0,0110 (34)  M(+E2) 5 (2) 3,2 (15) 0,8 (4) 9 (3)
yas(Fr)  108,0 (3) 0,00041 (16)  [M1+E2] 5 (2) 3,1 (15) 0,8 (4) 9 (3)
y2s(Fr)  118,7 (4) 0,000054 (13) [E1] 0,244 (5)  0,0516 (11) 0,0124 (3) 0,312 (6)
6.1 (Fr) 121,6 (1) 0,00155 (39) [E1] 0,231 (5)  0,0485 (10) 0,0116 (3) 0,295 (6)
msas(Fr) 1216 (1) 0,00155 (39) [E1] 0,231 (5)  0,0485 (10) 0,0116 (3) 0,295 (6)
~6.0(Fr) 134,5 (1) 0,00068 (12) El 0,182 (4)  0,0372 (8) 0,00891 (18) 0,230 (5)
yi23(Fr) 1374 (1) 0,00050 (12) [E1] 0,172 (4)  0,0352 (7) 0,00843 (17) 0,220 (5)
mss(Fr)  140,9 (1) 0,00025 (7) [E1] 0,162 (4)  0,0330 (7) 0,00789 (16) 0,206 (4)
ysas(Fr)  143,0 (1) 0,0013 (6) [M1+E2] 2,2 (11) 1,0 (5) 0,26 (13) 3,6 (18)
yiaa(Fr)  143,0 (1) 0,00034 (7) [E1] 0,157 (3) 0,037 (7) 0,00759 (15) 0,198 (4)
vi6,5(Fr) 143,65 (5)  0,00015886 M1 4,12 (8) 0,755 (15) 0,180 (4) 5,11 (11)
yis12(Fr)  146,0 (2)  0,0000088

v (Fr) 147,61 (8) 0,00296 (36) El 0,145 (3)  0,0292 (6) 0,00699 (14) 0,184 (4)
yro(Fr)  149,3 (3) 0,000014

You(Fr) 159, (1) 0,00063 (12) [E1] 0,121 (3)  0,0240 (5) 0,00574 (11) 0,153 (3)
vs.0(Fr) 160,49 (10) 0,00506 (46) El 0,119 (3)  0,0235 (5) 0,00562 (11) 0,150 (3)
mss(Fr) 1614 (4) 0,00049 (23)  [MI1+E2] 1,6 (15) 0,64 (9) 0,16 (4) 2,5 (13)
vies(Fr)  162,6 (2) 0,00019 (12) M1,E2 1,6 (15) 0,62 (9) 0,16 (4) 2.4 (13)
~o,0(Fr) 172,0 (1) 0,00109 (11) El 0,101 (2)  0,0197 (4) 0,0047 (1) 0,127 (3)
yio1(Fr)  174,3 (1) 0,00081 (35)  [MI1+E2] 1,3 (11) 0,48 (4) 0,122 (17) 1,9 (11)
yisan(Fr) 1761 (1) 0,000370 (45) [E1] 0,095 (2)  0,0185 (4) 0,00443 (9) 0,120 (3)
i (Fr)  176,1 (1) 0,00096 (40) M1,E2 1,3 (11) 0,46 (4) 0,117 (17) 1,9 (11)
vz (Fr) 206, (1) 0,00105 (11) El 0,0651 (13)  0,0124 (3) 0,00294 (6) 0,0814 (17)
yra(Fr)  216,6 (3) 0,00011 (7) [M1+E2] 0,7 (6) 0,221 (20) 0,0556 (18) 1,0 (7)
Y_1n(Fr) 2192 (4)  0,0000140 (4)

v (Fr) 2297 (1) 0,00044 (7) [E1] 0,0509 (11)  0,00951 (19)  0,00226 (5) 0,0634 (13)
yisa(Fr) 2309 (5)  0,0000252 [M1+E2] 0,6 (5) 0,177 (24) 0,045 (4) 08 (5)
viea(Fr) 231,79 (5)  0,0000072

mao(Fr) 2426 (2) 0,00030 (7) [E1] 0,0448 (9)  0,00831 (17)  0,00198 (4) 0,0558 (12)
yiso(Fr) 2439 (4)  0,0000358 (10) [E2] 0,108 (2) 0,126 (3) 0,0335 (7) 0,279 (6)
viss(Fr) 2834 (3) 0,000057 (31) [B1] 0,0314 (7)  0,00570 (12)  0,00136 (3) 0,0389 (8)
Yasa1 (Fr) 3517 (3) 0,000056 (31) [E1] 0,0195 (4)  0,00344 (7)  0,000815 (17) 0,0240 (5)
Ya2.a(Fr) 4156 (3) 0,00024 (7) 0,13 (10) 0,028 (12) 0,007 (3) 0,16 (11)
Ya3.5(Fr) 439,60 (5) 0,000034 (1)

yasa(Fr)  441,0 (4) 0,000056 (30) [E1] 0,0120 (3)  0,00207 (4) 0,00049 (1) 0,0148 (3)
yasa(Fr)  460,2 (3) 0,00024 (7) M1+E2 0,10 (8) 0,021 (10) 0,0051 (22) 0,12 (9)
vasa(Fr)  527,6 (1) 0,000029

~as.0(Fr) 540,40 (5) 0,00007
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3 Atomic Data

3.1 Th
wrg 0,969 (4)
or : 0476 (18)

1
ngr : 0,797 (5)

3.1.1 X Radiations

Energy Relative
keV probability
Xk
Kay 89,954 61,82
Kag 93,351 100
K33 104,819 }
K1 105,604 }
Kf5 106,239 } 35,58
KB 108,509 }
KpBa 108,955 } 11,99
KOs 3 109,442 }
XL
Le 11,118
Lo 12,809 — 12,968
Ln 14,511
Lg 14,97 — 16,426
Ly 18,98 — 19,599
3.1.2 Auger Electrons
Energy Relative
keV probability
Auger K
KLL 68,406 — 76,745 100

KLX 83,857 — 93,345 58,8
KXY 99,29 - 109,64 8,64

Auger L 5,8 — 20,3
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3.2 Fr
wig : 0,967 (4)
@, : 0440 (18)

1
ngr : 0,803 (5)

3.2.1 X Radiations

Energy Relative
keV probability
Xk
Kay 83,23 60,92
Kay 86,1 100
K33 96,815 }
K1 97,474 }
Kj3: 98,069 } 34,88
KB 100,16 }
K3y 100,548 } 11,3
KO3 3 100,972 }
Xy,
Le 10,381
La 11,896 — 12,032
Ly 13,255
Lg 13,877 — 14,978
Ly 17,302 — 17,839
3.2.2 Auger Electrons
Energy Relative
keV probability
Auger K
KLL 63,576 — 70,787 100

KLX 77,720 — 86,101 57,4
KXY 91,84 - 101,12 8,24

Auger L 5,73 — 18,52
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4 o Emissions

Energy Probability
keV x 100
apoy  4362,83 (15) A 0,00004
app3  4422,03 (28) A 0,00008
0,22 4447,12 (26) ~ 0,0007
0,21 4459 (7) ~ 0,00007
&0,20 4512 (5) ~ 0,00004
0,19 4581 (7) ~ 0,00004
Q0,18 4594,21 (17) ~ 0,0003
Q0,16 4712,89 (20) T
Q0,15 4713,68 (19) |
ap1s  AT14,88 (15) | 0,006 (3)
0,13 4734,41 (17) T
0,12 4737,50 (16) | 0,0012
010711 4767,47 (15) T
a0 4769,35 (17) | 0,025 (7)
apg  4784,19 (15) 0,0011
agg 479558 (15) 0,014 (7)
age  4821,09 (15) 0,001
Qp,5 4854,01 (15) T
aps  4855,36 (15) | 0,08 (1)
ags  4872,55 (15) 0,087 (7)
Q0,2 4899,23 (15) 0,0015
a1 4940,57 (15) 0,546 (17)
apo 495323 (14) 0,658 (14)
5 Electron Emissions
Energy Electrons
keV per 100 disint.
CAL (Th) 5,8 - 20,3 ~ 3,9
CAK (Th)
KLL 68,406 - 76,745 }
KLX 83,857 - 93,345 }
KXY 99,29 - 109,64  }
eAL (Fr) 573 - 18,52 0,097 (10)
CAK (Fr) 0,00050 (15)
KLL 63,576 - 70,787 }
KLX 77,720 - 86,101  }
KXY 91,84 -101,12 }
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Energy Electrons
keV per 100 disint.
€C2,0 L (Th) 39 - 8,0 ~ 71
€C1,0 M (Th) 4,1 - 6,0 ~ 27
ec3 I, (Th) 8,1 - 12,3 ~ 0,1016 (21)
ec1,0 M (Fr) 83 - 99 0,528 (11)
€c21 M (Th) 10,0 - 11,9 ~ 0,11
€c3,0 L (Th) 174 - 21,6 ~ 0,0568 (15)
€c20 M (Th) 19,2 - 21,0 ~ 1,8
€c3 | M (Th) 23,39 - 25,24 ~ 0,0259 (5)
€C4,2 L (FI‘) 26,1 - 29,7 0,018 (17)
ecsom  (Th) 327 - 346 ~ 0,01411 (29)
ec3 1 1, (Fr) 50,65 - 54,26 0,053 (10)
ec3o I, (Fr) 63,6 - 67,2 0,0135 (16)
ec31 M (Fr) 64,64 - 66,29 0,0140 (27)
ecq I, (Fr) 68,1 - 71,7 0,022 (14)
€C4,0 L (Fl") 81,0 - 84,6 0,022 (12)
Bos max: 6,9 (8) 0,3
Bos avg: 1,7 (3)
Bo.a max: 20,5 (8) ~ 10
Bo avg: 5,1 (3)
Boa max: 35,5 (8) ~ 35
Boa avg: 9,0 (3)
Boo max: 44,8 (8) ~ 53
Boo avg: 11,4 (3)
6 Photon Emissions
6.1 X-Ray Emissions
Energy Photons
keV per 100 disint.

XL
XL

XKO&Q
XKa1

XKp3
XKpB1

1

XK gy

XK,
XK

XKOy 3

=

SRE

A~ N N e R N N R N N
SRR
~— — — — N

SRERE

11,118 — 19,599
10,381 — 17,839
83,23
86,1

96,815
97,474
98,069

100,16
100,548
100,972

~ 2,64
0,074 (8)

0,0043 (12)
0,0070 (19)

0,0024 (7)

t
t
}
}
}0,00079 (22)
}

} Ka

K 51

K 32
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6.2 Gamma Emissions

Energy Photons
keV per 100 disint.
71,0(Th) 9,3 0,00011
v1,0(Fr) 12,9 (1) 0,000014
72,1(Th) 15,2 (1) 0,00062
v¥2,0(Th) 24,33 (5) 0,028
v8,6(Fr) 25,95 0,00000055
73,1(Th) 28,57 (5) 0,042
V6,5 (Fr) 33,5 (1) 0,00011 (3)
V6,4 (Fr) 35,0 (2) 0,000028 (10)
9,1 (Fr) 37,47 0,0000028
73,0(Th) 37,90 (3) 0,049
7Y4,2(Fr) 44,7 (1) 0,00011 (3)
13,9 (Fr) 51,06 0,00000028
10,6 (Fr) 52,32 0,0000014
V14,11 (Fr) 53,7 (2) 0,000041 (10)
Y2,0(Fr) 55,0 (1) 0,00044 (8)
Y16,11 (Fr) 55,80 (5) 0,0000039
v16,10(Fr) 57,56 (5) 0,0000032
78,5 (Fr) 59,4 (2) 0,000041 (10)
8,4(Fr) 60,6 (3) 0,000041 (10)
3,1 (Fr) 69,28 (8) 0,0039 (6)
714,10 (Fr) 70,6 (2) 0,000083 (30)
Y9,4(Fr) 72,5 (2) 0,000069 (30)
V16,9 (Fr) 72,5 (2) 0,000069 (30)
6,2 (Fr) 79,54 (8) 0,0011 (1)
v3,0(Fr) 82,2 (1) 0,00083 (10)
715,8(Fr) 83,0 (1) 0,0000014
Y12,6(Fr) 85,0 (5) 0,000011
710,5(Fr) 86,1 (1) 0,00047
Ya,1(Fr) 86,7 (2) 0,0028 (4)
Y11,5(Fr) 88,1 (1) 0,00069 (10)
75,1 (Fr) 88,1 (1) 0,00069 (10)
V13,6 (Fr) 88,5 (6)  0,00000097
79,3 (Fr) 90,0 (1) 0,00018 (7)
Ya,0(Fr) 99,6 (1) 0,0051 (7)
75,0(Fr) 101,0 (1) 0,00069 (30)
10,3 (Fr) 105,0 (2) 0,00034 (10)
~11,3(Fr) 106,85 (10 0,0011 (1)
V14,6 (Fr) 108,0 (3) 0,000041 (10)
12,5 (Fr) 118,7 (4) 0,000041 (10)
76,1 (Fr) 121,6 (1) 0,0012 (3)
718,15 (Fr) 121,6 (1) 0,0012 (3)
76,0(Fr) 134,5 (1) 0,00055 (10)
Y12,3(Fr) 1374 (1) 0,00041 (10)
713,3 (Fr) 140,9 (1) 0,00021 (6)
V14,4 (Fr) 143,0 (1) 0,00028 (6)
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Energy Photons
keV per 100 disint.

718,13 (Fr) 143.,0 (1) 0,00028 (6)
Y16,5 (Fr) 143,65 (5) 0,000026
718,12 (Fr) 146,0 (2) 0,0000088
8,1 (Fr) 147,61 (8) 0,0025 (3)
¥7,0(Fr) 149,3 (3) 0,000014
V9,1 (Fr) 159,2 (1) 0,00055 (10)
vs,0(Fr) 160,49 (10) 0,0044 (4)
715,3(Fr) 161,4 (4) 0,00014 (4)
Y16,3(Fr) 162,6 (2) 0,000055 (30)
79,0(Fr) 172,0 (1) 0,00097 (10)
Y10,1(Fr) 174,3 (1) 0,00028 (6)
18,11 (Fr) 176,1 (1) 0,00033 (4)
Y11,1(Fr) 176,1 (1) 0,00033 (6)
Y12,1(Fr) 206,8 (1) 0,00097 (10)
Y17,1(Fr) 216,6 (3) 0,000055 (30)
Y(-1,1)(Fr) 219,2 (4) 0,0000140 (4)
Y14,1(Fr) 229,7 (1) 0,00041 (7)
V15,1 (Fr) 230,9 (5) 0,000014
16,1 (Fr) 231,79 (5) 0,0000072
V14,0 (Fr) 242.6 (2) 0,00028 (7)
15,0 (Fr) 2439 (4) 0,0000280 (8)
718,3 (Fr) 283.4 (3) 0,000055 (30)
¥23,11 (Fr) 351,7 (3) 0,000055 (30)
¥22,4(Fr) 415,6 (3) 0,00021 (6)
23,5 (Fr) 439,60 (5) 0,000034 (1)
23,4 (Fr) 441,0 (4) 0,000055 (30)
7Y22,2(Fr) 460,2 (3) 0,00021 (6)
7¥23,1(Fr) 527,6 (1) 0,000029
Y23,0(Fr) 540,40 (5) 0,00007

7 Main Production Modes

Ra — 226(n,y)Ra — 227
Ra —227(87)Ac — 227
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32°;0
21,772 (3) a

Ac b N

89 138

g Emission intensities
per 100 disintegrations
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1
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0o 12)* ;93
1
53 \
112*; 0
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0 227
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90 137
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% b = 98,62
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g Emission intensities per 100 disintegrations
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3/2°

/ 0 227
@ Ac

89 138
g Emission intensities per 100 disintegrations
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232
92 U 140

1 Decay Scheme

Uranium 232 decays primarily by alpha decay to excited states in Th-228. A small branching of exotic
decay via Ne-24 emission and a smaller branching of spontaneous fission have been reported.
Luranium 232 se désintegre essentiellement par transitions alpha vers des niveaux excités de thorium 228.
De faibles décroissances par fission spontanée et par émission de néon 24 ont été observées.

2 Nuclear Data

Tip(*?U)  : 70,6 (11) a
Typ(**®Th ) = 19127 6) a
Q*(*%?U) : 5413,63  (9) keV

2.1 « Transitions

Energy Probability F
keV x 100

aps  4539,16 (9
ag7 458181 (9

(9) 0,0000033 (9) 33
(9) 0,0000214 (16) 10,6
age 489444 (9)  0,000054 (4) 712
ags 501755 (9)  0,000048 (4) 5270
aps 503545 (9)  0,000051 (6) 6490
aps 508563 (9)  0,00622 (9) 112
aps 522681 (9) 0,325 (6) 16,4
a1 535,87 (9) 30,6 (6) 1,04
ago  5413,63 (9) 69,1 (6)

NPL /A. Pearce 160



LNE - LNHB/CEA Table de Radionucléides

2.2 Gamma Transitions and Internal Conversion Coefficients

232
92 U 140

Energy Pyce Multipolarity aK ar am ar
keV x 100
v1,0(Th) 57,752 (13) 30,8 (8) E2 0 112,2 (16) 30,7 (5) 153,2 (22)
v21(Th) 129,064 (6) 0,325 (5) E2 0,264 (4) 2,54 (4) 0,697 (10) 3,74 (6)
~6,4(Th) 141,013 (12) 0,0000038 (16) E1l 0,1690 (24) 0,0362 (5) 0,00876 (13) 0,217 (3)
va2(Th) 191,356 (11)  0,000055 (5) E2 0,1710 (24) 0,443 (7) 0,1209 (17) 0,776 (11)
~s,2(Th) 209,255 (11) 0,0000119 (33) E1l 0,0672 (10) 0,01333 (19) 0,00321 (5) 0,0848 (12)
v3,1(Th) 270,244 (6) 0,00332 (7) El 0,0376 (6)  0,00716 (10)  0,001717 (24)  0,0470 (7)
v3,0(Th) 328,003 (4) 0,00292 (7) E1l 0,0245 (4) 0,00455 (7) 0,001089 (16) 0,0305 (5)
v6.2(Th) 332,369 (7)  0,0000505 (31) El 0,0238 (4)  0,00441 (7)  0,001056 (15)  0,0297 (5)
'ys,l(Th) 338,319 (11) 0,0000381 (19) E1l 0,0229 (4) 0,00424 (6) 0,001014 (15) 0,0285 (4)
vs,5(Th) 478,395 (21) 0,0000014 (6) E1l 0,011180 (16) 0,00198 (3) 0,000471 (7) 0,01379 (20)
~v7,3(Th) 503,820 (11) 0,0000147 (9) E1l 0,01009 (15) 0,001775 (25) 0,000422 (6) 0,01243 (18)
vs.3(Th) 546,470 (18)  0,0000010 (6) El 0,00861 (12)  0,001500 (21) 0,000357 (5)  0,01058 (15)
~7,1(Th) 774,064 (11) 0,0000048 (8) E2 0,01204 (17) 0,00333 (5) 0,000835 (12) 0,01649 (23)
vs.1(Th) 816,714 (18)  0,00000083 (31) MI1+E2 0,0284 (4)  0,00566 (8)  0,001369 (20)  0,0359 (5)
v70(Th) 831,823 (10)  0,000002 (1) EO
3 Atomic Data
3.1 Th
WK 0,969 (4)
wr, 0,476 (18)
NKr 0,797 (5)
3.1.1 X Radiations
Energy Relative
keV probability
Xk
Kasg 89,954 61,82
Koy 93,351 100
K33 104,819 }
KpGq 105,604 }
Kp; 106,239 } 35,58
Ko 108,509 }
Ky 108,955 } 11,99
KO23 109,442 }
XL
L/ 11,1177
La 12,8085 — 12,967
Ly 14,509
LG 14,972 — 16,4253
Ly 18,3633 — 19,5043
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3.1.2 Auger Electrons

Energy Relative
keV probability
Auger K
KLL 68,406 — 76,745 100

KLX 83,857 — 93,345 28,8
KXY 99,29 - 109,64 8,64

Auger L 5,8 — 20,3

Emissions
Energy Probability
keV x 100
ap 8 4460,86 (9) 0,0000033 (9)
a7 4502,77 (9) 0,0000214 (16)
a6 4810,01 (9)  0,000054 (4)
ap s 4931,00 (9)  0,000048 (4)
ap 4 4948,59 (9)  0,000051 (6)
Qo3 4997,90 (9) 0,00622 (9)
ap2 5136,64 (9) 0,325 (6)
ap 1 5263,48 (9) 30,6 (6)
Qo 5320,24 (9) 69,1 (6)
9 Electron Emissions
Energy Electrons
keV per 100 disint.
eAL (Th) 58 - 20,3 11,62 (22)
€AK (Th) 0,00057 (8)
KLL 68,406 - 76,745 }
KLX 83,857 - 93,345 }
KXY 99,29 - 109,64 }
ecior  (Th) 37,28 - 41,50 22,4 (6)
ecciom  (Th) 52,57 - 54,42 6,14 (16)
ec1,0 N (Th) 56,420 - 57,417 1,646 (41)
eca1 L (Th) 108,592 - 112,800 0,1742 (33)
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6 Photon Emissions

6.1 X-Ray Emissions

Energy Photons
keV per 100 disint.
XL (Th) 11,1177 — 19,5043 11,00 (24)
XKas  (Th) 89,954 0,00524 (11) } Ko
XKa;  (Th) 93,351 0,00847 (16) }
XKB;  (Th) 104,819 }
XK3,  (Th) 105,604 b} 0,00301 (7) KB
XKGs  (Th) 106,239 }
XK@,  (Th) 108,509 }
XKB;  (Th) 108,955 1 0,001016 (29) K'f,
XKOz3 (Th) 109,442 }
6.2 Gamma Emissions
Energy Photons

keV per 100 disint.
Yi0(Th) 57,752 (13) 0,200 (4)
v2,1(Th) 129,065 (3) 0,0686 (7)
Y6.4(Th) 140,999 (20)  0,0000031 (13)
v42(Th) 191,351 (11) 0,000031 (3)
Ys52(Th) 209,252 (6) 0,000011 (3)
v3.1(Th) 270,245 (7) 0,00317 (7)
v30(Th) 328,004 (7) 0,00283 (7)
Y6.2(Th) 332,371 (6) 0,000049 (3)
vs5.1(Th) 338,320 (5)  0,0000370 (18)
vs5(Th) 47841 (5)  0,0000014 (6)
v7,3(Th) 503,819 (23)  0,0000145 (9)
vs3(Th) 546,454 (21)  0,0000010 (6)
77,1 (Th) 774,05 (9) 0,0000047 (8)
v51(Th) 816,62 (700) 0,0000008 (3)
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g Emission intensities per 100 disintegrations
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236
92 L 144

1 Decay Scheme

U-236 disintegrates by alpha emission mainly to the ground and 49-keV states in Th-232, and by
9,3 x10~8 % spontaneous fission.
L’uranium 236 se désintégre par émission alpha et par fission spontanée dans une proportion p (FS) =
9,8 x1078 %. L’émission alpha a lieuw principalement vers le niveau excité de 49 keV et le niveau fondamen-
tal de thorium 232. Le nombre moyen n (F'S) de neutrons émis par transformation nucléaire de U-236 est :
n (FS) =p (FS) x v=1,76 107"
avec p (FS) = 9,3 10710
v égal a 1,89 £ 0,05 est le nombre moyen de neutrons émis par fission spontanée.

