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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 Consultative Committee for lonizing Radiation (Comité Consultatif des
Rayonnements lonisants, CCRI). 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 expected 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 sixty-seven 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 eight
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 mass numbers up to and including 150 and
Volume 2 for mass numbers over 150. Volume 3 contains the equivalent data for twenty-six additional
radionuclides and re-evaluations for 125Sh and >*Sm. Volume 4 contains the data for a further thirty-one
radionuclides with a re-evaluation for 2Ra. Volume 5 includes seventeen new radionuclide evaluations and
eight re-evaluations. VVolume 6 contains twenty-one new radionuclide evaluations and four re-evaluations.
Volume 7 contains twenty-four new radionuclide evaluations and five re-evaluations. The present Volume
8 contains twenty-three new radionuclide evaluations and nine re-evaluations for #Y, ®™Nb, 19Cd, 3],
18imxe, 13°Ba, 140Ba, %°La and *®Au. The data have been collated and evaluated by an international working
group (Decay Data Evaluation Project, DDEP) led by the Laboratoire National de Métrologie et d’Essais —
Laboratoire National Henri Becquerel (LNE-LNHB).

The evaluators have agreed on the methodologies to be used and their comments for each radionuclide in
addition to the data tables in the present monograph can now both be found on the BIPM website at
http://www.bipm.org/en/publications/scientific-output/monographies-ri.ntml. Consequently, the CD-ROM
that accompanied previous issues is no longer deemed necessary and has been discontinued.

The work involved in evaluating nuclear data is ongoing and the recommended values are kept up to date
on the LNE-LNHB website at http://www.nucleide.org/DDEP_WG/DDEPdata.htm.

The BIPM and the DDEP are most grateful to the International Atomic Energy Agency (IAEA) for their
assistance and financial support to some evaluators in the production of data for Volumes 1 to 3 through
their Coordinated Research Project "Update of X Ray and Gamma Ray Decay Data Standards for Detector
Calibration and Other Applications", for Volumes 4 to 7 through their Coordinated Research Project
"Updated Decay Data Library for Actinides" and for VVolume 8 through their Coordinated Research Projects
"Testing and Improving the International Reactor Dosimetry and Fusion File (IRDFF)" and "Nuclear Data
for Charged-particle Monitor Reactions and Medical Isotope Production". The BIPM and the DDEP are
indebted also to some other evaluators who participate in the United States Nuclear Data Program (USNDP)
for their support to these publications. The publication of further volumes of Monographie 5 is envisaged
when necessary to add new radionuclide data or re-evaluations in this more permanent format that can be
referenced easily.

Although other data sets may still be used when evaluating radionuclide activity, the CCRI encourages the
use of this common, recommended data set that should help to reduce the uncertainties in activity evaluations
and lead to more coherent results for comparisons (2009, CCRI Report of 21 meeting, section 17.2).

W. Louw M.J.T. Milton
President of the CCRI Director of the BIPM

1 previously known as the Comité Consultatif pour les Etalons de Mesure des Rayonnements lonisants (CCEMRI)
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“TABLE DE RADIONUCLEIDES”
Sommaire - Ce volume regroupe 1’évaluation des radionucléides suivants :

41C3, 47SC, 52Fe’ SSCO, Glcu’ 6San 7386, Ssz, SZSI', 88Y, 89er 93Zr, 93mNb, 94mTC, 106Ru, 106Rh, 109cd’ 127XC,
131L l3lmXC, 133Ba, 138La, 14°Ba, 140La, 144CC, 144PI', 144mPI', 148Pm, 148um’ 15181’11, 169Erj 198Au.

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

“TABLE OF RADIONUCLIDES”

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

41C3, 47SC, 52Fe’ SBCO, Glcu’ 6321’1, 7386, 82Rb, SZSI', 88Y, 89ZI', 93Zr, 93mNb’ 94mTC, 106Ru, 106R_h, 109Cd, 127XC,
131L 131mXC, 133Ba, 138La, 14°Ba, 140La, 144CC, 144PI', 144mPI', 148Pm, 148um’ ISISm, 169Er, 198Au.

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 umfaf3t die Evaluation der folgenden Radionuklide:

‘”Ca, 47SC, 52Fe, SSCO, élcu’ 6321’1, 7386, 82Rb, 82SI‘, 88Y, 8921', 9321.’ 93mNb, 94mTC, lOéRu, lOéRh, ]09Cd, 127X€,
131L 131mX6, ‘33Ba, 138La, 14°Ba, 140La, 144CC, 144PI‘, 144mPI', '48Pm, l48um, ISISH’I, 169Er, '98Au.

In diesem Bericht sind evaluierte Werte der Halbwertszeiten, Ubergangswahrscheinlichkeiten und
Ubergangsenergien von o, B™-, P’-, EC- und Gammaiibergingen, Konversionskoeffizienten von
Gammatibergéingen sowie der Emissionswahrscheinlichkeiten von Rontgen- und Gammaquanten, Auger-
und Konversionselektronen und deren Unsicherheiten zusammengefal3t.

“TABJIULIA PAJUOHYKJINIOB”
Pe3romMe. DTOT TOM BKJIFOYAET OLIEHKU XapaKTEPUCTHK pacajia JJis CICAYIONUX HYKIIUIO0B:

41Ca, 47SC, SZFC, SSCO, 61Cll, 6321’1, 7386’ Ssz, SZSI', SSY’ ngr, 93ZI‘, 93mNb, 94mTC, 106Ru, 106Rh, 109Cd, 127X6,
131L I3ImX€, '33Ba, 138La, 14°Ba, 140La, 144CC, I44PI', 144mPI‘, I48Pl’l’l, I48um, ISISI'II, 169Er, I98Au‘

OcHOBHBIE PEKOMEHIyEMbIE JaHHBIE BKJIIOYAIOT MEPHOJIbI MOJypaciaaa, BUABl pacmana, X-H3ITydeHue,

raMMa-u3jiIydCHue, BSJICKTPOHHOC H3JIYUCHHUC, aﬂb(i)a- u Oera- Nnepexobl W MH3JIYUYCHHA, a TaAKXKC
MOrp€IHOCTU paCCMOTPCHHBIX BEJINYHMH.
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“TABLA DE RADIONUCLEIDOS”
Contenido — Este voliimen agrupa la evaluacion de los radionucleidos siguientes:

41Ca, 47SC, 52Fe, SSCO, "ICu, 63ZII, 7386, 82Rb, SZSI., 88Y, SQZI., 93ZI’, %mNb, 94mTC, 106Ru’ 106Rh’ 109Cd, 127X6,
1311’ 131mXe, 133Ba, 138La, 140Ba, 140La, 144C6, 144P1‘, 144mP1‘, 148Prn, 148mPn,1j ISISn,lj 169EI‘, 198Au.

Los valores recomendados y las incertidumbres asociadas comprenden: el periodo de semidesintegracion
radiactiva, los modos de desintegracion, las emisiones a,p,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 l'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, 99Be] et de sept volumes de la
Monographie BIPM-5 [04Be, 06Be, 08Be, 10Be, 11Be, 13Be]. Ce nouveau volume s’inscrit dans la
continuation du travail précédent.

D’autre part, pour des raisons évidentes, telles la facilit¢ 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 acces aisé aux différentes informations a
l'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. IIs 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 huitiéme de la Monographie 5 publiée sous 1’égide du BIPM.

VALEURS RECOMMANDEES ET INCERTITUDES

Les principales étapes pour 1'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 aprés 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 €largie, 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+1,1

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
'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.

La description physique des données évaluées est disponible dans la référence [991n].

Vil



NUMEROTAGE

Les niveaux d'un noyau sont numérotés, arbitrairement, de 0 pour le niveau fondamental & n pour le éniéme
niveau excité. Les diverses transitions sont ainsi repérées par leur niveau de départ et leur niveau d'arrivée.
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 1'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 T, <= 60 secondes S
. en minutes pour Ti» > 60 secondes min
. en heures pour Ti» > 60 minutes h
. en jours pour Tin > 24 heures d
. en années pour Ti» > 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.

Remarque : Si une valeur plus précise de la période est nécessaire, par exemple en jours plutdt qu’en années,
le lecteur se référera aux commentaires de 1’évaluation inclus sur le CD-Rom ou sur les sites web du LNE-
LNHB ou du BIPM. Ceci évitera I’introduction d’erreurs d’arrondi supplémentaires en cas de conversion
d’unités.

AVERTISSEMENT

Ce document a été imprimé en 2016, 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://www.bipm.org/fr/publications/monographie-ri-5.html

VIII
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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 a L’Energie Atomique (BNM — LNHB/CEA) began
in 1974, continued to 1987 and four volumes were published [87Ta, 99Be]. This work has been pursued
and seven volumes of evaluations have already been published as Monographie BIPM-5 [04Be, 06Be,
08Be, 10Be, 11Be, 13Be].

Moreover, LNHB developed a database and related 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 Idaho 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 eighth in the series of the Monographie 5 published under the auspices of the BIPM.

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 y? 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 ucy) where K is the coverage factor.
In this publication, standard uncertainties are quoted (i.e. 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) 92+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 [99In].
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NUMBERING

Nuclear levels are arbitrarily numbered from O (for the ground state level) to n (for the nth 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 T1» <= 60 seconds S
. in minutes for T;» > 60 seconds min
. in hours for Ty, > 60 minutes h
. in days for Ti» > 24 hours d
. in years for T1» > 365 days a

l year=1a=365242198d=31556926s

- 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.
Remark: When a more precise evaluation of a half life is required, for example in days instead of years, the

reader is referred to the commented evaluation included on the CD ROM or on the websites of the LNE-
LNHB or the BIPM. This will avoid the introduction of rounding errors.

NOTICE

This report was printed in 2016. New evaluations and updated issues will be available on:
http://www.nucleide.org/NucData.htm
http://www.bipm.org/en/publications/monographie-ri-5.html
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TABELLE DER RADIONUKLIDE

EINLEITUNG

Die Evaluation der Zerfallsdaten fiir 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 Biande veroffentlicht [87Ta, 99Be]. Seitdem sind des weiteren sieben Bande der Monographie
BIPM-5 [04Be, 06Be, 08Be, 10Be, 11Be, 13Be] 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 fiir den Anwender ,,auf Tastendruck®.

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

Die empfohlenen Daten betreffen die Halbwertszeit, die Art des Zerfalls und die Charakteristika der a-, -
, Y-, Rontgen- und Elektronenemissionen und der entsprechenden Ubergiinge.

Um die bereits vorliegenden Daten zu aktualisieren und neue Evaluationen schneller einbeziehen zu
konnen, vereinbarten das Laboratoire National Henri Becquerel (LNHB, Frankreich) und die Physikalisch-
Technische Bundesanstalt (PTB, Deutschland) eine Ubereinkunft zur Zusammenarbeit. Es schlossen sich
das Idaho National Engineering and Environmental Laboratory (INEEL, USA), das Lawrence Berkeley
National Laboratory (LBNL, USA) und das Khlopin Radium Institute (KRI, RuB3land) an. Eine der ersten
Arbeiten dieser Gruppe war es, die in diesen Evaluationen benutzte Methodologie zu diskutieren und
festzulegen. Die Datenbank umfaft empfohlene Daten und ihre Unsicherheiten, die aus den verfiigbaren
experimentellen Daten oder theoretischen Berechnungen gewonnen wurden. Alle fiir die Evaluation
benutzten Referenzen werden angegeben.

Dieser Band ist die achte Ausgabe der Monographie BIPM-5.

EMPFOHLENE WERTE UND UNSICHERHEITEN

Die Hauptschritte fiir die Evaluation der Daten und Unsicherheiten sind:

- Eine kritische Analyse aller verfligbaren Veroffentlichungen, um einen jeweils verdffentlichten Wert und
seine Unsicherheit - auf die kombinierte Standardunsicherheit zuriickgefiihrt - zu beriicksichtigen oder
auszuschlieBen.

- 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 Uc bezeichnet, ist der groBere Wert der inneren oder dufleren Unsicherheit. Fiir einen
diskrepanten Datensatz kann sie so vergroBBert werden, dafl der genaueste Einzelwert in der Unsicherheit
mit eingeschlossen ist.

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

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

Fiir die vorliegende Verdffentlichung 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 9,2+1,1

Wenn ein Wert ohne Unsicherheit angegeben ist, bedeutet das, dafl dieser Wert als fragwiirdig zu betrachten
ist. Er wird zur Information mitgeteilt und ist oft abgeschétzt aus dem Zerfallsschema im Sinne ,,in der
Grofenordnung von®,

Informationen iiber die Evaluationsprozedur kdnnen aus den Referenzen [85Zi, 96He, 99In] oder direkt
von den Autoren bezogen werden.

XI



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

NUMERIERUNG

Die Kernniveaus werden willkiirlich numeriert von 0 fiir den Grundzustand bis zu n fiir das n-te angeregte
Niveau. Alle Ubergiinge werden durch ihr Ausgangs- und Endniveau gekennzeichnet. Fiir Ubergiinge mit
geringen Wahrscheinlichkeiten, die nicht im Zerfallsschema gezeigt werden kénnen, werden als Ausgangs-
und Endniveau (-1, n) angegeben.

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

EINHEITEN

Die empfohlenen Werte sind ausgedriickt:

- fur Halbwertszeiten:

. in Sekunden fiir T;» < 60 Sekunden S

. in Minuten fiir T2 > 60 Sekunden min
. in Stunden fiir T;, > 60 Minuten h

. in Tagen fiir T1» > 24 Stunden d

. in Jahren fiir Ty, > 365 Tage a

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

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

- die Werte der Energien sind in keV ausgedriickt.

HINWEIS

Dieses Dokument wurde im Jahre 2016 erstellt. Alle spateren Fassungen oder neueren Evaluationen konnen
vom Leser unter

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

http://www.bipm.org/en/publications/monographie-ri-5.html

abgerufen werden.
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TABJINIA PAJUOHYKJIINI0B

BBEJEHUE

Onenka manHbIX pacnama st Table de Radionucléides, BNM — LNHB/CEA, 6pu1a Hadata B 1974 1. u
npoaomkanack 10 1987 r. K Tomy Bpemenu Obutn onmyoauKoBaHbl ueTsipe ToMa [87Ta] u 3atem, B 1999 1.,
OBLT OITyOIMKOBAH IIATHIA TOM, CONIEPKAIINNA PEeBU30BaHHBIE OIeHKH /7151 30 BRIOPaHHBIX PaIHOHYKIHIOB
[99Be]. OTa pabota OblIa MPOAOIKEHA, U CEMb TOMA OBLITH OIMyOJINKOBaHBI Kak Monographie BIPM-5 [04Be,
06Be, 08Be, 10Be, 11Be, 13Be].

B nononnenne B LNHB Obuia pasBura xommetorepHas popma Table de Radionucléides (mporpamma
NUCLEIDE) ¢ Tem, 9To05I 00ecreunTs 00s1ee mpocToe 0OHOBICHUE U TOMOJHEHHE JAHHBIX M, OYCBHIHO,
TaKXe C LEJNbI0 NPEUIOKUTH I0JIB30BATENI0 00Jiee JIETKUH AOCTYN K SIAEPHBIM U ATOMHBIM JaHHBIM
pacnaza myTeM "Ha)kaTusl KHOMKH'.

Llens HacToOSsIIEr0 H3AaHHUS - OaTh PEKOMEHAOBAaHHBIC NAHHBIC Ui HYKIWAOB, NPEACTaBISIONINX
crneun(puUecKuil MHTEpeC Al METPOJIOTMM MM NPAKTUYECKHX HNPUWIOKEHHH, TaKUX Kak saepHas
MEIWIHA, MOHUTOPHHT, PEaKTOpHAs 3aIlINTa U JIp.

[lepBuuHbIE pEKOMEHAOBaHHBIC JaHHBIE BKIIOYAIOT TEPHOABI MOJypacmajaa, BWABI paclaja,
XapakTepUCTUKU X- W TaMMa-u3Iy4eHHUH, JJIEKTPOHHBIX H3Iy4eHHUH, anbda- u Oera-mepexoqoB H
W3JTy4YE€HUH U MOTPEIIHOCTH BEJIMYMH 3THX XapaKTEPUCTHK. B KHHMIre NaH MOJHBINA CIHCOK JIUTEPATYpHI,
HCIIOJIB30BAaHHOM ISl OLIEHOK.

Jns Toro uTtoObl OOHOBWTH NaHHBIE 1O HyKIHmaM, yxke mmeromumcs B Table de Radionucléides, u
no0aBUTH HOBBIE OIleHKH, HarmmonambHast maboparopusi uMm. AHpu bexkepens (LNHB, ®panmus) u
Ouzuko-Texanueckuit Uucturyr (PTB, I'epmanus) 3akmioumnu koomepaTHBHOe coriamenue. K Hum
3aTeéM IMPUCOCIUHHUIIUCH HaHI/IOHaIH)HaSI na6opaTopH51 IIPUKIIAAHBIX W 3KOJOTHYCCKHUX I/ICCJ'ICI{OBEIHI/II‘/'I
Aninaxo (INEEL, CIIA), JloypencoBckas Harmonanpnaas JlaGopatopust bepxmm (LBNL, CHIA) u
Pamuessnii nactutyT M. B.I'. Xnommaa (KRI, Poccns). 3To MexayHapomHOE COTPYIHUIECTBO OCHOBAHO
Ha HedopManbHOM cornamieHud. [lepBoHauanbHas paboTa cocTosyia B OOCYKACHUM M TPUHITHH
COIJIACOBAaHHOM METOJOJIOTUH, KOTOpas AOJDKHA OBbITh HCIIONB30BaHAa B 3THX OLEHKax. [lanHple u
CBSI3aHHBIE C HUMH ITOTPELIHOCTU ObUTM OLICHEHBI C UCIIOJIb30BAaHUEM BCEX MMEIOLIMXCS B PACTIOPSKEHUN
Pe3yIbTAaTOB IKCIIEPUMEHTOB H C YYETOM TEOPETHYECKHX PACCMOTPEHHUH.

Hacrosiuit Tom npencrasisier co00it BockMoii Beiyck Monographie BIPM-5.

PEKOMEH/JIOBAHHBIE 3HAYEHW U ITOT'PEILIHOCTU
OCHOBHBIE AT JJIs1 OTICHKH JTAHHBIX U UX TIOTPEITHOCTEH CIEAYIOIINE:

- KPHUTHUYECKUH aHAJIU3 BCEX UMEIOIINXCS OPUTHMHANBHBIX MyOJIMKALMi, YTOOBI IPUHATH UM OTBEPTHYThH
JAHHOE 3HA4YE€HHWE M €ro IMOTPEeImIHOCTb, NPUBEACHHYI0 K KOMOMHMPOBAHHOMY CTaHIApTHOMY
OTKJIOHEHHIO;

- ONpeJieNieHHe Jy4IIero 3HAa4eHHs, KOTOpOe SBISIETCS B3BELIEHHBIM HIIM HEB3BELIEHHBIM CPEIHHM
COXPAaHEHHBIX BEIMYNH; BHIOOP B3BEIIEHHOTO MJIM HEB3BEIIEHHOTO CPEHErO ONpeessieTCs aHaTIH30M
BeMuMHbl %>, B cllydae CpemHEro B3BENIEHHOTO BEC KaXKIOTO OPUIHMHAIBHOTO pe3ysbTara
orpaanumuBaetcst 50 %. B kadecTBe MTOroBOil morpemHocTH (Uc) IPUHUMAETCs OOJNbINas U3 ABYX
MOTPEIIHOCTEH CpeIHET0 B3BELICHHOTO: BHYTPEHHEH 1 BHemIHel. J{i1st pacxoasiierocss Habopa JaHHBIX

OHA MOJKET OBITh pacIIupeHa, YTOOBI EPEKPHITH CAMOE TOYHOE BXOAHOE 3HAUEHHE.
i1 HEKOTOpBIX NPUMEHEHWH MOMKET OKa3aThCsl HEOOXOIMMBIM pacummpeHHas mnorpemHocts (U),

BeipakeHHas kak: U(y) = K x uc(y), rae K - koo dunment nepexppits. st 3Tol MyOIMKanuy IPHHSATO
k=1.
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3HadyeHne MOTPENTHOCTH, B CKOOKaX, IPUBOIUTCSA B €HMHUIAX IIOCIIEAHEN 3HaYaIel udpsl, T.¢€.:
9,230 (11) o3nawaer 9,230+0,011 wu
9,2 (11) 92+1,1

Ecnu 3HaueHne BeMUYWHBI aeTcsi 0e3 MOTPEeITHOCTH, OHA CYMTACTCS COMHHUTENBHON M TPUBOIUTCS JIS
nHpopMaruu. Takue BEIMYMHBI 4aCTO OIICHUBAIKMCH U3 CXEMBI pachajia noj pyopukoi "mopsaka'.

Nudopmaruio o mporeaypax OreHKH MOXHO TOTYYIHUTh U3 MyOnmmkanwii [85Zi, 96He, 99In] nim
HETIOCPEICTBEHHO OT aBTOPOB.
Nudopmarus o cmpicie GU3NYSCKUX BEITUYUH MOXKET ObITh TOTy4YeHa u3 [991n].

HYMEPAIINA

SnepHble ypOBHU HIPOM3BOJIBHO NPOHYMEpoBaHbl OT ( A OCHOBHOIO COCTOSHHUSI 10 N UIi N-Oro
BO30YKJEHHOTO ypoBHs. Bece mepexoipl 0003Ha4aloTCs 10 X HA4YalbHOMY H KOHEYHOMY YPOBHSIM.

st cnabbIX Tepexo/i0B, He MOKa3aHHBIX CTPENKOW B CXEME paclaja, HauyalbHBIH M KOHEUHBIH YPOBHH
obo3Hayarores kak (-1, n).

Jus ramma-mzmydenust ¢ sHeprueit 511 x9B, kotopoe crmemyer 3a OeTa-IuTIOC pacmasioMm, TPUHSITO
obo3Hauenue (-1, -1).

EJINHULIBI
PCKOMCHI[OB&HHBIG 3HAYCHUA BBIpa)KﬁHLIZ

- Ui TIEPHOJIOB TIOJTypacaa:

. B ceKyHzaax a1 T12 < 60 cexyHn s
. B MUHyTax Juig T1» > 60 cexyHp min
. Byacax st T2 > 60 MUHYT h
. B CyTKax mis T1» > 24 gacoB d
. Brogax ans Tiz > 365 cyTok a

1 rox = 365,242198 cytok = 31 556 926 cexyHn

JUTSI BEPOSITHOCTEH MEPEX0/I0B M YKCiIa UCITYCKaeMbIX YacTHUIl 3HaueHus ganbl Ha 100 pacnagos;

JUIs1 HEPTUM 3HAUEHUs! BEIPAXKEHBI B KMIIOIEKTpOoHBOJbTaX (keV).

[NPUMEYAHUE

Jrot BeImycK moarotosiieH B 2016 r. HoBkie o1ieHKN 1 00HOBIIEHHBIE PE3YJIbTAThl MOKHO HAWTH HA
caire:

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

http://www.bipm.org/en/publications/monographie-ri-5.html

XIvV


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

TABLA DE RADIONUCLEIDOS

INTRODUCCION

El Laboratorio Nacional Henri Becquerel (LNHB) inici6 en 1974 el estudio de datos nucleares y atomicos
que caracterizan la desintegracion de radionucleidos. Esas evaluaciones han permitido la publicacion de
cuatro volimenes de la Tabla de Radionucleidos [§7Ta, 99Be]. Este nuevo volumen es el siguiente en la
continuacion del estudio precedente Monographie BIPM-5 [04Be, 06Be, 08Be, 10Be, 11Be, 13Be].