2 Nuclear Data

Tip(**U )  : 2343  (6) 10%a
Ti2(***Th) : 14,05 (6) 10°a
Q35U ) : 45731 (9) keV

2.1 « Transitions

Energy  Probability F
keV x 100

aps 4240 0,00014 (5) 1160
aga 4407 (8) 0,149 (22) 27,3
a1 4522 (5) 26,1 (40) 12
ago 4571 (3) 73,8 (40) 1

IFIN-HH /A. Luca 177



LNE - LNHB/CEA Table de Radionucléides

2.2 Gamma Transitions and Internal Conversion Coefficients

Energy Pyice Multipolarity aK oL an ar
keV x 100
v1.0(Th) 49,46 (10) 26,3 (40) E2 237 (7) 65,0 (19) 324 (10)
v21(Th) 112,79 (10) 0,150 (24) E2 0,229 (7) 4,71 (14) 1,295 (39) 6,67 (20)
v32(Th) 171,15 (20)  0,000142 (48) E2 0,204 (6) 0,719 (22) 0,197 (6) 1,186 (36)
3 Atomic Data
3.1 Th
wrg 0,969 (4)
wr, : 0,476 (18)
nNKr, 0,797 (5)
3.1.1 X Radiations
Energy Relative
keV probability
Xk
Kas 89,954 61,82
Koy 93,351 100
K3 104,819 }
KB, 105,604 }
Kp; 106,239 } 35,58
KB 108,509 }
Kpjy 108,955 } 11,99
KOs 3 109,442 }
Xy
Le 11,118
La 12,809 — 12,968
Ln 14,511
Lg 14,97 — 16,426
Ly 18,98 — 19,599
IFIN-HH /A. Luca 178
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3.1.2 Auger Electrons
Energy Relative
keV probability
Auger K
KLL 68,406 — 76,745 100
KLX 83,857 — 93,345 59,7
KXY 99,29 - 109,64 8,67
Auger L 5,8 — 20,3
4 o Emissions
Energy  Probability
keV x 100
00,3 4168 0,00014 (5)
0,2 4332 (8) 0,149 (22)
agy 4445 (5) 26,1 (40)
Q0,0 4494 (3) 73,8 (40)
5 Electron Emissions
Energy Electrons
keV per 100 disint.
eAL (Th) 58 - 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 }
ecio I, (Th) 28,99 - 33,20 19,2 (29)
€cio M (Th) 44,28 - 46,13 5,3 (8)
eci0 N (Th) 48,13 - 49,12 1,41 (21)
eco 1 1, (Th) 92,32 - 96,50 0,092 (15)
ec21 M (Th) 107,61 - 109,46 0,0253 (41)
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6 Photon Emissions

6.1 X-Ray Emissions

Energy Photons
keV per 100 disint.
XL (Th) 11,118 — 19,599 9,4 (10)
XKa;  (Th) 89,954 0,00128 (22)  } Ka
XKa;  (Th) 93,351 0,0021 (4) }
XKB;  (Th) 104,819 }
XK3,  (Th) 105,604 b 0,00074 (13) K3
XKGs  (Th) 106,239 }
XK@,  (Th) 108,509 }
XKB;  (Th) 108,955 }0,00025 (5) K 3
XKOz3 (Th) 109,442 }
6.2 Gamma Emissions
Energy Photons

keV per 100 disint.
Y10(Th) 49,46 (10) 0,081 (12)
v2,1(Th) 112,79 (10) 0,0195 (31)
v3.2(Th) 171,15 (20) 0,000065 (22)

7 Main Production Modes

U — 235(n,y)U — 236

8 References

o : 98,3 (8) barns
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(Half-life)
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- N.E.HOLDEN. Pure Appl. Chem. 61 (1989) 1483-1504
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- M.M. Bg, C. DuLieu. LWEIGHT4 (2005)
(Software for evaluation)

- T. KiBepi, T.W. Burrows, M.B. TRZHASKOVSKAYA, C.W. NESTOR JR.. Brlcc Program Package v 2.0 ANU-
P/1684 (2005)
(K ICC, L ICC, T ICC, Theoretical ICC)

- E. BROWNE. Nucl. Data Sheets No. 107 (2006) 2579-2648
(Atomic Data, Spin and Parity, T ICC, Multipolarities, Alpha emission energies, Alpha emission probabilities,
Gamma ray energies)

- M.M. BE. SAISINUC 2000 Manual LNE-LNHB, CEA-Saclay (2006)
(Evaluation software)

IFIN-HH /A. Luca 181



LNE-LNHB/CEA - Table de Radionucléides

IFIN-HH / A. Luca

92 144
g Emission intensities
per 100 disintegrations

o0 / 0,00014
0’ +.
62 ps 6" ;3334

ot / 0,149
0 +.
164 ps 4% 162,25

0,08 / 26,1
+.
345 ps 2" ;49,46

1

14,05 (6) x10"9 a
0 232

Th

90 142
Q? = 4573,1 keV
% a = 100

182

23,43 (6) x10"6 a



LNE - LNHB/CEA Table de Radionucléides 93 Np 144

93 p 144

1 Decay Scheme

Le neptunium 237 se désintegre par émission alpha vers les niveaux excités et le niveau fondamental de
protactinium 233 de 27 jours de période.
Np-237 disintegrates by alpha emission to the excited levels and to the fundamental level of Pa-233 which
has a half-life of 27 days.

2 Nuclear Data

Tip(**'Np ) : 2,144  (7) 10°a
Tip(***Pa) : 26,98 (2) d
Q“(®™Np ) . 49583 (12) keV

2.1 « Transitions

Energy Probability F
keV x 100
00,20 4592,6 (19) 0,038 (4) 65
0,19 4628,6 (22) 0,011 (3) 84000
0,18 4652 (3) 0,048 (23) 139
0,17 4657,2 (14) 0,393 (23) 19,1
Q0,16 4678,1 (18) 0,373 (9) 27
0,15 4699,0 (21) 0,032 (8) 46000
Qp,14 4720 (1) 6,43 (3) 3,14
00,13 4745,0 (9) 3,46 (3) 8,9
00,12 4756,7 0,38 (2)
0,11 4778,9 (8) 0,535 (10) 99
0,10 4789,1 (20) } 56
0,9 4793,2 (20) } 1,174 (13) 51
.8 4822.7 (20) 0,019 5932
oo,7 4848,3 (8) 9,5 (3) 17,9
0,6 4853,3 (8) 23,0 (3) 7,8
0,4 4870,0 (9) 47,64 (6) )
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Energy Probability F
keV x 100
Qo3 4886 (1) 2,02 (2) 152
2 4899,5 (10) 2,430 (17) 156
Q.1 4949.,9 (14) 0,51 (3) 1570
0,0 4956,4 (14) 2,41 (3) 387
2.2 Gamma Transitions and Internal Conversion Coefficients
Energy Pytce Multipolarity aK ar am ar
keV x 100
’)/7’6(133.) 5,18
~1,0(Pa) 6,65 (5) (M1) 2231 3016
75,4(Pa) 8722 (5) 9
76’5(133) 9
m13,12(Pa) 10,7
76,4(Pa) 17740 (5)
7(,1,1)(Pa) 21,5
77,4(Pa) 22,6
78,7(Pa) 24714 (10)
Y(-1,2)(Pa) 27,7
~a4,2(Pa) 29,374 (20) 57,2 (21) El 2,30 (5) 0,586 (12) 3,07 (6)
7(_1,3)(Pa) 29,6
’712,10(Pa) 32,46
~14,12(Pa) 36,32 (2) 0,50 (14) M1+E2 74 (14) 18 (4) 99 (20)
’Y13,10(Pa) 43,2
~6,2(Pa) 46,53 (6) 0,205 (12) [E1] 0,687 (14) 0,171 (4) 0,914 (18)
~19,15(Pa) 48,96 (10)
79,7(Pa) 54,4 (1)
~2,0(Pa) 57,104 (20) 65,7 (30) E2 128 (3) 35,3 (7) 176 (4)
~17,14(Pa) 62,59 (10) 0,4 (3) [M1+E2] 47 (35) 13 (10) 65 (48)
~s.1(Pa) 63,9 (1) 1,10 (5) (E2) 74,7 (15) 20,6 (4) 102 (2)
~3,0(Pa) 70,49 (10) 0,4 (3) [M1+E2] 28 (18) 7,5 (54) 38 (26)
~10,5(Pa) 74,54 (10) 0,13 (3) [M1] 7,42 (15) 1,79 (4) 9,83 (20)
~a,0(Pa) 86,477 (10) 29,7 (10) El 1,13 (5) 0,22 (6) 1,43 (8)
~s,1(Pa) 87,99 (3) 0,17 (1) [E1] 0,128 (3) 0,0312 (6) 0,169 (4)
~s,0(Pa) 94,64 (5) 0,0670 (15) El 0,106 (2) 0,0257 (5) 0,140 (3)
~9,2(Pa) 106,15 (25) 0,50 (1) [E2] 6,78 (14) 1,87 (4) 9,28 (19)
Y13.6(Pa) 108,7 0,32 (4) M1+E2 2,6 (4) 0,6 (1) 3,5 (5)
711’3(13&) 109,1 (1)
~v12,4(Pa) 115,40 (35) 0,0026 (8) [M1+E2]
yis5(Pa) 117,702 (20) 2,24 (11) M1+E2 9,3 (5) 2,16 (11) 0,53 (4) 12,2 (6)
~12,3(Pa) 131,101 (25) 0,105 (6) El 0,202 (4) 0,0451 (9) 0,0109 (2) 0,262 (5)
14,6 (Pa) 134,285 (20) 0,62 (9) [M1+E2] 6,1 (10) 1,5 (3) 0,37 (8) 8,0 (11)
~18,9(Pa) 139,9 (1) 0,006 (5) [E1] 0,174 (3) 0,0381 (8) 0,00925 (19) 0,225 (5)
~13,3(Pa) 141,74 (10)
~v1a,5(Pa) 143,249 (20) 3,3 (3) MI1+E2 5,38 (12) 1,17 (3) 0,287 (6) 6,94 (14)
~v1a,4(Pa) 151,414 (20) 1,37 (10) M1+E2 34 (5) 1,08 (5) 0,277 (14) 4,9 (6)
715,6(1)3) 153,37 E1+M2
~20,13(Pa) 153,37 (10) 0,021 (6) [E2] 0,226 (5) 1,267 (3) 0,349 (7) 1,96 (4)
~13,2(Pa) 155,239 (20) 0,10 (1) El 0,137 (3) 0,0292 (6) 0,00708 (14) 0,176 (4)
15,5 (Pa) 162,41
~10,1(Pa) 162,41 (8) 0,038 (1) [E1] 0,123 (3) 0,0260 (5) 0,00631 (13) 0,158 (3)
~10,0(Pa) 169,156 (20) 0,0768 (4) [E1] 0,112 (2) 0,0235 (5) 0,00568 (11) 0,143 (3)
Y15 4(Pa) 170759
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Energy Prtce Multipolarity K ag, anp ar
keV x 100
vi67(Pa) 170,59 (6) 0,09 (2) [M1+E2] 3.1 (4) 0,70 (7) 0,17 (1) 4,0 (5)
mee(Pa) 176,12 (6) 0,07 (2) [M1+E2] 2,8 (4) 0,63 (7) 0,16 (1) 3,7 (5)
man(Pa) 180,794 (19) 0,018 (1) [E1] 0,0960 (19) 0,019 (4)  0,0048 (1) 0,122 (3)
715,3(Pa) 186,86
yao11(Pa) 186,86 (35) 0,003 (3) [E1] 0,08%9 (19) 0,0183 (4)  0,00442 (9) 0,113 (2)
yrr(Pa) 191,46 (5) 0,074 (9) [M1+E2] 2,2 (3) 0,49 (5) 0,12 (1) 2,9 (4)
visa(Pa) 193,26 (5) 0,17 (2) [M1+E2] 2,2 (3) 0,48 (5) 0,12 (1) 2,8 (4)
718,7(133) 194,67 (20)
~12,1(Pa) 194,95 (3) 0,192 (22) E1l 0,0806 (16) 0,0164 (4) 0,00397 (8) 0,102 (2)
vrs(Pa) 196,86 (5) 0,078 (7) [M1+E2] 2,1 (3) 0,45 (5) 0,11 (1) 2,7 (3)
mse(Pa) 199,95 (6) 0,020 (3) [M1] 227 (5) 0,436 (9) 0,105 (2) 2,85 (6)
yso(Pa) 199,95
yi20(Pa) 201,62 (5) 0,043 (1) El 0,0746 (15) 0,0151 (3)  0,00365 (7)  0,0946 (19)
~20,9(Pa) 202,9 (2) 0,005 (2) [E1] 0,0735 (15)  0,0149 (3) 0,00360 (7) 0,0932 (19)
mes(Pa) 209,19 (5) 0,016 (2) [E1] 0,0686 (14) 0,0138 (3)  0,00333 (7)  0,0868 (17)
mso(Pa) 212,29 (5) 0,182 (11) El 0,00214 (4)  0,0133 (3)  0,00321 (7)  0,0839 (17)
vira(Pa) 214,01 (5) 0,114 (13)  [M1+E2| 1,6 (2) 0,35 (1) 0,09 (1) 2,1 (3)
71974(Pa) 219,8
’)/16’2(133) 222,6 (2) 0,002 (2)
mrs(Pa) 229,94 (5) 0,015 (3) [E1] 0,0552 (11)  0,0110 (2)  0,00264 (5)  0,0697 (14)
mao(Pa) 237,86 (2)  0,0610 (6) [E1] 0,0511 (10) 0,0101 (2)  0,00243 (5)  0,0645 (13)
ve2(Pa) 248,95 (10) 0,012 (3) [M1+E2] 11 (2) 0,22 (1) 0,055 (6) 14 (2)
~15,1(Pa) 250,58
71570(13&) 257,09
ya07(Pa) 257,00 (20) 0,048 (24) [M1] 1,12 (2) 0215 (5) 00518 (11) 1,41 (3)
nmo6(Pa) 262,44 (20)  0,01118 (49) [M1] 1,06 (2) 0,203 (4) 00489 (10) 1,33 (3)
ya0a(Pa) 279,65 (20)  0,01320 (49) [E2] 0,0847 (17) 0,100 (2)  0,0272 (6) 0,222 (5)
7(_1,4)(Pa) 288,3
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3 Atomic Data

3.1 Pa
wrg 0,970 (4)
or : 0488 (18)

1
ngr : 0,795 (5)

3.1.1 X Radiations

Energy Relative
keV probability
Xk
Kay 92,288 62,14
Kag 95,869 100
K33 107,595 }
K1 108,422 }
Kf5 109,072 } 35,84
KB 111,405 }
K3y 111,87 } 12,15
KOs 3 112,38 }
Xy,
Le 11,368
Lo 13,121 — 13,289
Ln 14,949
Lg 15,358 — 17,666
Ly 18,94 — 20,113
3.1.2 Auger Electrons
Energy Relative
keV probability
Auger K
KLL 70,081 — 78,822 100

KLX 85,989 — 95,858 59,2
KXY 101,87 — 112,59 8,76

Auger L 5,9 - 21,6
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Energy Probability
keV x 100
00,20 4515,1 (19) 0,038 (4)
Q0,19 4550,5 (22) 0,011 (3)
00,18 4573 (3) 0,048 (23)
0,17 4578,6 (14) 0,393 (23)
00,16 4599,1 (18) 0,373 (9)
010715 4619,7 (21) 0,032 (8)
p,14 4640 (1) 6,43 (3)
0,13 4665,0 (9) 3,46 (3)
0,12 4676,4 0,38 (2)
Q0,11 4698,2 (8) 0,535 (10)
Oé[)}l() 4708,3 (20)}
0,9 4712,3 (20)} 1,174 (13)
ap g 4741,3 (20) 0,019
ao,7 4766,5 (8) 9,5 (3)
00,6 4771,4 (8) 23,0 (3)
00,4 4788,0 (9) 47,64 (6)
0,3 4803,5 (10) 2,02 (2)
0,2 4816,8 (10) 2,430 (17)
a1 4866,4 (14) 0,51 (3)
@0,0 4872,7 (14) 2,41 (3)
5 Electron Emissions
Energy Electrons
keV per 100 disint.
eAL (Pa) 59 - 21,6 62 (6)
CAK (Pa) 0,182 (24)
KLL 70,081 - 78,822 }
KLX 85,989 - 95,858 }
KXY 101,87 - 112,59 }
€C135 T (Pa) 5,106 - 117,695 2,10 (11)
eci3s k- (Pa) 5,11 (2) 1,6 (1)
€C42 L (Pa) 8,269 - 12,641 32,4 (13)
ec14,5 T (Pa) 10,8 - 1234 2,91 (28)
ecus k.  (Pa) 11 (3) 2,24 (22)
€C14,6 K (Pa) 21,69 (2) 0,42 (8)
€c42 M (Pa) 24,013 - 25,932 8,26 (34)
€c6.2 I, (Pa) 2542 - 29,80 0,074 (4)
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Energy Electrons

keV per 100 disint.
€c20 L (Pa) 35,999 - 40,371 47,7 (23)
ecuax  (Pa) 38,82 (2) 0,80 (12)
6017714 L (Pa) 41,48 - 45,86 0,3 (2)
ec3 L (Pa) 428 - 472 0,81 (3)
€c30 1, (Pa) 49,38 - 53,76 0,3 (2)
€C2,0 M (Pa) 51,743 - 53,662 13,0 (6)
eciriam (Pa) 57,23 - 59,15 0,08 (6)
ecigr k. (Pa) 57,99 (6) 0,056 (14)
ec31 M (Pa) 58,5 - 60,5 0,220 (9)
eC3,0 M (Pa) 65,13 - 67,05 0,08 (6)
ecao L (Pa) 6537 - 69,74 13,8 (6)
eC16,4 K (Pa) 80,66 (5) 0,097 (13)
€Ca0 M (Pa) 81,12 - 83,04 2,7 (7)
€Co 2 1, (Pa) 85,04 - 89,42 0,332 (10)
€C13,6 L (Pa) 87,6 - 920 0,185 (29)
€C13,5 I, (Pa) 96,60 - 100,97 0,37 (2)
€Cg 2 M (Pa) 100,79 - 102,71 0,0916 (27)
€C174 K (Pa) 101,41 (5) 0,059 (8)
ecas L. (Pa) 1023 - 106,7 0,49 (5)
ecizzm  (Pa) 112,34 - 114,26 0,091 (7)
€C14,6 L (Pa) 113,180 - 117,552 0,104 (22)
€C14,5 M (Pa) 118 - 120 0,120 (12)
€C14.4 L (Pa) 130,309 - 134,681 0,252 (12)
ecloo x  (Pa) 1364 (1) 0,055 (15)
eCl44 M (Pa) 146,053 - 147,972 0,065 (3)

6 Photon Emissions
6.1 X-Ray Emissions
Energy Photons

keV per 100 disint.
XL (Pa) 11,368 — 20,113 59,4 (50)
XKas  (Pa) 92,288 1,81 (3)
XKa;  (Pa) 95,869 2,90 (2)
XKf3;  (Pa) 107,595 }
XKf3,  (Pa) 108,422 }0,97 (11)
XKG;  (Pa) 109,072 }
XK@,  (Pa) 111,405 }
XKf3;  (Pa) 111,87 }0,37 (1)
XKOz3 (Pa) 112,38 }
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6.2 Gamma Emissions

Energy Photons
keV per 100 disint.

¥7,6(Pa) 5,18 0,220 (5)
7s5,4(Pa) 8,22 (5) 0,12 (5)
Yein(Pa) 215 0,352 (13)
V(-1,2)(Pa) 27,7 0,84 (7)
Y4,2(Pa) 29,374 (20) 14,1 (5)
Y12,10(Pa) 32,46 0,005 (1)
Y14,12(Pa) 36,32 (2) 0,005 (1)
7¥6,2(Pa) 46,53 (6) 0,107 (6)
~2.0(Pa) 57,104 (20) 0,372 (16)
Y17,14(Pa) 62,59 (10) 0,006 (2)
~3.1(Pa) 63,9 (1)  0,0107 (4)
7¥3,0(Pa) 70,49 (10) 0,0107 (4)
7Y10,5(Pa) 74,54 (10) 0,012 (3)
Y4,0(Pa) 86,477 (10) 12,22 (12)
7s5,1(Pa) 87,99 (3) 0,142 (3)
~5.0(Pa) 94,64 (5)  0,0585 (13)
7Y9,2(Pa) 106,15 (25) 0,049 (1)
13.6(Pa) 108,7 0,071 (3)
Y12,4(Pa) 115,40 (35) 0,0026 (8)
Y13,5(Pa) 117,702 (20) 0,170 (4)
Y12,3(Pa) 131,101 (25) 0,084 (5)
Y14,6(Pa) 134,285 (20) 0,069 (5)
718,9(Pa) 139.9 (1) 0,0046 (4)
Y14,5(Pa) 143,249 (20) 0,42 (4)
Y14,4(Pa) 151,414 (20) 0,234 (2)
720,13 (Pa) 153,37 (10) 0,007 (2)
yi3a(Pa) 155239 (20) 0,088 (8)
Y15,5(Pa) 162,41 0,0324 (12)
7Y10,1(Pa) 162,41 (8) 0,033 (1)
10,0 (Pa) 169,156 (20) 0,0672 (3)
yer(Pa) 170,59 (6) 0,020 (4)
V16,6 (Pa) 176,12 (6) 0,015 (3)
Y14,2(Pa) 180,81 (10) 0,016 (1)
720,11 (Pa) 186,86 (35) 0,003 (3)
Y17,7(Pa) 191,46 (5) 0,019 (1)
Y16,4(Pa) 193,26 (5) 0,044 (1)
718,7(Pa) 194,67 (20) 0,033 (1)
yiza(Pa) 194,95 (3) 0,174 (20)
Y17,6(Pa) 196,86 (5) 0,0210 (1)
msePa) 199,95 (6) 0,053 (8)
Y12,0(Pa) 201,62 (5) 0,0392 (9)
7Y20,9(Pa) 202,9 (2) 0,0048 (19)
16,3 (Pa) 209,19 (5) 0,0150 (15)
Y13,0(Pa) 212,29 (5) 0,17 (1)
Y17,4(Pa) 214,01 (5) 0,037 (2)
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Energy Photons
keV per 100 disint.
716,2(Pa) 222.6 (2) 0,002 (2)
7Y17,3(Pa) 229,94 (5) 0,014 (3)
Y14,0(Pa) 237,86 (2) 0,0573 (6)
Y19,2(Pa) 248,95 (10) 0,005 (1)
720,7(Pa) 257,09 (20) 0,02 (1)
20,6 (Pa) 262,44 (20) 0,0048 (2)
7Y20,4(Pa) 279,65 (20) 0,0108 (4)
V(~1,4)(Pa) 288,3 0,0162 (5)
7 Main Production Modes
U — 238(n,2n)U — 237
U — 237(8~)Np — 237
8 References
- L. MAGNUSsON, T. LACHAPELLE. LaChapelle, NNES 14B (1949) 39
(Half-life)
- F.P. BRAUER, R.W. STROMATT, J.D. Lubwick, F.P. ROBERTS AND W.L. LYON. J. Inorg. Nucl. Chem. 12, (1960)
234
(Half-life)

- F. Asaro, F.S. STEPHENS, J.M. HOLLANDER, I. PERLMAN. Phys.Rev. 117 (1960) 492
(Gamma-ray energies and emission probabilities, ICC for the 86.5 keV gamma-ray)

- V.A. DruIN, V.P. PERELYGIN, G.I. KHLEBNIKOV. Soviet Phys. JETP 13 (1961) 913
(Spontaneous fission half-life)

- S.A. BaranNov, V.M. KurLakov, P.S. SamoiLov, A.G. ZELENKOV, Y.F. RoDIONOV. Sov. Phys. - JETP 14 (1962)
1232

(alpha-transition probabilities)
- E. BROWNE, F. AsArRO. Report UCRL-17989 (1968) 1
(alpha-transition energies and probabilities, gamma-ray emission probabilities)
- W. HOEKSTRA. Thesis, Technische Hogeschool, Delft (1969)
(Gamma-ray energies)
- E. BROWNE, F. AsARO. Priv. Comm. , October 1969. (1969)
(alpha-transition energies and probabilities, ICC for the 86.5 keV gamma-ray)
- J.E. CLINE. IN-1448 Rev. (1971)
(Gamma-ray energies)
- R.L. HEATH. ANCR-1000-2 (1974)
(Gamma-ray energies)
- M. SKALSEY, R.D. CONNOR. Can. J. Phys. 54 (1976) 1409
(Gamma-ray energies and emission probabilities)
- L. GONZALEZ, R. GAETA, E. VANO AND J.M. Los ARcos. Nucl. Phys. A324 (1979) 126
(Gamma-ray energies and probabilities)
- M.F. BanHAM, A.J. FUDGE. J. Radioanal. Chem. 64 (1981) 167
(Gamma-ray probabilities)
- M.F. BanHaM. AERE, Harwell, Priv. Comm (1984)
(Gamma-ray probabilities)
- R. VANINBROUKX, G. BORTELS AND B. DENECKE. Int. J. Appl. Radiat. Isotop. 35 (1984) 905
(X- and gamma- ray emission probabilities)
- . Decay Data of the Transactinium Nuclides, Techn. Report Ser. No. 261, IAEA, Vienna (1986)
(Gamma-ray probabilities)
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- S.A. Woobs, P. CHrisTMAS, P. CrROSS, S.M. JUDGE AND W.GELLETLY. Nucl. Instrum. Methods Phys. Res.
A264, 333 (1988); Addendum Nucl.Instrum.Methods Phys.Res. A272; (1988) 924
(Gamma ray energies and emission probabilities, ICC for the 86.5 keV gamma-ray)

- D.B. IoN, R. IoN-MIHAT AND M. Ivascu. Rev. Roum. Phys. 33 (1988) 1075
(Spontaneous fission half-life)

- G. BOrTELS, D. MOUCHEL, R. EYKENS, E. GARCIA-TORANO, M.L. ACENA, R.A.P. WILTSHIRE, M. KING, A.J.
FUDGE AND P. BURGER. Nucl. Instrum. Methods Phys. Res. A295 (1990) 199
(alpha-transition probabilities)

- .M. LowLEgs, T.D. MAc MaHON, M.F. BANHAM, A.J. FUDGE AND R.A.P. WILTSHIRE. Nucl. Instrum. Methods,
Phys. Res. A286 (1990) 556
(Gamma-ray energies and probabilities)

- A.F. GrasHIN, A.D. EFIMENKO. Bull. Rus. Acad. Sci. Phys. 56 (1992) 66
(Spontaneous fission half-life)

- ILM. LowtLEgs, T.D. Mac MAHON, R.A.P. WILTSHIRE, D. CROSSLEY AND A.J. FUDGE. Nucl. Instrum. Methods
Phys. Res. A312 (1992) 339
(Half-life)

- G. SIBBENS, B. DENECKE. Appl. Radiat. Isot. 52 (2000) 467
(alpha-transition probabilities, gamma-ray energies)

- S.A. Woobs, D.H. Woobs, P. bE LAvisON, S.M. JEROME, J.L.. MAKEPEACE, M.J. Woobs, L.J. HUSBAND AND
S. LINEHAM. Appl.Radiat.Isot. 52 (2000) 475
(Gamma-ray emission probabilities)

- E. SCHONFELD, H. JANSSEN. Nucl. Instrum. Methods Phys. Res. A369 (2000) 527
(EMISSION computer code)

- U. ScHOTZIG, E. SCHONFELD AND H. JANSZEN. Appl. Radiat. Isot. 52 (2000) 883
(X- and gamma- ray emission probabilities)

- M.M. BE, R. HELMER, V. CHISTE. J. Nucl. Sci. Tech. suppl.2, (2002) 481
(Saisinuc software)

- A. Luca, S. SEpMAN, K. TAKOVLEV, G. SHCHUKIN, M. ETCHEVERRY AND J. MOREL. Appl. Radiat. Isot. 56
(2002) 173
(KX - ray and gamma-ray emission probabilities)

- M.J. Woobs, D.H. Woobs, S.A. Woobs, L.J. HUSBAND, S.M. JEROME ET AL.. Appl. Radiat. Isot. 56 (2002)
415
(alpha-transition energies and probabilities and X-, gamma- ray emission probabilities)

- .M. BAND, M.B. TRZHASKOVSKAYA, C.W. NESTOR, P.O. TIKKANEN AND S. RAMAN. Atom. Data and Nucl.
Data Tables 91 (2002) 1
(Theoretical internal conversion coefficients)

- G. Aupi, A.H. WAPSTRA AND C. THIBAULT. Nucl. Phys. A729 (2003) 337
(Q value)

- G. SHCHUKIN, K. IAKOVLEV AND J.MOREL. Appl. Radiat. Isot. 60 (2004) 239
(X- and gamma- ray emission probabilities)

- B. SinGH, K. TULL Nucl. Data Sheets 105 (2005) 109
(Decay scheme, gamma-ray multipolarities, admixture coefficients)

- V.P. CuecHEV, N.K. KuzMENKO. Appl. Radiat. Isot. 64 (2006) 1403
(Gamma-ray emission probabilities in the 233Pa decay)
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g Emission intensities per 100 disintegrations
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g Emission intensities per 100 disintegrations

52175 0

237

Np

93 144

%0

4
z 0,032
o !
0 527 ; 257,1
15
5.9, 46,7 6.43
&&ff&f )
voooooe 52" ; 237,895
14
3,46
o’ 17 YOS ,17
oo oo 5/2% ; 212,342
13 5 254 497 0.38
po po o ,17 93 )
oo 32* ; 201,504
12
1/2* ; 169,152
10
23
712" ; 103,636 /
6
32" ; 94,645
5 / 47,64
+.
35,8 ns 5/2" ; 86,469
4
2,02
5/2; 70,51 /
3
2,43
712" ; 57,101/
2
0,51
12”7, 6,654/ 2,41
1
327; 0 /
26,98 (2) d
0 233
Pa
91 142
Q% = 4958,3 keV
% a = 100

KRI / Chechev V.P., Kuzmenko N.K.

193

237

93 NP 144

2,144 (7) x10"6 a



LNE-LNHB/CEA - Table de Radionucléides

g Emission intensities per 100 disintegrations
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238 N
93 p 145

1 Decay Scheme

Np-238 decays 100% by beta transitions to levels of Pu-238

Le neptunium 238 se désintégre par transitions béta vers des niveauz excités du plutonium 238.

2 Nuclear Data

Ty/p(*®™Np) = 2,102 (5)
T1/2(238P11 ) . 87,74 (3)
Q- (¥Np) : 12915 (4)

2.1 [ Transitions

d
a
keV

Energy  Probability Nature lg ft
keV x 100

Boas 89,0 (4) 0,51 (6) 1st forbidden 6,57
Boas  221,6 (4) 11,50 (7) Allowed 6,44
Boia 2630 (4) 44,75 (19) Allowed 6,09
Boar  306,0 (4) 0,49 (1) 1st forbidden 8,25
Boao 3084 (4) 027 (3) Allowed 8,51
Beo 3233 (6) 0082 (6)  1st forbidden 9,11
Bos 328,7 (4) 1,25 (1) 1st forbidden 7,95
Bos 630,1 (4) 0,036 (3) Ist forbidden 10,44
By, 6864 (4) 0,103 (3)  1st forbidden 10,08
Bo1 12474 (4) 41,0 (25) Allowed 8,38
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2.2 Gamma Transitions and Internal Conversion Coefficients
Energy Price Multipolarity oK or am ar
keV x 100
v1.0(Pu) 44,07 (2) 80,7 (23) E2 572 (12) 160 (3) 788 (16)
2,1 (Pu) 101,88 (2) 3,90 (14) E2 10,5 (2) 2,94 (6) 14,5 (3)
Y11)(Pu) 103,74 (2) 0,312 (3)
Y14.0(Pu) 114,4 (4) 0,055 (10) [E2] 6,15 (12) 1,72 (14) 8,47 (17)
’Y(,LQ) (PH) 116,27 (8) 0704
Y—1.3(Pu) 117,27 (8) 0,074
yis1a(Pu) 120,11 (5) 0,48 (6) M1(+E2) 2,8 (6) 0,69 (6) 3,8 (6)
7(,1’4) (PH) 120,5 0702
Y—1.5(Pu) 127,70 (8) 0,010 (1)
Y15,13(Pu) 132,5 (1) 0,0018 (10) [E1] 0,203 (4) 0,048 (1) 0,0118 (2) 0,267 (5)
vs2(Pu) 157,42 (5) 0,003 [E2] 0,193 (4) 1,45 (3) 0,405 (8) 2,19 (4)
yisa2(Pu) 174,08 (5)  0,0261 (9) [B1] 0,110 (2)  0,0241 (5) 0,0059 (1) 0,142 (3)
Y16 (Pu) 220,87 (11) 0,037 (9) (M2) 6,7 (15) 4(1) 11,4 (20)
vss(Pu) 301,37 (7)  0,0128 (12) E2 0,0766 (16) 0,096 (2) 0,0264 (5) 0,208 (4)
viae(Pu) 319,29 (11) 0,013 (3) M1+E2 0,43 (22) 0,118 (25) 0,030 (5) 0,59 (25)
vios(Pu) 321,75 (20) 0,013
yirs(Pu) 324,02 (9)  0,0184 (14) M1+E2 0,15 (6) 0,082 (7) 0,022 (2) 0,26 (7)
vra(Pu) 336,36 (15)  0,00020 (13) [B1] 0,0257 (5)  0,00503 (10)  0,00122 (3)  0,0324 (7)
vsa(Pu) 357,64 (7)  0,0612 (17) ML + E2 0,133 (12) 0,060 (5) 0,0158 (12) 0,214 (16)
vioa(Pu) 378,05 (13) 0,003
vi1.4(Pu) 380,31 (10)  0,0180 (8) [M1] 0,493 (10) 0,098 (2) 0,0237 (5) 0,623 (9)
~y14.5(Pu) 421,1 (1) 0,0309 (15) [M1] 0,374 (8)  0,0737 (15)  0,0179 (4) 0,472 (7)
6.3(Pu) 4598 (2)  0,0023
vs2(Pu) 51551 (7)  0,0386 (11) E1+M2 0,017 (3)  0,0037 (7)  0,00092 (17) 0,022 (4)
vai(Pu) 561,14 (5)  0,1072 (15) El 0,00929 (19)  0,00169 (4)  0,000407 (8) 0,015 (2)
vao(Pu) 605,16 (5) 0,078 (2) El 0,00806 (16)  0,00146 (3)  0,000350 (7)  0,0100 (2)
vsa(Pu) 617,39 (5)  0,0604 (7) E1+M2 0,0095 (11)  0,00185 (22)  0,00045 (5)  0,0120 (14)
~6.2(Pu) 617,4 0,008 (0)
v02(Pu) 836,96 (7)  0,0210 (8) [E2] 0,0125 (3)  0,00366 (8)  0,00093 (2)  0,0174 (4)
vi22(Pu) 882,63 (3) 0,816 (9) (E2) 0,0114 (2)  0,00320 (7)  0,00081 (2)  0,0157 (3)
Y—1.7)(Pu) 885 0,040 (5)
yra(Pu) 897,34 (10)  0,0074 (10) (E2) 0,0111 (2)  0,00308 (6)  0,00078 (2)  0,0152 (3)
vs1(Pu) 918,70 (4) 0,531 (6) El 0,00383 (8)  0,00066 (1)  0,000158 (3)  0,0047 (1)
yis2(Pu) 923,99 (2) 2,64 (2) (M1+E2) 0,0099 (4) 0,014 (1)
79,1(Pu) 924 0,065
via2(Pu) 936,60 (5) 0,369 (5) [E14+M2] 0,0089 (17)  0,0018 (4)  0,00044 (10)  0,0112 (22)
yioa(Pu) 938,94 (10) 0,18 (2) E0+E2 3,5 (4) 0,67 (7) 4.4 (4)
yiia(Pu) 941,40 (4) 0,504 [E14+M2]
vr.0(Pu) 941,5 (3)  0,0106 E0
vso(Pu) 962,76 (2) 0,648 (8) El 0,00352 (7)  0,00061 (1)  0,000145 (3)  0,00433 (9)
Yo.0(Pu) 968,9 (4) 0,017 (6) [M2] 0,089 (2)  0,0200 (4) 0,0050 (1) 0,116 (3)
Y10,0(Pu) 983,0 (3) 0,07 (2) [B2] 0,00947 (19)  0,00247 (5)  0,00062 (1)  0,0128 (3)
yi21(Pu) 984,45 (2) 25,50 (13) M1+E2 0,0096 (3) 0,002 (1) 0,0006 (1) 0,0125 (5)
ysa(Pu)  1025,87 (2) 8,86 (7) M1+E2 0,0001 (4)  0,0021 (1) 0,0006 (1) 0,0120 (5)
vi20(Pu)  1028,54 (2) 18,46 (13) E2 0,00875 (18) 0,00222 (5)  0,00055 (1)  0,0117 (2)
3 Atomic Data
3.1 Pu
WK 0,971 (4)
@, 0,521 (21)
nNKr 0,790 (5)
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3.1.1 X Radiations

Energy Relative
keV probability
Xk
Kay 99,525 63,17
Kagq 103,734 100
K33 116,244 }
K 117,228 }
K3 117,918 } 36,70
KB 120,54 }
K3y 120,969 } 12,74
KOg3 121,543 }
XL
Le 12,125
La 14,083 — 14,279
Ly 16,334
Lg 16,499 — 19,331
Ly 20,708 — 21,984
3.1.2 Auger Electrons
Energy Relative
keV probability
Auger K
KLL 75,26 — 85,36 100
KLX 92,607 — 103,729 60,6
KXY 109,93 - 121,78 9,18
Auger L 6,10 — 22,99
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4 Electron Emissions

Energy Electrons
keV per 100 disint.
eAL (Pu) 6,10 - 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 }
ecis3 Kk (Pu) 10,7 (1) 0,00028 (16)
ec1o 1, (Pu) 20,97 - 26,01 58,6 (17)
ec3 2 K (Pu) 35,63 (5) 0,00019 (4)
€c1,0 M (Pu) 38,14 - 40,30 16,4 (5)
ecisi2 k- (Pu) 52,29 (5) 0,00251 (10)
eca 1 I, (Pu) 78,78 - 83,82 2,65 (10)
eci4,9 I, (Pu) 91,3 - 96,3 0,036 (6)
€c21 M (Pu) 9595 - 98,10 0,74 (3)
ecisaar, (Pu) 97,01 - 102,05 0,28 (6)
€ci4,9 M (Pu) 108,5 - 110,6 0,0100 (19)
ecisa v (Pu) 114,18 - 116,34 0,070 (7)
ec3 9 1, (Pu) 134,32 - 139,36 0,0014 (3)
ecisi2 . (Pu) 150,98 - 156,02 0,000552 (21)
ec32 M (Pu) 151,49 - 153,64 0,00040 (8)
ecisiz v (Pu) 168,15 - 170,30 0,000135 (5)
ecsg 5 K (Pu) 179,58 (7) 0,00081 (8)
eci46 K (Pu) 197,50 (11) 0,0036 (19)
€C11,5 K (Pu) 202,23 9) 0,0021 (9)
€Cg,4 K (Pu) 235,83 (7) 0,0067 (6)
eciiax  (Pu) 2585 (1) 0,0055 (3)
€Cg8,5 L (Pu) 278,27 - 283,31 0,00102 (10)
ecg 5 M (Pu) 295,44 - 297,60 0,00028 (3)
eci46 I, (Pu) 296,19 - 301,23 0,00098 (23)
eci45 K (Pu)  299,3 (1) 0,0078 (4)
eci15 I, (Pu) 300,92 - 305,96 0,00120 (12)
€ci4,6 M (Pu) 313,36 - 315,52 0,000249 (5)
eci1s M (Pu) 318,09 - 320,24 0,00032 (3)
ecg 4 1, (Pu) 334,52 - 339,56 0,0030 (3)
€C8,4 M (Pu) 351,69 - 353,84 0,00080 (6)
ecii4 I, (Pu) 357,21 - 362,25 0,00108 (5)
eci14 M (Pu) 374,38 - 376,54 0,000263 (13)
€C5,2 K (Pu) 393,72 (7) 0,00064 (11)
€ci45 L, (Pu) 398 - 403 0,00155 (8)
eci45 M (Pu)  415,2 - 4173 0,000376 (20)
€C4,1 K (Pu) 439,35 (5) 0,00098 (3)
eccgok  (Pu) 48337 (5) 0,00062 (2)
€cs2 I, (Pu) 492,41 - 497,45 0,00014 (3)
€C5,1 K (Pu) 495,60 (5) 0,00056 (7)
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Energy
keV

Electrons
per 100 disint.

€C4,1 L
€C4,0 L
€C5,1 L
€C10,2 K
€C12,2 K
€C8,1 K
€C13,2 K
€C14,2 K
€C10,1 K
€C7.0 K
€C8,0 K
€C9,0 K
€C12.2 L
€C10,0 K
€C12,1 K
€C122 M
€C8,1 L
€C13,1 K
€C12,0 K
€C14.2 L
€C10,1 L
€C70 L
€C142 M
€C8,0 LL
€C9,0 L
€C10,0 L
€C12,1 L
€C12,1 M
€C13,1 L
€C12,0 L
€C13,1 M
€C12,0 M

Bo.15
Boas
Bo.1s
Bo.1s
Bo.12
Boaz
Boai
Bo.1
Bo 10
Bo.10
Bog

Bo.o

Bos

=R =P = = = IR IR IR IR R

S e fE e e e e g e e g8 8882

SN e e ik

=
]
5

avg:

max:

avg:

max:

avg:

max:

avg:

max:

avg:

max:

avg:

max:

538,04 - 543,08
582,06 - 587,10
594,29 - 599,33

71517 (7)
760,84  (3)
796,91  (4)
802,20 (2
814,81  (5)
817,1 (1)
829,7 (3)
840,97 (2
847,1 (4)
859,53 - 864,57
861,20  (3)
862,66  (2)
876,70 - 878,86
895,6 - 900,6
904,08 (2
906,75  (2)
913,5 - 9185
915,84 - 920,88
9184 - 9234
930,7 - 9328
939,66 - 944,70
9458 - 950,8
959,9 - 964,9

961,35 - 966,39
978,52 - 980,68
1002,77 - 1007,81
1005,44 - 1010,48
1019,94 - 1022,09
1022,61 - 1024,76

4
2

4
2

89,0 (
23,0 (
221,6 (
59,9 (
263,0 (4
72,0 (2
306,0 (4
84,9 (2
308,4 (4
85,6 (2
(
(
(

323,3 6
90,1 2

328,7 4

Y~ N N N N N N

5
4

0,000179
0,000112
0,000110
0,00026
0,0092
0,00202
0,0258
0,0032
0,114
0,0085
0,0023
0,0013
0,00257
0,0006
0,242

(
(
(13)
(1
(
(
(
(
(
(
(
(
(
(
(
0,00065 (
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

2

)

5
1
6
16)
7

4
7
6
2
8
2
7

0,00035
0,080
0,160

0,00066
0,022

0,00166

0,00016

0,000393
0,0003

0,00017
0,055
0,015

0,0184
0,0405
0,0053
0,0101

4

)
)

3
1
3
1

4

)

)
)
3
)
)
)
1
)
6
)
)
)
)
)
)
)
)
)
)
5
)
4
)
8)
)
5)
3)
3)
9)
10
9)
2)

0,51 (6)
11,50 (7)
44,75 (19)

0,49 (1)

0,27 (3)
0,082 (6)

1,25 (1)
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Energy Electrons
keV per 100 disint.
Bos avg: 91,8 (2)
Bos max:  630,1 (4) 0,036 (3)
Bos avg:  189,2 (2)
Bo.a max:  686,4 (4) 0,103 (3)
Bo.a avg: 208,44 (2)
Boa max: 12474 (4) 41,0 (25)
Boa avg: 4122 (2)
5 Photon Emissions
5.1 X-Ray Emissions
Energy Photons
keV per 100 disint.
XL (Pu) 12,125 — 21,984 32,4 (14)
XKas (Pu) 99,525 0,210 (8) } Ko
XKag (Pu) 103,734 0,332 (12) }
XKf@;  (Pu) 116,244 }
XK@ (Pu) 117,228 b 0,122 (5) K 6
XK@;  (Pu) 117,918 }
XK@y  (Pu) 120,54 }
XK@y (Pu) 120,969 }0,042 (2) K'f,
XK0273 (Pu) 121,543 }
5.2 Gamma Emissions
Energy Photons
keV per 100 disint.
v1,0(Pu) 44,07 (2)  0,1024 (21
Y2,1(Pu) 101,88 (2) 0,252 (8)
Y(=1,)(Pu) 103,74 (2) 0,312 (3)
Y14,9(Pu) 114,4 (4)  0,0058 (10
’)/(,172)(1311) 116,27 (8) 0,04.
’)/(_173)(1311) 117,27 (8) 0,074
’)/15’14(1311) 120,11 (5) 0,101 (5)
Y(=1,4)(Pu) 120,5 0,02
Y(=1,5)(Pu) 121,70 (8) 0,010 (1)
Y15,13(Pu) 132,5 (1) 0,0014 (8)
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Energy Photons
keV per 100 disint.

v3,2(Pu) 157,42 (5) 0,001
Y15,12(Pu) 174,08 (5) 0,0229 (8)
Ve (Pw) 220,87 (1) 0,0030 (5)
78,5(Pu) 301,37 (7) 0,0106 (10)
Y14,6(Pu) 319,29 (11) 0,0083 (10)
yos(Pu) 321,75 (20)  0,0013 (8)
Y11,5(Pu) 324,02 (9) 0,0146 (8)
~y7.4(Pu) 336,36 (15) 0,0002 (1)
78,4 (Pu) 357,64 (7) 0,0504 (13)
yioa(Pu) 378,05 (13)  0,0030 (5)
Y11,4(Pu) 380,31 (10) 0,0111 (5)
Y14,5(Pu) 421,1 (1) 0,021 (1)
¥6,3(Pu) 459.8 (2) 0,0023 (15)
75,2(Pu) 515,51 (7) 0,0378 (11)
Y4,1(Pu) 561,14 (5) 0,106 (2)
Y4,0(Pu) 605,16 (5) 0,077 (2)
~5.1(Pu) 617,39 (5)  0,0593
6,2 (Pu) 617,4 0,008
yo2(Pu) 836,96 (7) 0,020 (8)
Y12,2(Pu) 882,63 (3) 0,803 (9)
Y (Pw) 885 0,040 (5)
~y7.1(Pu) 897,34 (10) 0,0073 (10)
78,1 (Pu) 918,70 (4) 0,529 (6)
Y13,2(Pu) 923,99 (2) 2,604 (20)
9,1 (Pu) 924 0,065
JaaPu) 936,60 (5) 0,365 (5)
10,1 (Pu) 938,94 (10) 10,0327 (25)
Y11,1(Pu) 941,40 (4) 0,504 (6)
78,0(Pu) 962,76 (2) 0,645 (8)
Y9,0(Pu) 968,9 (4) 0,015 (8)
Y10.0(Pu) 983,0 (3) 0,068 (20)
Y12,1(Pu) 984,45 (2) 25,18 (13)
Y13,1(Pu) 1025,87 (2) 8,76 (6)
Y12,0(Pu) 1028,54 (2) 18,25 (13)

Main Production Modes

Np — 237(n,y)Np — 238
U — 238(p,n)Np — 238
U — 238(d,2n)Np — 238
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239
92 U 147

1 Decay Scheme

U-239 disintegrates by beta minus emission to levels in Np-239.
Luranium 239 se désintégre par émission béta vers des niveaur excités du neptunium 239.