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

El objetivo de la Tabla de Radionucleidos es el de proporcionar informacioén 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 desintegracion, las
emisiones a, 3, v, X y de electrones atomicos asociados a las mismas.

Con el propoésito 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 ldaho National Engineering & Environmental
Laboratory (INEEL, USA), Lawrence Berkeley National Laboratory LBNL, USA) y Khlopin Radium
Institute (KRI, Rusia). El primer trabajo de esta colaboracion internacional fue el de establecer el método
y las reglas comunes de evaluacion. 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 calculos tedricos. 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 mas 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 'y

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).

Para mas informacidn sobre las técnicas de evaluacion consultar [85Zi], [96He], [99In] o directamente con
el autor.
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NUMERACION

Los niveles de un nticleo 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 ¥, la notacion adoptada es: (-1, -1).

UNIDADES

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

Simbolo
. en segundos para Ti» < 60 segundos ]
. en minutos para Ti» > 60 segundos min
. en horas para Ti», > 60 minutos h
. en dias para Ti, > 24 horas d
. en afios para Ti» > 365 dias a

1 aflo = 365,242 198 dias =31 556 926 segundos;

- para las probabilidades de transicion 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 2016. Para obtener todas las nuevas evaluaciones actualizadas
ulteriormente, el lector debera referirse a los documentos disponibles en:
http://www.nucleide.org/NucData.htm

http://www.bipm.org/en/publications/monographie-ri-5.html
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Informationen iiber die Daten und Evaluationsprozeduren kdnnen bei den im folgenden zusammen-
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List of radionuclides included in:

Volume 8 - A =41 to 198

Mass
41
47
52
58
61
63
73
82
82
88
89
93
93
94

106
106
109
127
131
131
133
138
140
140
144
144
144
148
148
151
169
198

Nuclide
Ca-41
Sc-47
Fe-52
Co-58
Cu-61
Zn-63
Se-73
Rb-82
Sr-82
Y-88"
Zr-89
Zr-93
Nb-93m*
Tc-94m
Ru-106
Rh-106
Cd-109"
Xe-127
I-131°
Xe-131m"
Ba-133"
La-138"
Ba-140"
La-140"
Ce-144
Pr-144
Pr-144m
Pm-148
Pm-148m
Sm-151
Er-169
Au-198"

Page
1

7
13
19
25
33
45
57
67
71
79
87
93
99
111
115
129
137
145
153
159
167
173
181
191
201
209
217
227
239
245
251

* : updated evaluations

Table of contents

(Volumes 6, 7 & 8)

Volume 7 - A =14 to 245

Mass  Nuclide

14 C-14

35 S-35

36 Cl-36

37  Ar-37

45  Ca-45

67 Ga-67"

68 Ga-68

68 Ge-68
127  Sb-127
127  Te-127
127  Te-127m
134 Cs-134
141  Ce-141
147 Nd-147
147  Pm-147
195 Au-195
206 Hg-206
207 TI1-207
208  TI-208"
209  TI-209
211 Pb-211
211 At-211
213  Bi-213
215 Bi-215
228 Th-228"
242  Cm-242"
243 Cm-243
244  Cm-244"
245 Cm-245

Page

1

5

9
15
21
25
33
41
47
57
63
73
81
87
95
101
107
113
119
127
135
143
153
163
171
179
189
201
209

* : updated evaluations

XXI

Volume 6 - A =41 to 242

Mass
41
59
64
99

109
125
132
182
209
209
211
215
215
219
219
223
223
228
231
234
234
236
237
239
242

Nuclide Page
Ar-41 1
Ni-59 7
Cu-64" 13
Tc-99 21
Pd-109 27
I-125 37
Te-132 43
Ta-182 49
Pb-209 61
Po-209 65
Po-211 73
Po-215 79
At-215 85
At-219 91
Rn-219 95
Fr-223 105
Ra-223 125
Ac-228 139
Pa-231 165
Pa-234 177
Pa-234m 213
Np-236* 231
Np-237"* 239
U-239" 251
Am-242m 267

* : updated evaluations



List of radionuclides included in:

Volume 5 - A =22 to 244

Mass
22
40
75

124
207
211
217
225
225
228
231
232
233
233
234
235
237
238
240
241
242
242
243
244
244

Nuclide
Na-22
K-40
Se-75
Sb-124
Bi-207
Bi-211
At-217
Ra-225
Ac-225
Ra-228
Th-231
Th-232
Th-233"
Pa-233"
Th-234
U-235
U-237"
Pu-238"
Pu-240"
Am-241"
Pu-242"
Am-242
Am-243"
Am-244
Am-244m
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7
13
21
33
41
47
53
59
81
85
95
101
117
127
133
145
153
165
175
197
203
209
217
223

* : updated evaluations
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(Volumes 3,4 & 5)

Volume 4 - A =133 to 252

Mass
133
133
133
135
139
206
210
210
210
210
213
214
214
214
217
218
218
218
221
222
226
227
232
236
237
238
239
239
239
241
246
252

Nuclide
1-133
Xe-133
Xe-133m
Xe-135m
Ce-139
TI-206
T1-210
Pb-210
Bi-210
Po-210
Po-213
Pb-214
Bi-214
Po-214
Rn-217
Po-218
At-218
Rn-218
Fr-221
Rn-222
Ra-226"
Ac-227
U-232
U-236
Np-237
Np-238
U-239
Np-239
Pu-239
Pu-241
Cm-246
Cf-252

Page

1

11
17
23
31
39
45
51
59
65
71
75
83
111
117
121
125
129
135
143
149
155
169
177
183
195
205
221
231
259
269
277

* : updated evaluations

XXII

Volume 3- A=310244

Mass
3
55
56
60
63
65
79
90
90
90
108
108
111
125
137
153
159
203
233
233
234
236
236
237
238
242
243
244

Nuclide
H-3
Fe-55
Co-56
Co-60
Ni-63
Zn-65
Se-79
Sr-90
Y-90
Y-90m
Ag-108
Ag-108m
In-111
Sb-125"
Cs-137
Sm-153"
Gd-159
Pb-203
Pa-233
Th-233
U-234
Np-236
Np-236m
U-237
U-238
Cm-242
Am-243
Cm-244

Page
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5
11
23
29
33
39
43
47
53
59
67
75
81
91
99
109
115
123
133
147
155
163
169
177
185
195
203
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List of radionuclides included in:

Table of contents
(Volumes 1 & 2)

Volume 2 - A =151 to 242

Mass
152
153
153
154
155
166
166
169
170
177
186
198
201
203
204
208
212
212
212
216
220
224
226
227
228
238
240
241
242

Nuclide
Eu-152
Gd-153
Sm-153
Eu-154
Eu-155
Ho-166
Ho-166m
Yb-169
Tm-170
Lu-177
Re-186
Au-198
TI-201
Hg-203
TI-204
TI-208
Bi-212
Pb-212
Po-212
Po-216
Rn-220
Ra-224
Ra-226
Th-227
Th-228
Pu-238
Pu-240
Am-241
Pu-242

Page
1
21
27
37
59
67
75
87
99
107
113
121
129
135
141
147
155
167
173
177
183
189
195
201
227
235
247
257
277

XXIII

Volume 1 - A =1to 150

Mass
7
11
13
15
18
24
32
33
44
44
46
51
54
56
57
57
59
64
66
67
85
85
88
89
93
99
99
109
110
110
123
123
125
129
131
131
133
140
140

Nuclide
Be-7
C-11
N-13
O-15
F-18
Na-24
P-32
P-33
Sc-44
Ti-44
Sc-46
Cr-51
Mn-54
Mn-56
Co-57
Ni-57
Fe-59
Cu-64
Ga-66
Ga-67
Kr-85
Sr-85
Y-88
Sr-89
Nb-93m
Mo-99
Tc-99m
Cd-109
Ag-110
Ag-110m
I-123
Te-123m
Sb-125
1-129
I-131
Xe-131m
Ba-133
Ba-140
La-140

Page
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7
11
17
21
27
35
41
45
51
57
63
71
77
83
91
99
105
113
133
141
147
153
161
167
173
183
191
199
207
219
229
235
243
249
257
263
271
277



Table of contents

(Volumes 1 to 8 — All nuclides sorted by increasing mass number)

Mass Nuclide  Vol/Page Mass Nuclide Vol/Page Mass Nuclide Vol/Page Mass Nuclide Vol/Page

3 H3 3/1 93 Nb-93m 1/167 155 Eu-155 2/59 225 Ac-225 5/59

7 Be-7 1/1 93 Nb-93m" 8/93 159 Gd-159 3/109 226 Ra-226 2/195
11 C-11 1/7 94 Tc-94m 8/99 166 Ho-166 2/67 226 Ra-226" 4/149
13 N-13 1/11 99 Mo-99 1/173 166 Ho-166m 2/75 227 Ac-227 4/155
14 C-14 7/1 99 Tc-99 6/21 169 Er-169 8/245 227 Th-227 2/201
15 O-15 1/17 99 Tc-99m 1/183 169 Yb-169 2/87 228 Ra-228 5/81
18 F-18 1/21 106 Ru-106 8/111 170 Tm-170 2/99 228 Ac-228 6/139
22 Na-22 5/1 106 Rh-106 8/115 177 Lu-177 2/107 228 Th-228 2/227
24 Na-24 1/27 108 Ag-108 3/59 182 Ta-182 6/49 228 Th-228" 7/171
32 P-32 1/35 108 Ag-108m 3/67 186 Re-186 2/113 231 Th-231 5/85
33 P-33 1/41 109 Pd-109 6/27 195 Au-195 7/101 23] Pa-231 6/165
35 S-35 7/5 109 Cd-109 1/191 198 Au-198 2/121 232 Th-232 5/95
36 CI-36 7/9 109 Cd-109" 8/129 198 Au-198" 8/251 232 U-232 4/169
37 Ar-37 7/15 110 Ag-110 1/199 201 TI-201 2/129 233 Th-233 3/133
40 K-40 5/17 110 Ag-110m 1/207 203 Hg-203 2/135 233 Th-233" 5/101
41 Ar-41 6/1 111 In-111 3/75 203 Pb-203 3/115 233 Pa-233 3/123
41 Ca-41 8/1 123 Te-123m 1/229 204 TI-204 2/141 233 Pa-233" 5/117
44 Sc-44 1/45 123 1-123 1/219 206 Hg-206 7/107 234 Th-234 5/127
44 Ti-44 1/51 124 Sb-124 5/21 206 TI-206 4/39 234 Pa-234 6/177
45 Ca-45 7/21 125 Sb-125 1/235 207 TI-207 7/113 234 Pa-234m 6/213
46 Sc-46 1/57 125 Sb-125° 3/81 207 Bi-207 5/33 234 U-234 3/147
47 Sc-47 8/7 125 1-125 6/37 208 TI-208 2/147 235 U-235 5/133
51 Cr-51 1/63 127 Sb-127 7747 208 TI-208" 7/119 236 U-236 4/177
52 Fe-52 8/13 127 Te-127 7/57 209 TI-209 77127 236 Np-236 3/155
54 Mn-54 1/71 127 Te-127m 7/63 209 Pb-209 6/61 236 Np-236° 6/231
55 Fe-55 3/5 127 Xe-127 8/137 209 Po-209 6/65 236 Np-236m 3/163
56 Mn-56 1/77 129 1-129 1/243 210 TI-210 4/45 237 U-237 3/169
56 Co-56 3/11 131 I-131 1/249 210 Pb-210 4/51 237 U-237" 5/145
57 Co-57 1/83 131 I-131° 8/145 210 Bi-210 4/59 237 Np-237 4/183
57 Ni-57 1/91 131 Xe-131m 1/257 210 Po-210 4/65 237 Np-237° 6/239
58 Co-58 8/19 131 Xe-131m"  8/153 211 Pb-211 77135 238 U-238 3/177
59 Fe-59 1/99 132 Te-132 6/43 211 Bi-211 5/41 238 Np-238 4/195
59 Ni-59 6/7 133 1-133 4/1 211 Po-211 6/73 238 Pu-238 2/235
60 Co-60 3/23 133 Xe-133 4/11 211 At-211 717143 238 Pu-238" 5/153
61 Cu-61 8/25 133 Xe-133m 4/17 212 Pb-212 2/167 239 U-239 4/205
63 Ni-63 3/29 133 Ba-133 1/263 212 Bi-212 2/155 239 U-239" 6/251
63 Zn-63 8/33 133 Ba-133" 8/159 212 Po-212 2/173 239 Np-239 4/221
64 Cu-64 1/105 134 Cs-134 7/73 213 Bi-213 7/153 239 Pu-239 4/231
64 Cu-64" 6/13 135 Xe-135m 4/23 213 Po-213 4/171 240 Pu-240 2/247
65 Zn-65 3/33 137 Cs-137 3/91 214 Pb-214 4/175 240 Pu-240" 5/165
66 Ga-66 1/113 138 La-138" 8/167 214 Bi-214 4/83 241 Pu-241 4/259
67 Ga-67 1/133 139 Ce-139 4/31 214 Po-214 4/111 241 Am-241 2/257
67 Ga-67" 71725 140 Ba-140 1/271 215 Bi-215 77163 241 Am-241" 5/175
68 Ga-68 7/33 140 Ba-140 8/173 215 Po-215 6/79 242 Pu-242 2/277
68 Ge-68 71741 140 La-140 1/277 215 At-215 6/85 242 Pu-242" 5/197
73 Se-73 8/45 140 La-140" 8 /181 216 Po-216 2/177 242 Am-242 5/203
75 Se-75 5/13 141 Ce-141 7/81 217 At-217 5/47 242 Am-242m  6/267
79 Se-79 3/39 144 Ce-144 8/191 217 Rn-217 4/117 242 Cm-242 3/185
82 Rb-82 8/57 144 Pr-144 87201 218 Po-218 4/121 242 Cm-242° 7/179
82 Sr-82 8/67 144 Pr-144m 8/209 218 At-218 4/125 243  Am-243 3/195
85 Kr-85 1/141 147 Nd-147 7/87 218 Rn-218 4/129 243 Am-243" 57209
85 Sr-85 1/147 147 Pm-147 71795 219 At-219 6/91 243 Cm-243 7/189
88 Y-88 1/153 148 Pm-148 8/217 219 Rn-219 6/95 244 Am-244 5/217
88 Y-88" 8/171 148 Pm-148m 8/227 220 Rn-220 2/183 244 Am-244m  5/223
89 Sr-89 1/161 151 Sm-151 87239 221 Fr-221 4/135 244 Cm-244 3/203
89 Zr-89 8/179 152 Eu-152 2/1 222 Rn-222 4/143 244 Cm-244" 7/201
90 Sr-90 3/43 153 Sm-153 2/27 223 Fr-223 6/105 245 Cm-245 77209
90 Y-90 3/47 153 Sm-153° 3/99 223 Ra-223 6/125 246 Cm-246 4/269
90 Y-90m 3/53 153 Gd-153 2/21 224 Ra-224 2/189 252 Cf-252 4/277
93 Zr-93 8/87 154 Eu-154 2/37 225 Ra-225 5/53

* : updated evaluations
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Table of contents
(Volumes 1 to 8 — All nuclides sorted by alphabetical order)

Mass Nuclide  Vol/Page Mass Nuclide Vol/Page Mass Nuclide Vol/Page Mass Nuclide Vol/Page

225 Ac-225 5/59 134 Cs-134 7/173 32 P-32 1/35 75 Se-75 5/13
227 Ac-227 4/155 137 Cs-137 3/91 33 P-33 1/41 79 Se-79 3/39
228 Ac-228 6/139 61 Cu-61 8/25 231 Pa-231 6/165 151 Sm-151 8/239
108 Ag-108 3/59 64 Cu-64 1/105 233 Pa-233 3/123 153 Sm-153 2/27
108 Ag-108m 3/67 64 Cu-64" 6/13 233 Pa-233° 5/117 153 Sm-153° 3/99
110 Ag-110 1/199 169 Er-169 8/245 234 Pa-234 6/177 82 Sr-82 8/67
110 Ag-110m 1/207 152 Eu-152 2/1 234 Pa-234m 6/213 85 Sr-85 1/147
241 Am-241 2/257 154 Eu-154 2/37 203 Pb-203 3/115 89 Sr-89 1/161
241 Am-241" 5/175 155 Eu-155 2/59 209 Pb-209 6/61 90 Sr-90 3/43
242 Am-242 5/203 18 F-18 1/21 210 Pb-210 4/51 182 Ta-182 6/49
242 Am-242m 6/267 52 Fe-52 8/13 211 Pb-211 717135 94 Tc-94m 8/99
243  Am-243 3/195 55 Fe-55 3/5 212 Pb-212 2/167 99 Tc-99 6/21
243 Am-243" 5/209 59 Fe-59 1/99 214 Pb-214 4/75 99 Tc-99m 1/183
244  Am-244 5/217 221 Fr-221 4/135 109 Pd-109 6/27 123 Te-123m 1/229
244  Am-244m 5/223 223 Fr-223 6/105 147 Pm-147 7/95 127 Te-127 71757
37 Ar-37 7/15 66 Ga-66 1/113 148 Pm-148 8/217 127 Te-127m 71763
41 Ar-41 6/1 67 Ga-67 1/133 148 Pm-148m 87227 132 Te-132 6/43
211 At-211 7/143 67 Ga-67" 7/25 209 Po-209 6/65 227 Th-227 2/201
215 At-215 6/85 68 Ga-68 7/33 210 Po-210 4/65 228 Th-228 2/227
217 At-217 5747 153 Gd-153 2/21 211 Po-211 6/73 228 Th-228" 7/171
218 At-218 4/125 159 Gd-159 3/109 212 Po-212 2/173 231 Th-231 5/85
219 At-219 6/91 68 Ge-68 7/41 213 Po-213 4/171 232 Th-232 5/95
195 Au-195 7/101 3 H-3 3/1 214 Po-214 4/111 233 Th-233 3/133
198 Au-198 2/121 203 Hg-203 2/135 215 Po-215 6/79 233 Th-233" 5/101
198 Au-198° 87251 206 Hg-206 717107 216 Po-216 2/177 234 Th-234 5/127
133 Ba-133 1/263 166 Ho-166 2/67 218 Po-218 4/121 44 Ti-44 1/51
133 Ba-133" 8/159 166 Ho-166m 2/75 144 Pr-144 8/201 201 TI-201 2/129
140 Ba-140 1/271 123 1-123 1/219 144 Pr-144m 87209 204 TI-204 2/141
140 Ba-140° 8/173 125 1-125 6/37 238 Pu-238 2/235 206 TI-206 4/39
7 Be-7 1/1 129 1-129 1/243 238 Pu-238" 5/153 207 TI1-207 7/113
207 Bi-207 5/33 131 I-131 1/249 239 Pu-239 4/231 208 TI-208 2/147
210 Bi-210 4/59 131 I-131° 8/145 240 Pu-240 2/247 208 TI-208° 7/119
211 Bi-211 5/41 133 1-133 4/1 240 Pu-240" 5/165 209 TI-209 77127
212 Bi-212 2/155 111 In-111 3/75 241 Pu-241 4/259 210 TI-210 4/45
213 Bi-213 7/153 40 K-40 5/7 242 Pu-242 2/277 170 Tm-170 2/99
214 Bi-214 4/83 85 Kr-85 1/141 242 Pu-242" 5/197 232 U-232 4/169
215 Bi-215 7/163 138 La-138" 8/167 223 Ra-223 6/125 234 U-234 3/147
11 C-11 1/7 140 La-140 1/277 224 Ra-224 2/189 235 U-235 5/133
14 C-14 7/1 140 La-140" 8 /181 225 Ra-225 5/53 236 U-236 4/177
41 Ca-41 8/1 177 Lu-177 2/107 226 Ra-226 2/195 237 U-237 3/169
45 Ca-45 7/21 54 Mn-54 1/71 226 Ra-226" 4/149 237 U-237" 5/145
109 Cd-109 1/191 56 Mn-56 1/77 228 Ra-228 5/81 238 U-238 3/177
109 Cd-109° 8/129 99 Mo-99 1/173 82 Rb-82 8/57 239 U-239 4/205
139 Ce-139 4/31 13 N-13 1/11 186 Re-186 2/113 239 U-239" 6/251
141 Ce-141 7/81 22 Na-22 5/1 106 Rh-106 8 /115 127 Xe-127 8/137
144 Ce-144 8/191 24 Na-24 1/27 217 Rn-217 4/117 131 Xe-131m 1/257
252 Cf-252 4/277 93 Nb-93m 1/167 218 Rn-218 4/129 131 Xe-131lm" 8/153
36 CI-36 7/9 93 Nb-93m" 8/93 219 Rn-219 6/95 133 Xe-133 4/11
242 Cm-242 3/185 147 Nd-147 7/87 220 Rn-220 2/183 133 Xe-133m 4/17
242 Cm-242° 7/179 57 Ni-57 1/91 222 Rn-222 4/143 135 Xe-135m 4/23
243 Cm-243 7/189 59 Ni-59 6/7 106 Ru-106 8/111 88 Y-88 1/153
244 Cm-244 3/203 63 Ni-63 3/29 35 S-35 7/5 88 Y-88" 8/71
244 Cm-244" 7/201 236 Np-236 3/155 124 Sb-124 5/21 90 Y-90 3/47
245 Cm-245 7/209 236 Np-236" 6/231 125 Sb-125 1/235 90 Y-90m 3/53
246 Cm-246 4/269 236 Np-236m 3/163 125 Sb-125" 3/81 169 Yb-169 2/87
56 Co-56 3/11 237 Np-237 4/183 127 Sb-127 7147 63 Zn-63 8/33
57 Co-57 1/83 237 Np-237" 6/239 44 Sc-44 1/45 65 Zn-65 3/33
58 Co-58 8/19 238 Np-238 4/195 46 Sc-46 1/57 89 Zr-89 8/79
60 Co-60 3/23 239 Np-239 4/221 47 Sc-47 8/7 93 Zr-93 8/87
51 Cr-51 1/63 15 O-15 1/17 73 Se-73 8/45
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LNE - LNHB/CEA Table de Radionucléides s Cay,

41
20 Ca} 21

1 Decay Scheme

4LCa disintegrates by 100% electron-capture transition to the ground state of the stable nuclide *'K.
Le calcium 41 se désintegre exclusivement par capture électronique vers le niveau fondamental du potas-
stum 41.