2 Nuclear Data

Ty (U ) 0 23,46 (4)  min
Tip(**Np ) @ 2356 (3) d
Q-(*U) . 1261,5 (16) keV

2.1 [ Transitions

Energy Probability Nature lg ft
keV x 100
Boss 1645 (16) 0,0033 (2)
Bose  212,3 (16) 0,0091 (2)
Bos1  221,1 (16) 0,0074 (5)
Boso  247,9 (16) 0,0045 (3)
Boog  269,3 (16) 0,0106 (2)
Booes  295,0 (16) 0,0057 (3)
Boor  297,3 (16) 0,192 (8)
Boas  302,3 (16) 0,0239 (4)
Boos  398,1 (16) 0,0046 (5)
Boaq 4174 (16) 0,201 (5)
Boos 442,22 (16) 0,229 (7)
Boag  566,3 (16) 0,0143 (7)
Boas 9992 (16) 0,248 (5)  1st forbidden 7,35
Boas 6976 (16) 0,0253 (6)
Boaa 7312 (16) 0,0040 (4)
Boas  743,5 (16) 0,065 (2)
Bo1a 7871 (16) 0,0032 (4)
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Energy Probability Nature lg ft
keV x 100
Bos 1143,8 (16) 2,05 (22) 1st Forbidden 74
Bos  1186,5 (16) 70,4 (16) 1st Forbidden 5,93
Boa  1230,4 (16) 10,1 (13) Allowed 6,83
Boo  1261,5 (16) 16,5 (18) Allowed 6,65

2.2 Gamma Transitions and Internal Conversion Coefficients
Energy Pyice Multipolarity aK ar, am ar
keV x 100
y0(Np) 31,131 (2) 19,7 (15)  M1+43,08%E2 202 (10) 52,8 (28) 273 (14)
~4.3(Np) 43,1 1,92 (0)  MI1412,6%FE2 114 (13) 30 (4) 154 (18)
3.1 (Np) 43,533 (1) 9,3 (6) El 0,856 (17) 0,215 (4) 1,14 (23)
Y—1.1)(ND) 46,6 0,009 (4)
~6.4(Np) 55,18 0,0073 (23) M1426,4%E2 63 (20) 17 (6) 86 (27)
~2.0(Np) 71,21 (2) 0,16 (3) E2 52,3 (10) 14,6 (3) 71,9 (14)
~3.0(ND) 74,664 (1) 63,2 (14) El 0,208 (4) 0,0512 (10) 0,276 (6)
~va.1(Np) 86,72 (7) 0,065 (6) El 0,140 (3) 0,0344 (7) 0,186 (4)
")/15711(Np) 111,0 (2) 0,0202 (5)
~a.0(Np) 117,66 (3) 0,122 (10) El 0,0631 (13)  0,0155 (3)  0,0841 (17)
Y—12(Np) 13471 (13)  0,0018 (3)
Yers(Np) 1425 (1) 0,0043 (5)
~7.5(Np) 170,2 0,029 (1)
v—1.4)(Np) 174,07 (6)  0,0097 (3)
~5.5(Np) 186,15 (4)  0,0276 (3) [M1+E2]
vi0s(Np) 187,28 (8)  0,0054 (3) [M1+E2]
v25,18(Np) 201,09 (18)  0,0005 (2)
Y15 (Np) 220,52 (4)  0,0271 (3)
Yers(Np) 236,28 (14) 0,009 (2)
v—1.m(Np) 240,00 (15)  0,0008 (2)
va315(Np) 255,71 (12)  0,0011 (2)
vs121(Np) 258,80 (16)  0,0007 (2)
~8.0(Np) 260,86 (9)  0,0031 (2) [E1] 0,0434 (9)  0,00870 (17)  0,00211 (4)  0,0549 (11)
Yers(Np) 262,89 (19)  0,0008 (3)
Ye1oy(Np) 26544 (17) 0,009 (3)
va0.10(Np) 296,93 (13)  0,0014 (2) [M1+E2]
~v27,18(Np) 301,64 (15) 0,0011 (3)
v110)(Np) 326,21 (7)  0,0042 (2)
Y111 (Np) 330,14 (14)  0,0007 (1)
Yc1a2)(Np) 332,06 (14)  0,0011 (2)
vs110(Np) 345,13 (8)  0,0038 (2)
Yeram(Np) 348,23 (18)  0,0007 (3)
Yeian(Np) 351,33 (15)  0,0007 (2)
Ye1am(Np) 361,83 (8)  0,0043 (3)
vo0s(Np) 373,51 (4) 0,024 (2) [M1+E2]
v1s(Np) 378,06 (6)  0,0096 (3)
y12(Np) 381,27 (16)  0,0006 (2)
Y116 (Np) 393,01 (18)  0,0006 (2)
va6.15(Np) 395,19 (11)  0,0020 (2)
yi23(Np) 399,13 (13)  0,0015 (3)
Yeran(Np) 400,55 (15)  0,0009 (2)
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Energy Price Multipolarity aK ar oM ar
keV x 100

Y—118(Np) 404,84 (18)  0,0008 (3)

v33,18(Np) 434,44 (13) 0,0011 (2) [E1] 0,0148 (3) 0,00276 (6) 0,000660 (13) 0,0185 (4)
Y110 (Np) 44581 (12)  0,0011 (2)

~10,0(Np) 448,19 (6) 0,0085 (2) [E1] 0,0139 (3) 0,00258 (5) 0,000620 (12) 0,0173 (4)
Y—120(Np) 452,17 (12)  0,0015 (2)

~14,3(Np) 455,26 (18) 0,0008 (3)

Y12,0(Np) 474,50 (11)  0,0017 (2)
Y(=1,21)(Np) 478,13 (19) 0,0005 (2)
Y(=1,22)(Np) 479,55 (14) 0,0010 (2)

Y13,1(Np) 486,87 (3) 0,061 (3) [E1] 0,0118 (2)  0,00217 (4)  0,00052 (1)  0,0147 (4)
Y(=1,23)(Np) 490,33 (13) 0,0007 (1)

~15,2(Np) 492,76 (7) 0,0048 (2)

~14,1(Np) 499,1 (1) 0,0020 (2)
Y(=1,24)(Np) 502,12 (17) 0,0006 (2)

~16,3(Np) 504,76 (8) 0,0051 (3) [E2] 0,0293 (6) 0,0143 (3) 0,0038 (1) 0,0488 (10)
7(_1,25)(Np) 506,80 (14) 0,0010 (2)

~13,0(Np) 518,01 (9) 0,0044 (3) [E1] 0,0105 (2) 0,00191 (4) 0,00046 (1) 0,0185 (4)
Y06(Np) 522,12 (10)  0,0024 (2) [M14-E2]

~15,1(Np) 532,86 (10) 0,0022 (2)

~18,4(Np) 544,48 (9) 0,0034 (3) [M1+E2]

~16,1(Np) 547,99 (12) 0,0020 (3) [E1] 0,00941 (19) 0,00170 (3) 0,00041 (1) 0,0117 (2)
Y(=1,27)(Np) 558,46 (17) 0,0006 (2)
Y(=1,28)(Np) 560,63 (7) 0,0056 (3)

~15,0(Np) 564,09 (20) 0,0004 (2)
Y(=1,20)(Np) 567,88 (18) 0,0004 (1)
Y(=1,30)(Np) 575,27 (5) 0,0121 (3)
Y(=1,31)(Np) 577,15 (14) 0,0013 (3)

~18,3(Np) 587,63 (5) 0,0184 (3) [M1+E2]
Y(=1,33)(Np) 588,70 (8) 0,0053 (3)
Y(=1,31)(Np) 591,82 (19) 0,0009 (4)
Y(=1,35)(Np) 599,13 (15) 0,0007 (2)
Y(=1,36)(NDp) 602,79 (8) 0,0047 (2)
Y(=1,37(Np) 604,85 (6) 0,0009 (3)
Y(=1,38)(Np) 607,96 (15) 0,0013 (3)
Y(=1,39)(Np) 614,53 (17) 0,0006 (2)
Y(=1,40)(Np) 618,03 (16) 0,0007 (2)

~19,2(Np) 624,11 (7) 0,0060 (2) [E1] 0,00737 (15) 0,00131 (3) 0,00031 (1) 0,00910 (18)
Y(=1,41)(Np) 629,00 (11) 0,0026 (3)

~18,1(Np) 631,10 (3) 0,0656 (3) [E1] 0,00722 (14) 0,00128 (3) 0,000307 (6) 0,00892 (18)
7(,1’42)(Np) 644,12 (14) 0,0019 (4)

~23,6(Np) 646,26 (10) 0,0027 (3)
Y(=1,43)(Np) 649,79 (19) 0,0009 (4)

~18,0(Np) 662,26 (2) 0,163 (5) [E1] 0,00660 (13) 0,00117 (2) 0,00028 (1) 0,00815 (16)
~19,1(Np) 664,17 (9) 0,0051 (4) [E1] 0,00657 (13) 0,00116 (2) 0,00028 (1) 0,00811 (16)
Y(=1,44)(Np) 668,76 (18) 0,0005 (2)
Y—1.45(Np) 670,88 (20) 0,006 (3)
Y(=1,46)(Np) 691,01 (6) 0,0071 (3)
Y(=1,47)(Np) 692,61 (13) 0,0016 (3)

~19,0(Np) 695,18 (8) 0,0034 (3) [E1] 0,00604 (12) 0,00106 (2) 0,00025 (1) 0,00745 (15)
Y—1.48(Np) 701,21 (10)  0,0023 (2)

~27,8(Np) 703,63 (10) 0,0023 (2) [E2] 0,0162 (3) 0,00537 (11) 0,00138 (3) 0,0234 (5)
~Y21,2(Np) 707,38 (9) 0,002 (2)

~27,7(Np) 722,85 (4) 0,0264 (3) [E2] 0,0138 (3) 0,00418 (8) 0,00106 (2) 0,0194 (4)
7(_1,50)(Np) 727,52 (10) 0,0025 (2)
Y(=1,51)(Np) 730,95 (6) 0,0090 (2)
Y(=1,52)(Np) 746,06 (11) 0,0041 (5)
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Energy Price Multipolarity aK ar oM ar
keV x 100
Ya3,2(Np) 748,09 (3) 0,0850 (4)
~30,8(Np) 752,39 (14) 0,0012 (3)
Y 153 (Np) 764,04 (11)  0,0025 (3)
Y-150(Np) 768,15 (11)  0,0020 (2)
Y-1.55(Np) 769,52 (17)  0,0004 (1)
Y24,2(Np) 772,94 (9)  0,0028 (2)
Y—1.56(Np) 774,77 (4) 0,015 (2)
~31,8(Np) 779,57 (14) 0,0006 (1)
~23,1(Np) 788,19 (7)  0,0046 (2)
Y157 (Np) 791,33 (6) 0,0072 (2)
Y155 (Np) 795,13 (15)  0,0008 (2)
Ya4,1(Np) 812,89 (3)  0,0657 (3)
y23,0(Np) 819,19 (2) 0,123 (2)
Y—1.50(Np) 829,59 (17)  0,0004 (1)
Y_1.60(Np) 831,89 (9)  0,0020 (2)
Y-161)(Np) 841,48 (12)  0,0024 (4)
y24.0(Np) 844,05 (2) 0,133 (2)
Y 162 (Np) 846,39 (4)  0,0298 (4)
~28,4(Np) 849,44 (9) 0,0020 (2)
Y(-1,63(Np) 862,56 (18)  0,0004 (1)
va1,6(Np) 867,11 (11)  0,00073 (8)
Y(=1,64)(Np) 869,57 (9) 0,0016 (1)
~29,4(Np) 874,22 (7)  0,0031 (1) [M1+E2]
v263(Np) 884,45 (5)  0,0082 (2)
Y—1.65(Np) 887,83 (10)  0,0023 (2)
~27,3(Np) 889,49 (4) 0,0200 (2) [M1+E2]
~28,2(Np) 895,15 (15) 0,0008 (2)
Y—1.66)(Np) 913,68 (9)  0,0018 (1)
v203(Np) 917,40 (8)  0,0025 (1) [M14E2]
~20.2(Np) 920,95 (8)  0,0025 (1) [E1] 0,00366 (8)  0,000630 (13)  0,00015 (1)  0,00450 (9)
va1.4(Np) 922,83 (13)  0,0005 (1)
Y261 (Np) 928,00 (6)  0,0049 (1)
v32,4(Np) 931,97 (7) 0,0051 (2) [M1+E2]
Y71 (Np) 933,09 (3)  0,0252 (2) [E1] 0,00358 (7)  0,000610 (12)  0,00015 (1)  0,00439 (9)
v30,3(Np) 938,59 (16)  0,00030 (8)
Y 1.6 (Np) 948,88 (19) 0,00023 (9)
~v26,0(Np) 959,48 (6) 0,0076 (2)
~20,1(Np) 960,99 (5) 0,0100 (2) [E1] 0,00340 (7) 0,00058 (1) 0,00014 (1) 0,00417 (9)
Y27,0(Np) 964,30 (3)  0,0871 (4) [E1] 0,00338 (7)  0,000580 (12)  0,00014 (1)  0,00415 (9)
Y—1.68(Np) 970,07 (14)  0,0009 (1)
~s2,3(Np) 974,91 (14)  0,00039 (8) [E1] 0,00332 (7) 0,00057 (1) 0,000130 (12)  0,00407 (9)
Y(=1,69)(ND) 988,51 (14)  0,00042 (9)
~20,0(Np) 992,00 (7) 0,0027 (1) [E1] 0,00322 (7) 0,000550 (11) 0,00013 (1) 0,00395 (8)
Y(—1.70)(Np)  1002,40 (13)  0,00046 (9)
Y-1.71y(Np)  1005,27 (13)  0,0006 (1)
Y—1.72)(Np)  1009,38 (18)  0,0003 (1)
v31.0(Np)  1040,19 (9) 0,0011 (1)
vss.1(Np)  1065,76 (12)  0,00057 (8) [M1+E2]
vs3.0(Np)  1096,92 (8) 0,0016 (1) [M1+E2]
Y(_1.73(Np)  1101,99 (16)  0,00030 (1)
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3 Atomic Data

3.1 Np
w0971 (4)
wr, ¢ 0,511 (20)
oy o 0,0528
ngr = 0,791  (5)

nry 0 1,163

3.1.1 X Radiations

Energy Relative
keV probability
Xk
Kay 97,069 62,82
Kaq 101,059 100
K33 113,303 }
KB 114,234 }
Kj, 114,912 } 36,21
KB 117,463 }
K04 117,876 } 12,47
KOs 3 118,429 }
XL
Ll 11,871
La 13,671 — 13,946
Ly 15,861
Lg 16,109 — 17,992
Ly 20,784 — 21,491
3.1.2 Auger Electrons
Energy Relative
keV probability
Auger K
KLL 73,501 — 83,134 100
KLX 90,358 — 101,054 60,2
KXY 107,19 - 118,66 9,06
Auger L 6,04 — 13,12
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4 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Np) 6,04 - 13,12 19.4 (60)
€AK (Np) 0,0091 (13)

KLL 73,501 - 83,134 }

KLX 90,358 - 101,054

KXY 107,19 - 118,66 }
€C1,0 L (Np) 8,704 - 13,521 14,5 (10)
€C43 L (Np) 20,7 - 2555 1,41
ecs 1 L (Np) 21,106 - 25,920 3,72 (25)
€c1,0 M (Np) 25,392 - 27,467 3,8 (3)
€C64 L (Np) 32,75 - 37,57 0,0053 (17)
ec4,3 M (Np) 374 - 394 0,37
ec31 M (Np) 37,79 - 39,87 0,94 (7)
20 (Np) 48,78 - 53,60 0,115 (21)
ccoan (Np) 4944 - 51,52 0,0014 (5)
€C3,0 L (Np) 52,237 - 57,054 10,3 (3)
€C41 L (Np) 64,29 - 69,11 0,0077 (7)
€C2,0 M (Np) 6547 - 67,55 0,032 (6)
€c30 M (Np) 68,93 - 71,00 2,53 (8)
€C4,1 M (Np) 80,98 - 83,06 0,00189 (18)
€C4,0 L (Np) 95,23 - 100,05 0,0071 (6)
€C4,0 M (Np) 111,92 - 114,00 0,00175 (14)
Boss max: 1645  (16) 0,0033 (2)
Bo.33 avg: 43,7 (5)
Bo 32 max: 212,3 (16) 0,0091 (2)
Bo.32 avg: 57,3 (5)
Boan max:  221,1  (16) 0,0074 (5)
Bo.s1 avg: 59,9 (5)
Bos0 max:  247,9  (16) 0,0045 (3)
50_,30 avg: 67,6 (5)
ﬁ[i29 max: 269,3 (16) 0,0106 (2)
Bo.29 avg: 74,0 (5)
ﬁ()_,QS max: 295,0 (16) 0,0057 (3)
Bo.2s avg: 81,7 (5)
Bo.az max: 297.3 (16) 0,192 (8)
Bo.az avg: 82,4 (5)
Boas max:  302,3  (16) 0,0239 (4)
Bo 26 avg: 83,9 (5)
Boas max: 3981  (16) 0,0046 (5)
Bo.25 avg: 1134 (5)
Bo.24 max: 4174 (16) 0,201 (5)
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Energy Electrons

keV per 100 disint.
Bo24 avg:  119,6 (5)
Bo.2s max: 4422 (16) 0,229 (7)
Bo 23 avg: 1274 (5)
Boag max:  566,3 (16) 0,0143 (7)
Bog avg:  168,0 (5)
Boas max:  599,2 (16) 0,248 (5)
Boas avg:  179,0 (5)
Bo.1s max:  697,6 (16) 0,0253 (6)
Boas avg:  212,6 (5)
Boa max: 731,2 (16) 0,0040 (4)
Boa avg: 2243 (5)
Boas max:  743,5 (16) 0,065 (2)
Boas avg: 2286 (5)
Boa2 max: 7871 (16) 0,0032 (4)
Boaz avg: 2440 (5)
Bo.a max: 1143,8  (16) 2,05 (22)
Boa avg:  374,0 (5)
Bos max: 1186,5  (16) 70,4 (16)
Bos avg:  390,4 (5)
Boa max: 1230,4  (16) 10,1 (13)
Boa avg:  406,8 (5)
Boo max: 1261,5  (16) 16,5 (18)
Boo avg:  418,6 (5)

5 Photon Emissions
5.1 X-Ray Emissions
Energy Photons
keV per 100 disint.
XL (Np) 11,871 — 21,491 14,9 (4)
XKas (Np) 97,069 0,091 (3) } Ko
XKag (Np) 101,059 0,144 (5) }
XK 33 (Np) 113,303 }
XK@ (Np) 114,234 b 0,052 (2) K 5
XK@,  (Np) 114,912 }
XK G, (Np) 117,463 }
XKBs  (Np) 117,876 b 0,018 (1) K 5,
XKOy3 (Np) 118,429 }
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5.2 Gamma Emissions

Energy Photons

keV per 100 disint.
Y1,0(Np) 31,131 (2) 0,072 (4)
7Y4,3(Np) 43,1 0,0124
v3,1(Np) 43,533 (1) 4,35 (28)
Y(-1,1)(Np) 46,6 0,009 (4)
76,4(Np) 99,18 0,0000836 (20)
~2.0(Np) 71,21 (2) 0,0022 (4)
~3,0(Np) 74,664 (1) 49,5 (11)
74,1(Np) 86,72 (7) 0,055 (5)
715,11 (Np) 111,0 (2) 0,0202 (5)
~Y4.0(Np) 117,66 (3) 0,113 (9)
Y(=1,2)(Np) 134,71 (13) 0,0018 (3)
Y(-1,3)(Np) 142,5 (1) 0,0043 (5)
7,2(Np) 170,2 0,029 (1)
Y1m(Np) 174,07 (6) 0,007 (3)
78,3(Np) 186,15 (4) 0,0276 (3)
710,8(Np) 187,28 (8) 0,0054 (3)
725,18(Np) 201,09 (18) 0,0005 (2)
Ye1s)(Np) 220,52 (4) 0,0271 (3)
Y(~1,6)(Np) 236,28 (14) 0,0009 (2)
Y1m(Np) 240,00 (15) 0,0008 (2)
~23.15(Np) 255,71 (12) 0,0011 (2)
731,21 (Np) 258,80 (16) 0,0007 (2)
~8.0(Np) 260,86 (9) 0,0029 (2)
¥(-1,8)(Np) 262,89 (19) 0,0008 (3)
Y(-1,9)(Np) 265,44 (17) 0,0009 (3)
729,19(Np) 296,93 (13) 0,0014 (2)
727,18(Np) 301,64 (15) 0,0011 (3)
Y(-1,10)(Np) 326,21 (7) 0,0042 (2)
Y—1,11)(Np) 330,14 (14) 0,0007 (1)
Y(-1,12)(Np) 332,06 (14) 0,0011 (2)
731,19(Np) 345,13 (8) 0,0038 (2)
Y(~1,13)(Np) 348,23 (18) 0,0007 (3)
Y-114(Np) 351,33 (15) 0,0007 (2)
Y-115)(Np) 361,83 (8) 0,0043 (3)
Y103(Np) 373,51 (4) 0,024 (2)
711,3(Np) 378,06 (6) 0,0096 (3)
Y11.2(Np) 381,27 (16) 0,0006 (2)
Y(-1,16)(Np) 393,01 (18) 0,0006 (2)
7¥26,15(Np) 395,19 (11) 0,0020 (2)
7Y12,3(Np) 399,13 (13) 0,0015 (3)
Y(-1,17y(Np) 400,55 (15) 0,0009 (2)
Y(-1,18)(Np) 404,84 (18) 0,0008 (3)
vs318(Np) 434,44 (13) 0,0011 (2)
Y(~1,19)(Np) 445,81 (12) 0,0011 (2)
7Y10,0(Np) 448,19 (6) 0,0084 (2)
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Energy Photons