2 Nuclear Data

Tyjp(*Ca) = 1,002 (17) 10° a
Qt(*Ca) : 421,63 (14) keV

2.1 Electron Capture Transitions

Energy Probability Nature lg ft Px Pr, Pyt
(keV) (%)
€0 421,63 (14) 100 Unique 1st forbidden 10,53 0,894 (9) 0,0916 (9) 0,01482 (15)

3 Atomic Data

3.1 K
w0143 (4)
oo : 0,00181  (36)
nkgr : 1,654 (6)

LNHB / X. Mougeot 1



LNE - LNHB/CEA Table de Radionucléides

3.1.1 X Radiations

Energy Relative
(keV) probability
Xk
Kas 3,3111 50,55
Koy 3,3138 100
Kp1 3,5896
Kps 3,6028 } 18,44
XL
Le 0,2604
Ly 0,263
Lg 0,29654 - 0,3618
Ly 0,29917 - 0,29917

3.1.2 Auger Electrons

Energy Relative
(keV) probability
Auger K
KLL 2,615 - 2,985 100
KLX 3,183 - 3,296 24,5
KXY 3,540 - 3,572 1,5
Auger L 0,226 - 0,342
4 Electron Emissions
Energy Electrons
(keV) (per 100 disint.)
ear, (K) 0,226 - 0,342 9,16 (9)
CAK (K)
KLL 2,615 - 2,985
KLX 3,183 - 3,296 76,6 (9)
KXY 3,540 - 3,572

LNHB / X. Mougeot

41
20

Ca o,



LNE - LNHB/CEA Table de Radionucléides s Cay,

5 Photon Emissions

5.1 X-Ray Emissions

Energy Photons
(keV) (per 100 disint.)
XL (K)  0,2604 - 0,3618 0,017 (4)
XKay  (K) 3,3111 3,82 (12) } Ka
XKoy  (K) 3,3138 7,56 (23)
XK@ (K) 3,5896 } ,
7z 1,40 (5 K
XK@ (K) 3,6028 5) b

6 Main Production Modes
0Ca(n,y)*Ca o :0,41 (2) barns
Possible impurities : 4*Ca(n,y)*Ca o :0,88 (5) barns
7 References

- H.T. RicHARDS, R.V. SmiTH, C.P. BROWNE. Phys. Rev. 80 (1950) 524
(Q first measurement)
- F. BRowN, G.C. HANNA, L. YAFFE. Phys. Rev. 84 (1951) 1243

(Half-life)

- V.L. SAILOR, J.J. FLOYD. Phys. Rev. 82 (1951) 960
(EXK(K))

- F. BRowN, G.C. HANNA, L. YAFFE. Proc. Roy. Soc. (London) 220A (1953) 203
(Half-life)

- J.R.S. DrROUIN, L. YAFFE. Can. J. Chem. 40 (1962) 833
(Half-life)

- L. WAHLIN. UCOL (University of Colorado) 535-561 (1966) 59
(Half-life)

- B. SITAR, J. CHRAPAN, J. ORAVEC, K. DURCEK. Jad. Energ. 16 (1970) 303
(EXK(K))

- B. MYSLEK, Z. SUJKOWSKI, J. ZyLicz. Nucl. Phys. A 215 (1973) 79
(IB spectrum)

- B.A. ZoN. Bull. Acad. Sci. USSR, Phys. Ser. 37 (9) (1974) 153
(IB calculations)

- H. MaBucHI, H. TAKAHASHI, Y. NAKAMURA, K. NoTrsu, H. HAmMAGUCHI. J. Inorg. Nucl. Chem. 36 (1974) 1687
(Half-life)

- P. HOrNsHOJ, T. BATSCH, Z. JANAS, M. PFUETZNER, A. PLOCHOCKI, K. RYKACZEWSKI. Nucl. Phys. A 472
(1987) 139
(IB spectrum)

- Z. JANAS, M. PFUETZNER, A. PLoCHOCKI, D. SEWERYNIAK. Nucl. Phys. A 486 (1988) 278
(Internal ionization)

- D. Fink, J. KLEIN, R. MIDDLETON. Nucl. Instrum. Methods Phys. Res. B 52 (1990) 572
(Half-life)

- M. Paur, I. AumMaD, W. KUTSCHERA. Z. Phys. A 340 (1991) 249
(Half-life)

- J. KLEIN, D. FINK, R. MIDDLETON, K. Nisuiizumi, J. ARNOLD. Earth Planet. Sci. Lett. 103 (1991) 79
(Half-life)

- L. KALINOWSKI, Z. JANAS, M. PFUTZNER, A. PLocHOCKI, P. HORNSHOJ, H.L. NIELSEN. Nucl. Phys. A 537
(1992) 1
(IB calculations)

LNHB / X. Mougeot 3



LNE - LNHB/CEA Table de Radionucléides

W. KUTSCHERA, I. AHMAD, M. PAUL. Radiocarbon 34 (1992) 436
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LNHB / X. Mougeot

712"

; 0

100
32" ;0 /

Stable

41

K

19 22
Q" = 421,63 keV
% ¢ = 100

1,002 (17) x10"5 a

41
20

Ca
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47
21 SC 26

1 Decay Scheme

Le scandium 47 se désintegre par émission béta moins vers le niveau excité de 159 keV et le niveau
fondamental du titane 47.
Sc-47 decays by beta minus emission to the 159 keV excited level and the ground state of Ti-47.
2 Nuclear Data
T1/2(47Sc ) 3348 (9) d
Q (*"Sc) : 600,8 (19) keV

2.1 [~ Transitions

Energy  Probability Nature

(keV) (%) lg /i

Boy 4414 (19) 68,5 (5) Allowed 5,3
Boo 6008 (19) 315 (5) Allowed 6,1

2.2 Gamma Transitions and Internal Conversion Coefficients

QK ar apM ar

Energy Pyyce
(1072) (107%) (107°) (1072)

(keV) (%) Multipolarity

v10(Ti) 159,373 (12) 68,5 (5) MI1+097(17)%E2 5,60 (12) 5,12 (11) 6,54 (14) 6,18 (13)

CEA/LNE-LNHB / X. Mougeot 7
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3 Atomic Data

3.1 Ti
w2 0226 (5)
oo : 0,00321  (64)
nkgr : 1,566 (5)

3.1.1 X Radiations

Energy Relative
(keV) probability
Xk
Kas 4,50491 50,76
Kay 4,5109 100
K51 4,93186
Kps 4,9623 } 19,98

3.1.2 Awuger Electrons

Energy Relative
(keV) probability

Auger K
KLL 3,79 - 4,01 100
KLX 4,33 -4,48 18,9
KXY 4,83 -4,90 1,35

Auger L  0,3-05

4 Electron Emissions

Energy Electrons
(keV) (per 100 disint.)
€AL (T1) 0,3-0,5 0,0349 (8)
CAK (Ti)
KLL 3,79 - 4,01
KLX 4,33 - 4,48 0,295 (7)
KXY 4,83 - 4,90
eciok (Ti) 154,407 (12) 0,381 (9)
ecior,  (Ti) 158,809 - 158,918 0,0349 (8)
. max: 4414 (19)
Foa avg: 1428 (7) } 68,5 (5)
_ max: 600,8 (19)
Foo avg: 204,2 (8) 315 (3)
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5 Photon Emissions

5.1 X-Ray Emissions

Energy Photons
(keV) (per 100 disint.)
XKay (Ti)  4,50491 0,0256 (9) } Ko
XKa; (Ti) 4,5109 0,0505 (16)
XK@, (Ti)  4,93186 } )
I 0,0101 (4 K
XK@ (Ti)  4,9623 @) b

5.2 Gamma Emissions

Energy Photons
(keV) (per 100 disint.)

vi0(Ti) 159,373 (12) 68,1 (5)

6 Main Production Modes

Ti—47(n,p)Sc —47 ¢ :0,23 (4) barns
Possible impurities: Sc — 46, Sc — 48, Ca — 45

Ca — 48(p,2n)Sc — 47
Possible impurities: Sc — 46, Sc — 48

Ti — 49(d,«)Sc — 47
Possible impurities: Ca — 45

Ca — 44(a,p)Sc — 47
Ca — 46(d,n)Sc — 47
Ca — 46(p,y)Sc — 47

7 References

- C.T. HiBDON, M.L. PooL. Phys. Rev. 67 (1945) 313
(First correct identification)

- N.L. KRISBERG, M.L. PooL. Phys. Rev. 75 (1949) 1693
(Half-life)

- J.M. Cork, J.M. LEBrLaNc, M.K. BricE, W.H. NESTER. Phys. Rev. 92 (1953) 367
(Half-life, ICCs, Gamma energy)

- J.E. DuvaL, M.H. KurRBATOV. J. Am. Chem. Soc. 75 (1953) 2246
(Half-life)

- L. MARQUEZ. Phys. Rev. 92 (1953) 1511
(Half-life)

- L.S. CHENG, M.L. PooL. Phys. Rev. 90 (1953) 886
(Half-life, Beta emission probability, ICCs, Gamma energy)

- W.S. Lyon, B. KaHN. Phys. Rev. 99 (1955) 728
(Half-life, Beta emission probability, Gamma energy)
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- R.T. NicHors, E.N. JENSEN. Phys. Rev. 100 (1955) 1407
(Beta emission probability, Gamma energy)
- L.J. Liporsky, V.K. FISCHER. Phys. Rev. 104 (1956) 759
(Half-life, Beta emission probability)
- W.E. GrAVES, S.K. SURI Phys. Rev. 101 (1956) 1368
(Beta emission probability, Gamma energy)
- A. PouLARIKAS, R.W. FINK. Phys. Rev. 115 (1959) 989
(Half-life)
- S. HONTZEAS, L. YAFFE. Can. J. Chem. 41 (1963) 2194
(Half-life)
- S.C. Misra, U.C. GupTa, N.P.S. SipHU. Nucl. Phys. 51 (1964) 174
(Half-life, Beta emission probability, Gamma energy)
- J. KoNuN, E.W.A. LINGEMAN, S.A. DE WIT. Nucl. Phys. A 90 (1967) 558
(Gamma energy)
- J.W.T. MeaDpOWS, V.A. MoDE. J. Inorg. Nucl. Chem. 30 (1968) 361
(Half-life)
- Z.T. Bak, P. Rigns. Int. J. Appl. Radiat. Isot. 19 (1968) 593
(Half-life, Gamma emission probability)
- H. Ravn. J. Inorg. Nucl. Chem. 31 (1969) 1883
(Half-life)
- R.E. Woop, J.M. PaLMs, P. VENuGOPALA RAO. Nucl. Phys. A 126 (1969) 300
(Gamma energy)
- R.J. GEHRKE. ANCR 1088 (1972) 392
(Gamma energy)
- H. MoMmMsEN, 1. PERLMAN, J. YELLIN. Nucl. Instrum. Methods 177 (1980) 545
(Half-life)
- D. REHER, H.H. HANSEN, R. VANINBROUKX, M.J. Woobns, C.E. GrRaNT, S.E.M. Lucas, J. BOUCHARD, J.
MOREL, R. VATIN. Int. J. Appl. Radiat. Isot. 37 (1986) 973
(Half-life, Beta emission probability, ICCs, Gamma emission probability)
- E. SCHONFELD, H. JANSSEN. Nucl. Instrum. Meth. A 369 (1996) 527
(Atomic data)
- T.W. BurrOowsS. Nucl. Data Sheets 108 (2007) 923
(ENSDF evaluation, Mixing ratio, Gamma energy, Spins and parities)
- T. KiBEpI, T.W. BURROWS, M.B. TRZHASKOVSKAYA, P.M. DAVIDSON, C.W. NESTOR, JR. Nucl. Instrum. Meth.
A 589 (2008) 202
(ICCs)
- M. WaNG, G. Aubpi, A.H. WAPSTRA, F.G. KonNDEV, M. MAacCorMIck, X. XU, B. PFEIFFER. Chin. Phys. C 36
(2012) 1603
(Q-value)
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52
5 Fe 5

1 Decay Scheme

Fe-52 disintegrates 100% by electron capture and positron decay to excited levels in Mn-52.
Le fer 52 se désintégre par capture électronique et émissions béta plus sur des niveaux excités de man-

ganese 52.

2 Nuclear Data

Ty 5(°%Fe ) : 8273 (8) h
Tip(*Mn ) @ 5591 (3) d
Tip(°*™Mn ) : 21,1 (2) min
QT (*?Fe ) 2375 (6) keV

2.1 Electron Capture Transitions

Energy  Probability
(keV) (%) Nature lg ft Py Py, Py
€,3 957 (6) 0,095 (4) 58 0,8892 (16) 0,0950 (13) 0,0151 (5)

coo 1829 (6) 438 (13)  Allowed 4,7 0,8898 (16) 0,0946 (13) 0,0150 (5)

2.2 (T Transitions

Energy Probability
(keV) (%) Nature lg ft

B, 807 (6) 56,1 (7) Allowed 4,7

IFIN-HH / A. Luca 13
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2.3 Gamma Transitions and Internal Conversion Coefficients

Energy Pyice

(keV) (%) Multipolarity K ar Qs ar
~2,1(Mn) 168,689 (8) 99,9 (15) M1 0,00705 (10) 0,000679 (10) 0,0000922 (13) 0,00783 (11)
~1,0(Mn) 377,749 (5) 1,705 (42) E4 0,0356 (5) 0,00382 (6) 0,000515 (8) 0,0399 (6)
v3,1(Mn)  1039,939 (19) 0,095 (4) M1+E2 0,000130 (15) 0,0000122 (14) 0,00000165 (19) 0,000143 (16)

3 Atomic Data

3.1 Mn
wg 0321 (5)
o 0,0047 (7)
NKrL : 1,478 (4)

3.1.1 X Radiations

Energy Relative
(keV) probability
Xk
Kay 5,88772 50,99
Koy 5,89881 100
Kp1 6,49051
KG5 6,5354 } 20,52
XL
Le 0,5576
La 0,6394 - 0,6404
Ln 0,5695
Lg 0,64636 - 0,7694
L~y 0,65826 - 0,65826

3.1.2 Auger Electrons

Energy Relative
(keV) probability
Auger K
KLL 4,953 - 5,210 100
KLX 5,671 - 5,895 27,2
KXY 6,370 - 6,532 1,85

Auger L 0,4725 - 0,7653

IFIN-HH / A. Luca 14
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4 Electron and Positron Emissions

Energy Electrons
(keV) (per 100 disint.)
eAL (Mn)  0,4725 - 0,7653 57,1 (15)
eAK (Mn)
KLL 4,953 - 5,210
KLX 5,671 - 5,895 26,3 (11)

KXY 6,370 - 6,532

ecorr  (Mn) 162,150 - 168,689 0,777 (24)

ecg1 k (Mn) 162,150 (8) 0,699 (21)

ecg1 1. (Mn) 167,920 - 168,049 0,0674 (21)

eciox  (Mn) 371,210 (5) 0,0585 (15)
n max: 807 (6)

B2 e boos61(M)

5 Photon Emissions

5.1 X-Ray Emissions

Energy Photons
(keV) (per 100 disint.)
XL (Mn)  0,5576 - 0,7694 0,213 (10)
XKay  (Mn) 5,88772 3,70 (17) } Ko
XKy  (Mn) 5,89881 7,3 (4)
XKB;  (Mn) 6,49051 } .
I 1,49 (7
XKgB;  (Mn) 6,5354 A9 (7) Kb

5.2 Gamma Emissions

Energy Photons
(keV) (per 100 disint.)

Yo.1(Mn) 168,689 (8) 99,1 (15)
Y1,0(Mn) 377,749 (5) 1,64 (4)
yE 511 112,2 (14)
v3.1(Mn)  1039,939 (19) 0,095 (4)

IFIN-HH / A. Luca 15
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6 Main Production Modes

Cr — 50(,2n)Fe — 52
Mn — 55(p,4n)Fe — 52

7 References

- D.R.MILLER, R.C.THOMPSON, B.B.CUNNINGHAM. Phys. Rev. 74 (1948) 347
(Half-life)
- E.ARBMAN, N.SVARTHOLM. Arkiv Fysik 10 (1956) 1
(Beta plus emission energies)
- J.0.JuLiaNO, C.W.KOCHER, T.D.NAINAN, A.C.G.MITCHELL. Phys. Rev. 113 (1959) 602
(Half-life, Electron Capture/Beta plus ratio)
- T.KATOH, M.N0zAWA, Y.YOSsHIZAWA, Y.KoOH. J. Phys. Soc. Jpn 15 (1960) 2140
(Half-life, Multipolarities)
- A.PAKKANEN. Ann. Acad. Sci. Fennicae, Ser. A VI 253 (1967) 25
(Half-life)
- G.B.SAHA, P.A.FARRER. Int. J. Appl. Radiat. Isot. 22 (1971) 495
(Half-life)
- N.B.GovE, M.J.MARTIN. Nucl. Data Tables 10 (1971) 205
(Electron Capture/Beta plus ratio)
- L.D.McIsaac, R.J.GEHRKE. Report ANCR-1088 (1972) 384
(Gamma ray energies, Gamma-ray emission probabilities)
- S.J.RoTHMAN, N.L.PETERSON, W.K.CHEN, J.J.HINES, R.BASTAR, L.C.ROBINSON, L.J.NOwWICKI, J.B.ANDERSON.
Phys. Rev. C9 (1974) 2272
(Half-life)
- R.P.YAFFE, R.A.MEYER. Phys. Rev. C16 (1977) 1581
(Gamma ray energies, Gamma-ray emission probabilities)
- E.SCHONFELD, H.JANSSEN. Nucl. Instrum. Meth. Phys. Res. A369 (1996) 527
(Atomic Data)
- E.SCcHONFELD. Appl. Radiat. Isot. 49 (1998) 1353
(Fractional EC probabilities)
- E.SCcHONFELD, H.JANSSEN. Appl. Radiat. Isot. 52 (2000) 595
(Auger electron emission probabilities, X-ray emission probabilities)
- Huo JunpE, Huo Su, MA CHUNHUI Nucl. Data Sheets 108 (2007) 773
(Spin and Parity, Level energies, Half-life,, Multipolarities)
- T.KimBEpi, T.W.BURROWS, M.B.TRZHASKOVSKAYA, P.M.DAvIDSON, C.W.NESTOR JR. Nucl. Instrum. Meth.
Phys. Res. A589 (2008) 202
(Theoretical ICC)
- M.WanNa, G.Aupi, A.H.WAapPsTRA, F.G.KONDEV, M.MACCORMICK, X.XU, B.PFEIFFER. Chin. Phys. C36 (2012)
1603
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y Emission intensities
per 100 disintegrations

5 0,095
99 y
0 1417,688
3
1 43,8
99Y + /
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2 1164
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21.1 min - \/ 2" ;377,749
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52
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Q" = 2375 keV
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58

Co ,

27

1 Decay Scheme

58
57 Co 5

Co-58 decays 100% by electron capture and beta plus disintegrations to the two first excited levels in

Fe-58.

Le cobalt 58 se désintégre a 100 % par capture électronique et transitions béta plus vers les deux premiers

niveaur excités du fer 58.

2 Nuclear Data

Ty/2(°%Co)
Q+(5SCO )

70,85
2307,9

3) d
(11) keV

2.1 Electron Capture Transitions

Energy Probability

(keV) (%) Nature lg ft Py Py, Pyt
€2 633,22 (11) 1,228 (35)  Allowed 7,7 0,8873 (16) 0,0965 (13) 0,0155 (5)
€1 14971 (11) 83,83 (16)  Allowed 6,6 0,8885 (16) 0,0955 (13) 0,0153 (5)
2.2 (3% Transitions
Energy Probability
(keV) (%) Nature lg ft
Boq 4751 (11) 14,94 (16) Allowed 6,6
Boo 12859 (11) 10,0008 (7)  2nd Forbidden 12,8

CEA/LNE-LNHB / M.-M. Bé
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2.3 Gamma Transitions and Internal Conversion Coefficients

58
57 Co 5

Energy Pyce

(keV) (%) Multipolarity aK ar, ar r
v1.0(Fe)  810,7662 (20) 99,473 (20) E2 0,000299 (5)  0,0000287 (4) 0,000332 (5)
vo1(Fe) 863,965 (6) 0,700 (22) M1+E2 0,000208 (4)  0,0000199 (4) 0,000231 (4)
v2.0(Fe) 1674,731 (6) 0,528 (13) E2 0,0000577 (8)  0,00000547 (8)  0,000225 (4)  0,0001606 (23)
3 Atomic Data
3.1 Fe
WK 0,355  (4)
wr, 0,0060 (6)
NKIL 1,447 (4)
3.1.1 X Radiations
Energy Relative
(keV) probability
XK
Kas 6,39091 51,07
Kag 6,40391 100
KB 7,0581
Kps 7,1083 } 20,67
Xy
Le 0,617
La 0,7075 - 0,7084
Ly 0,6306
Lg 0,7148 - 0,8454
Ly 0,7284 - 0,7284
3.1.2 Auger Electrons
Energy Relative
(keV) probability
Auger K
KLL 5,37 - 5,65 100
KLX 6,16 - 6,40 274
KXY 6,93- 7,11 1,87
Auger L 0,52 - 0,84
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4 Electron and Positron Emissions

Energy Electrons
(keV) (per 100 disint.)
eAL (Fe) 0,52 - 0,84 116,9 (7)
eAK (Fe)
KLL 5,37 - 5,65
KLX 6,16 - 6,40 488 (4)
KXY 6,93 - 7,11
eciok (Fe) 803,654 (2) 0,0297 (5)
n max: 475,1 (11)
0,1 avg: 201,3 (5) } 14,94 (16)
N max: 12859 (11) }
Foo ave: 0,0008 (7)

5 Photon Emissions

5.1 X-Ray Emissions

Energy Photons
(keV) (per 100 disint.)
XL (Fe) 0,617 - 0,8454 0,609 (18)
XKay  (Fe) 6,39091 7,98 (11) } Ko
XKa; (Fe) 6,40391 15,63 (19)
XKpB;  (Fe) 7,0581 } ,
Z 3,23 (5 K
XKpB:  (Fe) 7,1083 23 (5) b

5.2 Gamma Emissions

Energy Photons

(keV) (per 100 disint.)
vt 511 29,88 (32)
~1,0(Fe) 810,7602 (20) 99,44 (2)
v2,1(Fe) 863,958 (6) 0,700 (22)
v2,0(Fe) 1674,705 (6) 0,528 (13)

CEA/LNE-LNHB / M.-M. Bé 21
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6 Main Production Modes

Ni — 58(n,p)Co — 58
Possible impurities : Ni — 63, Co — 57, Co — 58m, Co — 60

Mn — 55(c,n)Co — 58
Possible impurities : none

Co — 59(n,2n)Co — 58
Possible impurities : Fe — 59, Co — 58m, Co — 60

7 References

- W.M.Goop, D.PEASLEE, M.DEUTSCH. Phys. Rev. 69 (1946) 313
(Beta plus emission probability)

- L.S.CHENG, J.L.DIicK, J.D.KURBATOV. Phys. Rev. 88 (1952) 887
(K ICC, K/L)

- C.S.Cook, F.M.ToMNOVEC. Phys. Rev. 104 (1956) 1407
(Beta plus emission probabilities)

- R.P.ScHUMAN, M.E.JONES, A.C.MCWHERTER. J. Inorg. Nucl. Chem. 3 (1956) 160
(Half-life)

- M.A.GRACE, G.A.JONEs, J.O.NEWTON. Phil. Mag. 1 (1956) 363
(Beta plus emission probability)

- H.FRAUENFELDER, H.LEVINS, A.R0sSI, S.SINGER. Phys. Rev. 103 (1956) 352
(Gamma-ray emission probabilities)

- J.KoNuN, H.L. HAGEDOORN, H.VAN KRUGTEN, J.SLOBBEN. Physica 24 (1958) 931
(Beta plus emission probabilities)

- H.DANIEL. Z. Phys. 150 (1958) 144
(Beta emission probabilities)

- M.K.RAMAswAMY. Indian J. Phys. 35 (1961) 610
(Beta plus emission probabilities)

- D.MACARTHUR, R.GOODMAN, A.ARTNA, M.W.JOHNS. Nucl. Phys. 38 (1962) 106
(Gamma-ray emission probabilities)

- W.F.FreY, J.H.HAMILTON, S.HULTBERG. Ark. Fysik 21 (1962) 383
(K/L, K ICC)

- R.B.MOLER, R.W.FINK. Phys. Rev. 131 (1963) 821
(PK)

- S.MALMSKOG. Nucl. Phys. 51 (1964) 690
(Gamma-rray emission probabilities)

- M.W.HILL. Report BNWL-SA-315 (1965)
(Gamma-ray emission probabilities)

- R.V.RAamMA MoHaN, K.V.REDDY, B.B.V.RAJU, S.JNANANANDA. Indian J.Pure Appl.Phys. 4 (1966) 420
(Mixing ratio)