keV per 100 disint.
Y(~1,20)(Np) 452,17 (12) 0,0015 (2)
714.3(Np) 455,26 (18) 0,0008 (3)
Y12,0(Np) 474,50 (11) 0,0017 (2)
Y(~1,21)(Np) 478,13 (19) 0,0005 (2)
Y(~1,22)(Np) 479,55 (14) 0,0010 (2)
13,1 (Np) 486,87 (3) 0,060 (3)
Y(~1,23)(Np) 490,33 (13) 0,0007 (1)
7Y15,2(Np) 492,76 (7) 0,0048 (2)
~14,1(Np) 499.1 (1) 0,0020 (2)
Yc120(Np) 502,12 (17)  0,0006 (2)
716,3(Np) 504,76 (3) 0,0049 (3)
Y(~1,25)(Np) 506,80 (14) 0,0010 (2)
713,0(Np) 518,01 (9) 0,0043 (3)
7Y19,6(Np) 522,12 (10) 0,0024 (2)
15,1 (Np) 532,86 (10) 0,0022 (2)
Y 126 (Np) 541,32 (10) 0,0028 (2)
Y18.4(Np) 544,48 (9) 0,0034 (3)
Y161 (Np) 547,99 (12) 0,0019 (3)
Y(~1,27)(Np) 558,46 (17) 0,0006 (2)
Y—128)(Np) 560,63 (7) 0,0056 (3)
Y15,0(Np) 564,09 (20) 0,0004 (2)
Y(~1,20)(Np) 567,88 (18) 0,0004 (1)
Y(=1,30)(Np) 575,27 (5) 0,0121 (3)
Y(~1,31)(Np) 577,15 (14) 0,0013 (3)
Y 132)(Np) 585,49 (14) 0,0012 (2)
718,3(Np) 587,63 (5) 0,0184 (3)
Y(~1,33)(Np) 588,70 (8) 0,0053 (3)
Y(~1,34)(Np) 591,82 (19) 0,0009 (4)
Y(~1,35)(Np) 599,13 (15) 0,0007 (2)
Y(~1,36)(Np) 602,79 (8) 0,0047 (2)
Y(~1,37)(Np) 604,85 (6) 0,0009 (3)
Y(-13%(Np) 607,96 (15) 0,0013 (3)
Y(~1,39)(Np) 614,53 (17) 0,0006 (2)
Y(~1,40)(Np) 618,03 (16) 0,0007 (2)
719,2(Np) 624,11 (7) 0,0059 (2)
V(=141 (Np) 629,00 (11) 0,0026 (3)
718,1(Np) 631,10 (3) 0,0650 (3)
Vo1a2)(Np) 644,12 (14) 0,0019 (4)
7¥23,6(Np) 646,26 (10) 0,0027 (3)
Y(~143)(Np) 649,79 (19) 0,0009 (4)
718,0(Np) 662,26 (2) 0,162 (5)
Y19,1(Np) 664,17 (9) 0,0051 (4)
Y(~1,44)(Np) 668,76 (18) 0,0005 (2)
Y(~1,45)(Np) 670,88 (20) 0,0006 (3)
Y(-1,46)(Np) 691,01 (6) 0,0071 (3)
Y(~1,47)(Np) 692,61 (13) 0,0016 (3)
719,0(Np) 695,18 (8) 0,0034 (3)
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Energy Photons

keV per 100 disint.
Y(~1,48)(Np) 701,21 (10) 0,0023 (2)
7Y27,8(Np) 703,63 (10) 0,0023 (2)
~21,2(Np) 707,38 (9) 0,0022 (2)
Y(-1,49)(Np) 714,22 (9) 0,0029 (3)
~Ya7.7(Np) 722,85 (4) 0,0259 (3)
Y(~1,50)(Np) 727,52 (10) 0,0025 (2)
Y151 (Np) 730,95 (6) 0,0090 (2)
Y(~1,52)(Np) 746,06 (11) 0,0041 (5)
7¥23,2(Np) 748,09 (3) 0,0850 (4)
Y30,8(Np) 752,39 (14) 0,0012 (3)
V(1,53 (Np) 764,04 (11) 0,0025 (3)
Y(~1,54)(Np) 768,15 (11) 0,0020 (2)
V(1,55 (Np) 769,52 (17) 0,0004 (1)
724,2(Np) 772,94 (9) 0,0028 (2)
’)/(_1,56)(Np) 774,77 (4) 0,015 (2)
7¥31,8(Np) 779,57 (14) 0,0006 (1)
723,1(Np) 788,19 (7) 0,0046 (2)
Y(~1,57)(Np) 791,33 (6) 0,0072 (2)
Y(~1,58)(Np) 795,13 (15) 0,0008 (2)
")/24,1(Np) 812,89 (3) 0,0657 (3)
723,0(Np) 819,19 (2) 0,123 (2)
Y(~1,59)(Np) 829,59 (17) 0,0004 (1)
Y 1.60)(Np) 831,89 (9) 0,0020 (2)
Y(~1,61)(Np) 841,48 (12) 0,0024 (4)
")/2470(Np) 844,05 (2) 0,133 (2)
Y(~1,62)(Np) 846,39 (4) 0,0298 (4)
728,4(Np) 849,44 (9) 0,0020 (2)
Y(~1,63)(Np) 862,56 (18) 0,0004 (1)
~31,6(Np) 867,11 (11)  0,00073 (8)
Y(~1,64)(Np) 869,57 (9) 0,0016 (1)
Y29,4(Np) 874,22 (7) 0,0031 (1)
~26.3(Np) 884,45 (5) 0,0082 (2)
Y(~1,65)(Np) 887,83 (10) 0,0023 (2)
Y27,3(Np) 889,49 (4) 0,0200 (2)
7Y28,2(Np) 895,15 (15) 0,0008 (2)
Y(~1,66)(Np) 913,68 (9) 0,0018 (1)
729,3(Np) 917,40 (8) 0,0025 (1)
~29.2(Np) 920,95 (8) 0,0025 (1)
~31,4(Np) 922,83 (13) 0,0005 (1)
7¥26,1(Np) 928,00 (6) 0,0049 (1)
732,4(Np) 931,97 (7) 0,0051 (2)
~27,1(Np) 933,09 (3) 0,0251 (2)
730,3(Np) 938,59 (16) 0,00030 (8)
Y(~1,67)(Np) 948,88 (19) 0,00023 (9)
726,0(Np) 959,48 (6) 0,0076 (2)
7¥29,1(Np) 960,99 (5) 0,0100 (2)
Y27,0(Np) 964,30 (3) 0,0867 (4)
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Energy Photons

keV per 100 disint.
Y(-1,68)(Np) 970,07 (14) 0,0009 (1)
v32,3(Np) 974,91 (14) 0,00039 (8)
Y(-1,69)(Np) 988,51 (14) 0,00042 (9)
729,0(Np) 992,00 (7) 0,0027 (1)
Y(-1,70)(Np)  1002,40 (13) 0,00046 (9)
Y(—1,71)(Np)  1005,27 (13) 0,0006 (1)
Y(=1,72)(Np)  1009,38 (18) 0,0003 (1)
7¥31,0(Np) 1040,19 (9) 0,0011 (1)
733,1(Np) 1065,76 (12) 0,00057 (8)
733,0(Np) 1096,92 (8) 0,0016 (1)
Y(-1,73)(Np)  1101,99 (16) 0,00030 (1)

Main Production Modes

239
92

147

{

U — 238(n,y)U — 239
Possible impurities : U — 238
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239 N
93 p 146

1 Decay Scheme

Np-239 decays by beta minus emission to levels in Pu-239.
Le neptunium 239 se désintégre par émissions béta moins vers le plutonium 239.

2 Nuclear Data

Tip(**Np) : 2356 (3)
Tip(**Pu) @ 24100 (11)
Q- (¥Np) : 71225 (10)

2.1 [ Transitions

d
a
keV

Energy  Probability Nature lg ft
keV x 100

607,13 166,3 (5) 0,0026 1st forbidden 9,7
Bz 210,7(5) 1,56 (16) Allowed 7.3
B 2173 (5) 0,0074 1st forbidden 9,7
Boao  230,3 (5) 0,02 1st forbidden 9,3
Boo  252,7(5) 0,0027 1st forbidden unique 9,9
Bos 3309 (5) 388 (9) 1st forbidden 6,3
Bon 3351 (5) ond forbidden
Boe 3924 (5) 94 (14) Allowed 7,4
Bos  437,0 (5) 43,0 (22) Allowed 6,9
Bou 5587 (5) ond forbidden
Bos 6468 (5) Allowed
Byo 6652 (5) 0,4 (72) Allowed
Bon  TI46(5) 65 (10) Allowed 8,4
Boo  722,5 (5) 2nd forbidden unique
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2.2 Gamma Transitions and Internal Conversion Coefficients

Energy Price Multipolarity aK or apm ar
keV x 100
~1,0(Pu) 7,861 (2) 70 (8) M1+0,3%E2 4220 (270) 5716 (400)
~3,2(Pu) 18,430 (4) 5,5 (30) [M1+E2]
~6,5(Pu) 44,663 (5) 11,3 (14) M1+4%E2 64 (6) 16,3 (16) 86 (8)
~2,1(Pu) 49,415 (3) 18 (5) M1+20%E2 92 (6) 24,8 (15) 126 (8)
~2,0(Pu) 57,273 (4) 27 (7) E2 161 (3) 45,0 (9) 222 (5)
7776(Pu) 57,3 ~ 0,2 M1(+E2)
~s,6(Pu) 61,460 (2) 1,900 (32) E1 0,354 (7) 0,0881 (18) 0,473 (10)
~s,1(Pu) 67,841 (7) 9,9 (30) E2 71,3 (14) 20,0 (4) 98,3 (20)
~4,3(Pu) 88,06 (3) 0,078 (44) M14+20%E2 9 (4) 2,4 (13) 12 (6)
~7,5(Pu) 101,96 (2) 0,12 (3) E2 10,5 (2) 2,93 (6) 14,4 (3)
~v8,5(Pu) 106,125 (2) 32,6 (9) E1(+M2) 0,19 (3) 0,050 (8) 0,26 (3)
~a,2(Pu) 106,50 (3) 0,63 (10) E2 8,55 (17) 2,39 (5) 11,8 (3)
~v12,7(Pu) 124,4 0,15 E2 10,4 (2) 2,39 (5) 0,591 (12) 13,6 (3)
~6,4(Pu 166,39 (6) 0,12 (5) M1(+20%E2) 4,92 (10) 0,987 (20) 0,240 (5) 6,23 (13)
~12,6(Pu) 181,70 (3) 0,497 (14) M1 3,76 (8) 0,768 (15) 0,187 (4) 4,78 (10)
vs,3(Pu) 209,753 (2) 13,47 (24) M1+2%E2 2,27 (5) 0,501 (10) 0,123 (25) 2,94 (6)
~12,5(Pu) 226,38 (2) 0,91 (5) M1+12%E2 2,04 (7) 0,411 (12) 0,100 (3) 2,58 (8)
~g,4(Pu) 227,83 0,54 (11) M1+1,7%E2 0,0597 (12) 0,0125 (3) 0,00303 (6) 0,0762 (15)
~vs,2(Pu) 228,183 (1) 38,6 (12) M1+7,3%E2 1,89 (6) 0,396 (12) 0,097 (3) 2,41 (8)
~6,3(Pu) 254,40 (3) 0,314 (10) M1+42,5%E2 1,46 (3) 0,295 (6) 0,0718 (15) 1,85 (4)
~6,2(Pu) 272,84 (3) 0,194 (8) M1+2,6%E2 1,20 (3) 0,242 (5) 0,0589 (12) 1,52 (3)
vs,1(Pu) 277,599 (1) 34,8 (9) M1+5%E2 1,12 (5) 0,228 (6) 0,0556 (12) 1,42 (6)
~vs,0(Pu) 285,460 (2) 0,973 (13) E2 0,0843 (17) 0,119 (3) 0,0327 (7) 0,248 (5)
~7,3(Pu) 311,70 (2) 0,002 (2) (M1+E2)
~vs,3(Pu) 315,880 (3) 1,649 (10) E1(40,006%M2) 0,0295 (6) 0,00141 (4) 0,0372 (8)
~6,1(Pu) 322,3 (2) 0,006 (E2) 0,0680 (14) 0,0203 (4) 0,170 (4)
~s,2(Pu 334,310 (3) 2,107 (21)  E1(40,004%M2) 0,0261 (5) 0,0012 (3) 0,0329 (7)
~13,4(Pu) 392,4 (5) 0,0016 (E1)
~11,3(Pu) 429.5 (5) 0,0039
~10,2(Pu) 434,7 (5) 0,013 E1(+M2)
~11,2(Pu) 4476 (5) 0,00026
~12,2(Pu) 454,2 (5)  0,00082 (M1)
~o,1(Pu 461,9 (5) 0,0016 (E1)
~o,0(Pu 469.,8 (5) 0,0011 (E1)
~10,1(Pu) 484,3 (5) 0,001 (E1)
~10,0(Pu) 492.3 (5) 0,006 (E1)
~11,1(Pu) 497.8 (5) 0,0032
13,2 (Pu) 498,7 0,001 (E1)
~12,1(Pu) 504,2 (5) 0,00078 (E2)
3 Atomic Data
3.1 Pu

wrg @ 0971 (4)

wr, ¢ 0,521 (20)

nNKr : 0,790 (5)
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3.1.1 X Radiations

Energy Relative
keV probability
XK
Kas 99,525 63,17
Kay 103,734 100
K33 116,244 }
KB 117,228 }
K3 117,918 } 36,7
Kfs 120,54 }
K3y 120,969 } 12,74
KOs 3 121,543 }
Xy,
Le 12,125
La 14,083 — 14,279
Ly 16,334
Lg 16,499 — 19,331
Ly 20,708 — 21,984
3.1.2 Auger Electrons
Energy Relative
keV probability
Auger K
KLL 75,26 — 85,36 100
KLX 92,61 — 103,73 60,6
KXY 109,93 — 121,78 9,18
Auger L 6,1 — 23,0
4 Electron Emissions
Energy Electrons
keV per 100 disint.
eAL (Pu) 6,1 - 23,0 47,9 (26)
CAK (Pu) 1,36 (19)
KLL 7526 - 85,36 }
KLX 92,61 - 103,73 }
KXY 109,93 - 121,78 }
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Energy Electrons

keV per 100 disint.
ecLom  (Pu) 1,928 - 4,086 51 (6)
ecio7k  (Pu) 2,6 0,1
€Ce 5 I, (Pu) 21,559 - 26,606 8,3 (10)
eco 1 L, (Pu) 26,311 - 31,358 13,3 (3)
€C2,0 L (Pu) 34,169 - 39,216 20,8 (32)
ecsg.  (Pu) 38,36 - 43,40 0,457 (11)
€C6.5 M (Pu) 38,730 - 40,888 2,12 (26)
ccorn  (Pu) 43,482 - 45,640 3,6 (9)
€C 4 K (Pu) 44,60 (6) 0,08 (3)
ecs1n  (Pu) 4474 - 4978 7,1 (21)
ecoon  (Pu) 51,340 - 53,498 5,8 (9)
ecsgm  (Pu) 5553 - 57,68 0,114 (3)
ecpek  (Pu) 59,91 (3) 0,323 (10)
€c31 M (Pu) 61,91 - 64,07 2,0 (6)
€c43 L (Pu) 64,96 - 70,00 0,054 (30)
€Cc75 L (Pu) 78,86 - 83,90 0,084 (21)
ecg s L (Pu) 83,02 - 88,07 49 (8)
€cy2 1, (Pu) 83,37 - 8841 0,42 (7)
€C53 T (Pu) 87,962 - 209,746 10,05 (22)
€C53 K (Pu) 87,962 (2) 7,76 (18)
€Cg 5 M (Pu) 100,19 - 102,35 1,30 (21)
€C42 M (Pu) 100,54 - 102,69 0,117 (19)
€C12,5 K (Pu) 104,59 (2) 0,52 (3)
€C52 T (Pu) 106,392 - 228,176 27,3 (10)
ecsox (Pu) 106,392 (1) 21,4 (8)
€C6,3 K (Pu) 132,61 (3) 0,161 (6)
€C6,2 K (Pu) 151,05 (3) 0,092 (4)
ecs1x  (Pu) 155808 (1) 16,1 (7)
€C5,1 T (Pu) 155,808 - 277,592 20,4 (9)
€c126 1, (Pu) 158,59 - 163,63 0,066 (2)
€C5,0 K (Pu) 163,669 (2) 0,066 (2)
ecs3  (Pu) 186,65 - 191,70 1,71 (4)
ec12,5 L (Pu) 203,28 - 208,32 0,105 (7)
€C53 M (Pu) 203,82 - 205,98 0,42 (9)
ecsar  (Pu) 205,08 - 210,13 4,48 (16)
ecg 2 K (Pu) 212,519 (3) 0,0532 (11)
ecson (Pu) 22225 - 22441 1,10 (4)
€C5,1 L (Pu) 254,50 - 259,54 3,28 (9)
€C5,0 L (Pu) 262,36 - 267,40 0,093 (3)
€C51 M (Pu) 271,67 - 273,82 0,801 (18)
Bo.1s max:  166,3 (5) 0,0026
ﬁ(i13 avg: 44,2 (2)
Bota max: 2107 (5) 1,56 (16)
Bo.12 avg: 56,8 (2)
Bo11 max: 2173 (5) 0,0074
Bo11 avg: 58,7 (2)
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Energy Electrons

keV per 100 disint.
Bo 1o max:  230,3 (5) 0,02
Bo1o avg: 62,5 (2)
Boo max: 2527 (5) 0,0027
Boo avg: AT (2)
Bos max:  330,9 (5) 38,8 (9)
Bos avg: 98,3 (2)
Box max:  335,1 (5)
Box avg:
Bos max: 3924 (5) 9.4 (14)
Bos avg: 111,5 (2)
Bos max:  437,0 (5) 43,0 (22)
Bos avg: 1256 (2)
Boa max:  558,7 (5)
Bo.4 avg:
Bos max:  646,8 (5)
Bos avg:
Bo.a max:  665,2 (5) 0,4 (72)
Bo.a avg:
Boa max:  714,6 (5) 6,5 (10)
Boa avg:  218,3 (2)
Boo max: 7225 (5)
Boo aveg:

5 Photon Emissions
5.1 X-Ray Emissions
Energy Photons

keV per 100 disint.
XL (Pu) 12,125 — 21,984 51,3 (24)
XKay (Pu) 99,525 13,5 (4) } Ka
XKag (Pu) 103,734 21,4 (6) }
XKfs (Pu) 116,244 }
XKB  (Pu) 117,228 b 7,84 (25) K 3
XKG;  (Pu) 117,918 }
XK G (Pu) 120,54 }
XKBs  (Pu) 120,969 }2,72 (10) K'f»
XKOy3 (Pu) 121,543 }
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5.2 Gamma Emissions

Energy Photons
keV per 100 disint.

Y1,0(Pu) 7,861 (2)  0,0122 (12)
V3,2(Pu) 18,430 (4) < 0,02
76,5(Pu) 44,663 (5) 0,13 (1)
V2,1 (Pu) 49,415 (3) 0,145 (35)
¥2,0(Pu) 57,273 (4) 0,12 (3)
v¥7,6(Pu) 57,3 ~ 0,012
Yss(Pu) 61,460 (2) 1,29 (2)
v3,1(Pu) 67,841 (7) 0,10 (3)
Y4,3(Pu) 88,06 (3) 0,006 (2)
yrs(Pu) 101,96 (2) 0,008 (2)
v85(Pu) 106,125 (2) 25,9 (3)
Y4,2(Pu) 106,50 (3) 0,049 (8)
~12,7(Pu) 124,4 0,01
¥6,4(Pu) 166,39 (6) 0,016 (7)
Y12,6(Pu) 181,70 (3) 0,086 (2)
vs3(Pu) 209,753 (2) 3,42 (3)
Y12,5(Pu) 226,38 (2) 0,255 (14)
Yea(Pu) 227,83 0,5 (1)
vso(Pu) 228,183 (1) 11,32 (22)
ves3(Pu) 25440 (3) 0,110 (3)
Yeo(Pu) 272,84 (3) 0,077 (3)
75,1 (Pu) 277,599 (1) 14,4 (1)
vs0(Pu) 285,460 (2) 0,78 (1)
yrs(Pu) 311,70 (2) 0,002 (2)
ye3(Pu) 315,880 (3) 1,59 (1)
76,1 (Pu) 322,3 (2)  0,0052
Yga(Pu) 334,310 (3) 2,04 (2)
713,4(Pu) 3924 (5)  0,0016
Y11,3(Pu) 429.5 (5) 0,0039
710,2(Pu) 434,7 (5) 0,013
Y11,2(Pu) 4476 (5)  0,00026
Y12,2(Pu) 454,2 (5)  0,00082
79,1 (Pu) 461,9 (5) 0,0016
Y9,0(Pu) 469,8 (5) 0,0011
710,1(Pu) 4843 (5) 0,001
710,0(Pu) 4923 (5) 0,006
Y11,1(Pu) 497.8 (5)  0,0032
Y13,2(Pu) 498,7 0,001
712,1(Pu) 504,2 (5) 0,00078
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6 Main Production Modes
U — 238(n,7)U — 239
Possible impurities : Pu — 239, Pu — 240

U —239(5~,)Np — 239
Possible impurities : T/ = 23,46 min
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C.B.BI1GHAM. Can. J. Phys. 47 (1969) 1317

(Half-life)

I. AHMAD, M. WAHLGREN. Nucl. Instrum. Methods 99 (1972) 333

(Gamma ray absolute emission probabilities)

F.T. PORTER. Phys. Rev. C5 (1972) 1738

(Gamma ray energies)

L.S. KRANE. Phys. Rev. C5 (1972) 1671

(Gamma transition multipolarities)

R.L. HEATH. ANCR-1000-2 (1974)

(Gamma ray energies and absolute emission probabilities)

L.N. Yurova, A.V.BusHUEvV, V.I. PETROV. At.Energ. 436 (1974) 51
(Gamma ray absolute emission probabilities)

D.I. STAROZHUKOV, Y.S. Porpov, P.A. PRIVALOVA. At.Energ. 42 (1977) 319
(Gamma ray absolute emission probabilities)

V.K. MozHAEV, V.A. DULIN, Y.A. KAZANSKIL. At.Energ. 47 (1979) 55
(Gamma ray absolute emission probabilities)

H.G. BORNER, G. BARREAU, W.F. DAvVIDSON, P. JEUCH, T.voN EGIDY, J. ALMEIDA, D.H.WHITE. Nucl. Instrum.
Methods 166 (1979) 251

(Gamma ray energies)

I. AaMAD. Nucl. Instrum. Methods 193 (1982) 9

(Gamma ray energies and absolute emission probabilities)

R. VANINBROUKX, G. BORTELS, B.DENECKE. Int. J. Appl. Radiat.Isotop 35 (1984) 1081

(Gamma ray emission probabilities absolute)

Y. CHANG, Z. CHENG, C. YAN, G. SHI, D. Qiao. Radiat.Eff. 94 (1986) 97

(Gamma ray absolute emission probabilities)

A. ABzouzi, M.S. ANTONY, V.B. NDOCKO NDONGUE, D.OSTER. J. Radioanal. Nucl. Chem. 145 (1990) 361
(Half-life)

E. SIMECKOVA, P. Cizek, M. FINGER, J. JOHN, P. MALINSKY, V.N. PavLov. Hyperfine Interactions 59 (1990)
185

(Gamma transition multipolarities)

Y. SHIOKAWA, M. YAclI. J. Radioanal. Nucl. Chem. 149 (1991) 51

(Gamma transition multipolarities, ICC)
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- Yu.S. Porov, D.KH. SRUROV, I.B. MAKAROV, E.A. ERIN, G.A. TIMOFEEV. Radiokhimiya 33 (1991) 3
(Gamma ray absolute emission probabilities)

- M.A. HAMMED, I.M. LowLEs, T.D. MAC MAHON. Nucl. Instrum. Methods Phys.Res. A312 (1992) 308
(Gamma ray absolute emission probabilities)

- R.B. FIRESTONE. Table of Isotopes, Eighth Edition, Volume II (1996)
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- S.A. Woobs, D.H. Woobs, M.J. Woobs, S.M. JEROME, M. BURKE, N.E. BowLES, S.E.M. Lucas, C. PATON
WaLsH. Nucl. Instrum. Methods Phys. Res. A369 (1996) 472

( Gamma ray absolute emission probabilities)

- E. SCHONFELD, H. JANSSEN. Nucl. Instrum. Methods Phys. Res. A369 (1996) 527
(Atomic data)

- E. SCHONFELD, G. RODLOFF. PTB-6, 11-1999, Braunschweig (1999)
(KX ray energies and relative emission probabilities)

- G. Aupi, A.H. WaprsTRA, C. THIBAULT. Nucl. Phys. A729 (2003) 337
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- E. BROWNE. Nucl. Data Sheets 98 (2003) 665
(Gamma ray and level energies, gamma ray multipolarities, decay scheme)
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239
94 P u 145

1 Decay Scheme

Le Pu-239 se désintegre par émission alpha principalement vers le niveaux excités de 51,7; 13,0 et 0,07
keV de U-235.
Pu-239 mainly disintegrates to the 51,7; 13,0 and 0,07 keV excited levels of U-235.

2 Nuclear Data

Tip(**Pu) : 24100 (11) a

Ty 2(**U ) 704 (1) 10% a

Q*(*Pu) 5244,51 (21) keV

2.1 « Transitions
Energy Probability F
keV x 100

053 4128,3 (3) 0,000000021 (5) 41
a0z 4186,93 (25) 0,000000093 (9) 31
Q0,51 4251,8 (3) 0,00000020 (3) 53
aos0  4257,86 (27) 0,000000077 (7) 156
Q0 49 4274,0 (3) 0,000000041 (4) 402
o4 4276,06 (21) 0,000000061 (15) 281
Q047  4352,62 (26) 0,000000199 (12) 380
Q046  4379,16 (28) 0,000000098 (13) 1280
Q0 45 4399,2 (10) ~ 0,000000042 ~ 4360
apq4  4400,65 (21) 0,000000228 (12) 825
oa3 442326 (21) 0,00000030 (3) 960
Q042 443879 (22) 0,000000084 (14) 4560
Q041 4465,00 (21) 0,00000101 (11) 616
Q040  4466,92 (28) 0,000000247 (19) 2610
0,39 4475,0 (4) 0,0000103 (12) 73
aoss 447524 (21) 0,000027 (3) 28
o37 448347 (22) 0,000000103 (17) 8500
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Energy Probability F
keV x 100

00,36 4494,44 (26) 0,00000034 (4) 3140
00,35 452426 (21) 0,00000213 (9) 859
000,34 4540,75 (21) 0,0000114 (3) 216
0,33 4543,49 (21) 0,00000707 (13) 366
00,32 4573,52 (21) < 0,000000034 > 130000
0,31 4579,97 (21) 0,00000631 (11) 784
0,30 4585,46 (21) 0,0000264 (6) 207
00,29 4606,70 (22) 0,00000322 (21) 2460
Q028 4611,34 (22) 0,00000284 (7) 3025
0,27 4636,43 (22) 0,000012 (4) 1110
00,26 4711,28 (21) 0,00086 (3) 95,8
00,25 4734,59 (27) 0,0000033 (7) 22000
0,24 4770,21 (21) 0,00056 (5) 230
00,23 4798,79 (21) 0,0000400 (11) 5200
0,22 4817,76 (21) 0,00570 (5) 49,6
0,21 4829,73 (21) 0,00075 (11) 460
00,20 4851,29 (21) 0,00125 (3) 390
Q0,19 4877,44 (21) 0,000944 (17) 788
00,18 4887,21 (22) 0,000017 (4) 51000
Q0,17 4905,99 (22) ~ 0,000022 ~ 53000
00,16 4911,67 (21) 0,00354 (7) 363
0,15 4949,84 (21) 0,0018 (5) 1300
0,14 4953,37 (21) 0,0007 (3) 3500
0,13 4995,38 (21) 0,0030 (16) 1590
00,12 5019,09 (21) 0,0050 (7) 1380
Qo,11 5047,39 (21) 0,007 (1) 1520
Q0,10 5073,12 (21) 0,0034 (10) 4600
.8 5094,04 (21) 0,0182 (27) 1180
Q0,7 5115,12 (21) 0,013 (4) 2270
0,6 5141,48 (21) 0,0375 (12) 1160
Q0,5 5162,77 (21) 0,052 (8) 1150
0,4 5192,81 (21) 11,87 (3) 7,81
0,3 5198,30 (21) < 0,02 > 5019
0,2 5231,47 (21) 17,14 (4) 9,47
0,1 5244,43 (14) 70,79 (10) 2,762
0,0 5244,51 (21) ~ 0,03 ~ 6500
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2.2 Gamma Transitions and Internal Conversion Coefficients
Energy Pyice Multipolarity oK ar anm ar
keV x 100

Y1.0(U)  0,0765 (4) 100 E3 110
Y2,1(U) 12,975 (10) 20,7 (8)  MI1+0,19(2)%E2 451 (13) 607 (17)
Y11y (U) 14,22 (3) > 0,006

v5,4(U) 30,04 (2) 0,0346 (14) (M1) 118,0 (24) 28,7 (6) 157 (3)
Y4,2(U) 38,661 (2) 3,56 (21)  M1+22,2(16)%E2 249 (14) 67 (4) 339 (19)
Y(-1,2)(U) 40,41 (5) > 0,0002

710.7(U) 41,93 (5) 0,0097 (5) (M1) 44,2 (9) 10,71 (21) 58,6 (12)
v3.0(U) 46,21 (5) 0,0389 (21)  MI1+1,8(5)%E2 39,4 (19) 9,8 (5) 52,6 (27)
y11,8(U) 46,68 (3) 0,0044 (13) M1+9(5)%E2 63 (17) 17 (5) 86 (24)
v7.5(U) 47,60 (3) 0,00259 (11) (M1) 30,4 (6) 7,37 (15) 40,4 (8)
71,1 (U) 51,624 (1) 8,38 (18) E2 226 (5) 62,6 (13) 310 (6)
Y12,10(U) 54,039 (8) 0,00560 (14) M1 21,0 (4) 5,08 (10) 27,8 (6)
v6,3(U) 56,828 (3) 0,0382 (18)  MI1+5,0(8)%E2 24,3 (11) 6,14 (30) 32,6 (15)
v1112(U) 65,708 (30) 0,00095 (29)  MI1+4(6)%E2 14 (5) 3,6 (13) 19 (6)
¥9,6(U) 67,674 (12) 0,00283 (12)  M1+43,6(11)%E2 12,7 (4) 3,15 (9) 16,9 (5)
¥5,2(U) 68,696 (6) 0,029 (8) E2 57,3 (11) 15,9 (3) 78,6 (16)
v8.5(U) 68,73 (2) 0,0036 (17)  (M1+20%E2) 20 5,2 27
Y(-1,3)(U) 74,96 (10) > 0,00004

v7.4(U) 77,592 (14) 0,0068 (38) M1(+20(32)%E2) 12 (7) 3,2 (21) 17 (10)
Y13.0(U) 78,43 (2) 0,0026 (15) M1(+20(32)%E2) 12 (7) 3,1 (20) 16 (10)
y17,13(U) 89,39 (6) ~0,000015 [M1] 4,82 (10) 1,167 (23) 6,40 (13)
Y10,5(U) 89,64 (3) 0,00040 (22) (M1+E2) 11 (6) 2,8 (17) 14 (8)
Y12,7(U) 96,14 (3) 0,00064 (3) [B2] 11,67 (23) 3,24 (7) 16,0 (3)
Y15,11 (V) 97,6 (3) 0,0007 (5) M1+20(19)%E2 5,2 (14) 1,3 (4) 7,0 (19)
v8,4(U) 98,78 (2) 0,0204 (17) E2 10,28 (21) 2,85 (6) 14,1 (3)
v6.0(U) 103,06 (3) 0,00273 (9) E2 8,44 (17) 2,34 (5) 11,58 (23)
y11,5(U) 115,38 (5) 0,00362 (40) E2 5,0 (1) 1,39 (3) 6,87 (14)
v7.2(U) 116,26 (2) 0,0077 (15)  M1+24(36)%E2 8,4 (18) 2,9 (6) 0,74 (16) 12,2 (26)
Y10,4(U) 119,70 (3) 0,00021 (9) (M1+E2) 5 (5) 3,1 (11) 0,8 (3) 9 (4)
Y14,10(U) 119,76 (2) 0,000063 (14) [E2] 0,200 (4) 4,22 (8) 1,169 (23) 5,99 (12)
Y12.6(U) 122,35 (12) 0,00000125 (17) (E1) 0,238 (5) 0,0556 (11) 0,0135 (3) 0,312 (6)
va7,20(U) 123,228 (5) 0,000000021 (5) (M1) 9,66 (19) 1,91 (4) 0,461 (9) 12,19 (24)
Ya1,14(U) 123,62 (5) 0,000310 (13) [M1] 9,57 (19) 1,89 (4) 0,457 (9) 12,08 (24)
0.5(U) 124,51 (3) 0,000413 (13) E2 0,214 (4) 3,53 (7) 0,978 (20) 5,06 (10)
Y10.3(U) 125,21 (10) 0,0000730 (21) [B1] 0,227 (5) 0,0523 (10) 0,0128 (3) 0,296 (6)
y7,0(U) 129,296 (1) 0,00805 (6) El 0,211 (4) 0,0482 (10) 0,01173 (24) 0,275 (6)
v19.12(U) 141,657 (20) 0,000296 (11) [M1] 6,52 (13) 1,28 (3) 0,309 (6) 8,22 (16)
Y12,5(U) 143,35 (20) 0,000110 (46) [M1+E2] 3,3 (30) 1,5 (3) 0,41 (11) 5,3 (26)
y58(U) 144,201 (3) 0,00106 (3) E2 0,225 (5) 1,82 (4) 0,502 (10) 2,72 (5)
Y156(U) 146,094 (6) 0,000432 (12) E2 0,223 (4) 1,71 (3) 0,474 (10) 2,57 (5)
Y10,2(U) 158,1 (3) 0,0000029 (3) [B2] 0,211 (4) 1,200 (24) 0,333 (7) 1,86 (4)
y18,11 (V) 160,19 (5) 0,0000172 (36) [E2] 0,208 (4) 1,140 (23) 0,314 (6) 1,77 (4)
v16.10(U) 161,450 (15) 0,000814 (42) (M1) 4,51 (9) 0,880 (18) 0,213 (4) 5,67 (11)
Y17.0(U) 167,81 (5) 0,0000074 (20) [B2] 0,198 (4) 0,925 (19) 0,256 (5) 1,47 (3)
y100(U) 171,393 (6) 0,0001255 (34) [E1] 0,1103 (22) 0,0235 (5) 0,00570 (11) 0,141 (3)
va228(U) 172,560 (8)  ~0,000000017 M1 3,73 (8) 0,728 (15) 0,176 (4) 4,70 (9)
Y12,4(U) 173,70 (5) 0,0000071 (18) [B2] 0,190 (4) 0,795 (16) 0,220 (4) 1,28 (3)
y123(U) 179,220 (12) 0,0000739 (22) [E1] 0,0995 (20) 0,0210 (4) 0,00509 (10) 0,127 (3)
Y1a(U) 184,55 (5) 0,000010 (3) [M1] 3,08 (6) 0,601 (12) 0,146 (3) 3,87 (8)
Y14,6(U) 188,23 (10) 0,0000123 (12) [B1] 0,0889 (18)  0,0186 (4) 0,00450 (9)  0,1140 (23)
Ya1,12(U) 189,36 (1) 0,00027 (11) [M1+E2] 1,5 (13) 0,553 (11) 0,143 (8) 2,3 (14)
Y1m(U) 193,13 (12) > 0,000009

Y19,10(U) 195,679 (8) 0,000456 (11) M1 2,62 (5) 0,51 (1) 0,123 (3) 3,30 (7)
Y1.6)(U) 196,87 (5) >0,000004

Y167(U) 203,550 (5) 0,002224 (49) M1 2,35 (5) 0,456 (9) 0,1103 (22) 2,95 (6)
Y21,11(U) 218,0 (5) > 0,000002

Y12,0(U) 225,42 (4) 0,0000161 (4) [B1] 0,0589 (12)  0,01190 (24)  0,00288 (6)  0,0747 (15)
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Energy Prtce Multipolarity oK ar am ar
keV x 100
Y10.7(U) 237,77 (10) 0,0000422 (18) [M1] 1,52 (3) 0,295 (6) 0,0712 (14) 1,01 (4)
vos14(U) 242,08 (3) 0,0000209 (14) [M1] 1,45 (3) 0,280 (6) 0,0678 (14) 1,82 (4)
v21,10(U) 243,38 (3) 0,000053 (18) [M1+E2] 0,8 (6) 0,23 (4) 0,059 (7) 1,1 (7)
714,3(U) 244,92 (5) 0,0000054 (5) [E1] 0,0485 (10) 0,00973 (19) 0,00235 (5) 0,0618 (12)
you12(U) 248,95 (5) 0,0000188 (16) [M1] 1,34 (3) 0,259 (5) 0,0626 (14) 1,68 (3)
v22,10(U) 255,384 (15) 0,000204 (6) [M1] 1,25 (3) 0,241 (5) 0,0583 (12) 1,57 (3)
v207(U) 263,95 (3) 0,0000629 (26) M1 1,140 (23) 0,220 (4) 0,0532 (11) 1,43 (3)
v30,20(U) 265,7 (3) 0,0000017 (4) [E1] 0,0408 (8) 0,00802 (16) 0,00194 (4) 0,0514 (10)
Y16,4(U) 281,2 (2) 0,0000036 (12) [M1+E2] 0,5 (4) 0,14 (4) 0,036 (8) 0,7 (5)
Y19,5(U) 285,3 (2) 0,0000032 (12) [M1+E2] 0,5 (4) 0,14 (4) 0,035 (8) 0,7 (5)
~22,7(U) 297,46 (3) 0,000100 (3) [M1] 0,816 (16) 0,158 (3) 0,0381 (8) 1,025 (21)
yoa,10(U) 302,87 (5) 0,0000097 (8) [M1] 0,777 (16) 0,150 (3) 0,0362 (7) 0,976 (20)
v26.12(U) 307,85 (5) 0,0000101 (8) [M1] 0,743 (15) 0,143 (3) 0,0346 (7) 0,933 (19)
~21,6(U) 311,78 (4) 0,0000266 (8) [E1] 0,0287 (6) 0,00552 (11) 0,00133 (3) 0,0361 (7)
Ya37(U) 316,41 (3) 0,0000248 (10) M1 0,689 (14) 0,133 (3) 0,0321 (6) 0,865 (17)
Y16.2(U) 319,68 (10) 0,0000073 (19) [M1+E2] 0,37 (30) 0,10 (3) 0,024 (7) 0,50 (35)
~19,3(U) 320,862 (20) 0,0000558 (12) [E1] 0,0269 (5) 0,00517 (10) 0,00125 (3) 0,0337 (7)
~24,8(U) 323,84 (3) 0,0000960 (25) M1 0,646 (13) 0,1246 (25) 0,0301 (6) 0,811 (16)
~16,0(U) 332,845 (5) 0,000503 (8) El 0,0250 (5) 0,00476 (10) 0,001150 (23) 0,0313 (6)
26,11 (U) 336,113 (12) 0,000192 (5) M1 0,583 (12) 0,1130 (23) 0,0272 (5) 0,733 (15)
720,4(U) 341,506 (10) 0,0001106 (24) M1 0,559 (11) 0,1080 (22) 0,0260 (5) 0,701 (14)
v207(U) 345,00 (2) < 0,000084 (M1) 0,543 (11)  0,1050 (21) 0,0253 (5) 0,682 (14)
~22,5(U) 345,013 (4) 0,000922 (15) M1 0,543 (11) 0,1050 (21) 0,0253 (5) 0,682 (14)
Ye1.1(U) 350,8 (3) > 0,000002
~19,2(U) 354,0 (5) 0,00000085 (33) [E2] 0,0549 (11) 0,0445 (9) 0,01200 (24) 0,1150 (23)
v26,10(U) 361,89 (5) 0,0000187 (11) [M1] 0,477 (10) 0,0918 (18) 0,0222 (4) 0,598 (12)
~19,0(U) 367,073 (25) 0,0000893 (21) [E1] 0,0203 (4) 0,00382 (8) 0,000920 (18) 0,0254 (5)
v21,3(U) 368,554 (20) 0,0000899 (14) [E1] 0,0202 (4) 0,00378 (8) 0,000910 (18) 0,0252 (5)
~22,4(U) 375,054 (3) 0,002376 (37) M1 0,432 (9) 0,0832 (17) 0,0201 (4) 0,543 (11)
720,2(U) 380,191 (6) 0,000460 (7) M1 0,417 (8) 0,0801 (16) 0,0193 (4) 0,523 (10)
~26,8(U) 382,75 (5) 0,000387 (7) M1 0,409 (8) 0,0787 (16) 0,0190 (4) 0,513 (10)
~24,5(U) 392,53 (3) 0,000179 (24) M1 0,382 (8) 0,0731 (15) 0,0177 (4) 0,479 (10)
v201(U) 393,14 (3) 0,000619 (25) M1 0,380 (8) 0,0731 (15) 0,0176 (4) 0,477 (10)
~23,3(U) 399,53 (6) 0,00000625 (27) [E1] 0,0171 (3) 0,00317 (6) 0,000761 (15) 0,0213 (4)
~25,6(U) 406,8 (2) 0,0000030 (7) [E1] 0,0164 (3) 0,00304 (6) 0,000731 (15) 0,0204 (4)
v27,11(U) 411,2 (3) 0,000010 (4) [M1] 0,337 (7) 0,0646 (13) 0,0156 (3) 0,422 (8)
Yaz,20(U) 412,49 (6) ~0,000000018 [E1] 0,0160 (3) 0,00296 (6) 0,000709 (14) 0,0199 (4)
~22,2(U) 413,713 (5) 0,00207 (3) M1 0,331 (7) 0,0636 (13) 0,0153 (3) 0,415 (8)
~24,4(U) 422,598 (19) 0,0001669 (30) M1 0,313 (6) 0,0560 (11) 0,0145 (3) 0,392 (8)
~22,1(U) 426,68 (3) 0,0000256 (6) [E2] 0,0387 (8) 0,0230 (5) 0,00610 (12) 0,0699 (14)
~24,3(U) 428.4 (3) 0,00000103 (10) [E1] 0,0147 (3) 0,00270 (5) 0,000653 (13) 0,0184 (4)
~26,6(U) 430,08 (10) 0,00000437 (19) [E1] 0,0147 (3) 0,00270 (5) 0,000648 (13) 0,0183 (4)
~23,0(U) 445,72 (3) 0,00000892 (26) El 0,0137 (3) 0,00250 (5) 0,000560 (11) 0,0170 (3)
Y15 (U) 446,82 (20) 0,0000009 (1)
~26,5(U) 451,481 (10) 0,000223 (25) M1(4+50%E2) 0,15 (11) 0,035 (16) 0,009 (4) 0,19 (13)
v27,8(U) 457,61 (5) 0,00000199 (4) [M1] 0,252 (5) 0,0483 (10) 0,01170 (23) 0,316 (6)
~24,2(U) 461,25 (5) 0,00000242 (5) [E2] 0,0334 (7) 0,0177 (4) 0,00467 (9) 0,0575 (12)
~25,3(U) 463,9 (3) 0,000000284 (30) [E1] 0,0126 (3) 0,00230 (5) 0,000551 (11) 0,0157 (3)
~Y24,0(U) 473,9 (5) 0,000000061 (30) [E1] 0,01210 (24) 0,00220 (4) 0,000526 (11) 0,0150 (3)
~26,4(U) 481,66 (12) 0,00000485 (11) [E2] 0,0309 (6) 0,0154 (3) 0,00404 (8) 0,0517 (10)
26,3 (U) 487,06 (10) 0,000000269 (19) [E1] 0,01150 (23) 0,00208 (4) 0,000497 (10) 0,0142 (3)
v31,10(U) 493,08 (5) 0,00000089 (3) [E1] 0,01119 (22) 0,00202 (4) 0,000484 (10) 0,0139 (3)
Y10 (U)  497,0 (5) 0,000000044 (25)
~27,5(U) 526,4 (4) 0,000000059 (19) [E2] 0,0262 (5) 0,011600 (23) 0,00303 (6) 0,0419 (8)
Ye110)(U) 5388 (2) 0,00000031 (2)
~33,8(U) 550,5 (2) 0,000000440 (25) (E1) 0,00904 (18) 0,00161 (3) 0,000385 (8) 0,01120 (22)
Y—1an(U) 5573 (5) 0,00000004 (2)
~36,10(U) 579,4 (3) 0,000000091 (20) [E2] 0,0220 (4)  0,00867 (17)  0,00224 (4)  0,0337 (7)
v31,5(U) 582,89 (10) 0,000000624 (26) [E1] 0,00811 (16) 0,00144 (3) 0,000343 (7) 0,0100 (2)
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Energy Prtce Multipolarity oK ar am ar
keV x 100
20,4 (U) 586,3 (3) 0,000000155 (16) [E1] 0,00802 (16) 0,00142 (3) 0,000339 (7) 0,0099 (2)
v43,12(U) 596,0 (5) 0,000000040 (12) [E2] 0,0209 (4) 0,00797 (16) 0,00206 (4) 0,0317 (6)
v33,6(U) 597,99 (5) 0,00000179 (6) [E2] 0,0208 (4) 0,00789 (16) 0,00204 (4) 0,0314 (6)
v36,8(U) 599,6 (2) 0,000000204 (25) [E1] 0,00769 (15) 0,00136 (3) 0,000324 (6) 0,00948 (19)
v40,10(U) 606,9 (2) 0,000000136 (15) M1(+E2) 0,09 (3) 0,019 (4) 0,0045 (9) 0,12 (3)
Y112 (U) 6089 (2) 0,00000012 (2)
v31,4(U) 612,83 (3) 0,00000096 (5) El 0,00738 (15)  0,00130 (3)  0,000310 (6)  0,00910 (18)
v35,6(U) 617,1 (1) 0,00000154 (9) [M1] 0,1130 (23) 0,0215 (4) 0,00518 (10) 0,142 (3)
~31,3(U) 618,28 (6) 0,00000212 (8) (E2) 0,0196 (4) 0,00716 (14) 0,00184 (4) 0,0292 (6)
~33,5(U) 619,21 (6) 0,00000122 (8) [E1] 0,00724 (14)  0,00127 (3)  0,000304 (6)  0,00892 (18)
Ya02(U) 624,78 (5) 0,000000464 (19) [E1] 0,00712 (14)  0,001250 (25)  0,000299 (6)  0,00877 (18)
v32,3(U) 624,78 (3) < 0,000000025 (M1) 0,1090 (22) 0,0208 (4) 0,00501 (10) 0,137 (3)
~28,0(U) 633,15 (6) 0,00000286 (7) M1(+E2) 0,097 (8) 0,0187 (13) 0,0045 (3) 0,122 (11)
~29,1(U) 637,73 (5) 0,00000065 (6) [E1] 0,00684 (14)  0,001200 (24) 0,000287 (6) 0,00844 (17)
729,0(U) 637,80 (5) 0,00000197 (20) E2 0,0185 (4) 0,00655 (13) 0,00167 (3) 0,0273 (5)
~38,7(U) 639,99 (10) 0,00000869 (21) [E2] 0,0184 (4)  0,00648 (13)  0,00167 (3)  0,0271 (5)
730,2(U) 645,94 (4) 0,0000150 (3) El 0,00669 (13) 0,001170 (24) 0,000280 (6) 0,00824 (16)
v33,4(U) 649,32 (6) 0,00000073 (5) [E1] 0,00662 (13) 0,001160 (23) 0,000277 (6) 0,00816 (16)
Y115 (U) 650,53 (6) 0,00000027 (4)
v34,4(U) 652,05 (2) 0,00000668 (20) El 0,00657 (13)  0,001150 (23) 0,000274 (5) 0,00809 (16)
v33,3(U) 654,88 (8) 0,00000233 (5) (E2) 0,0177 (4) 0,00607 (12) 0,00156 (3) 0,0258 (5)
v30,1(U) 658,86 (6) 0,00000967 (26) E1l 0,00645 (13)  0,001130 (23) 0,000269 (5) 0,00794 (16)
v31,0(U) 664,58 (5) 0,000001712 (41) E2 0,0172 (4) 0,00583 (12) 0,00149 (3) 0,0251 (5)
v36,5(U) 668,2 (5) 0,000000040 (12) [E1] 0,00628 (13) 0,001100 (22) 0,000262 (5) 0,00773 (15)
Yaz,5(U) 670,8 (5) < 0,000000009 (3)
~32,0(U) 670,99 (4) < 0,000000009 (3) [M1+E2] 0,05 (3) 0,0033 (17) 0,0025 (12) 0,06 (4)
v35,3(U) 674,043 (32) 0,000000556 (22) 0,0893 (18) 0,0169 (3) 0,00408 (8) 0,1120 (22)
~40,5(U) 674,4 (5) 0,000000111 (11) (M1) 0,0892 (18) 0,0169 (3) 0,00408 (8) 0,1120 (22)
Y(=1,14)(U) 685,97 (11) 0,00000127 (6) El 0,00599 (12) 0,001040 (21) 0,000248 (5) 0,00736 (15)
Y115 (U) 6881 (3) 0,000000114 (11)
v34,2(U) 690,81 (8) 0,00000059 (5) El 0,00591 (12) 0,001030 (21) 0,000245 (5) 0,00727 (15)
Ye116(U) 6932 (5) 0,000000033 (13)
v46,10(U) 693,81 (1) 0,000000019 (7) (E2) 0,0159 (3) 0,00517 (10) 0,00132 (3) 0,0229 (5)
Ya1,5(U) 697,8 (5) 0,000000076 (15)
Ye1an(U) 6996 (5) 0,00000008 (2)
~33,0(U) 701,1 (2) 0,000000555 (29) [M1+E2] 0,05 (3) 0,010 (5) 0,0025 (12) 0,06 (4)
v34,1(U) 703,68 (5) 0,00000413 (13) E1l 0,00571 (12)  0,000993 (20) 0,000237 (5) 0,00702 (14)
Y18 (U) 712,96 (5) 0,000000052 (6)
~a4,7(U) 714,71 (14) 0,000000081 (8) E2 0,0151 (3) 0,00477 (10) 0,001225 (25) 0,0215 (4)
v39,4(U) 718,0 (5) 0,00000278 (6) E1l 0,00551 (11)  0,000960 (19) 0,000227 (5) 0,00677 (14)
~35,0(U) 720,3 (5) 0,000000029 (5)
varao(U) 720,56 (3) 0,000000020 (2)
~41,4(U) 727,9 (2) 0,000000136 (8) M1 0,0728 (15) 0,0138 (3) 0,00332 (7) 0,0911 (18)
~a6,7(U) 736,5 (5) 0,000000031 (9) M1+459(8)%E2 0,0374 (7) 0,00807 (16) 0,00198 (4) 0,0481 (10)
Y110)(U) 7427 (5) 0,000000038 (11)
v37,2(U) 747,4 (5) 0,000000082 (16) E1l 0,00512 (10)  0,000880 (18) 0,000211 (4) 0,00629 (13)
~38,2(U) 756,23 (6) 0,0000029 (5) [M1+E2] 0,04 (3) 0,008 (4) 0,002 (1) 0,05 (3)
~39,2(U) 756,4 (4) 0,00000069 (19) [E1] 0,00501 (10) 0,000865 (17) 0,000206 (4) 0,00615 (12)
~az,7(U) 762,6 (2) ~0,00000001
vass(U) 763,60 (15) > 0,000000042 E0(+M1) ~0,9
Ya1,2(U) 766,47 (3) 0,00000065 (11) E0+M1 4,0 (4)
vs112(U) 767,29 (4) 0,00000014 (3)
visa(U) 769,15 (8) 0,0000153 (32) M1+E0 2,0 (2)
v30.1(U) 769,4 (5) 0,0000068 (12) El 0,00486 (10) 0,000837 (17)  0,000199 (4)  0,00596 (12)
Ya3a(U) 769,54 (4) 0,00000008 (2) E0
Ye120(U)  TTT1(3) 0,000000028 (7)
~41,1(U) 779,43 (3) 0,000000147 (10) M1 0,0607 (12) 0,01148 (23) 0,00276 (6) 0,0759 (15)
Y(=1,21)(U) 786,9 (2) 0,000000089 (9) E2 0,0128 (3) 0,00370 (7) 0,000930 (19) 0,0177 (4)
Ye122)(U) 7885 (3) 0,000000035 (7)
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Energy Prtce Multipolarity aK ar, oM ar
keV x 100
~a2,2(U) 792,68 (6) 0,000000020 (4) (E1) 0,00461 (9) 0,000790 (16) 0,000188 (4) 0,00565 (11)
Y(=1,23)(U) 796,9 (3) 0,000000015 (3)
Y(=1,24)(U) 803,2 (2) 0,000000064 (5)
~a2,1(U) 805,65 (6) 0,000000029 (4) E2 0,01220 (24) 0,00348 (7) 0,000880 (18) 0,0169 (3)
~a3,2(U) 808,21 (4) 0,000000130 (6) M1 0,0552 (11) 0,01040 (21) 0,00251 (5) 0,0690 (14)
~46,4(U) 813,7 (2) 0,000000048 (5) M1 0,0542 (11) 0,01020 (21) 0,00246 (5) 0,0677 (14)
750,9(U) 816,0 (2) 0,000000026 (4) [M1+E2] 0,033 (21) 0,007 (3) 0,0016 (8) 0,042 (25)
~a3,0(U) 821,25 (4) 0,000000050 (11) E1+M2
v51,10(U) 821,3 (2) ~0,000000006
Y-125)(U)  826,8 (3) 0,000000018 (6)
Y120 (U) 8289 (2) 0,00000014 (1)
vs52,12(U) 832,2 (2) 0,000000030 (4)
Y-12m(U)  837,3(2) 0,000000020 (4)
~a7,4(U) 840,4 (2) 0,000000056 (6) M1(+E0) 0,14 (2)
44,1 (U) 843,78 (1) 0,000000147 (9) M1(+E0) 0,09 (1)
Y47,2(U) 879,2 (3) 0,000000037 (4) [M1+E2] 0,027 (17) 0,006 (3) 0,0014 (7) 0,035 (20)
~a7,1(U) 891,0 (3) 0,000000076 (8) [E2] 0,0102 (2) 0,00270 (5) 0,000677 (14) 0,0139 (3)
Y(=1,28)(U) 895,4 (3) 0,000000008 (3)
Y—120(U) 8981 (3) 0,000000018 (4)
Y 180(U) 9055 (3) 0,000000008 (3)
Y(=1,31)(U) 911,7 (3) 0,000000014 (3)
v19,4(U) 918,7 (3) 0,000000009 (3)
Y1a(U) 9319 (3) 0,000000013 (4)
750,3(U) 940,3 (3) 0,000000051 (5) [E2] 0,00932 (19) 0,00237 (5) 0,000591 (12) 0,01250 (25)
~as8,2(U) 955,41 (2) 0,000000032 (3) M1+27(13)%E2 0,029 (3) 0,0055 (6) 0,00133 (13) 0,036 (4)
~49,2(U) 957,6 (3) 0,000000032 (3)
78,1 (U) 968,37 (2) 0,000000029 (5) M1+4-27(20)%E2 0,0028 (15) 0,0053 (29) 0,0013 (7) 0,035 (19)
v51,2(U) 979,7 (3) 0,000000029 (5) [M1+E2] 0,021 (12) 0,0042 (20) 0,0010 (5) 0,026 (15)
Y1am(U) 9827 (3) 0,000000011 (3)
7s3,7(U) 986,90 (4) 0,000000021 (5) E1l 0,00313 (6) 0,000529 (11) 0,0001260 (25) 0,00383 (8)
v51,1(U) 992,64 (3) 0,000000027 (4)
52,4 (U) 1005,7 (3) 0,000000018 (3)
Y(=1,34)(U) 1009,4 (3) 0,000000014 (3)
~52,0(U) 1057,3 (2) 0,000000045 (7)
3 Atomic Data
3.1 U
WK 0,970 (4)
wr, 0,500 (19)
NKL 0,794 (5)
3.1.1 Auger Electrons
Energy Relative
keV probability
Auger K
KLL 71,78 — 80,95 100
KLX 88,15 - 98,34 59,6
KXY 104,42 — 115,40 8,88
Auger L 5,9 - 21,6
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4 o Emissions