- E.I.BIRYUKOV, E.G.ZALETSKII, N.S.SHIMANSKAYA. Bull. Acad. Sci. USSR 30 (1967) 514
(Beta plus emission probabilities)

- W.BAMBYNEK, E.DE RoosT, E.FUNCK. Proceeding of the Conference on Electron Capture and Higher Order
Processes in Nuclear Dec. (Budapest) (1968) 253
(Gamma-ray emission probabilities, Beta+ emission probabilities, Elec. Capture probabilities)

- J.C.RITTER, R.E.LARSON, J.I.HOOVER. Nucl. Phys. A110 (1968) 463
(Gamma-ray emission probabilities)

- P.DEcOwsKI, W.GROCHULSKI, A.MARCINKOWSKI, K.SIWEK, [.SLEDZINSKA, Z.WILHELMI. Nucl. Phys. A112 (1968)
513
(Half-life)

- R.GUNNINK, J.B.NIDAY, R.P.ANDERSON, R.A.MEYER. Report UCID-15439 (1969)
(Gamma-ray emission probabilities)

- U.ScHOTZIG, H.SCHRADER, R.STIPPLER, F.MUNNICH. Z. Physik 222 (1969) 479
(Mixing ratio)

- V.SINGH, P.N.TANDON, S.H.DEVARE, H.G.DEVARE. Nucl. Phys. A137 (1969) 278
(Mixing ratio)
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- U.FANGER, W.MICHAELIS, H.SCHMIDT, H.OTTMAR. Nucl. Phys. A128 (1969) 641
(Mixing ratio)

- A.WiLL1AMS. Nucl. Phys. A153 (1970) 665
(Beta plus emission probabilities)

- N.C.SINGHAL, A.V.RAMAYYA, J.H.HAMILTON, S.RAMAN. Z. Physik 245 (1971) 50
(Mixing ratio)

- .LW.GOODIER, M.J.Woo0DS, A.WILLIAMS. Proc. Int. Conf. Chemical Nuc. Data, Canterbury, M.L. Hurrell Ed.
(1971) 175
(Beta plus emission probabilities)

- D.F.CRrIsLER, H.B.ELDRIDGE, R.KUNSELMAN, C.S.ZAIDINS. Phys. Rev. C5 (1972) 419
(Half-life)

- N.C.DYER, A.C.RESTER, W.CROFT, J.H. HAMILTON. Proc. Int. Conf. Radioactivity in Nucl. Spectrosc., Nashville,
Tenn. (1972) 1207
(Gamma-ray energies and emission probabilities)

- R.A.Fox, W.D.HAMILTON, M.J. HOLMES. Phys. Rev. C5 (1972) 853
(Mixing ratio)

- R.WERNER, D.C.SANTRY. J. Nucl. Energy 26 (1972) 403
(Half-life)

- W.BAMBYNEK, J.LEGRAND. Atomic Energy Rev. 11 (1973) 524
(Gamma-ray energies and emission probabilities)

- J.AraMINOWICZ, J.DRESLER. Report INR-1464 (1973) 14

(Half-life)

- F.LAGOUTINE, F.LEGRAND, C.BAc. Int. J. Appl. Radiat. Isotop. 26 (1975) 131
(Half-life)

- R.VANINBROUCK, G.GROSSE. Int. J. Appl. Radiat. Isotop. 27 (1976) 727
(Half-life)

- R.L.HEATH. Aerojet Nucl. Co. Report ANCR-1000-2 (1977)
(Gamma-ray energies and emission probabilities)
- R.C.GREENWOOD, R.G.HELMER, R.J.GEHRKE. Nucl. Instrum. Methods 159 (1979) 465
(Gamma-ray energies)
- H.HouTERMANS, O.MILOSEVIC, F.REICHEL. Int. J. Appl. Radiat. Isotop. 31 (1980) 153
(Half-life (Pb-203).)
- A.GRUTTER. Int. J. Appl. Radiat. Isotop. 33 (1982) 533
(Gamma-ray energies and emission probabilities)
- D.D.HorpEs, J.M.R.HUTCHINSON, F.J.ScHIMA, M.P.UNTERWEGER. NBS Special Publication 626 (1982) 85
(Half-life)
- L.SYKORA. Rare Nuclear Processes: Proceedings of the 14th Europhysics Conference on Nuclear Physics, Bratislava,
Czecho-Slovakia, 22-26 Oct. 1990 (1992) 141
(Beta plus emission probabilities)
- V.A.SorE. Nucl. Instrum. Methods A312 (1992) 303
(K fluorescence yield)
- E.SCcHONFELD, H.JANSSEN. Nucl. Instrum. Methods A369 (1996) 527
(Atomic Data)
- R.G.HELMER, C.VAN DER LEUN. Nucl. Instrum. Methods A450 (2000) 35
(Gamma-ray energies)
- I.M.BaND, M.B.TRZHASKOVSKAYA, C.W.NESTOR JR., P.O.TIKKANEN, S.RAMAN. At. Data Nucl. Data Tables
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- G.Aupi, A.H.-WApPSTRA, C.THIBAULT. Nucl. Phys. A729 (2003) 21
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61
» CU 4

1 Decay Scheme

Cu-61 decays 100% by electron capture and beta plus disintegrations to various excited levels and to the
ground state of Ni-61.

Le cuivre 61 se désintegre par capture électronique et émissions béta plus vers le niveau fondamental et
des niveaux excités du nickel 61.

2 Nuclear Data

Ti5(°'Cu) : 3366 (33) h
QT(*1Cu) : 22375 (10) keV

2.1 Electron Capture Transitions

Energy Probability

(keV) (%) Nature lg ft Py Py, Py
€0,12 113,5 (10) 0,040 (5) Allowed 5 0,8729 (22) 10,1083 (18) 0,0178 (6)
€0,11 239,8 (10)  0,0043 (14) Allowed 6,7 0,8808 (17) 10,1016 (14) 0,0166 (5)
€0,10 508 (1) 0,228 (18) Allowed 57 0,8843 (16) 0,0987 (13) 0,0160 (5)
€0,9 627,9 (10) 0,063 (7) Allowed 6,5 0,8849 (16) 0,0982 (13) 0,0160 (5)
€s 10523 (10) 4,1 (5) Allowed 5 0,8859 (16) 0,0974 (13) 0,0158 (5)
e0,7  1105,2 (10) 0,154 (17) Allowed 6,5 0,8860 (16) 0,0973 (13) 0,0158 (5)
€6 1137,9 (10) 0,64 (6) Allowed 59 0,8860 (16) 0,0973 (13) 0,0158 (5)
€5 12227 (10) 0,006 (6) 2nd Forbidden 7,8  0,8861 (16) 0,0972 (13) 0,0158 (5)
€4 13289 (10) 1,32 (15) Allowed 57 0,8862 (16) 0,0971 (13) 0,0158 (5)
€3  1581,5 (10) 10,7 (12) Allowed 4,9 0,8864 (16) 0,0970 (13) 0,0157 (5)
€2 19545 (10) 4,0 (7) Allowed 55 0,8866 (16) 0,0968 (13) 0,0157 (5)
€1  2170,1 (10) 0,79 (20) Allowed 6,3 0,8866 (16) 0,0968 (13) 0,0157 (5)
€0 22375 (10) 16,3 (8) Allowed 5 0,8867 (16) 0,0967 (13) 0,0157 (5)
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2.2 (T Transitions
Energy Probability
(keV) (%) Nature lg ft
&5 2007 (10) 0,000032 (32) 2nd Forbidden 7.8
Tu 3069 (10)  0,0347 (40) Allowed 5,7
03 559,5 (10) 2,52 (27) Allowed 4,9
Bia 9325 (10) 5,4 (9) Allowed 5,5
o1 11481 (10) 2,1 (5) Allowed 6,3
oo 12155 (10) 51,6 (25) Allowed 5
2.3 Gamma Transitions and Internal Conversion Coefficients
Eéig/g)y P('(%)C © Multipolarity aK ar, am ar
~v1.0(Ni) 67,412 (3) 5 (7) (M1) 0,1224 (18)  0,01261 (18)  0,001776 (25)  0,1368 (20)
~v7.5(Ni) 117,5 0, 010 (6)
2.1 (Ni) 215,545 (4) 0,013 (7)
v2,0(Ni) 2829568 (19) 12,0 (17) (M1) 0,00295 (5)  0,000293 (5)  0,0000413 (6)  0,00329 (5)
vs2(Ni)  373,0552 (36) 2,09 (30) [M1] 0,00153 (2)  0,000151 (2)  0,0000213 (3)  0,00170 (2)
~s.3(Ni) 529,224 (11) 0,38 (5)
Y10,8(Ni) 544,8 0,006 (4)
v31(Ni) 588,600 (4) 1,15 (16) [B2]
ya,2(Ni) 625,663 (11) 0,044 (7) [E2]
v30(Ni) 656,012 (3) 10,4 (15) (M1+E2)
~vo.4(Ni) 701,019 (24)  0,0108 (28)
v6.2(Ni) 816,665 (10) 0,32 (5)  M1+5,0(15)%E2
vi04(Ni) 820,851 (15)  0,0216 (39)
4.1 (Ni) 841,208 (11) 0,224 (34)  MI1+77(8)%E2
vs2(Ni) 902,279 (11) 0,084 (12)
4,0 (Ni) 908,620 (11) 1,12 (16)  M143,2(9)%E2
5.1 (Ni) 947,39 (40)  0,0060 (19)  MI1-+86(5)%E2
~s.0(Ni) 1014,8 (4)  0,0103 (39) E2+0,09(9)%M3  0,0002 (6)  0,00002 (6)  0,000003 (8)  0,0002 (6)
6,1 (Ni) 1032,21 (1) 0,053 (10)
vra(Ni)  1064,920 (17) 0,052 (9)  MI1+1,9(16)%E2
y103(Ni)  1073,459 (10) 0,042 (11)
v11.4(Ni)  1089,1 (9)  0,00060 (8)
ve.0(Ni)  1099,622 (10) 0,257 (39)
vs1(Ni)  1117,824 (11) 0,039 (9)
y7.o(Ni)  1132,332 (17) 0,092 (13) MI1+18,1(35)%E2
vs.0(Ni)  1185,236 (11) 3,6 (5) (M1+E2)
y102(Ni)  1446,514 (10) 0,046 (7)
o1 (Ni)  1542,227 (21) 0,029 (5)  M1+0,49(35)%E2
vo.0(Ni)  1609,639 (21)  0,0236 (43)  M149,8(42)%E2
~v10,1(Ni)  1662,059 (10) 0,051 (8)
Y10,0(Ni)  1729,471 (10) 0,065 (14)
v10(Ni)  1997,7 (9)  0,0037 (13)  M1+6,8(15)%E2
Y12,0(Ni) 2124 (1) 0,040 (6)
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3 Atomic Data

3.1 Ni
w ¢ 0421 (4)
oo : 0,0084 (4)
ngr 1,388  (4)

3.1.1 X Radiations

Energy Relative
(keV) probability
Xk
Kas 7,46097 51,24
Kay 7,47824 100
K, 8,26475
Kps 8,3287 } 20,84
XL
L¢ 0,7445
La 0,8532 - 0,8539
Ln 0,7622
Lg 0,86123 - 1,0083
Ly 0,87898 - 0,87898

3.1.2 Awuger Electrons

Energy Relative
(keV) probability
Auger K
KLL 6,262 - 6,567 100
KLX 7,196 - 7,475 27,6
KXY 8,109 - 8,326 1,9
Auger L. 0,632 - 1,010
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4 Electron and Positron Emissions

Energy Electrons
(keV) (per 100 disint.)
eAL (Ni) 0,632 - 1,010 51,2 (9)
CAK (Ni)
KLL 6,262 - 6,567
KLX 7,196 - 7,475 20,0 (9)
KXY 8,109 - 8,326
ecror  (Ni) 59,079 - 67,412 0,55 (8)
ecrox  (Ni) 59,079 (3) 0,49 (7)
ecror,  (Ni) 66,404 - 66,557 0,050 (8)
ecpok  (Ni)  274,6240 (19) 0,035 (5)
I max: 1215,5 (10) }
Foo aveg: 523,8 (5) 51,6 (25)
n max: 1148,1 (10)
0,1 avg: 4938 (5) } 21(5)
N max: 932,5 (10) }
foz avg: 398,9 (5) 54 (9)
I max: 559,5 (10) }
0.3 avg: 238,56 (4) 2,52 (27)
n max: 306,9 (10) }
Foa avg: 132,8 (4) 0,0347 (40)
n max: 200,7 (10)
5 e 887 (4 } 0,000032 (32)
5 Photon Emissions
5.1 X-Ray Emissions
Energy Photons
(keV) (per 100 disint.)
XL (Ni)  0,7445 - 1,0083 0,437 (14)
XKas  (Ni) 7,46097 4,33 (20) } Ka
XKay  (Ni) 747824 8.4 (4)
XK@, (Ni) 8,26475 } ,
" 1,76 (9 K
XKB:  (Ni) 8,3287 9) A
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5.2 Gamma Emissions

Energy Photons

(keV) (per 100 disint.)
1,0(Ni) 67,412 (3) 4,0 (6)
v¥7,5(Ni) 117.5 0,010 (6)
2,1 (Ni) 215,55 (18) 0,013 (7)
v¥2,0(Ni) 282,956 (2) 12,0 (17)
v3,2(Ni) 373,050 (5) 2,09 (30)
vt 511 123 (5)
V8,3 (Ni) 529,169 (22) 0,38 (5)
10,8 (Ni) 544.8 0,006 (4)
3,1 (Ni) 588,605 (9) 1,15 (16)
Y4,2(Ni) 625,605 (24) 0,044 (7)
v3,0(Ni) 656,008 (4) 10,4 (15)
Y9,4(Ni) 701,1 (3) 0,0108 (28)
v6,2(Ni) 816,692 (13) 0,32 (5)
10,4 (Ni) 820,89 (17)  0,0216 (39)
4,1 (Ni) 841,211 (17) 0,224 (34)
v8,2(Ni) 902,294 (20) 0,084 (12)
Y4,0(Ni) 908,631 (17) 1,12 (16)
5,1 (Ni) 947.4 (4) 0,0060 (19)
V5,0(Ni) 1014,8 (4) 0,0103 (39)
Y61 (Ni)  1032,162 (10) 0,053 (10)
y71(Ni)  1064,896 (20) 0,052 (9)
~10,3(Ni)  1073,465 (25) 0,042 (11)
v11,4(Ni)  1089,11 0,00060 (8)
v6,0(Ni)  1099,560 (19) 0,257 (39)
vs1(Ni)  1117,822 (43) 0,039 (9)
~¥7,0(Ni) 1132,35 (3) 0,092 (13)
~v8,0(Ni)  1185,234 (15) 3,6 (5)
~10,2(Ni)  1446,492 (19) 0,046 (7)
Yo1(Ni)  1542,204 (23) 0,029 (5)
Y9,0(Ni)  1609,625 (48)  0,0236 (43)
~10,1(Ni)  1662,000 (19) 0,051 (8)
~Y10,0(Ni)  1729,473 (18) 0,065 (14)
~Y11,0(Ni) 1997,7 (9) 0,0037 (13)
Y12,0(Ni) 2124 (1) 0,040 (6)

6 Main Production Modes

Ni — 61(p,n)Cu — 61
Zn — 64(p,a)Cu — 61
Cu —63(v,2n)Cu — 61
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63
30 Zn 33

1 Decay Scheme

Zn-63 (half-life of 38.33 min) decays by 100% electron capture/beta plus to various excited levels and
the ground state of Cu-63 (stable).

Le zinc 63 (38,33 min) se désintégre a 100 % par capture électronique/émission béta plus vers plusieurs
niveaur excités et le niveau fondamental du cuivre 63 (stable).

2 Nuclear Data

Ti2(%*Zn) : 3833 (10) min
QT(%Zn) : 33662 (15) keV

2.1 Electron Capture Transitions

Energy Probability

(keV) (%) Nature lg ft Py Py, Py
€0,22 264,8 (16)  0,0007 (2) allowed 6,89 0,8802 (16) 0,1020 (13) 0,0168 (5)
€0,21 323,6 (15) 10,0048 (8) (allowed) 6,24 0,8814 (16) 0,1010 (13) 0,0166 (5)
€0,20 4773 (16) 0,0104 (14) allowed 6,24 0,8831 (16) 0,0996 (13) 0,0163 (5)
€0,19 508,3 (15) 0,0069 (12) (allowed) 6,48 0,8833 (16) 0,0994 (13) 0,0163 (5)
€0,18 558,1 (15) 0,0052 (10)  allowed 6,68 0,8836 (16) 0,0992 (13) 0,0162 (5)
€17  586,0 (15) 0,0298 (21) (allowed) 5,97 0,8837 (16) 0,0991 (13) 0,0162 (5)
€0,16 649,7 (15) 0,082 (7) allowed 5,62 0,8840 (16) 0,0988 (13) 0,0162 (5)
€0,15 669,5 (15) 0,122 (6) allowed 5,47 0,8841 (16) 0,0988 (13) 0,0161 (5)
€014  830,4 (15) 0,261 (14) (allowed) 5,33 0,8846 (16) 0,0984 (13) 0,0161 (5)
€0,13 855,1 (15) 0,011 (2) [allowed] 6,73 0,8846 (16) 0,0983 (13) 0,0161 (5)
€0,12 869,0 (15) 10,0247 (20) (allowed) 6,40 0,8846 (16) 0,0983 (13) 0,0161 (5)
€011 1029,7 (15) 0,141 (9) allowed 5,79 0,8849 (16) 0,0980 (13) 0,0160 (5)
€9 12849 (15) 0,035 (7) (allowed) 6,59 0,8853 (16) 0,0978 (13) 0,0160 (5)
€0,s  1303,8 (15) 0,153 (13) (allowed) 5,96 0,8853 (16) 0,0978 (13) 0,0160 (5)
€07 1353,3 (15) 10,0130 (3) allowed 7,06 0,8853 (16) 0,0977 (13) 0,0160 (5)
€5  1819,2 (15) 0,060 (7) allowed 6,65 0,8856 (16) 0,0975 (13) 0,0159 (5)
€4 19540 (15) 0,42 (2) allowed 5,87 0,8857 (16) 0,0974 (13) 0,0159 (5)
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Energy Probability
(keV) (%) Nature lg ft Px Py
oo 24042 (15) 1,19 (3)  allowed 560 0,8858 (16) 0,0973 (13) 0,0159 (5)
€1 26963 (15) 0,92 (1)  allowed 581 0,8859 (16) 0,0972 (13) 0,0159 (5)
€0 33662 (15) 3,75 (5)  allowed 540 0,8860 (16) 0,0971 (13) 0,0158 (5)
2.2 [T Transitions
Energy Probability
Nat lg ft
(keV) (%) ature g f
0o 262,9 (15) 0,00043 (9)  (allowed) 6,59
0s  281,8(15)  0,0025 (2)  (allowed) 5,96
Ben 3313 (15) 0,00039 (2)  allowed 7,06
05 797,2(15) 0,042 (4)  allowed 6,65
oa  932,0 (15) 0,49 (2) allowed 5,87
By, 13822 (15) 4,96 (13) allowed 5,60
o1 16743 (15) 7,00 (2)  allowed 5,81
0o 23442 (15) 80,3 (6)  allowed 5,40
2.3 Gamma Transitions and Internal Conversion Coefficients
EEEgilg)y P("%)C ¢ Multipolarity ag ar, ar
y1714(Cu) 244,40 (22)  0,0054 (8) (E2) 0,0190 (3) 0,00198 (3) 0,0213 (3)
¥3,2(Cu) 364,74 (6)  0,0115 (25) M1+0,36%E2  0,00184 (3) 0,000184 (3) 0,00205 (3)
yia10(Cu) 443,70 (12) 0,013 (4)  (M1+50%E2)  0,00177 (14)  0,000179 (14)  0,00198 (16)
Y4,2(Cu) 450,14 (5) 0,229 (16) MI1+1,3%E2 0,00114 (4) 0,000113 (5) 0,00127 (5)
Y11,6(Cu) 47591 (13) 0,006 (3) M1+E2
78,5 (Cu) 515,45 (9) 0,021 (8) (M1+E2)
Yo.5(Cu) 534,32 (23) 0,005 (2) (M1+E2)
¥5,2(Cu) 584,98 (6) 0,033 (4) M1+E2
v16,10(Cu) 624,34 (13) 0,011 (4) (E2)
Y1,0(Cu) 669,93 (4) 8,19 (32) MI1+1,2%E2  0,000466 (7) 0,0000462 (7) 0,000519 (8)
via6(Cu) 675,20 (9) 0,015 (3) (M1+E2)
vi57(Cu) 683,74 (17) 0,004 (2) M1+E2
v4,1(Cu) 742,23 (6) 0,067 (8) E2 0,000512 (8) 0,0000511 (8) 0,000571 (8)
79,3(Cu) 754,56 (23) 0,016 (6) M1+E2
vi03(Cu) 76537 (11) 0,007 (3) M1+E2
~5,1(Cu) 877,07 (6) 0,003 (2) M1+E2
76,2(Cu) 898,61 (7) 0,009 (3) M1+E2
vi1.4(Cu) 924,38 (13)  0,0099 (20) M1+E2
Y2.0(Cu) 962,02 (3) 6,50 (16) M1+18,7%E2  0,000226 (4) 0,0000223 (4) 0,000251 (4)
Y14,5(Cu) 988,83 (9)  0,0038 (11) (M1+E2)
y7.2(Cu)  1050,90 (11)  0,0044 (11) M1+E2
v14,4(Cu)  1123,67 (8) 0,112 (11)  MI1+50%E2  0,000171 (4) 0,0000169 (4) 0,000192 (4)
y102(Cu)  1130,11 (10) 0,013 (2) M1+E2
y155(Cu) 114966 (14) 0,019 (2) M1+E2
v16,5(Cu)  1169,47 (10)  0,0077 (16) M1+E2
Y14,3(Cu)  1209,07 (9) 0,014 (3) (M1+E2)
y75(Cu)  1233,23 (22)  0,0025 (8) M1+E2
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63

30

/m 4,

]?EE{%Y P{%; © Multipolarity QK arp ar

~3,0(Cu) 1326,76 (5) 0,069 (4) E2 0,0001268 (18) 0,00001251 (18) 0,0001757 (25)
~7,1(Cu) 1342,99 (12) 0,0025 (8) M1+E2

~11,2(Cu) 1374,52 (12) 0,034 (2) M1+E2

~16,3(Cu) 1389,71 (10) 0,043 (6) (E2)

~s,1(Cu) 1392,52 (9) 0,10 (1) (M1+50%E2)  0,0001098 (19)  0,00001080 (19) 0,000167 (4)
~4,0(Cu) 1412,16 (4) 0,74 (3) M1+36,6%E2 0,0001055 (16)  0,00001038 (15) 0,000166 (3)
~19,4(Cu) 1445,7 (3) 0,0025 (8) (E2)

718,3(Cu) 1481,34 (9) 0,0016 (8) E2

75,0(Cu) 1547,00 (5) 0,124 (5) M1+13,2%E2  0,0000870 (13)  0,00000854 (13) 0,000181 (3)
~14,2(Cu) 1573,81 (8) 0,016 (2) (M1+E2)

~v11,1(Cu) 1666,61 (13) 0,0014 (6) E2
Y(=1,1)(Cu) 1696,6 (10) 0,002 (1)

~16,2(Cu) 1754,45 (9) 0,0043 (11) M1+E2

~12,1(Cu) 1827,26 (10)  0,0042 (11) (M1+E2)

~6,0(Cu) 1860,63 (6) 0,011 (3) E2 0,0000646 (9) 0,00000635 (9) 0,000316 (5)
~14,1(Cu) 1865,90 (8) 0,0200 (21) (E2) 0,0000643 (9) 0,00000631 (9) 0,000319 (5)
720,2(Cu) 1926,9 (4) 0,0053 (11) (E2)

~7,0(Cu) 2012,92 (11) 0,011 (2) M1+E2

~15,1(Cu) 2026,73 (14) 0,060 (4) M1+E2

~16,1(Cu) 2046,54 (10)  0,0035 (11) M1+E2

~8,0(Cu) 2062,45 (8) 0,034 (3) (M1+E2)

~9,0(Cu) 2081,32 (22) 0,015 (2) (M1+E2)

~10,0(Cu) 2092,13 (10) 0,005 (3) E2

~17,1(Cu) 2110,30 (21) 0,0065 (13) M1+E2
Y(=1,2)(Cu) 2181,8 (7) 0.0013 (8)

~19,1(Cu) 2188,0 (3) 0,0016 (8) M1+E2

v20,1(Cu) 2219,0 (4) 0,0029 (8) M1+E2

~11,0(Cu) 2336,54 (12) 0,077 (5) M1+E2

~12,0(Cu) 2497,19 (9) 0,020 (2) (M1+E2)

~13,0(Cu) 2511,06 (6) 0,011 (2) [M1+E2]

~14,0(Cu) 2535,83 (7) 0,067 (3) (M1+E2)

~15,0(Cu) 2696,66 (13) 0,039 (3) M1+E2

~16,0(Cu) 2716,47 (9) 0,012 (1) M1+E2

~17,0(Cu) 2780,23 (21) 0,0154 (12) M1+E2

718,0(Cu) 2808,10 (8) 0,0036 (6) M1+E2

~19,0(Cu) 2857,9 (3) 0,0028 (5) M1+E2

v20,0(Cu) 2888,9 (4) 0,0021 (2) M1+E2

~21,0(Cu) 3042,59 (8) 0,0048 (8) M1+E2

~22,0(Cu) 3101,4 (4) 0,0007 (2) M1+E2

3 Atomic Data
3.1 Cu

Wi 0,454  (4)
oL 0,0097 (4)
nNKr, 1,357 (4)
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3.1.1 X Radiations

Energy Relative
(keV) probability
XKk
Kas 8,02792 51,3
Koy 8,04787 100
Kps 8,90541
K5y 8,90539 21,1
Kps 8,9771
X
Lé 0,811
La 0,929 - 0,93
Ln 0,831
Lj 0,949 - 1,022
Ly 0,952
3.1.2 Auger Electrons
Energy Relative
(keV) probability
Auger K
KLL 6,731 - 7,059 100
KLX 7,746 - 8,064 27,8
KXY 8,739 - 8,982 1,93
Auger L 0,68 - 0,80 346
4 Electron Emissions
Energy Electrons
(keV) (per 100 disint.)
ear, (Cu) 0,68 - 0,80 9,30 (9)
eak  (Cu) 3,50 (5)
KLL 6,731 - 7,059
KLX 7,746 - 8,064
KXY 8,739 - 8,982
L max: 23442 (15)
foo avg:  1041,9 (7) 80,3 (6)
n max: 1674,3 (15)
01 avg: 732,0 (7) 7,00 (2)
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5.1

5.2

Surrey Univ. & Manipal Univ. / A.L. Nichols

Energy Electrons
(keV) (per 100 disint.)

4+ max: 13822 (15) }
oo avg 5995 (7) 4,96 (13)

+  max:  932,0 (15)

O I S C)

+ max: 7972 (15) }
P05 ave: 3410 (7) 0,042 (4)

n max:  331,3 (15) }

07 avg: 1436 (6) 0,00039 (2)

n max:  281,8 (15) }
Bos  ave: 1230 (6) 0,0025 (2)

L max: 2629 (15) }

0.9 avg: 1151 (6) 0,00043 (9)
Photon Emissions

X-Ray Emissions

Energy Photons
(keV) (per 100 disint.)

XL (Cu) 0,811 - 1,022 0,0958 (16)
XKay (Cu) 8,02792 0,865 (12) } K
XKa;  (Cu) 8,04787 1,686 (22)
XKpBz  (Cu) 8,90541
XKB, (Cu) 8,90539 0,355 (6) K 5
XK@, (Cu) 8,9771

Gamma Emissions

Energy Photons
(keV) (per 100 disint.)

")/17,14(Cu) 244,40 (22) 0,0053 8)
~3.2(Cu) 364,74 (6)  0,0115 (25)
714,10(Cu) 443,70 (12) 0,013 (4)
Y4,2(Cu) 450,14 (5) 0,229 (16)
Y11,6(Cu) 475,91 (13) 0,006 (3)
vE 511 185,6 (9)
78,5(Cu) 515,45 (9) 0,021 (8)
7Y9,5(Cu) 534,32 (23) 0,005 (2)
75,2(Cu) 584,98 (6) 0,033 (4)
Y16,10(Cu) 624,34 (13) 0,011 (4)
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Energy Photons
(keV) (per 100 disint.)
1.0(Cu) 669,93 (4) 8,19 (32)
Y14,6(Cu) 675,20 (9) 0,015 (3)
Tsr(Cw) 683,74 (17) 0,004 (2)
Y4,1(Cu) 742,23 (6) 0,067 (8)
7Y9,3(Cu) 754,56 (23) 0,016 (6)
7Y10,3(Cu) 765,37 (11) 0,007 (3)
75,1(Cu) 877,06 (6) 0,003 (2)
¥6,2(Cu) 898,60 (7) 0,009 (3)
Y11,4(Cu) 924,37 (13) 0,0099 (20)
~2.0(Cu) 962,01 (3) 6,50 (16)
Y14,5(Cu) 988,82 (9) 0,0038 (11)
yra(Cw)  1050,89 (11) 0,004 (11)
Y14,4(Cu) 1123,66 (8) 0,112 (11)
7Y10,2(Cu) 1130,10 (10) 0,013 (2)
Y15,5(Cu) 1149,65 (14) 0,019 (2)
Tes(Cw) 116046 (10) 0,0077 (16)
7Y14,3(Cu) 1209,06 (9) 0,014 (3)
Y17,5(Cu) 1233,22 (22) 10,0025 (8)
73,0(Cu) 1326,75 (5) 0,069 (4)
¥7,1(Cu) 1342,97 (12) 0,0025 (8)
Ta(Cw) 137450 (12) 0,034 (2)
Y16,3(Cu) 1389,69 (10) 0,043 (6)
ysa(Cw)  1392,50 (9) 0,10 (1)
Y4,0(Cu) 1412,14 (4) 0,74 (3)
7Y19,4(Cu) 14457 (3) 0,0025 (8)
718,3(Cu) 1481,32 (9) 0,0016 (8)
¥5,0(Cu) 1546,98 (5) 0,124 (5)
Y14,2(Cu) 1573,79 (8) 0,016 (2)
Y11,1(Cu) 1666,59 (13) 0,0014 (6)
Y(-1,1)(Cu) 1696,6 (10) 0,002 (1)
7Y16,2(Cu) 1754,42 (9) 0,0043 (11)
Y12,1(Cu) 1827,23 (10) 0,0042 (11)
¥6,0(Cu) 1860,60 (6) 0,011 (3)
Y14,1(Cu) 1865,87 (8) 0,0200 (21)
yo02(Cw) 19269 (4)  0,0053 (11)
¥7,0(Cu) 2012,89 (11) 0,011 (2)
715,1(Cu) 2026,70 (14) 0,060 (4)
Y16,1(Cu) 2046,50 (10) 0,0035 (11)
ys0(Cu) 206241 (8) 0,034 (3)
¥9,0(Cu) 2081,28 (22) 0,015 (2)
J00(Cw)  2092,09 (10) 0,005 (3)
Y17,1(Cu) 2110,26 (21) 0,0065 (13)
Y(~1,2)(Cu) 2181,8 (7) 0,0013 (8)
7Y19,1(Cu) 2188,0 (3) 0,0016 (8)
7Y20,1(Cu) 2219,0 (4) 0,0029 (8)
Y11,0(Cu) 2336,49 (12) 0,077 (5)
Y12,0(Cu) 2497,14 (9) 0,020 (2)
713,0(Cu) 2511,01 (6) 0,011 (2)
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Energy Photons

(keV) (per 100 disint.)
Y14,0(Cu) 2535,78 (7) 0,067 (3)
Y15,0(Cu) 2696,60 (13) 0,039 (3)
716,0(Cu) 2716,41 (9) 0,012 (1)
Yi7o(Cu)  2780,16 (21) 0,0154 (12)
718,0(Cu) 2808,03 (8)  0,0036 (6)
719,0(Cu) 2857,8 (3)  0,0028 (5)
7¥20,0(Cu) 2888,8 (4)  0,0021 (2)
Y21,0(Cu)  3042,51 (8)  0,0048 (8)
7¥22,0(Cu) 3101,3 (4)  0,0007 (2)
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y Emission intensities per 100 disintegrations
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/|

y Emission intensities per 100 disintegrations
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y Emission intensities per 100 disintegrations
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y Emission intensities
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73
34 Se 39

1 Decay Scheme

Se-73 (half-life of 7.10 h) decays by 100% electron capture/beta plus to various excited levels of As-73
that populate the ground state of As-73 (half-life of 80.30 d).

Le selenium 73 (7,10 h) se désintégre a 100% par capture électronique et transitions béta plus vers
plusieurs niveaur excités de 'arsenic 73.

2 Nuclear Data

Tip(™Se) : 700 (9) h
T1/2(73AS ) : 80,30 (6) d
QT(MSe) : 2725 (7) keV

2.1 Electron Capture Transitions

Energy  Probability

(keV) (%) Nature lg ft Py P, Py
020 141 (7) 0,0155 (20)  (non-unique Ist forbidden) 6,2  0,8646 (19) 0,1136 (16) 0,0199 (5)
coro 242 (7)  0,0087 (20) (allowed) 70,8723 (16) 0,1072 (13) 0,0186 (4)
coas 249 (1)  0,0029 (10) (allowed) 75 08726 (16) 0,1070 (13) 0,0186 (4)
o1 291 (7) 0,0048 (19) (non-unique 2nd forbidden) 7,4  0,8740 (16) 0,1058 (13) 0,0184 (4)
16 413 (7) 0,157 (6) (allowed) 6,2 08764 (16) 0,1038 (13) 0,0180 (4)
coas 544 (7) 0,030 (8) (allowed) 7.1 08778 (15) 0,1027 (13) 0,0178 (4)
cors 750 (7) 0,004 (3) (allowed) 6,9 0,8789 (15) 0,1018 (13) 0,0176 (4)
c13 763 (7) 0,017 (5) (allowed) 77 0,8790 (15) 0,1017 (13) 0,0176 (4)
12 815 (7) 0,060 (7) (allowed) 7.2 08792 (15) 0,1016 (13) 0,0175 (4)
o 874 (7) 0433 (11) (allowed) 6,4 08794 (15) 0,1014 (12) 0,0175 (4)
10 1396 (7) 0,129 (3) (allowed) 73 0,8804 (15) 0,1006 (12) 0,0173 (4)
cos 1432 (7) 0,435 (19) (allowed) 6,8 0,8804 (15) 0,1006 (12) 0,0173 (4)
cor 1450 (7)  0,0057 (19) (allowed) 8,7  0,8804 (15) 0,1006 (12) 0,0173 (4)
€6 1647 (7) 0,178 (2) (non-unique 1st forbidden) 7,3  0,8805 (15) 0,1005 (12) 0,0173 (4)
02 2297 (7) 333 (5) allowed 536  0,8810 (15) 0,1001 (12) 0,0172 (4)
1 2658 (7) 0,51 (9) unique 1st forbidden 87 08811 (15) 0,1000 (12) 0,0172 (4)
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2.2 [T Transitions
Energy  Probability
(keV) (%) Nature lg ft
Bio  374(7) 0,0034 (2) (allowed) 7.3
Bos 410 (7) 0,017 (2) (allowed) 6,8
Gr 428 (7) 0,0003 (1) (allowed) 8,7
ﬁarﬁ 525 (7) 0,017 (1)  (non-unique 1st forbidden) 7,3
Go  1275(7) 63,9 (5) allowed 5,36
afl 1636 (7) 0,69 (11) unique 1st forbidden 8,7
2.3 Gamma Transitions and Internal Conversion Coefficients
Energy Pryee Multipolarity K oL M or G
(keV) (%) (107°) (1079) (1075) (1074 (107°)
v1,0(As) 67,039 (8) 90 (9) 100%M1 24100 (400) 26400 (400) 4040 (60) 2720 (40)
v2.1(As) 360,867 (23) 98,18 (20) M2+0.12%E3 1165 (17) 1286 (18) 197 (3)  131,5 (19)
Y2.0(As) 427,906 (21) 0,079 (14) E3 1195 (17) 1397 (20) 213 (3)  135,7 (19)
3.1 (As) 443,016 (19) 0,050 (3) (B1) 92,6 (13) 95,5 (14) 14,54 (21) 10,37 (15)
v3.0(As) 510,055 (17) 0,26 (3) (B1) 65,0 (10) 67,0 (10) 10,20 (15) 7,28 (11)
Y11,8(As) 557,50 (11) 0,052 (2) (M14E2)
Y11,7(As) 575,45 (9) 0,146 (7) (M1+E2)
Y—1.1y(As) 600,3 (3) 0,020 (3)
vs.2(As) 609,22 (4) 0,049 (4) (E2) 125,8 (18) 132,7 (19) 20,2 (3) 14,12 (20)
Y14,9(As) 682,04 (11) 0,019 (2) (E1) 33,0 (5) 33,8 (5) 515 (8) 3,69 (6)
Y14,7(As) 700,27 (13) 0,044 (2) (M1+E2)
v7.3(As) 765,09 (7) 0,127 (2) (M14E2)
9,3 (As) 783,32 (4) 0,058 (2) (M1+E2)
Y(—1.2)(As) 793,0 (5) 0,064 (2)
Y11,5(As) 813,46 (6) 0,009 (1) (E2) 57,3 (8) 59,7 (9) 9,10 (13) 6,42 (9)
Y10,3(As) 818,84 (5) 0,036 (2) (M1+E2)
vr.2(As) 847,23 (7) 0,078 (6) (M1+E2)
Y11,4(As) 856,82 (5) 0,023 (6) (E1) 20,3 (3) 20,7 (3) 3,16 (5) 2,27 (4)
8,2(As) 865,18 (10) 0,50 (2) (M1+E2)
vo.2(As) 865,46 (3) 0,02 (1) (M1+E2)
Y12,5(As) 873,00 (12) 0,038 (7) (E2) 47,9 (7) 49,9 (7) 7,60 (11) 5,37 (8)
Y15,9(As) 887,29 (10) 0,011 (8) (M1+E2)
Y10.2(As) 900,98 (5) 0,135 (2) (M1+E2)
Y41 (As) 926,727 (14) 0,004 (1) (M1+E2)
V(1,3 (As) 930,09 (15) 0,005 (1)
Y13.4(As) 968,0 (2) 0,012 (5)
v4.0(As) 993,766 (12) 0,005 (1) (E2) 35,0 (5) 36,3 (5) 5,52 (8) 3,92 (6)
Y15,6 (As) 1002,61 (10) 0,004 (1) (E1) 14,84 (21) 15,17 (22) 2,31 (4) 1,660 (24)
Y16,9(As) 1018,26 (7) 0,053 (2) (M14E2)
v16,7(As) 1036,49 (9) 0,015 (1) (M1+E2)
¥6,1(As) 1111,013 (23) 0,201 (2) (M1+E2)
Y19,10(As) 1153,98 (24) 0,005 (1) (M1+E2)
v17,7(As) 1159,0 (4) 0,003 (1)
vr.1(As) 1208,10 (7) 0,004 (1) (B1) 10,50 (15) 10,72 (15) 1,632 (23) 1,700 (24) 5,25 (8)
Yi-1.4)(As) 12154 (8) 0,063 (10)
vo.1(As) 1226,33 (3) 0,003 (2) (E1) 10,23 (15) 10,43 (15) 1,589 (23) 1,79 (3) 6,43 (9)
V(1.5 (As) 12499 (2) 0,004 (1)
vr.0(As) 1275,14 (7) 0,007 (1) (M2) 39,4 (6) 40,8 (6) 6,23 (9) 4,46 (7) 0,416 (6)
Y20,7(As) 1308,95 (13) 0,004 (1) (E1) 9,12 (13) 9,30 (13) 1,417 (20) 2,22 (4) 12,03 (17)
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73
51 D€ 59

Energy Pyice . . aK ar am ar Qr
(keV) ()~ Mutipolnity g5 (107% (1079 (0 (1079

Y16,4(As) 1317,86 (6) 0,006 (1) (E1) 9,02 (13) 9,19 (13) 1,40 (2) 227 (4) 12,61 (18)
Y16 (As) 132381 (20) 0,007 (1)

~11,3(As) 1340,54 (5) 0,069 (2) (E2) 18,0 (3) 18,5 (3) 2,82 (4) 2,39 (4) 3,76 (6)
V20,6 (As) 1406,04 (11) 0,002 (1) (M1+E2)

Y11,2(As) 1422,68 (6) 0,135 (5) (M1+E2)

Y18,5(As) 1439,0 (2) 0,002 (1)

~13,3(As) 1451,7 (2) 0,006 (2)

712,2(As) 1482,22 (6) 0,022 (1) (M1+E2)

Y14,2(As) 1547,50 (11) 0,031 (1) (M1+E2)

Y15,3(As) 1670,61 (10) 0,005 (1) (M1+E2)

V1.7 (As) 17384 (5) 0,002 (1)

715,2(AS) 1752,75 (10) 0,011 (1) (M1+E2)

Yi6,3(As) 1801,58 (6) 0,019 (5) (M1+E2)

V1.8 (As) 1847,8 (3) 0,008 (1)

Yi6,2(As) 1883,72 (6) 0,030 (2) (M1+E2)

Y-1.0)(As)  1889,57 (20) 0,003 (1)

Y10.3(As) 1972,82 (23) 0,001 (1) (M1+E2)

Y17,2(As) 2006,2 (4) 0,002 (1)

Yerao(As) 20239 (3) 0,002 (1)

718,2(As) 20482 (2) 0,001 (1)

~19,2(As) 2054,96 (23) 0,003 (1) (M1+E2)

Y20,2(As) 2156,18 (11) 0,005 (1) (E1) 4,13 (6) 4,19 (6) 0,638 (9) 785 (11) 73,9 (11)
Ye1an(As) 21705 (3) 0,002 (1)

20,1 (As) 2517,05 (11) 0,005 (1) (M1+E2)
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3 Atomic Data

3.1 As
wig 0575 (4)
o, 0,0155 (5)

5
nkr 1,232 (4)

3.1.1 X Radiations

Energy Relative
(keV) probability
XK
Kag 10,50814 51,2
Kay 10,5438 100
Kps 11,7204
Kp1 11,7263 22,8
Kp; 11,821
K39 11,8643 0,86
Xy
L¢ 1,12
La 1,282
Ly 1,155
Lg 1,317 - 1,388
Ly 1,524
3.1.2 Auger Electrons
Energy Relative
(keV) probability
Auger K
KLL 8,746 - 9,149 100
KLX 10,114 - 10,541 31,3
KXY 11,460 - 11,862 2,45
Auger L 0,90 - 1,23 416
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4 Electron and Positron Emissions

Energy Electrons
(keV) (per 100 disint.)
CAL (As) 0,90 -1,23 65,3 (15)
eAK (As) 21,0 (8)
KLL 8,746 - 9,149
KLX 10,114 - 10,541
KXY 11,460 - 11,862
ecror  (As) 55,172 - 67,037 19 (11)
€c1,0 K (As) 55,172 (8) 17 (10)
ecror  (As) 65513 - 65,716 1,8 (10)
ecio M+ (As) 66,836 - 67,037 0,32 (18)
ecort  (As) 349,00 - 360,86 1,27 (30)
60271 K (AS) 349,00 (3) 1,13 (25)
eco1 . (As) 359,34 - 359,54 0,12 (3)
ecot vy (As) 360,66 - 360,86 0,021 (5)
n max: 1636 (7)
Boa avg 745 (3) } 0,69 (11)
+ max: 1275 (7) }
02 avg: 555 (3) 63,9 (5)
n max: 525 (7) }
0,6 avg: 228 (3) 0,017 (1)
I max: 428 (7) }
Fo avg: 187 (3) 0,0003 (1)
n max: 410 (7) }
0.8 avg: 179 (3) 0,017 (2)
n max: 374 (1) }
Fo.10 avg: 164 (3) 0,0034 (2)
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5 Photon Emissions

5.1

5.2

X-Ray Emissions
Energy Photons
(keV) (per 100 disint.)
XL (A 1,12 - 1,524 1,05 (3)
XKaz (A 10,50814 8,3 (3) } Ko
XKa; (A 10,5438 16,2 (6)
XKps (A 11,7204
XKB (A 11,7263 3,70 (14) K B
XKB; (A 11,821
XKpB2 (A 11,8643 0,140 (7) K Bs
Gamma Emissions

Energy Photons

(keV) (per 100 disint.)
71,0(As) 67,039 (8) 70,7 (70)
V2,1 (As) 360,866 (23) 96,91 (20)
72,0(As) 427,905 (21) 0,078 (14)
V3,1(As) 443,015 (19) 0,050 (3)
3.0(As) 510,053 (17) 0,26 (3)
o 511 129 (8)
711,8(As) 557,50 (11) 0,052 (2)
Y11,7(As) 575,45 (9) 0,146 (7)
Y(—1,1)(As) 600,3 (3) 0,020 (3)
5,2(As) 609,22 (4) 0,049 (4)
V14,9(As) 682,04 (11) 0,019 (2)
Y14,7(As) 700,27 (13) 0,044 (2)
V7,3(As) 765,09 (7) 0,127 (2)
Y0,3(As) 783,32 (4) 0,058 (2)
V(-1,2)(As) 793,0 (5) 0,064 (2)
Y11,5(As) 813,46 (6) 0,009 (1)
710,3(As) 818,84 (5) 0,036 (2)
77,2(As) 847,22 (7) 0,078 (6)
Y11,4(As) 856,31 (5) 0,023 (6)
V8,2(As) 865,17 (10) 0,50 (2)
~o.2(As) 865,45 (3) 0,02 (1)
M2,5(As) 872,99 (12) 0,038 (7)
V15,9(As) 887,28 (10) 0,011 (8)
Y10,2(As) 900,97 (5) 0,135 (2)
74,1 (As) 926,721 (14) 0,004 (1)
V(-1,3)(As) 930,09 (15) 0,005 (1)
Y13,4(As) 968,0 (2) 0,012 (5)
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Energy Photons
(keV) (per 100 disint.)
716,10(As) 982,73 (8) 0,034 (1)
Ya0(As) 993,759 (12) 0,005 (1)
V15,6(As) 1002,60 (10) 0,004 (1)
716,9(As) 1018,25 (7) 0,053 (2)
716,7(As) 1036,48 (9) 0,015 (1)
6.1(As) 1111,004 (23) 0,201 (2)
7Y19,10(As) 1153,97 (24) 0,005 (1)
Y17,7(As) 1159,0 (4) 0,003 (1)
V71(As) 1208,09 (7) 0,004 (1)
Y(=1,4)(As) 12154 (8) 0,063 (10)
o.1(As) 1226,32 (3) 0,003 (2)
Y(~1,5)(As) 1249,9 (2) 0,004 (1)
V7.0(As) 1275,13 (7) 0,007 (1)
Y20,7(As) 1308,94 (13) 0,004 (1)
Y16.4(As) 1317,85 (6) 0,006 (1)
Ye1e)(As)  1323,81 (20) 0,007 (1)
711,3(As) 1340,53 (5) 0,069 (2)
7¥20,6(As) 1406,03 (11) 0,002 (1)
Y11,2(As) 1422,67 (6) 0,135 (5)
718,5(As) 1439,0 (2) 0,002 (1)
Y13,3(As) 1451,7 (2) 0,006 (2)
Y12.2(As) 1482,20 (6) 0,022 (1)
714,2(As) 1547,48 (11) 0,031 (1)
Y15.3(As) 1670,59 (10) 0,005 (1)
Yeim(hs) 17384 (5) 0,002 (1)
V15,2(As) 1752,73 (10) 0,011 (1)
Y16.3(As) 1801,56 (6) 0,019 (5)
Yo1.8)(As) 1847,8 (3) 0,008 (1)
Y16.2(As) 1883,69 (6) 0,030 (2)
V(~1,9)(As) 1889,57 (20) 0,003 (1)
Y10,3(As) 1972,79 (23) 0,001 (1)
Y17,2(As) 2006,2 (4) 0,002 (1)
Ye1a0)(As) 20239 (3) 0,002 (1)
718,2(As) 2048,2 (2) 0,001 (1)
Y10.2(As) 2054,93 (23) 0,003 (1)
7Y20,2(As) 2156,15 (11) 0,005 (1)
Y—111)(As)  2170,5 (3) 0,002 (1)
Y201 As) 2517,00 (11) 0,005 (1)