Energy Probability

keV x 100
0,53 4059,1 (3) 0,000000021 (5)
0,52 4116,78 (25) 0,000000093 (9)
0,51 4180,6 (3) 0,00000020 (3)
00,50 4186,53 (27) 0,000000077 (7)
0,49 4202,4 (3) 0,000000041 (4)
a0 48 4204,42 (21) 0,000000061 (15)
00,47 4279,70 (26) 0,000000199 (12)
00,46 4305,79 (28) 0,000000098 (13)
00,45 4325,5 (10) ~ 0,000000042
0,44 4326,92 (21) 0,000000228 (12)
0,43 4349,15 (21) 0,00000030 (3)
0,42 4364,42 (22) 0,000000084 (14)
00,41 4390,20 (21) 0,00000101 (11)
00,40 4392,08 (28) 0,000000247 (19)
0,39 4400,0 (4) 0,0000103 (12)
0,38 4400,26 (21) 0,000027 (3)
00,37 4408,36 (22) 0,000000103 (17)
0,36 4419,14 (26) 0,00000034 (4)
00,35 4448,46 (21) 0,00000213 (9)
00,34 4464,68 (21) 0,0000114 (3)
0,33 4467,37 (21) 0,00000707 (13)
ap, 32 4496,90 (21) < 0,000000034
0,31 4503,24 (21) 0,00000631 (11)
00,30 4508,72 (21) 0,0000264 (6)
0,29 4529,52 (22) 0,00000322 (21)
0,28 4534,08 (22) 0,00000284 (7)
00,27 4558,75 (22) 0,000012 (4)
0,26 4632,35 (21) 0,00086 (3)
0,25 4655,27 (27) 0,0000033 (7)
00,24 4690,29 (21) 0,00056 (5)
0,23 4718,39 (21) 0,0000400 (11)
0,22 4737,05 (21) 0,00570 (5)
0,21 4748,81 (21) 0,00075 (11)
00,20 4770,01 (21) 0,00125 (3)
Q0,19 4795,73 (21) 0,000944 (17)
00,18 4805,33 (22) 0,000017 (4)
0,17 4823,80 (22) ~ 0,000022
00,16 4829,38 (21) 0,00354 (7)
Q0,15 4866,91 (21) 0,0018 (5)
Qp,14 4870,38 (21) 0,0007 (3)
0,13 4911,69 (21) 0,0030 (16)
0,12 4935,00 (21) 0,0050 (7)
Q0,11 4962,83 (21) 0,007 (1)
00,10 4988,13 (21) 0,0034 (10)
0,8 5008,70 (21) 0,0182 (27)
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Energy Probability
keV x 100
a7 5029,51 (21) 0,013 (4)
0.6 5055,34 (21) 0,0375 (12)
ap s 5076,28 (21) 0,052 (8)
a0 4 5105,81 (21) 11,87 (3)
ap3 5111,21 (21) < 0,02
apy  5143,82 (21) 17,14 (4)
ap,1 5156,59 (14) 70,79 (10)
Q0,0 5156,65 (21) ~ 0,03
95 Electron Emissions
Energy Electrons
keV per 100 disint.
€AL (U) 5,9 21,6 4,66 (19)
CAK (U) 0,00045 (6)
KLL 71,78 80,95 }
KLX 88,15 - 98,34 }
KXY 104,42 - 115,40 }
ec72 K (U) 0,66 (2) 0,0049 (11)
€C10,4 K (U) 4,10 (3) 0,00011 (11)
€Cc2,1 M (U) 7,427 9,425 15,4 (6)
ecoria k- (U) 8,02 (5) 0,000227 (10)
€C5.4 L (U) 8,28 12,87 0,0259 (11)
€C7,0 K (U) 13,694 (1) 0,00133 (3)
€C42 1, (U) 16,903 - 21,493 2,61 (16)
€c10,7 L (U) 20,17 24,76 0,0072 (4)
ec30 L (U) 24,45 29,04 0,0286 (16)
€C54 M (U) 24,49 26,49 0,0063 (3)
€eci1,8 I, (U) 24,92 29,51 0,0032 (9)
ecr 5 1, (U) 25,84 30,43 0,00190 (9)
ecioizk  (U) 26,055  (20) 0,000209 (8)
€C4,1 L (U) 29,866 - 34,456 6,09 (15)
€C12,10 I, (U) 32,281 - 36,871 0,00408 (10)
€C42 M (U) 33,113 - 35,111 0,70 (4)
€ce.3 I, (U) 35,07 39,66 0,0276 (13)
€c10,7 M (U) 36,38 38,38 0,00175 (9)
€c3,0 M (U) 40,66 42,66 0,0071 (4)
ec11,8 M (U) 41,13 43,13 0,00085 (25)
ecr s M (U) 42,05 44,05 0,00046 (2)
€C14,12 I, (U) 43,95 48,54 0,00066 (24)
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Energy Electrons
keV per 100 disint.
ecigrok  (U) 45848  (15) 0,00055 (3)
€C96 L (U) 45,916 - 50,506 0,00201 (9)
€Cq1 M (U) 46,076 - 48,074 1,68 (4)
€C52 L (U) 46,938 - 51,528 0,021 (6)
ecs5 L (U) 4697 - 51,56 0,0026 (12)
€C12,10 M (U) 48,491 - 50,489 0,000987 (24)
€C6,3 M (U) 51,280 - 53,278 0,0070 (4)
€C74 L (U) 55,834 - 60,424 0,005 (3)
€C13,9 L (U) 56,664 - 61,254 0,0018 (11)
€C14,12 M (U) 60,160 - 62,158 0,00017 (6)
€Co,6 M (U) 62,126 - 64,124 0,000498 (21)
ecs2 M (U) 63,148 - 65,146 0,0057 (16)
€Cg,5 M (U) 63,18 - 65,18 0,0007 (3)
ecios. (U) 67,88 - 7247 0,00030 (16)
ecra M (U) 72,050 - 74,048 0,0012 (8)
€C13,9 M (U) 72,868 - 74,866 0,0005 (3)
eciorn  (U) 74,38 - 7897 0,00044 (2)
€C15,11 L (U) 75,8 - 80,4 0,0005 (3)
ecsa L (U) 77,02 - 8161 0,0139 (12)
€C6,0 L (U) 81,30 - 85,89 0,00183 (6)
eccigrx (U) 87,948  (5) 0,00133 (3)
€c12,7 M (U) 90,59 - 92,59 0,000123 (7)
ecisiim - (U) 92,1 - 941 0,00012 (8)
€Cg.4 M (U) 93,23 - 95,23 0,0039 (3)
€C11,5 L (U) 93,62 - 98,21 0,0023 (3)
€C72 L (U) 94,50 - 99,09 0,0017 (4)
€C6,0 M (U) 97,51 - 99,51 0,000508 (18)
€C7,0 L (U) 107,538 - 112,128 0,000304 (7)
€C11,5 M (U) 109,83 - 111,83 0,00064 (7)
€C7,2 M (U) 110,71 - 112,71 0,00043 (9)
ec15,8 L (U) 122,443 - 127,033 0,000519 (16)
€C158 M (U) 138,653 - 140,651 0,000143 (5)
€C16,10 L (U) 139,692 - 144,282 0,000107 (6)
€C16,7 L (U) 181,79 - 186,38 0,000257 (7)
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6 Photon Emissions

6.1 X-Ray Emissions

Energy Photons
keV per 100 disint.
XL 11,619 — 20,714 4,66 (5)
XKasg 94,666 0,00418 (4)
XKay 98,44 0,00661 (9)
XKg33 110,421 }
XKpB 111,298 }0,00239 (3)
XK 111,964 }
XKpGy 114,407 }
XKpBy 115,012 } 0,00131 (6)
XKO23 115,377 }
XKo,p 115,42 0,01447 (14)
6.2 Gamma Emissions
Energy Photons
keV per 100 disint.

v1,0(U) 0,0765 (4) ~0,00000001
72,1 (U) 12,975 (10) 0,0341 (9)
Y(=1,1)(U) 14,22 (3) 0,0055 (4)
v5,4(U) 30,04 (2) 0,000219 (8)
Y4,2(U) 38,661 (2) 0,01047 (21)
Y(-1,2)(U) 40,41 (5) 0,000163 (16)
Y10,7(U) 41,93 (5) 0,000163 (8)
v3,0(U) 46,21 (5) 0,000726 (13)
11,8(U) 46,68 (3) 0,000050 (6)
v¥7,5(U) 47,60 (3) 0,0000625 (25)
V4,1 (U) 51,624 (1) 0,02694 (26)
v12,10(U) 54,039 (8) 0,0001943 (28)
76,3(U) 56,828 (3) 0,001136 (15)
Y14,12(U) 65,708 (30) 0,0000473 (25)
Y9,6(U) 67,674 (12) 0,000158 (5)
v5,2(U) 68,696 (6) 0,00036 (10)
v8,5(U) 68,73 (2) 0,00013 (6)
Y(-1,3)(U) 74,96 (10) 0,000038 (6)
v7,4(U) 77,592 (14) 0,000380 (6)
Y13,9(U) 78,43 (2) 0,0001533 (28)
v17,13(U) 89,39 (6) ~(,000002
v10,5(U) 89,64 (3) 0,000027 (2)
Y12,7(U) 96,14 (3) 0,0000379 (19)
Y15,11(U) 97,6 (3) 0,00009 (6)
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Energy Photons
keV per 100 disint.