{ Ge — 70(a,n)Se — 73

6 Main Production Modes

Possible impurities : As — 72, Se — 72, Se — 73m

{ Se — 74(n,2n)Se — 73

Possible impurities : As — 74, Se — 73m

{ Se — 74(y,n)Se — 73

Possible impurities : Se — 73m
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As — 75(p,3n)Se — 73
Possible impurities : As — 74, Se — 73m

Ge — 72(He — 3,d)Se — 73
Possible impurities : Se — 73m

Ni — 60(O — 16,p2n)Se — 73
Possible impurities : Se — 73m
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y Emission intensities per 100 disintegrations
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y Emission intensities per 100 disintegrations
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82 b
37 R 45

1 Decay Scheme

Le rubidium 82 se désintegre par capture électronique vers des niveaux excités et le niveau fondamental
du krypton 82.
Rb-82 decays by electron capture to excited levels and to the ground state of Kr-82.
2 Nuclear Data
Ti5(**Rb) : 1,2652 (45) min
QT(®*Rb ) : 4403 (3) keV

2.1 Electron Capture Transitions

Energy Probability

(keV) (%) Nature 1g ft Pg Py, Py

021 446,9 (30)  0,00009 (2) 7,1 08722 (15) 0,1061 (12) 0,0192 (4)
€023  491,9 (30)  0,00010 (2) 7,1

€20  521,9 (30)  0,00024 (5) 6,8

€21  567,2 (30)  0,00089 (5) 6,3

020 5879 (30)  0,0019 (8) 5,6

€0.19 661 (3) 0,0036 (6) 5,9

€18 686,2 (30) 0,008 (3) 5,8

€17 838,4 (30) 0,0034 (31) 6

€016  945,5 (30) 0,000111 (23) 7,7

€0,15 1047,7 (30)  0,00134 (13) 6,7

o1 12162 (30)  0,0265 (15) 55 08763 (15) 0,1028 (12) 0,0185 (4)
€013 1458,9 (30) 0,0500 (19) 54  0,8766 (15) 0,1025 (12) 0,0185 (4)
€012 17472 (30)  0,0142 (17) 6,1 08770 (14) 0,1022 (12) 0,0184 (4)
€011 1841,3 (30) 0,0011 (6) 7,3

€010 1846,7 (30)  0,00023 (11) 10

o 1894 (3) 0,0011 (6) 7.4

s 19233 (30) 0,082 (14) 55 08771 (14) 0,1021 (12) 0,0184 (4)
€0,7  1952,9 (30) 0,0105 (8) 6,3 0,8771 (14) 10,1021 (12) 0,0184 (4)
6 22313 (30) 0,283 (5) Allowed 5 08773 (14) 0,1019 (12) 0,0184 (4)
€05  2446,2 (30) 0,0047 (8) 6,7

€04  2582,4 (30)  0,00003 (3)  Unique 2nd Forbidden 11,5

€3 29154 (30) 0,0096 (9) Allowed 6,7
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82
37 Rb 45

Energy Probability

(keV) (%) Nature lg ft PK PL PM
co2 29281 (30)  0,0284 (14) Allowed 6,3 08776 (14) 0,1017 (12) 0,0183 (4)
c01  3626,5 (30) 1,06 (2) Allowed 4.8 08778 (14) 0,1016 (12) 0,0183 (4)
€0 4403 (3) 3,01 (3) Allowed 4,6 08779 (14) 0,1014 (12) 0,0183 (4)
2.2 (' Transitions
Energy Probability
N 1
(keV) (%) ature g ft
B, 7252 (30) 0,00284 (34) 6,1
B 819.3 (30) 10,0003 (19) 7,3
Biwo 8247 (30) 0,00007 (4) 10
o 872 (3)  0,00041 (25) 7,4
os 9013 (30)  0,0288 (7) 5,5
or 9309 (30)  0,0050 (4) 6,3
Bis 12093 (30) 0,317 (6) Allowed 5
05 1424,2 (30)  0,00890 (14) 6,7
({4 1560,4 (30) 0,00007 (7)  Unique 2nd Forbidden 11,5
Bos 18934 (30) 0,044 (41) Allowed 6,7
o2 1906,1(30) 0,135 (7) Allowed 6,3
o1 26045 (30) 13,10 (19) Allowed 48
Bio 3381 (3) 81,81 (24) Allowed 4,6
2.3 Gamma Transitions and Internal Conversion Coefficients
Energy Poice . . aK ar ang ar
(keV) () Mupolrity ot 07y 1070 (10
8.5 (Kr) 522,923 (36)  0,0045 (15)
¥6,2(Kr) 696,786 (32) 0,071 (6)
a1 (Kr) 698,372 (14) 0,159 (11)
3,1 (Kr) 711,10 (7) 0,060 (4)
v1,0(Kr) 776,522 (10) 15,03 (19) E2 8,19 (12) 8,84 (13) 14,3 (2) 9,23 (13)
720,13(Kr) 871 (1) 0,0014 (8)
~7.2(Kr) 975,20 (9) 0,0084 (11)
~s.3(Kr) 992,10 (8) 0,0018 (8)
0.3(Kr) 10214 (5) 0,0015 (9)
ya.1(Kr) 1044,08 (40)  0,0009 (6)
Y10,2(Kr) 1081,4 (7)  0,00030 (15)
Y11,2(Kr) 1086,8 (5) 0,0014 (8)
yis4(Kr)  1123,54 (40)  0,0008 (6)
y12.3(Kr) 1168,20 (12) 0,0014 (6)
vsa(Kr)  1180,275 (22)  0,0165 (15)
v122(Kr)  1180,93 (10)  0,0030 (15)
Y61 (Kr)  1395,158 (32) 0,529 (8) E2 2,12 (3) 224 (4) 3,63 (5 2,90 (4)
vo.0(Kr)  1474,804 (10)  0,0904 (24) E2 1,90 (3)  2,00(3) 324(5) 2,89 (4)
~17.5(Kr) 1607,8 (3)  0,00225 (30)
7.1 (Kr) 1673,57 (9) 0,0071 (5)
yas(Kr) 169920 (9) 0,0015 (8)
vsa(Kr)  1703,198 (32)  0,0505 (11)
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Energy Pryice . . aK or am ar
(keV) (%) Multipolarity (10°%) (10-9) (1079 (1074
~14,2(Kr) 1711,93 (5) 0,00165 (30)
v05(Kr) 178516 (8) 0,0030 (6)
V12,1 (Kr) 1879,3 (1) 0,0101 (6)
vs.0(Kr)  1956,797 (20)  0,0068 (6)
ys1(Kr)  2167,618 (41)  0,0431 (6)
~18,2(Kr) 2241,94 (15) 0,0009 (8)
ya1(Kr)  2410,30 (5) 0,0233 (12)
vs.0(Kr) 2479,72 (3) 0,0401 (16)
15,1 (Kr) 2578,80 (19) 0,00105 (11)
~12,0(Kr) 2655,82 (10) 0,0026 (6)
~17,1(Kr) 2788,08 (30) 0,00114 (8)
ysa(Kr)  2940,31 (15)  0,0071 (29)
~13,0(Kr) 2944,14 (4) 0,0075 (15)
Y01 (Kr) 296544 (8)  0,00060 (5)
~21,1(Kr) 3059,3 (5) 0,00068 (5)
22,1 (Kr) 3104,6 (5) 0,00015 (5)
~15,0 (Kr) 3355,32 (19)  0,000285 (30)
16,0 (Kr) 34575 (7) 0,000111 (23)
20,0 (Kr) 3815,1 (10)  0,000451 (31)
~21,0(Kr) 3835,8 (5) 0,000219 (23)
22,0 (Kr) 3881,1 (5) 0,000087 (21)
~23,0(Kr) 3911,1 (10)  0,000105 (15)
~24,0 (Kr) 3956,1 (10)  0,000090 (15)
3 Atomic Data
3.1 Kr
WK 0,652  (4)
wr, 0,0215 (6)
NKL 1,149  (4)
3.1.1 X Radiations
Energy Relative
(keV) probability
Xk
Kas 12,599 51,86
Kag 12,65 100
Kp3 14,105
KBy 14,113 23,96
Kp; 14,238
Ko 14,315
K4 14,328 } 242
XL
Le 1,387
La 1,585 - 1,586
Ly 1,439
Lg 1,637 - 1,831
Ly 1,706 - 1,911
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3.1.2 Awuger Electrons

Energy Relative
(keV) probability
Auger K
KLL 10,398 - 10,885 100
KLX 12,077 - 12,637 34,7
KXY 13,741 - 14,298 3,02
Auger L 1,09 - 1,91

4 Electron and Positron Emissions

Energy Electrons
(keV) (per 100 disint.)

ear,  (Kr) 1,09 - 1,91 4,961 (25)
EAK (Kr)

KLL 10,398 - 10,885

KLX 12,077 - 12,637 1,394 (20)

KXY 13,741 - 14,298
n max: 3381 (3)
foo avg: 15356 (15) 81,81 (24)
n max: 2604,5 (30)
0L avg:  1168,5 (15) 13,10 (19)
I max: 1906,1 (30)
0.2 avg:  844,1 (14) 0,135 (7)
n max: 1893,4 (30)
03 avg: 8383 (14) 0,0444 (41)
n max: 15604 (30)
04 avg: 7356 (15) 0,00007 (7)
I max: 14242 (30)
Fos avg:  624,8 (14) 0,00890 (14)
I max: 1209,3 (30)
0.6 avg: 5286 (14) 0,317 (6)
n max:  930,9 (30)
Foz avg: 4057 (14) 0,0050 (4)
n max:  901,3 (30)
08 aveg:  392,7 (14) 0,0288 (7)
I max: 872 (3)
0.9 avg:  380,0 (14) 0,00041 (25)
n max:  824,7 (30)
Fo.10 avg: 3594 (14) 0,00007 (4)
n max:  819,3 (30)
fon avg: 3570 (14) 0,00033 (19)
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Energy
(keV)

Electrons

(per 100 disint.)

max: 7252 (30)

+
Boz avg:  316,2 (13)

} 0,00284 (34)

5.1

Photon Emissions

X-Ray Emissions
Energy Photons
(keV) (per 100 disint.)
XL (Kr) 1,387 - 1,911 0,1066 (18)
XKay  (Kr) 12,599 0,760 (9) } Ko
XKa;  (Kr) 12,65 1,466 (16)
XKfs (Kr) 14,105
XKB  (Kr) 14,113 0,351 (5) K B
XK@y (Kr) 14,238
XKfBs (Kr) 14,315 } :
XKBs (Kr) 14,328 0,0354 (12) K 2

5.2

Gamma Emissions

Energy Photons

(keV) (per 100 disint.)
7 511 190,9 (6)
78,5 (Kr) 522.8 (5) 0,0045 (15)
76,2(Kr) 696,86 (15 0,071 (6)
Y2,1(Kr) 698,37 (5) 0,159 (11)
73,1 (Kr) 711,2 (1) 0,060 (4)
71,0(Kr) 776,52 (1) 15,02 (19)
720,13 (Kr) 869,3 (4) 0,0014 (8)
¥7,2(Kr) 975,2 (1) 0,0084 (11)
78,3(Kr) 992,2 (1) 0,0018 (8)
79,3(Kr) 1021,4 (5) 0,0015 (9)
Ya,1(Kr) 1044,1 (5) 0,0009 (6)
710,2(Kr) 1081,4 (7) 0,00030 (15)
Y112(Kr)  1086,8 (5) 0,0014 (8)
Y13,4(Kr) 1123,6 (7) 0,0008 (6)
Y12,3(Kr) 1168,2 (2) 0,0014 (6)
75,1 (Kr) 1180,27 (2) 0,0165 (15)
712,2(Kr) 1181,3 0,0030 (15)
76,1 (Kr) 1395,14 (3) 0,529 (8)
72,0(Kr) 1474,88 (1) 0,0904 (24)
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Energy Photons

(keV) (per 100 disint.)
17,5 (Kr) 1607,7 (3) 0,00225 (30)
v¥7,1(Kr) 1673,55 (9) 0,0071 (5)
~14,3(Kr) 1698,7 (3) 0,0015 (8)
v8,1(Kr) 1703,19 (4) 0,0505 (11)
Y14,2(Kr) 1711,9 (4) 0,00165 (30)
Y9,5(Kr)  1785,13 (7) 0,0030 (6)
")/1271(Kr) 1879,18 ( 5) 0,0101 (6)
75,0 (Kr) 1956,75 (4) 0,0068 (6)
")/13’1(Kr) 2167,59 (4) 0,0431 (6)
mg2(Kr)  2241,98 (17) 0,0009 (8)
’)/14’1(Kr) 2410,26 ( ) 0,0233 (12)
~8,0(Kr) 2479,65 (4) 0,0401 (16)
15,1 (Kr) 2578,7 (2) 0,00105 (11)
Y12,0(Kr)  2655,85 (15) 0,0026 (6)
v17,1(Kr) 2788,4 (5) 0,00114 (8)
18,1 (Kr) 2940,0 (3) 0,0071 (29)
713,0(Kr) 2944,0 (2) 0,0075 (15)
19,1 (Kr) 2966,3 (7) 0,00060 (5)
Ya1,1(Kr) 3059,2 (5) 0,00068 (5)
Y22,1(Kr)  3104,5 (5) 0,00015 (5)
Y15,0(Kr) 3355,6 (5)  0,000285 (30)
v16,0(Kr) 34574 (7)  0,000111 (23)
720,0(Kr) 3815 (1) 0,000451 (31)
Y21,0(Kr) 3836 (1)  0,000219 (23)
722,0(Kr) 3881 (1)  0,000087 (21)
723,0(Kr) 3911 (1)  0,000105 (15)
Y24,0(Kr) 3956 (1)  0,000090 (15)

Main Production Modes

{ Rb — nat(p,xn)Sr — 82

Possible impurities: Sr — 85

Rb — 85(p,4n)Sr — 82
Possible impurities: Sr — 85

Sr — 82(E.C.)Rb — 82

82
37 Rb 45
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y Emission intensities per 100 disintegrations

N

00 B
o0 01o . 0,00009
58
00 g0 170 649 1,2(+) ;3956,1/8’888;4
24 [ 0 0% 6,2 1 1,2(+) ;39111 0.00089
23 U0 00 44 1,2(+) ; 3881,1 00019
22 U0 %% 6 1,2%; 3835,8 ’
21 VY 000 9. 1,2(+) ; 3815,1 0,0036
20 10 90 3741,96 0,008
19 o 5 44 0(,1,2" ; 3716,83
18 2ol 0,0034
popo 11 / )
0o g _ 0(+),1,2* ; 3564,6 0.000111
17 0 B8 '
O 10 12(+) ;34575 0,00134
16 00
0" 0 5 1,2(+) ;335532 /
5 19153° 0,0265
o000 02 :
000 0,1,2% ; 3186,82
14
0,05
(2)*; 294414 /
13
0,0047
@*; 1956,797/
5
0,0096
10ps 0t 1487,62? 0,0284
+ .
15ps 2% 1474,894
1,06
2+;776,522/
1
3,01
0*;0 /
Stable
82
Kr
36 46
Q" = 4403 keV
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y Emission intensities per 100 disintegrations

N

0°37
0% 0% o -
0700 ()" ; 2944,14
13
4, 1.6
13 o' 2 142
950005,9° N
0700 0 4 12(+) ; 2655,82
7 P 000023
0 O 5 2561,7 0’0011
11 v ,00 045018505401 (4)+;2556’3/ 0.0682
10 0" 00000%0* g4 .1 2509 0.0105
5 0000 00 12% . 247972 '
5 00 0(+),1,2* ; 2450,09
7
1.9 0,283
0’5 ’
0 o*; 2171,68
6
5.8
6,6 0,0047
0p0° ’
0" 0 )*; 1956,797
5
0,00003
4%, 1820,6/
4
0,0096
0+:1487,62/ 0,0284
10 ps 3 /
+ .
5 2% 1474,894
1,06
2+;776,522/
1
3,01
0";0 /
Stable
82
Kr
36 46
Q" = 4403 keV

%P +%e¢ =100
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17;0 .
1,2652 (45) min
/ 0 82
g e Rb
y Emission intensities 37 45
per 100 disintegrations
9
000 0,00003
o 4* 18206 /
4 06 / 0,0096
[0} 4 +
10ps 1559 9 1487'62/ 0,0284
00 + .
15ps - 2" 1474,804
592 1,06
! 2% 776,522 /
1
3,01
0*;0 /
Stable
0 82
Kr
36 46
Q" = 4403 keV

%p +%¢ =100
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82
< OT )

1 Decay Scheme

Sr-82 decays by electron capture to the ground state of Rb-82 (7', = 1,2652 (45) min). There is no
decay to the excited level of Rb-82m (7}, = 6,47 h).

Le strontium 82 se désintégre par capture électronique wvers le niveau fondamental du rubidium 82
(T1/9=1,2652 (45) min), le niveau excité de période 6,47 h n’est pas atteint.

2 Nuclear Data

Typ(®2Sr) : 25347 (17) d
Tip(**Rb ) : 1,2652 (45) min
QY(*Sr) : 178 (7) keV

2.1 Electron Capture Transitions

Energy Probability

(keV) (%) Nature lg ft P Py, Py

coo 178 (7) 100 Allowed 4,7 0,859 (2) 0,116 (2) 0,022 (1)

3 Atomic Data

3.1 Rb
wg 1 0,674 (4)
@, : 00237 (6)

6
NKrL : 1,125 (4)
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3.1.1 X Radiations

Energy Relative
(keV) probability
Xk
Kay 13,3359 51,95
Koy 13,3955 100
Kps3 14,9519
KBy 14,9614 24,34
KGs 15,085
KpB, 15,1856
Kp, 15,205 2,82
XL
Le 1,484
La 1,693 - 1,695
Ln 1,543
Lp 1,752 - 1,954
Ly 1,831 - 2,051
3.1.2 Awuger Electrons
Energy Relative
(keV) probability
Auger K
KLL 10,987 - 11,503 100
KLX 12,782 - 13,381 35,8
KXY 14,556 - 15,172 3,2
Auger L 1,16 - 2,05
4 Electron Emissions
Energy Electrons
(keV) (per 100 disint.)
ear, (Rb) 1,16 - 2,05 105,7 (5)
CAK (Rb)
KLL 10,987 - 11,503
KLX 12,782 - 13,381 28,0 (4)
KXY 14,556 - 15,172
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5 Photon Emissions

5.1 X-Ray Emissions

Energy Photons

(keV) (per 100 disint.)
XL (Rb) 1,484 - 2,051 2,52 (5)
XKas  (Rb) 13,3359 16,79 (14) } K
XKo;  (RD) 13,3955 32,32 (22)
XKfBs (Rb) 14,9519
XKB; (Rb) 14,9614 7,87 (9) K B
XKfB; (Rb) 15,085
XKfB; (Rb) 15,1856 } ,
XKp; (Rb) 15,205 0,91 (4) K5,

6 Main Production Modes

Rb — nat(p,xn)Sr — 82
Possible impurities: Sr — 85

Rb — 85(p,4n)Sr — 82
Possible impurities: Sr — 85
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38 44

100
1*;0/

1,2652 (45) min
0 82

Rb

37 45
Q" =178 keV
% ¢ =100
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LY
39 49

1 Decay Scheme

L’yttrium 88 se désintegre par capture électronique et émission béta plus vers les niveaux excités du
strontium 88. Aucune transition (EC/3") vers le niveau fondamental du strontium 88 n’a été mise en
évidence.

Y-88 decays by electron capture and 3T emission to excited levels of Sr-88. No (EC/B") transition to the
ground state of Sr-88 was found.
2 Nuclear Data

Tip(*Y ) @ 106,63 (5) d

QT®Y ) : 36226 (15) keV

2.1 Electron Capture Transitions

Energy Probability

(keV) (%) Nature lg ft PK PL PM
€04 37,8(15) 0,048 (18) Allowed 7 0,721 (12) 0,225 (10)  0,0542 (25)
€3 4041 (15) 0,023 (4)  Unique Ist Forbidden 9,5  0,8521 (2) 0,1209 (1)  0,02701 (3)
€02 8885 (15) 94,3 (3) Allowed 6,9 08726 (15)  0,1046 (14)  0,0229 (6)
€1 17865 (15)  5,7(3)  Unique 1st Forbidden 9,8  0,8393 (3)  0,100085 (4)  0,02206 (8)

2.2 (" Transitions

Energy  Probability

(keV) (%) Nature lg ft

By, 7645 (15) 0,21 (1) Unique 1st Forbidden 9,8
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88

39 1 49
2.3 Gamma Transitions and Internal Conversion Coefficients
Energy Prytee Multipolarit; OK aL M an or Nl
(keV) (%) Y (1073) (107%) (1075) (1079) (1073) (1074
v3.2(Sr) 484,352 (23)  0,0009 (9) [E1] 1,079 (16) 1,165 (17) 1,95 (3) 2,45 (4) 1,217 (17
v42(Sr) 850,647 (21) 0,048 (18) E2 0,754 (11) 0,828 (12) 1,39 (2) 1,739 (25) 0,853 (12
v2.1(Sr) 898,047 (11) 93,7 (3) E1(+M2) 0,273 (4) 0,292 (4) 0,489 (7) 0,614 (9) 0,307 (5)
v3.1(Sr)  1382,399 (23) 0,016 (3) M1+E2 0,255 (4) 0,273 (4) 0,458 (7) 0,577 (8) 0,288 (4) 0,378 (6)
v1,0(Sr)  1836,090 (8) 99,385 (25) E2 0,1449 (21)  0,1550 (22) 0,260 (4) 0,327 (5) 0,163 (2) 2,30 (4)
v2.0(ST)  2734,137 (8) 0,608 (25) (E3) 0,1098 (16)  0,1176 (17) 0,197 (3) 0,248 (4) 0,124 (2) 4,40 (7)
v3.0(Sr)  3218,489 (22)  0,0071 (20) E2 0,0545 (8)  0,0577 (8)  0,0967 (14) 0,1219 (17)  0,0613 (8) 8,69 (13)
3 Atomic Data
3.1 Sr
Wi 0,696  (4)
oy, 0,0262 (7)
NKr 1,102 (4)
3.1.1 X Radiations
Energy Relative
(keV) probability
Xk
Koy 14,098 52,05
Koy 14,1652 100
KGs 15,8252
KB 15,8359 24,69131
Kf5 15,969
KpBs 16,0847
K4, 16104 } 3,20987
Xy,
LY 1,5833
Lo 1,8054 - 1,8071
Ln 1,6501
L3 1,8722 - 1,9466
Ly 1,9707 - 2,1971
3.1.2 Auger Electrons
Energy Relative
(keV) probability
Auger K
KLL 11,587 - 12,134 100
KLX 13,498 - 14,145 36,7
KXY 15,390 - 16,065 3,37
Auger L 1,2246 - 2,1944
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4 Electron Emissions

Energy Electrons
(keV) (per 100 disint.)
AL (Sr) 1,2246 - 2,1944 103,8 (5)
€AK (Sr)
KLL 11,587 - 12,134
KLX 13,498 - 14,145 26,5 (4)
KXY 15,390 - 16,065
ecty (Sr) 814,072 (8) 0,02285 (40)
ecor T (Sr) 881,942 - 898,045 0,02877 (48)
ecs (Sr)  1712,094 (8) 0,000268 (12)
ecior (Sr)  1819,99 - 1836,09 0,0162 (2)
n max: 764,5 (15)
0,1 avg: 359,5 (7) 0.21 (1)
5 Photon Emissions
5.1 X-Ray Emissions
Energy Photons
(keV) (per 100 disint.)
XL (Sr) 1,5833 - 2,1971 2,76 (5)
XKas (Sr) 14,098 17,55 (16) } Ka
XKaq  (Sr) 14,1652 33,71 (26)
XKf3; (Sr) 15,8252
XK3  (Sr) 15,8359 8,32 (10) K 5
XKgB; (Sr) 15,969
XKf3, (Sr) 16,0847 ,
XK@y (Sr) 16,104 1,08 (4) K5,
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5.2 Gamma Emissions

Energy Photons
(keV) (per 100 disint.)

Y32(Sr) 484,352 (23)  0,0009 (
vt 511 0,46 (3
) 850,643 (21) 0,048 (
) 898,042 (11) 93,7 (
) 1382,387 (23) 0,016 (3
Y1,0(Sr)  1836,070 (8) 99,346 (
) 2734,092 (8) (
) 3218,426 (22) 0,0071 (

6 Main Production Modes

Sr — 88(p,n)Y — 88
Possible impurities: Y — 84, Y — 85, Y — 86, Y — 87, Rb — 83, Rb — 84, Rb — 86

Sr — 88(d,2n)Y — 88
Possible impurities: Y — 84, Y — 87, Sr — 89
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89
o LT 4

1 Decay Scheme

Zr-89 (half-life of 78.42 h) undergoes 100% EC /positron decay (Qgc of 2832.8(28) keV) to various nuclear
levels, including the metastable and ground states of Y-89.

Le zirconium 89 se désintégre par capture électronique et/ou transitions béta plus vers plusieurs niveaux
de Uyttrium 89, y compris le niveau isomérique et le niveau fondamental.

2 Nuclear Data

Typ(®Zr) : 7842 (13) h
Typ(®*™Y ) : 1584  (18) s
QTY(®Zr) : 28328 (28) keV

2.1 Electron Capture Transitions

Energy  Probability

(keV) (%) Nature lg ft Pk Py Py
€5 211 (3) 0,745 (10) allowed 6,18 0,8575 (17) 0,1165 (13) 0,0223 (5)
€4 266 (3) 0,106 (5) allowed 7,25 0,8615 (16) 0,1134 (13) 0,0216 (5)
€3 303 (3) 0,074 (5) allowed 7,52  0,8632 (16) 0,1120 (13) 0,0213 (4)
€2 1083 (3) 0,123 (4) unique 1st forbidden 9,09 0,8677 (15) 0,1082 (12) 0,0208 (4)
€01 1924 (3) 76,2 (3) allowed 6,152 0,8731 (15) 0,1041 (12) 0,0196 (4)

2.2 (3% Transitions

Energy Probability
(keV) (%) Nature lg ft

Boq 902 (3) 22,8(3) allowed 6,152
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2.3 Gamma Transitions and Internal Conversion Coefficients

89
10 2T 49

Energy Pyice . . aK ar o ar Qr
(keV) (%) Multipolarity ;) 5=s) (104 (1074 (1073 (1074
yo(Y) 908,97 (3) 99,873 (23) M4 7,43 (11) 9,06 (13) 1561 (22) 8,51 (12)
vs1(Y)  1620,83 (20) 0,074 (5) M1+E2
yaa(Y) 1657,58 (15) 0,106 (5) M1+E2
vsa(Y) 17131 (3) 0,745 (10) M1+E2
Yo0(Y) 174474 (18)  0,1231 (40) E2 0,1722 (25) 0,186 (3)  0,0317 (5) 0,382 (6) 1,88 (3)
3 Atomic Data
3.1 Y
WK 0,716  (4)
o1, 0,0289 (7)
nKL 1,081 (4)
3.1.1 X Radiations
Energy Relative
(keV) probability
XK
Koy 14,8829 52,1
Koy 14,9585 100
Kfs 16,7259
KB, 16,7381 95,1
Kps 16,88
Kf3s 17,0156
KB, 17,0362 } 3,48
Xy,
LY 1,686
Lo 1,92 - 1,923
Ly 1,762
L3 1,996 - 2,078
Ly 2,153 - 2,347
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3.1.2 Awuger Electrons

Energy Relative
(keV) probability
Auger K
KLL 12,205 - 12,784 100
KLX 14,238 - 14,956 37,6
KXY 16,251 - 17,034 3,53
Auger L 1,27 - 1,89 579

4 Electron and Positron Emissions

Energy Electrons
(keV) (per 100 disint.)
eAL (Y) 1,27 - 1,89 79,5 (7)
€AK (Y)
KLL 12,205 - 12,784
KLX 14,238 - 14,956 19,4 (3)
KXY 16,251 - 17,034
ecLo T (Y) 891,93 - 908,97 0,84 (3)
€c10 K (Y) 891,93 (3) 0,73 (3)
ec1o L (Y) 906,60 - 906,89 0,089 (3)
ccrome (YY) 908,58 - 908,97 0,017 (1)
n max 902 (3)
0,1 avg: 3957 (14) } 22,8 (3)
5 Photon Emissions
5.1 X-Ray Emissions
Energy Photons
(keV) (per 100 disint.)
XL (Y) 1,686 - 2,347 2,36 (5)
XKay  (Y) 14,8829 14,08 (13) } Ko
XKa; (Y) 14,9585 27,01 (20)
XKB3  (Y) 16,7259
XKB  (Y) 16,7381 6,78 (8) K
XK@y (Y) 16,88
XKBy  (Y) 17,0156 } ,
XKBy  (Y) 17,0362 0,94 (4) K 52
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5.2 Gamma Emissions

Energy Photons
(keV) (per 100 disint.)

vt 511 45,6 (6
(Y) 908,97 (3) (
(Y) 1620,81 (20) 0,074 (5
Y41(Y) 1657,56 (15) 0,106 (5
(v) 17131 (3) (

(Y) 1744,72 (18) 0,123 (

6 Main Production Modes

Y — 89(p,n)Zr — 89
Possible impurities: Zr — 88(EC)Y — 88, Zr — 89m

Y —89(d,2n)Zr — 89
Y — 89(«,p3n)Zr — 89

Zr —90(n,2n)Zr — 89
Possible impurities: Zr — 89m

Zr — 90(p,2n)Nb — 89(EC)Zr — 89
Zr — 90(p,pn)Zr — 89
Zr — 90(ry,n)Zr — 89

7 References

- R. SAGANE, S. KoJima, G. MIYAMOTO, M. IKAWA. Phys. Rev. 54 (1938) 542
(Half-life)

- L.A. DUBRIDGE, J. MARSHALL. Phys. Rev. 58 (1940) 7
(Zr-89 and Zr-89m half-lives)

- R. SAGANE, S. KoJima, G. M1yaAMOTO, M. IKkAwA. Phys. Rev. 57 (1940) 1179
(Half-life)

- M. GOLDHABER, E. DER MATEOSIAN, G. SCHARFF-GOLDHABER, A.W. SUNYAR, M. DEUTSCH, N.S. WALL. Phys.
Rev. 83 (1951) 985
(Half-life, EC decay)

- E.K. HypE, G.D. O’KELLEY. Phys. Rev. 82 (1951) 944
(Half-life, Gamma-ray emission probabilities)

- K. SHURE, M. DEUTSCH. Phys. Rev. 82 (1951) 122
(Half-life)

- F.J. SHORE, W.L. BENDEL, R.A. BECKER. Phys. Rev. 83 (1951) 688
(Zr-89m half-life)

- L. KaTz, R.G. BAKER, R. MONTALBETTI. Can. J. Phys. 31 (1953) 250
(Zr-89 and Zr-89m half-lives)

- F.J. SHORE, W.L. BENDEL, H.N. BROWN, R.A. BECKER. Phys. Rev. 91 (1953) 1203
(Zr-89 and Zr-89m half-lives, P(909-keV gamma ray)/P(positron) ratio)

- C.P. SwANN, F.R. METZGER. Phys. Rev. 100 (1955) 1329
(Half-life)

- M.I. KuzNETSOVA, V.N. MEKHEDOV. Izv. Akad. Nauk SSSR, Ser. Fiz. 21 (1957) 1020
(K-capture)

- J.H. HaMILTON, L.M. LANGER, W.G. SMITH. Phys. Rev. 119 (1960) 772
(Half-life)

Surrey Univ. / A.L. Nichols 82



LNE - LNHB/CEA Table de Radionucléides Z(? /r 49

- S. MONARO, G.B. VINGIANI, R. VAN LIESHOUT. Physica 27 (1961) 985
(Half-life, Gamma-ray energies and emission probabilities, EC/positron ratio)

- L.A. RAYBURN. Phys. Rev. 122 (1961) 168
(Half-life)

- D.A. HOwE, L.M. LANGER, D. WORTMAN. Nucl. Phys. 37 (1962) 476
(Gamma-ray emissions feeding 909-keV level)

- E.T. BRAMLITT, R.W. FINK. J. Inorg. Nucl. Chem. 24 (1962) 1321
(Y-89m half-life)

- Y. Awaya, Y. TENDOW. J. Phys. Soc. Japan 19 (1964) 606
(1700(100)-keV gamma ray)

- D.M. VAN PATTER, S.M. SHAFROTH. Nucl. Phys. 50 (1964) 113
(Zr-89 and Zr-89m half-lives, Gamma-ray energies and emission probabilities, EC energies and transition probabi-
lities, EC/positron ratio)

- S.A. DURRANI, W. KOHLER. Trans. Am. Nucl. Soc. 9 (1966) 479
(Y-89m half-life)

- H.P. YULE. Nucl. Phys. A94 (1967) 442
(Y-89m half-life)

- P. BORNEMISZA-PAUSPERTL, P. HILLE. Osterr. Akad. Wiss. Math-Naturw. Kl. Sitzber. Abt. IT 176 (1968) 227
(Y-89m half-life)

- J.E. DRAPER, J.A. McCRAY. Nucl. Phys. A120 (1968) 234
(Zr-89 and Zr-89m half-lives, Gamma-ray energies and emission probabilities)

- P.F. HINRICHSEN, S.M. SHAFROTH, D.M. VAN PATTER. Phys. Rev. 172 (1968) 1134
(Y-89 nuclear levels)

- P.F. HINRICHSEN. Nucl. Phys. A118 (1968) 538
(Gamma-ray energies and emission probabilities, EC transition probabilities, Positron emission probability, P(909-
keV gamma ray)/P(511-keV gamma ray) ratio)

- R. GunNINK, J.B. Nipay, R.P. ANDERSON, R.A. MEYER. Lawrence Radiation Laboratory report UCID-15439
(1969)

(Gamma-ray energies and emission probabilities)

- E.L. RoBINSON, R.C. HAGENAUER, E. EICHLER. Nucl. Phys. A123 (1969) 471
(Zr-89 and Zr-89m half-lives, Gamma-ray energies and emission probabilities)

- ST. GAGNEUX, P. HUBER, H. LEUENBERGER, P. NYIKOS. Helv. Phys. Acta 43 (1970) 39
(Zr-89 half-life variation)

- N.B. Govg, M.J. MARTIN. Nucl. Data Tables 10 (1971) 205
(EC/positron ratios)

- R. Arrr, N.G. ZArTsEvA, B. KrAcIK, M.G. LosHCcHILOV, G. MusioL, CHAN THANH MINH, H. STRUSNY. Bull.
Acad. Sci. USSR, Phys. Ser. 35 (1972) 52
(Gamma-ray energies and emission probabilities, EC transition probabilities, Positron emission probability)

- H. LEUENBERGER. Physica 64 (1973) 621
(Theoretical modelling of variation in Zr-89 half-life)

- W. BEENS. PhD thesis, Vrije Universiteit, Amsterdam (1973)

(Half-lives of Y-89 nuclear levels)

- R.L. HEATH. updated 1998, ANCR-1000-2 (1974)
(Half-life, Gamma-ray energies and emission probabilities)

- F.P. LARKINS. At. Data Nucl. Data Tables 20 (1977) 311
(Auger-electron energies)

- W. BAMBYNEK, H. BEHRENS, M.H. CHEN, B. CRASEMANN, M.L. FiTzPATRICK, K.W.D. LEDINGHAM, H. GENZ,
M. MUTTERER, R.L. INTEMANN. Rev. Mod. Phys. 49 (1977) 77
(EC/positron ratio)

- W. BaMBYNEK, H. BEHRENS, M.H. CHEN, B. CRASEMANN, M.L. FirzrpATRICK, K.W.D. LEDINGHAM, H. GENZ,
M. MUTTERER, R.L. INTEMANN. Erratum: Rev. Mod. Phys. 49 (1977) 961
(EC/positron ratio)

- A.D. BaiLLiE, K.W.D. LEDINGHAM, J.G. LyNCH, M. CAMPBELL. J. Phys. G: Nucl. Phys 5 (1979) 1433
(P(EC)/P(positron), P(KX)/P(909-keV gamma ray) and P(K)/P(positron) ratios, Gamma-ray energies and emis-
sion probabilities)

- J.J. HAmILL, A. ZEMEL. KVI 1983 Annual Report (1984) 18
((M14+-E2) multipolarity of 1713-keV gamma ray)

- R.T. SKELTON, R.W. KAVANAGH. Nucl. Phys. A414 (1984) 234
(Half-life, EC transition probabilities)

Surrey Univ. / A.L. Nichols 83



LNE - LNHB/CEA Table de Radionucléides Z(? /r 49

- J. HamiLL, A.J. HOEVEN, J. VAN KLINKEN, V.A. WICHERS, A. ZEMEL. KVI 1984 Annual Report (1985) 18
((M14+-E2) multipolarity of 1713-keV gamma ray)

- L. FuNkE, G. WINTER, J. DORING, L. KAUBLER, H. PRADE, R. SCHWENGNER, E. WILL, CH. PROTOCHRISTOV,
W. ANDREJTSCHEFF, L.G. KosTova, P.O. Liras, R. WirRowsKI. Nucl. Phys. A541 (1992) 241
(Gamma-ray energies and emission probabilities, Half-lives of Y-89 nuclear levels)

- K. KAWADE, H. YAMAMOTO, A. TANAKA, A. Hosova, T. KaToH, T. IibA. JAERI report JAERI-M-92-027 (1992)
364
(Zr-89m half-life)

- E. ScHONFELD. PTB Report PTB-6.33-95-2 (1995)
(P(K), P(L), P(M), P(N), P(O))

- S. IToH, M. YAsuDA, H. YaAMAMOTO, T. IIDA, A. TAKAHASHI, K. KAWADE. JAERI Report JAERI-Conf-95-008
(1995) 185
(Y-89m half-life)

- E. SCHONFELD, H. JANSSEN. Nucl. Instrum. Methods Phys. Res. A369 (1996) 527
Fluorescence yields, X-ray emission probability ratios, Auger-electron emission probability ratios)
S. LaHIRI, B. MUKHOPADHYAY, N.R. Das. Appl. Rad. Isot. 48 (1997) 883

Y-89(alpha,p3n)Zr-89 mode of production)

- E. SCHONFELD, G. RODLOFF. PTB Report PTB-6.11-98-1 (1998)
(Auger electrons)

- E. SCHONFELD. Appl. Rad. Isot. 49 (1998) 1353
(P(K), P(L), P(M), P(N), P(0))

- E. SCHONFELD, G. RODLOFF. PTB Report PTB-6.11-1999-1 (1999)
(X(K))

- E. SCHONFELD, H. JANSSEN. Appl. Rad. Isot. 52 (2000) 595
(P(X), P(Ac))

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

- S. RAMAN, C.W. NESTOR JR., A. ICHIHARA, M.B. TRZHASKOVSKAYA. Phys. Rev. C66 (2002) 044312
(Theoretical ICC)

- T. KiBEpi, T.W. BURROWS, M.B. TRZHASKOVSKAYA, P.M. DAvVIDSON, C.W. NESTOR JR. Nucl. Instrum. Methods
Phys. Res. A589 (2008) 202
(Theoretical ICC and IPF coefficients)

- M. WanNG, G. Aupi, A.H. WAPSTRA, F.G. KonDEV, M. MacCorMIck, X. XU, B. PFEIFFER. Chin. Phys. C36
(2012) 1603
(Q-value)

- B. SINGH. Nucl. Data Sheets 114 (2013) 1
(Nuclear levels)
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(
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9/2" ;0

+

oo

y Emission intensities
per 100 disintegrations

745 0,745
0 j0° 9/2* ; 2622 1/ 0,106
2 , §
021ps 50 7 VR 2566’55% 0,074
4 0 +.
0,08 ps - 712 ; 25208
3

0;2 / 0,123

062 ps ~ 5127 : 1744,74

. o / 76,2
9 + .
15845 912" ; 908,97 //
12750
Stable
89
39 50

Q" =2832,8 keV
%[ + % =100
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93
o LT

1 Decay Scheme

Z1r-93 decays via two beta minus transitions, 73(5)% to Nb-93m and 27(5)% to Nb-93.
Le zirconium-93 se désintégre 100 % par émission béta vers le niveau isomerique (13 (5) %) et le niveau

fondamental (27 (5) %) du niobium 93.

2 Nuclear Data

Typ(P2r) : 161 (6) 10°a
Q- (BZr) : 90,3 (15) keV

2.1 [~ Transitions

Energy  Probability

(keV) (%) Nature lg ft

Boa 59,5 (15) 73 (5) Unique 1st Forbidden 10,16
Boo 903 (15) 27 (5) ond Forbidden 12,09

2.2 Gamma Transitions and Internal Conversion Coefficients

Energy Price . . aK ar an ar
(keV) () MROREWqgny o geh 0% (107
v1.0(Nb) 30,77 (2) 73 (5) M4 0,260 (4) 1,151 (17) 0,249 (4) 1,693 (25)

CEA/LNE-LNHB / M.A. Kellett 87
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3 Atomic Data

3.1 Nb
wi ¢ 0,751 (4)
oL 0,0347 (9)

9
nkr 1,045 (4)

3.1.1 X Radiations

Energy Relative
(keV) probability
Xk
Kas 16,5213 52,36
Koy 16,6152 100
K3 18,607
KBy 18,623 25,87
Kps 18,78
K39 18,953
KBy 18,981 } 3,88
XL
L¢ 1,9
La 2,16 - 2,17
Ln 2
Lg 2,26 - 2,49
Ly 2,41 - 2,67

3.1.2 Auger Electrons

Energy Relative
(keV) probability
Auger K
KLL 13,49 - 14,14 100
KLX 15,78 - 16,61 39,1
KXY 18,05 - 18,98 3,81
Auger L 1.4-27

CEA/LNE-LNHB / M.A. Kellett 88
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4 Electron Emissions

Energy Electrons
(keV) (per 100 disint.)

eAL (Nb) 14-27 59,1 (4)
CAK (Nb)

KLL 13,49 - 14,14

KLX 15,78 - 16,61 278 (21

KXY 18,05 - 18,98
ecior (Nb) 11,78 - 30,77 73 (5)
eciox  (Nb) 11,78 (2) 11,2 (8)
ecciorn  (Nb) 28,07 - 28,40 49,5 (35
eciom  (Nb) 30,30 - 30,57 10,7 (8)
ecion  (Nb) 30,71 - 30,77 1,39 (10

_ max: 59,5 (15)
Fo, avg: 18,75 (54) 73 (5)
_ max: 90,3 (15)
B0 avg: 23,64 (42) } 21(5)
5 Photon Emissions
5.1 X-Ray Emissions
Energy Photons
(keV) (per 100 disint.)

XL (Nb)  1,9-267 2,1 (1)
XKay  (Nb) 16,5213 2,41 (18) } K
XKay  (Nb) 16,6152 46 (4) “
XK@  (Nb) 18,607
XKpB; (Nb) 18,623 1,19 (9) K B
XK@, (Nb) 18,78
XKfB; (Nb) 18,953 } ,
XKfBs (Nb) 18,981 0,179 (15) K 52

5.2 Gamma Emissions

Energy

(keV)

Photons

(per 100 disint.)

Y1,0(Nb)

30,77 (2)  0,00043 (3)

CEA/LNE-LNHB / M.A. Kellett
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6 Main Production Modes

U — 235(n,f)Zr — 93
Possible impurities : Fe — 55, Mo — 93, Nb — 93m

Zr — 92(n,y)Zr — 93
Possible impurities : Nb — 93m

7 References

- E.P.STEINBERG, L.E.GLENDENIN. Phys.Rev. 78 (1950) 624
(Half-life; Beta branching; Beta emission energies)

- L.E.GLENDENIN, E.P.STEINBERG. ANL-4833 (1952) 89
(Half-life; Beta branching; Beta emission energies; Nb-93m half-life; Conversion electrons; X-rays)

- L.E.GLENDENIN, E.P.STEINBERG. ANL-5000 (1953) 55
(Half-life; Beta branching; Conversion electrons; X-rays)

- K.F.FLYNN. Priv. Comm. (1972)
(Half-life; Beta branching; Conversion electrons; X-rays)

- M.M.BE, V.CHISTE, C.DULIEU, E.BROWNE, V.CHECHEV, N.KUZMENKO, R.HELMER, A.NICHOLS, E.SCHONFELD,
R.DERSCH. Monographie BIPM-5 (2004)
(Nb-93 levels; Nb-93m half-life, IT emission)

- C.DULIEU, M.M.B%, V.CHISTE. Proc. Int. Conf. on Nuclear Data for Science and Technology, 22-27 April 2007,Nice,
France (2008) 97
(SAISINUC software)

- P.CASSETTE, F.CHARTIER, H.ISNARD, C.FRECHOU, 1.LASzAK, J.P.DEGROS, M.M.B%, M.C.LEPY, I.TARTES.
Appl.Radiat.Isot. 68 (2010) 122
(Half-life, Beta branching)

- J.YANG, S.ZHANG, Y.DING, F.SHU, J.ZHANG. Radiochim.Acta 98 (2010) 59
(Half-life)

- M.WanNa, G.Aupi, A.H.WAapsTRA, F.G.KONDEV, M.MACCORMICK, X.XU, B.PFEIFFER. Chin. Phys. C36 (2012)
1603

Q)
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y Emission intensities
per 100 disintegrations
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" Nb
41 52

1 Decay Scheme

Nb-93m disintegrates by 100% gamma transition to the ground state of the stable nuclide Nb-93.
Le niobium 93m se désexcite a 100 % par transition gamma vers le noyau stable de niobium 93.