78,4(U) 98,78 (2) 0,00135 (11)
Y6,0(U) 103,06 (3) 0,000217 (6)
Y11,5(U) 115,38 (5) 0,00046 (5)
V7,2(U) 116,26 (2) 0,000581 (19)
710,4(U) 119,70 (3) 0,000021 (3)
vY14,10(U) 119,76 (2) 0,000009 (2)
Y12,6(U) 122,35 (12) 0,00000095 (13)
v37,29(U) 123,228 (5) 0,0000000016 (4)
Y21,14(U) 123,62 (5) 0,0000237 (9)
79,3(U) 124,51 (3) 0,0000681 (19)
710,3(U) 125,21 (10) 0,0000563 (16)
~¥7,0(U) 129,296 (1) 0,00631 (4)
Y19,12(U) 141,657 (20) 0,0000321 (10)
Y12,5(U) 143,35 (20) 0,0000174 (8)
v15,8(U) 144,201 (3) 0,000285 (7)
713,6(U) 146,094 (6) 0,000121 (3)
710,2(U) 158,1 (3) 0,00000101 (10)
718,11 (U) 160,19 (5) 0,0000062 (13)
v16,10(U) 161,450 (15) 0,000122 (6)
Y17,9(U) 167,81 (5) 0,0000030 (8)
710,0(U) 171,393 (6) 0,000110 (3)
V42,28(U) 172,560 (8) 0,000000003
Y12,4(U) 173,70 (5) 0,0000031 (8)
712,3(U) 179,220 (12) 0,0000656 (19)
Y(=1,4)(U) 184,55 (5) 0,0000021 (6)
Y14,6(U) 188,23 (10) 0,0000110 (11)
Y21,12(U) 189,36 (1) 0,0000820 (14)
Y(=1,5)(U) 193,13 (12) 0,0000090 (9)
719,10(U) 195,679 (8) 0,000106 (2)
Y(-16)(U) 196,87 (5) 0,0000037 (4)
Y16,7(U) 203,550 (5) 0,000563 (9)
Y21,11(U) 218,0 (5) 0,0000012 (10)
~Y12,0(U) 225,42 (4) 0,0000150 (4)
Y19,7(U) 237,77 (10) 0,0000145 (6)
v26,14(U) 242,08 (3) 0,0000074 (5)
Y21,10(U) 243,38 (3) 0,0000254 (7)
v14,3(U) 244,92 (5) 0,0000051 (5)
Y24,12(U) 248,95 (5) 0,0000070 (6)
v¥22,10(U) 255,384 (15) 0,0000795 (20)
720,7(U) 263,95 (3) 0,0000259 (10)
730,20(U) 265,7 (3) 0,0000016 (4)
716,4(U) 281,2 (2) 0,0000021 (3)
719,5(0) 285,3 (2) 0,0000019 (4)
Y22,7(U) 297,46 (3) 0,0000492 (13)
~Y24,10(U) 302,87 (5) 0,0000049 (4)
v¥26,12(U) 307,85 (5) 0,0000052 (4)
~21,6(U) 311,78 (4) 0,0000257 (8)
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v23,7(U) 316,41 (3) 0,0000133 (5)
716,2(U) 319,68 (10) 0,0000049 (5)
719,3(U) 320,862 (20) 0,0000540 (12)
vY24,8(U) 323,84 (3) 0,0000530 (13)
v16,0(U) 332,845 (5) 0,000488 (8)
726,11 (U) 336,113 (12) 0,0001111 (26)
7Y20,4(U) 341,506 (10) 0,0000650 (13)
Y24,7(U) 345,00 (2) < 0,00005
~Y22,5(U) 345,013 (4) 0,000548 (8)
Y(=1,7)(U) 350,8 (3) 0,0000018 (4)
Y19,2(U) 354,0 (5) 0,00000076 (30)
726,10(U) 361,89 (5) 0,0000117 (7)
Y19,0(U) 367,073 (25) 0,0000871 (20)
721,3(U) 368,554 (20) 0,0000877 (14)
Y22,4(U) 375,054 (3) 0,001540 (21)
720,2(U) 380,191 (6) 0,000302 (4)
7Y26,8(U) 382,75 (5) 0,000256 (4)
Y24,5(U) 392,53 (3) 0,000121 (16)
720,1(U) 393,14 (3) 0,000419 (17)
v23.3(U) 399,53 (6) 0,00000612 (26)
Y25,6(U) 406,8 (2) 0,0000029 (7)
Y27,11(U) 411,2 (3) 0,0000069 (30)
Y42,20(U) 412,49 (6) ~0,000000018
vY22,2(U) 413,713 (5) 0,001464 (21)
Y24,4(U) 422,598 (19) 0,0001199 (20)
v¥22,1(U) 426,68 (3) 0,0000239 (6)
v¥24,3(U) 4284 (3) 0,00000101 (10)
7Y26,6(U) 430,08 (10) 0,00000429 (19)
v23,0(U) 445,72 (3) 0,00000877 (26)
Y(-1,8)(U) 446,82 (20) 0,00000085 (13)
726,5(U) 451,481 (10) 0,000187 (3)
vY27.8(U) 457,61 (5) 0,00000151 (3)
v¥24,2(U) 461,25 (5) 0,00000229 (5)
v25.3(U) 463,9 (3) 0,00000028 (3)
Y24,0(U) 473,9 (5) 0,00000006 (3)
v26,4(U) 481,66 (12) 0,00000461 (10)
726,3(U) 487,06 (10) 0,000000265 (19)
v31,10(U) 493,08 (5) 0,00000088 (3)
Y(~1,9)(U) 497,0 (5) 0,000000044 (25)
Y27,5(U) 526,4 (4) 0,000000057 (19)
Y(~1,10)(U) 538,8 (2) 0,000000309 (19)
733,8(U) 550,5 (2) 0,000000435 (25)
Y(~1,11)(U) 557,3 (5) 0,000000038 (19)
736,10(U) 579,4 (3) 0,000000088 (19)
v31,5(U) 582,89 (10) 0,000000618 (26)
729,4(U) 586,3 (3) 0,000000153 (16)
743,12(U) 596,0 (5) 0,000000039 (12)
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733,6(U) 597,99 (5) 0,00000174 (6)
v36,8(U) 599,6 (2) 0,000000202 (25)
740,10(U) 606,9 (2) 0,000000121 (13)
Y(=1,12)(U) 608,9 (2) 0,000000117 (12)
vY31,4(U) 612,83 (3) 0,00000095 (5)
735,6(U) 617,1 (1) 0,00000135 (8)
v31,3(U) 618,28 (6) 0,00000206 (8)
v33,5(U) 619,21 (6) 0,00000121 (8)
v32,3(U) 624,78 (3) 0,000000022
729,2(U) 624,78 (5) 0,000000460 (19)
v¥28,0(U) 633,15 (6) 0,00000255 (6)
729,1(U) 637,73 (5) 0,00000064 (6)
729,0(U) 637,80 (5) 0,00000192 (19)
v38,7(U) 639,99 (10) 0,00000846 (20)
730,2(U) 645,94 (4) 0,0000149 (3)
v33,4(U) 649,32 (6) 0,00000072 (5)
Y(-1,13)(U) 650,53 (6) 0,00000027 (4)
v34,4(U) 652,05 (2) 0,00000663 (20)
v33,3(U) 654,88 (8) 0,00000227 (5)
730,1(U) 658,86 (6) 0,00000959 (26)
v31,0(U) 664,58 (5) 0,00000167 (4)
736,5(U) 668,2 (5) 0,000000040 (12)
Y43,8(U) 670,8 (5) 0,000000009 (3)
732,0(U) 670,99 (4) 0,000000009 (3)
v35,3(U) 674,05 (3) 0,00000050 (2)
7Y40,5(U) 674,4 (5) 0,00000010 (1)
Y(-1,14)(U) 685,97 (11) 0,00000126 (6)
Y(=1,15)(U) 688,1 (3) 0,000000112 (11)
Y34,2(U) 690,81 (8) 0,00000059 (5)
Y(-1,16)(U) 693,2 (5) 0,000000032 (13)
Y46,10(U) 693,81 (1) 0,000000019 (7)
Y41,5(U) 697,8 (5) 0,000000074 (15)
Y(~1,17)(U) 699,6 (5) 0,000000080 (16)
733,0(U) 701,1 (2) 0,000000524 (19)
v34,1(U) 703,68 (5) 0,00000410 (13)
Y(-1,18)(U) 712,96 (5) 0,000000052 (6)
Ya4,7(U) 714,71 (14) 0,000000079 (8)
739,4(U) 718,0 (5) 0,00000276 (6)
735,0(U) 720,3 (5) 0,000000029 (5)
Ya7,10(U) 720,55 (3) 0,000000020 (2)
Y41,4(U) 727,9 (2) 0,000000125 (7)
Y46,7(U) 736,5 (5) 0,000000030 (9)
Y(~1,19)(U) 742.7 (5) 0,000000038 (11)
737,2(U) 747,4 (5) 0,000000081 (16)
738,2(U) 756,23 (6) 0,0000028 (5)
739,2(U) 756,4 (4) 0,00000069 (19)
Ya7,7(U) 762,6 (2) ~0,00000001
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Y45,5(U) 763,60 (15)  ~0,000000022
Y41,2(U) 766,47 (3) 0,00000013 (2)
v51,12(U) 767,29 (4) 0,00000014 (3)
738,1(U) 769,15 (8) 0,0000051 (10)
739,1(U) 769,4 (5) 0,0000068 (12)
Y(~1,20)(U) 77,1 (3) 0,000000028 (7)
Y41,1(U) 779,43 (3) 0,000000137 (9)
Y(~1,21)(U) 786,9 (2) 0,000000087 (9)
Y(~1,22)(U) 788,5 (3) 0,000000035 (7)
Y42,2(U) 792,68 (6) 0,000000020 (4)
Y(~1,23)(U) 796,9 (3) 0,000000015 (3)
Y(~1,24)(0) 803,2 (2) 0,000000064 (5)
Ya2,1(U ) 805,65 (6) 0,000000028 (4)
Y43,2(U) 808,21 (4) 0,000000122 (6)
Y46,4(U) 813,7 (2) 0,000000045 (5)
750,9(U) 816,0 (2) 0,000000025 (4)
Y43,0(U) 821,25 (4) 0,000000050 (11)
¥51,10(U) 821,3 (2)  ~0,000000006
Y(-1,25)(U) 826,8 (3) 0,000000018 (6)
Y(~1,26)(U) 828,9 (2) 0,000000134 (8)
752,12(U) 832,2 (2) 0,000000030 (4)
Y(=1,27)(U) 837,3 (2) 0,000000020 (4)
Ya7,4(U) 840,4 (2) 0,000000049 (5)
V44,1 (U) 843,78 (1) 0,000000135 (8)
Ya7,2(U) 879,2 (3) 0,000000036 (4)
Ya7,1(U) 891,0 (3) 0,000000075 (8)
Y(~1,28)(U) 895,4 (3) 0,0000000076 (25)
Y(~1,20)(U) 898,1 (3) 0,000000018 (4)
Y(~1,30)(U) 905,5 (3) 0,0000000076 (25)
Y(=1,31)(U) 911,7 (3) 0,000000014 (3)
749,4(U) 918,7 (3) 0,0000000088 (30)
Y(=1,32)(U) 931,9 (3) 0,000000013 (4)
¥50,3(U) 940,3 (3) 0,000000050 (5)
748,2(U) 955,41 (2) 0,000000031 (3)
Y49,2(U) 957,6 (3) 0,000000032 (3)
748,1(U) 968,37 (2) ~(0,000000028
Y51,2(U) 979,7 (3) 0,000000028 (5)
Y(~1,33)(U) 982,7 (3) 0,0000000107 (25)
753,7(U) 986,90 (4) 0,000000021 (5)
Y¥51,1(U) 992,64 (3) 0,000000027 (4)
v¥52,4(U) 1005,7 (3) 0,0000000177 (25)
Y(=1,34)(U)  1009,4 (3) 0,0000000139 (25)
v¥52,0(U) 1057,3 (2) 0,000000045 (7)
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7 Main Production Modes

U — 238(n,y)U — 239

U —239(8~)Np — 239
Possible impurities : Ty : 23,5 min

Np — 239(57)Pu — 239 o :2,7 (1) barns
Possible impurities : Ty : 2,35 d;Pu — 240, Pu — 241, Am — 241

U — 238(d,p)U — 239
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241
94 P u 147

1 Decay Scheme

Pu-241 decays approximately 100 % by beta minus emission to the ground state of Am-241 and 0,00244
% by alpha emission to levels of U-237. The Pu-241 spontaneous fission decay branching is 0,00244 %.
Le plutonium 241 se désintegre principalement par émission beta moins vers le niveau fondamental d’américium
241. L’intensité des émissions alpha conduisant aux niveauz excités et au niveau fondamental d’uranium 237
est de 0,00244 %.

Le plutonium 241 et Uuranium 237 sont a l’équilibre environ 68 jours apres la formation de plutonium 241.

2 Nuclear Data

Typ(**Pu) 1433 (4) a
Tip(**Am ) : 4326 6) a
Tip(**0) ¢ 6,749 (16) d
Q- (*'Pu) : 208 (2) keV
Q*(**Pu) : 51400 (5) keV
2.1 « Transitions
Energy Probability F
keV x 100
Q0,10 4773 (3)  ~ 0,0000007 132
0.9 4813 (3) =~ 0,0000007 254
Q08 4824 (5) =~ 0,0000017 131
0.7 4866,0 (11) 0,0000005 (2) 90
Q0.6 4879,1 (5) 0,000029 (3) 18,6
Q05 4935,8 (5) 0,000295 (8) 4,5
0.4 4980,0 (5) 0,00203 (4) 1,3
03 5057,0 (5) 0,000032 (3) 276
Q02 5083,7 (5) 0,0000100 (12) 1300
Q0.1 5128,6 (5) 0,000025 (2) 1000
0,0 5140,0 (5) 0,0000086 (10) 3600
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2.2 (3~ Transitions
Energy  Probability Nature lg ft
keV x 100
Boo 20,8 (2) 9999756 (2) first-forbidden 5,8
2.3 Gamma Transitions and Internal Conversion Coefficients
Energy Pytce Multipolarity aK ar am ar
keV x 100
v1.0(U) 11,39 (2) 0,00182 (3)
v3,2(U) 26,67 (18)  0,000077 (15) [M1+E2]
~5.4(U) 44,18 (14)  0,000258 (17)  M1+1,7(5)%E2 453 (25) 11,2 (7) 60,4 (29)
¥2,1(U) 44,86 (12)  0,000111 (25)  [M1+15(4)%E2] 96 (18) 25 (4) 131 (25)
Y2.0(U) 56,30 (12) 0,00051 (4) (E2) 149 (3) 41,1 (8) 204 (4)
¥6.5(U) 56,76 (22)  0,0000280 (41)  M1+1,1(13)E2 21 (3) 5,0 (9) 27 (3)
v3.1(U) 71,64 (13)  0,000189 (14) (E2) 46,8 (10) 13,0 (3) 64,3 (13)
Y4.3(U) 77,01 (13)  0,000225 (6) (M1) 7,44 (15) 1,8 (4) 9,86 (20)
v6.4(U) 100,94 (17)  0,00000099 (E2) 9,3 (2) 2,58 (5) 12,8 (3)
Ya2(U) 103,68 (12)  0,000536 (14)  [M1+0,47(1)%E2] 3,16 (7) 0,767 (15 4,20 (9)
v7,4(U) 114 (1) 0,0000067 (13) El 0,0665 (13) 0,0163 (3)  0,0883 (17)
vs3(U) 121,22 (19)  0,0000097 (10) (M1) 10,1 (2) 2,00 (4) 0,484 (10 12,8 (3)
va1(U) 148,567 (28) 0,00150 (3)  [MI1+2,8()%E2] 555 (11) 1,13 (3) 0,275 (6) 7,05 (14)
vao(U) 159,96 (2)  0,0000179 (4) (E2) 0,208 (4) 1,14 (3) 0,316 (7) 1,78 (3)
3 Atomic Data
3.1 U
WK 0,970 (4)
@, : 0,500 (19)
NKL 0,794 (5)
3.1.1 X Radiations
Energy Relative
keV probability
Xk
Kas 94,666 62,47
Kaq 98,44 100
K33 110,421 }
KB 111,298 }
Kj, 111,964 } 36,08
KRI /Chechev V.P. and Kuzmenko N.K. 260
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Energy Relative
keV probability
KB 114,407 }
Kpy 115,012 } 12,34
KOg3 115,377 }
XL
Le¢ 11,619
La 13,438 — 13,615
Ly 15,399
Lg 15,727 — 18,206
Ly 19,507 — 20,714
3.1.2 Auger Electrons
Energy Relative
keV probability
Auger K
KLL 71,776 — 80,954 100
KLX 88,153 — 98,429 59,6
KXY 104,51 — 115,59 8,88
Auger L 59 — 21,6

KRI /Chechev V.P. and Kuzmenko N.K.
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4 o Emissions

Energy Alpha
keV per 100 disint.
00,10 4694 (3) ~ 0,0000007
a9 4733 (3) ~ 0,0000007
00,8 4744 (5) ~ 0,0000017
a7 4785,1 (11) 0,0000005 (2)
0,6 4798,0 (5) 0,000029 (3)
aps5 4853,8 (5) 0,000295 (8)
00,4 4897,3 (5) 0,00203 (4)
ap3 4973,1 (5) 0,000032 (3)
0,2 4999.2 (5) 0,0000100 (12)
ap,1 5043,4 (5) 0,000025 (2)
Q0,0 5054,6 (5) 0,0000086 (10)
95 Electron Emissions
Energy Electrons
keV per 100 disint.
eAL (U) 59 - 21,6 0,00117 (6)

CAK (U)

KLL 71,776 - 80,954

KLX 88,153 - 98,429

KXY 104,51 - 115,59
€C54 L (U) 2242 - 27,01
€Cq1 K (U) 32,965 (10)
€C20 L (U) 34,54 - 39,13
eC31 L (U) 49,88 - 5447
ecoonm  (U) 50,75 - 52,75
€C4,3 L (U) 55,25 - 59,84
€C42 1, (U) 81,922 - 86,512
ecal 1, (U) 126,809 - 131,399
Boo max: 20,8 (2)
Boo avg: 5,8 (1)

——

0,000031 (5)

0,000190 (14)
0,001034 (21)
0,00037 (3)
0,000136 (10)

0,000103 (8)

0,000154 (4)
0,000325 (10)
(6)

0,000211 (6

99,99756 (2)
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6 Photon Emissions

6.1 X-Ray Emissions

Energy Photons
keV per 100 disint.
XL (U) 11,619 — 20,714 0,001166 (40)
XKay (U) 94,666 0,000300 (7) } Ka
XKa; (V) 98,44 0,000479 (10) }
XKfs  (U) 110,421 }
XK3 (V) 111,298 b 0,000179 (5) K3
XK@,  (U) 111,964 }
XK@y  (U) 114,407 }
XK@ (U) 115,012 }0,000059 (2) KB,
XKOz3 (U) 115,377 }
6.2 Gamma Emissions
Energy Photons
keV per 100 disint.

V5.4(U) 44,18 (3) 0,0000042 (2)
72,1(U) 44,86 (10)  0,00000084 (10)
Y2,0(0) 56,30 (12)  0,0000025 (2)
¥6,5(U) 56,76 (10)  0,0000010 (1)
3,1 (U) 71,64 (9) 0,0000029 (2)
Y4,3(0) 77,01 (4) 0,0000207 (4)
76,4(U) 100,94 (11) 0,000000072
Y42(U) 103,680 (5) 0,000103 (2)
~7.4(U) 114 (1) 0,0000062 (12)
5.3(U) 121,22 (5)  0,00000070 (7)
74,1 (U) 148,567 (10) 0,0001863 (8)
Y4,0(U) 159,96 (2)  0,00000645 (9)

7 Main Production Modes

U — 238(n,y)U — 239
{ U —239(3~,)Np — 239

Possible impurities : Ty, = 23,5 min

Np —239(57,)Pu — 239
Possible impurities : Ty, = 2,36 d

Pu — 239(n,y)Pu — 240

KRI /Chechev V.P. and Kuzmenko N.K.
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{
{

Pu — 240(n,y)Pu — 241
Possible impurities : Pu — 238, Pu — 239, Pu — 240

U — 238(a,n)Pu — 241
Possible impurities : Pu — 238, Pu — 239, Pu — 240
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246
s Om .,

1 Decay Scheme

Cm-246 disintegrates by alpha emissions (99,97385 %) and spontaneous fission (0,02615 %). The strongest
alpha decay branch of 79,17 (22) % populates the Pu-242 ground state, while the first (44,545 keV) and
the second (147,35 keV) excited states of Pu-242 are populated with intensities of 20,81 % and 0,020 %,
respectively.

Le curium 246 se désintégre par émission alpha et par fission spontanée dans une proportion p(FS) =
0,02615 %.

L’émission alpha a lieu vers le niveau excité de 44,5 keV et le niveau fondamental du plutonium 242.

Le nombre moyen n(FS) de neutrons émis par transformation nucléaire de curium 246 est:

n(FS) = p(FS) x v = 0,0771

ou v = 2,948 est le nombre moyen de neutrons émis par fission spontanée.

2 Nuclear Data

Tip(**%Cm ) : 4723 (27) a
Ti2(***Pu) : 3,73 (3) 10° a
Q*(**%Cm ) : 5476,7 (9) keV

2.1 « Transitions

Energy Probability F
keV x 100

apa 53292 (10) 0,020 (2) 500
ap:  5432,0 (9) 20,81 (22) 2,05
apo 54765 (9) 79,17 (22) 1
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2.2 Gamma Transitions and Internal Conversion Coefficients

Energy Price Multipolarity or o ar
keV x 100
v,0(Pu) 44,545 (9) 20,82 (22) E2 542 (16) 151,44 (45) 746 (22)
v2,1(Pu) 102,8 (1) 0,020 (2) E2 10,06 (30) 2,82 (8) 13,86 (42)

3 Atomic Data

3.1 Pu
Wi : 0971 (4)
Gr 0521 (20)
ngr - 0,790 (5)

3.1.1 X Radiations

Energy Relative
keV probability
Xk
Kay 99,525 63,17
Koy 103,734 100
K035 116,244 }
K1 117,228 }
K0 117,918 } 36,70
KB 120,54 }
K54 120,969 } 12,74
KOs 3 121,543 }
XL
L¢ 12,125
La 14,083 — 14,279
Ly 16,334
Lg 16,499 — 19,331
Ly 20,708 — 21,984
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3.1.2 Auger Electrons

Energy Relative
keV probability
Auger K
KLL 75,263 — 85,357 100
KLX 92,607 — 103,729 60,6
KXY 109,93 - 121,78 9,18
Auger L 6,12 — 22,99

4 o Emissions

Energy Probability
keV x 100

aga 52425 (10) 0,020 (2)
ap1 53437 (9) 20,81 (22)
apo  B38T5(9) 79,17 (22)

5 Electron Emissions

Energy Electrons
keV per 100 disint.
€AL (Pu) 6,12 - 2299 7,20 (21)

eAK (Pu)
KLL 75,263 - 85,357 )
KLX 92,607 - 103,729 }
KXY 109,93 - 121,78 }

ecior  (Pu) 21,441 - 26,488 15,1 (6)

eciom  (Pu) 38,612 - 40,770 4,22 (17)
ecion  (Pu) 42,986 - 44,121 1,161 (47)
ecorr,  (Pu) 797 - 847 0,0135 (15)
ecorm (Pu) 96,9 - 99,0 0,00378 (41)
eczinx  (Pu) 1012 - 1024 0,00104 (11)
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6 Photon Emissions

6.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pu) 12,125 —21,984 7,95 (24)

6.2 Gamma Emissions

Energy Photons
keV per 100 disint.

Yio(Pu) 44,545 (9)  0,0279 (8)
Yo1(Pu)  102,8 (1) 0,00134 (14)

7 Main Production Modes

Cm — 245(n,7)Cm — 246 o :15,2 (12) barns

Cf — 250(cv)Cm — 246
Possible impurities : Cf — 250, Ty, = 13,08 a
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. Cf
98 154

1 Decay Scheme

Cf-252 disintegrates by alpha emissions mainly to the Cm-248 ground state level, and by spontaneous
fission for 3,086(8) % .
The average number of neutrons emitted by spontaneous fission is: 3,7675 (40).
The average number of neutrons emitted per 100 disintegrations is:
n = 3,086 x 3,7675 = 11,627 (33) %
Le californium 252 se désintégre par émissions alpha principalement vers le niveau fondamental de Cm-248
et pour 3,086 % par fission spontanée.

2 Nuclear Data

Ty jp(*2CE ) : 26470  (26) a
Tip(**®Cm ) @ 348 (6) 10° a
Q(*Cf) ¢ 621687 (4) keV

2.1 « Transitions

Energy Probability F
keV x 100
0,3 ~ 5920,3 ~ 0,0019 1200
Q0,2 ~ 6073 0,23 (4) 65
Q.1 6173,63 (11) 15,1 (3) 3,2
0,0 6216,8 (1) 81,7 (3) 1
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2.2 Gamma Transitions and Internal Conversion Coefficients

Energy Prytce Multipolarity aK ar, anm ar
keV x 100
710(Cm) 43,40 (3) 15,2 (3) E2 724 (11) 204 (3) 1000 (15)
v21(Cm) 1002 (4) 0,232 (39) E2 134 (4) 3,79 (9) 185 (5)
v32(Cm)  154,5 (6) 0,00192 E2 0,1741 (25) 1,87 (5) 0,526 (12) 2,76 (6)
3 Atomic Data
3.1 Cm
WK : 0,972 (
wr, : 0,538 (23)
oy 0,061 (
nNKr, : 0,785 (
nry 2 1,12 (
3.1.1 X Radiations
Energy Relative
keV probability
Xk
Kag 104,59 63,87
Koy 109,271 100
K33 122,304 }
KB, 123,403 }
Kj. 124,124 } 37,45
Kp3s 126,889 }
Kpy 127,352 } 13,18
KO3 3 127,97 }
XL
Le 12,639
La 14,744 — 14,9560
Ln 17,315
LG 17,288 — 20,515
Ly 21,969 — 23,319
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3.1.2 Auger Electrons

Energy Relative
keV probability
Auger K
KLL 78,858 — 89,973 100
KLX 97,226 — 109,267 61,8
KXY 115,57 — 128,23 9,5
Auger L 6,3 — 24,5

4 o Emissions

Energy Probability
keV x 100
Q0,3 ~ 5826,3 ~ 0,0019
0,2 ~ 5976,6 0,23 (4)
a1 6075,64 (11) 15,1 (3)
a0 6118,1 (1) 81,7 (3)
5 Electron Emissions
Energy Electrons
keV per 100 disint.
eAL (Cm) 6,3 - 245 5,02 (13)
eAK (Cm) 0,0000025 (4)
KLL 78,858 - 89,973 }
KLX 97,226 - 109,267 }
KXY 115,57 - 128,23 }
ecio I, (Cm) 18,9 - 244 10,93 (33)
ec10 M (Cm) 37,1 - 394 3,08 (9)
eci0 N (Cm) 41,7 - 429 0,856 (26)
eco 1 1, (Cm) 75,7 - 81,2 0,159 (27)
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6 Photon Emissions

6.1 X-Ray Emissions

Energy Photons

keV per 100 disint.
XL (Cm) 12,634 — 23,319 6,07 (14)
XKasg (Cm) 104,59 0,0000257 (7)  } Ka
XKay (Cm) 109,271 0,0000402 (11) }
XKp3 (Cm) 122,304 }
XK (Cm) 123,403 }+ 0,0000151 (5) K 3
XK@,  (Cm) 124,124 }
XKp3s (Cm) 126,889 }
XKpy (Cm) 127,352 }0,00000530 (19) K B2
XK0273 (Cm) 127,97 }

6.2 Gamma Emissions

Energy Photons
keV per 100 disint.

m,0(Cm) 43,399 (25)  0,0152 (4)
72,1(Cm) 100,2 (4) 0,0119 (20)
73,2(Cm) 154,5 (6)  0,00051

7 Main Production Modes

Pu — 239(multiple,n — captures)
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