2 Nuclear Data

Tip(**™Nb ) : 16,12 (15) a
QT (MmNb) : 30,77 (2) keV

2.1 Gamma Transitions and Internal Conversion Coefficients

Energy Pyice . . aK ar, an ar
(kev) (%) CMUEPORIYaen g o) oY)
v10(Nb) 30,77 (2) 100 M4 0,260 (4) 1,151 (17) 0,249 (4) 1,693 (25)
KRI / V.P.Chechev, N.Kuzmenko 93

CEA/LNE-LNHB / M.A. Kellett



LNE - LNHB/CEA Table de Radionucléides

3 Atomic Data

3.1 Nb
wi ¢ 0,751 (4)
oL 0,0347 (9)

9
nkr 1,045 (4)

3.1.1 X Radiations

Energy Relative
(keV) probability
Xk
Kas 16,5213 52,36
Koy 16,6152 100
K3 18,607
Kp1 18,623 25,8
Kps 18,78
Ko 18,952
KBy 18,982 } 3,80
XL
L¢ 1,9
La 2,16 - 2,17
Ln 2
Lg 2,26 - 2,37
Ly 2,41 - 2,67

3.1.2 Auger Electrons

Energy Relative
(keV) probability
Auger K
KLL 13,49 - 14,14 100
KLX 15,79 - 16,58 39,1
KXY 18,02 - 18,91 3,81
Auger L 1.4 - 2,6
KRI / V.P.Chechev, N.Kuzmenko 94

CEA/LNE-LNHB / M.A. Kellett
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4 Electron Emissions

Energy Electrons
(keV) (per 100 disint.)
AL (NDb) 14-26 81,25 (28)
CAK (Nb)
KLL 13,49 - 14,14
KLX 15,79 - 16,58 3,83 (11)
KXY 18,02 - 18,91
ecior (Nb) 11,78 - 30,77 99,999409 (9)
eciox (Nb) 11,78 (2) 15,37 (33)
ecior  (Nb) 28,07 - 28,40 68,0 (14)
eciom  (Nb) 30,30 - 30,57 14,72 (33)
ecion  (Nb) 30,71 - 30,77 1,91 (4)
5 Photon Emissions
5.1 X-Ray Emissions
Energy Photons
(keV) (per 100 disint.)
XL (Nb)  1,9-267 2,88 (6)
XKay  (Nb) 16,5213 3,32 (8) } Ka
XKa;  (Nb) 16,6152 6,34 (15)
XKB; (Nb) 18,607
XK@, (Nb) 18,623 1,64 (4) K B
XK@, (Nb) 18,78
XKf, (Nb) 18,952 :
XKfBs (Nb) 18,982 0,246 (11) KB,

5.2 Gamma Emissions

Energy Photons
(keV) (per 100 disint.)
Y1,0(Nb) 30,77 (2)  0,000591 (9)

KRI / V.P.Chechev, N.Kuzmenko

CEA/LNE-LNHB / M.A. Kellett
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6 Main Production Modes

Nb — 93(n,n’)Nb — 93m
Possible impurities : Nb — 92m, Nb — 94, Nb — 95

Mo — 92(n,y)Mo — 93

Separation from Zr — 93 + Nb — 93m (Fission products)
Possible impurities : Nb — 94

Mo — 93(EC)Nb — 93m

7 References

- R.P.ScHUMAN. Phys. Rev. 96 (1954) 121
(Half-life)
- K.HouMUTH, G.MULLER, J.SCHINTHMEISTER. Nucl. Phys. 52 (1964) 590
(ICC subshell ratios)
- K.F.FLYNN, L.E.GLENDENIN, E.P.STEINBERG. Nucl. Sci. Eng. 22 (1965) 416
(Half-life)
- J.A.BEARDEN. Rev. Mod. Phys. 39 (1967) 78
(X-ray energies)
- K.F.FLYNN. Priv. Comm. (1972)
(Gamma-ray energies)
- D.C.KOCHER. Nucl. Data Sheets 8 (1972) 527
(Multipolarity)
- F.HEGEDUES. Report EUR 5667E 1 (1976) 757
(Half-life)
- M.Jurcevic, A.Ljusicic, D.RENDIC. Fizika 8 (1976) 81
(K ICC)
- F.P.LARKINS. At. Data Nucl. Data. Tables 20 (1977) 313
(Auger electron energies)
- R.L.LLORET. Radiochem. Radioanal. Letters 29 (1977) 165
(Half-life)
- J.MOREL, J.-P.PEROLAT, N.COURSOL. Comp. Rend. Acad. Sci. (Paris) B284 (1977) 223
(X-ray and gamma-ray energies and emission probabilities, K ICC)
- W.BAMBYNEK, D.REHER, R.VANINBROUKX. Proc. Int. Conf., Harwell, September 1978, OECD Nuclear Energy
Agency, Paris (1978) 778
(KX-ray emission probabilities)
- R.VANINBROUKX. Liquid Scintillation Counting, Academic Press, New York 1 (1980) 43
(KX-ray emission probability)
- R.LLORET. Radiochem. Radioanal. Letters 50 (1981) 113
(Half-life)
- D.REHER. Int. J. Appl. Radiat. Isotop. 33 (1982) 537
(ICC subshell ratios, multipolarity)
- W.G.ALBERTS, R.HOLLNAGEL, K.KNAUF, W.PESSARA. NUREG/CP-0029, Gaithensburg 1 (1982) 433
(KX-ray emission probabilities)
- R.VANINBROUKX. Int. J. Appl. Radiat. Isotop. 34 (1983) 1211
(Half-life, KX-ray emission probability)
- R.J.GEHRKE, J.W.ROGERS, J.D.BAKER. Proc. 5th ASTM-EURATOM Symp. on React.Dos.,Geesthacht, FRG,
24-28 September 1984, Dordrecht 1 (1985) 319
(KX-ray emission probability)
- F.LAGOUTINE, N.COURSOL, J.LEGRAND. Table de Radionucleides, ISBN-2-7272-0078-1. LMRI, 1982-1987 (1987)
(ICC, multipolarity)
- B.M.COURSEY. Nucl. Instrum. Methods Phys. Res. A290 (1990) 537
(KX-ray emission probability)
- W.BAMBYNEK, T.BARTA, R.JEDLOVSZKY, P.CHRISTMAS, N.COURSOL, K.DEBERTIN, R.G.HELMER, A.L.NICHOLS,
F.J.ScHIMA, Y.YO0sHIZAWA. Report TECDOC-619, TAEA (1991)
(KX-ray emission probabilities)
- E.ScHONFELD, H.JANSSEN. Nucl. Instrum. Methods Phys. Res. A369 (1996) 527
(Atomic data)

KRI / V.P.Chechev, N.Kuzmenko 96
CEA/LNE-LNHB / M.A. Kellett
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- E.BAcLIN. Nucl. Data Sheets 80 (1997) 1
(Decay scheme)
- E.SCHONFELD, G.RODLOFF. Report PTB-6 11-1999-1 (1999)
(Atomic data)
- V.A.ZHELTONOZHSKY, A.G.ZELINSKY, YU.M.SHEVCHENKO, E.G.SHEMCHUK. Proc. 49th Ann. Conf. Nucl. Spec-
trosc. Struct. At. Nuclei, Dubna (1999) 100
(Electron, X-ray and gamma-ray emission probabilities, K ICC)
- E.SCcHONFELD, H.JANSSEN. Appl. Radiat. Isot. 52 (2000) 595
(X-ray and Auger Electron emission probabilities)
- T.KiBEpi, T.W.BURROWS, M.B.TRZHASKOVSKAYA, P.M.DAVIDSON, C.W.NESTOR JR. Nucl. Instrum. Methods
Phys. Res. A589 (2008) 202
(Theoretical ICCs)

KRI / V.P.Chechev, N.Kuzmenko 97
CEA/LNE-LNHB / M.A. Kellett
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y Emission intensities
per 100 disintegrations

0
O'Oo
- 1/2"; 30,77 16,12 a
+ .
572 Stable
0 93
Nb
4 52
Q" = 30,77 keV
% IT = 100
KRI / V.P.Chechev, N.Kuzmenko 98
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94m
s 1C

1 Decay Scheme

Tc-94m (half-life of 51.9 (10) min) undergoes 100% EC/positron decay (Q(EC) of 4332(5) keV) to various
excited nuclear levels and the ground state of Mo-94.

Le technétium 94 métastable se désintégre a 100 % par capture électronique et béta plus vers des niveaux
excités et le niveau fondamental du molybdéne 9/.

2 Nuclear Data

Typ(**™Tc) : 51,9 (10) min
QF(™MmTc) . 4332  (5) keV

2.1 Electron Capture Transitions

Energy  Probability

(keV) (%) Nature lg ft P Py, Py
€027 440 (5) 0,212 (13) (allowed) 5,6  0,8620 (15) 0,1121 (12) 0,0220 (4)
€0,26 539 (5) 0,169 (20) (allowed) 5,9 0,8639 (15) 0,1106 (11) 0,0216 (4)
€0,25 798 (5) 0,106 (3) (allowed) 6,4 0,8664 (15) 0,1086 (11) 0,0212 (4)
€024 820 (5) 0,121 (10) (allowed) 6,4 0,8666 (15) 0,1085 (11) 0,0212 (4)
€0,23 884 (5) 0,118 (19) (allowed) 6,4 0,8669 (14) 0,1082 (11) 0,0211 (4)
€0,22 931 (5) 0,36 (4) (allowed) 6 0,8672 (14) 0,1080 (11) 0,0211 (4)
€020 1000 (5) 0,234 (20) (allowed) 6,3 0,8675 (14) 0,1078 (11) 0,0210 (4)
€018 1169 (5) 0,058 (17) (allowed) 7 0,8681 (14) 0,1073 (11) 0,0209 (4)
€017 1203 (5) 1,63 (9) (allowed) 5,57 0,8682 (14) 0,1072 (11) 0,0209 (4)
€016 1367 (5) 0,093 (14) (allowed) 6,9 0,8686 (14) 0,1069 (11) 0,0208 (4)
€013 1462 (5) 0,15 (3) (allowed) 6,8 0,8688 (14) 0,1067 (11) 0,0208 (4)
€11 1592 (5) 10,1 (4) (allowed) 5,03 0,8690 (14) 0,1066 (11) 0,0207 (4)
e,7 1939 (5) 4,0 (2) (allowed) 5,6 0,8694 (14) 0,1062 (11) 0,0207 (4)
€5 2265 (5) 0,34 (5) (allowed) 6,8 0,8697 (14) 0,1060 (11) 0,0206 (4)
€04 2468 (5) 0,39 (9) (allowed) 6,82 0,8699 (14) 0,1059 (11) 0,0206 (4)
€01 3461 (5) 12,8 (1) (allowed) 5,61 0,8704 (14) 0,1055 (11) 0,0205 (4)
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2.2 (T Transitions

Energy  Probability
(keV) (%) Nature lg ft
Bl 345 (5) 0,00058 (9) (allowed) 6,9
Bis 440 (5)  0,0024 (5) (allowed) 6,8
By, B70(5) 0,427 (21) (allowed) 5,03
By, 917 (5) 0,91 (6) (allowed) 5,6
05 1243 (5) 0,22 (3)  (allowed) 6,8
04 1446 (5) 0,41 (10) (allowed) 6,82
Bl 2439 (5) 67,2 (4) (allowed) 5,61

Energy Pyice . . K ar ar
(keV) (%) Multipolarity (10_2) (10_3) (10_2)
~7,5(Mo) 325,67 (9) 0,027 (2)  MI+50%E2 1,28 (8) 1,56 (11) 1,47 (9)
visa2(Mo) 3583 (3)  0,0084 (7)  MI1+10,9%E2 0,80 (4) 0,93 (5) 0,92 (4)
~7,4(Mo) 528,71 (8) 0,032 (2)  MI1+50%E2 0,325 (8) 0,378 (11) 0,371 (9)
yi1.5(Mo) 672,56 (9) 0,17 (3)  MI+50%E2 0,176 (3) 0,201 (4) 0,200 (3)
~2.1(Mo) 702,66 (4) 0,18 (2) E2 0,1608 (23) 0,187 (3) 0,183 (3)
yi3s(Mo) 802,55 (10)  0,0246 (14) MI1+50%E2  0,1146 (16)  0,1301 (19) 0,1303 (19
~3,1(Mo) 870,55 (22) 0,26 (3) E2 0,0940 (14)  0,1075 (15) 0,1070 (15
~1,0(Mo) 871,098 (16) 94,04 (21) E2 0,0939 (14) 0,1073 (15) 0,1068 (15
vi1a(Mo) 875,60 (9) 1,0 (3)  MI+1,0%E2 0,045 (14)  0,1056 (15) 0,1072 (15
vi6s(Mo) 898,06 (9)  0,0008 (5)  MI1+80%E2  0,0877 (13)  0,0996 (14) 0,0997 (15
~va.1(Mo) 993,21 (5) 2,21 (18)  MI+80%E2  0,0696 (13)  0,0786 (13) 0,0791 (15
yi13(Mo) 998,26 (17) 0,24 (2) M1 0,071 (1) 0,0792 (11) 0,0806 (12
yi3.4(Mo)  1005,59 (9) 0,09 (3) MI1+0,25%E2  0,0699 (10)  0,0779 (11) 0,0793 (12
~17,5(Mo) 1061,31 (9) 0,016 (2) M1+-24,5%E2 0,0616 (10) 0,0688 (10) 0,0699 (11
viea(Mo)  1101,10 (8) 0,042 (14) MI1+0,80%E2  0,0576 (8)  0,0640 (9) 0,0653 (10 (8)
vs1(Mo)  1196,25 (6) 0,71 (7)  MI1+2,20%E2  0,0483 (7)  0,0536 (8) 0,0553 (8) (9)
yir.a(Mo)  1264,35 (9) 0,22 (2)  MI1+0,64%E2  0,0431 (6)  0,0478 (7) 0,0503 (7) (22
vie2(Mo)  1391,65 (7)  0,0267 (10) MI1+0,64%E2  0,0353 (5)  0,0391 (6) 0,0441 (7) (6)
va67(Mo) 139985 (16) 0,041 (3) M1+E2
va04(Mo)  1467,43 (18) 0,072 (5)  MI+8,3%E2  0,0316 (15)  0,0350 (15) 0,0419 (9)
vorz(Mo) — 1499,14 (9) 0,067 (11) M1+E2
vri(Mo)  1521,92 (6) 448 (28) MI1+142%E2  0,0295 (5)  0,0326 (5) 0,0411 (6)
Ya2.4(Mo)  1536,52 (18) 0,014 (3)
yas.a(Mo)  1670,01 (10) 0,037 (2)  MI1+2,20%E2  0,0245 (4)  0,0270 (4) 0,0410 (6)
v202(Mo)  1757,98 (17) 0,15 (2)  MI1+1,0%E2  0,0221 (3)  0,0244 (4) 0,0418 (6)
vaa3(Mo)  1770,21 (21) 0,025 (6) (M1+E2)
vors(Mo)  1824,81 (9) 0,023 (1) (M1+E2)
va0(Mo)  1864,31 (5) 0,23 (3) E2 0,0189 (3)  0,0209 (3) 0,0455 (7)
yi11(Mo)  1868,81 (7) 549 (28) MI1+1,42%E2  0,0196 (3)  0,0216 (3) 0,0438 (7)
va64(Mo) 192856 (16) 0,075 (19) M1+E2
vi3,1(Mo)  1998,80 (8)  0,0123 (6) MI1+628%E2  0,0168 (3)  0,0186 (3) 0,0484 (10
yora(Mo)  2027,85 (9) 0,021 (4) (M1+E2)
vs.0(Mo)  2067,35 (6) 0,11 (1) E2 0,01562 (22)  0,01722 (25) 0,0515 (8)
vi6,1(Mo)  2094,31 (6)  0,0156 (6) MI1+548%E2  0,0155 (3)  0,0171 (4) 0,0512 (14
yira(Mo)  2257,56 (7) 0,057 (5)  MI+354%E2  0,01356 (20) 0,01491 (22) 0,0561 (9)
visa(Mo) 229219 (19) 0,050 (17) MI1+28%E2  0,01330 (19) 0,01461 (21) 0,0562 (8)
vro(Mo)  2393,02 (6) 0,50 (4) E2 0,01203 (17)  0,01322 (19) 0,0633 (9)
v201(Mo)  2460,64 (17) 0,011 (2) (M1+E2)
yaaa(Mo) 252973 (17) 0,34 (4)
Surrey Univ. & Manipal Univ. / A.L. Nichols 100
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Energy Pyice . . g ar, am ar Qr
(keV) (%) ~ Multipolarity 55 (107%) (107 (1073 (107
~23,1(Mo) 2576,5 (4) 0,11 (2) M1+78,3%E2 0,01061 (15) 0,01164 (17) 0,0207 (3) 0,0694 (12) 574 (11)
yaa1(Mo)  2640,76 (14) 0,033 (4) (M1+E2)
~25,1(Mo) 2663,22 (9) 0,066 (2) M1+8,3%E2  0,01009 (15) 0,01106 (16) 0,0197 (3) 0,0699 (11) 585 (10)
~11,0(Mo) 2739,91 (7) 3,53 (20) M1 0,00959 (14) 0,01051 (15) 0,0187 (3) 0,0725 (11) 616 (9)
~13,0(Mo) 2869,90 (8) 0,016 (2) E2 0,00881 (13) 0,00964 (14) 0,01717 (24) 0,0816 (12) 717 (10)
~a27,1(Mo) 3021,06 (7) 0,087 (14) (M1+E2
~17,0(Mo) 3128,66 (7) 1,34 (9) M1 0,00758 (11) 0,00829 (12) 0,01476 (21) 0,0871 (13) 785 (11)
~22,0(Mo) 3400,83 (17) 0,005 (2)
Yas0(Mo) 34476 (4) 0,006 (1)
va21.0(Mo)  3511,86 (14) 0,063 (7) (M1+E2)
~25,0(Mo) 3534,32 (9) 0,0034 (4) E2 0,00625 (9) 0,00682 (10) 0,01215 (17) 0,1065 (15) 994 (14)
~26,0(Mo) 3792,87 (15) 0,052 (5) E2 0,00559 (8) 0,00609 (9) 0,01084 (16) 0,1149 (16) 1086 (16)
~27,0(Mo) 3892,16 (7) 0,014 (2)
3 Atomic Data
3.1 Mo
WK 0,767  (4)
wr, 0,0381 (9)
NKL 1,029  (4)
3.1.1 X Radiations
Energy Relative
(keV) probability
XK
Kas 17,3745 52,4
Koy 17,47954 100
KfGs 19,5904
KB, 19,6085 26,3
Kp; 19,774
K5 19,9653
! 4,04
Kpy 19,998 } 0
XL
L 2,016
La 2,29 - 2,293
Ly 2,12
L5 2,395 - 2,518
Ly 2,623 - 2,831
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3.1.2 Awuger Electrons

Energy Relative

(keV) probability

Auger K
KLL
KLX
KXY

Auger L

14,172 - 14,855
16,592 - 17,478
18,990 - 19,996

1,48 - 2,25

100
39,8
3,04

682

4 Electron and Positron Emissions

Energy Electrons
(keV) (per 100 disint.)
ear, (Mo) 1,48 - 2,25 29,8 (4)
eak  (Mo)
KLL 14,172 - 14,855
KLX 16,592 - 17,478 6,28 (15)
KXY 18,990 - 19,996
I max: 2439 (H) }
Ol aveg:  1094,4 (24) 67,2 (4)
I max: 1446  (5) }
04 avg: 6396 (23) 041 (10)
n max: 1243 (5)
0.5 avg: 548,7 (23) } 022 (3)
n max: 917 (5) }
0.7 avg:  404,8 (22) 0,91 (6)
n max: 570 (5) }
Fos avg: 2543 (22) 0427 (21)
I max: 440 (5) }
Fos avg: 1985 (22) 0,0024 (5)
n max: 345 (5) }
Foo avg: 1575 (22) 0,00058 (9)

Surrey Univ. & Manipal Univ. / A.L. Nichols
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5 Photon Emissions

5.1

5.2

Surrey Univ. & Manipal Univ. / A.L. Nichols

X-Ray Emissions
Energy Photons
(keV) (per 100 disint.)
XL (Mo) 2,016 - 2,831 1,198 (22)
XKas  (Mo) 17,3745 5,93 (11) } Ko
XKaoy  (Mo) 17,47954 11,31 (19)
XKps  (Mo) 19,5904
XKp3;  (Mo) 19,6085 2,97 (6) K B
XKB5  (Mo) 19,774
XKB, (Mo) 19,9653 ,
XKA;  (Mo) 19,998 } 0,457 (18) K 5,
Gamma Emissions
Energy Photons
(keV) (per 100 disint.)
~v7.5(Mo) 325,67 (9) 0,027 (2)
718,12(Mo) 358,3 (3)  0,0084 (7)
vE 511 138 (1)
~v7.4(Mo) 528,71 (8) 0,032 (2)
Y11,5(Mo) 672,56 (9) 0,17 (3)
~2.1(Mo) 702,66 (4) 0,18 (2)
Y13,5(Mo) 802,55 (10)  0,0246 (14)
~3.1(Mo) 870,55 (22) 0,26 (3)
1,0(Mo) 871,094 (16) 94,04 (21)
Y11,4(Mo) 875,60 (9) 1,0 (3)
Y16,5(Mo) 898,06 (9)  0,0098 (5)
~4.1(Mo) 993,20 (5) 2,21 (18)
711,3(Mo) 998,25 (17) 0,24 (2)
Y13.4(Mo) 1005,58 (9) 0,09 (3)
V(-1,—2)(Mo) 1022 0,027 (14)
Y(~1,1)(Mo) 1037,2 (3) 0,044 (14)
Y17,5(Mo) 1061,30 (9) 0,016 (2)
Y16,4(Mo) 1101,09 (8) 0,042 (14)
~5.1(Mo) 1196,24 (6) 0,71 (7)
Y17,4(Mo) 1264,34 (9) 0,22 (2)
Y12)(Mo) 13574 (15) 0,19 (8)
Y16,2(Mo) 1391,64 (7)  0,0267 (10)
~a6.7(Mo) 1399,84 (16) 0,041 (3)
~20.4(Mo) 1467,42 (18) 0,072 (5)
Y27,7(Mo) 1499,13 (9) 0,067 (11)
~7.1(Mo) 1521,91 (6) 4,48 (28)

103



LNE - LNHB/CEA Table de Radionucléides

Energy Photons
(keV) (per 100 disint.)
722,4(Mo) 1536,51 (18) 0,014 (3)
725,4(Mo) 1669,99 (10) 0,037 (2)
~20,2(Mo) 1757,96 (17) 0,15 (2)
7Y24,3(Mo) 1770,19 (21) 0,025 (6)
Y27,5(Mo) 1824,79 (9) 0,023 (1)
74,0(Mo) 1864,29 (5) 0,23 (3)
V11,1 (Mo) 1868,79 (7) 5,49 (28)
~Y26,4(Mo) 1928,54 (16) 0,075 (19)
yz1(Mo) 199878 (8)  0,0123 (6)
Yo7,4(Mo) 2027,83 (9) 0,021 (4)
~5.,0(Mo) 2067,33 (6) 0,11 (1)
Y16,1(Mo) 2094,28 (6) 0,0156 (6)
V17,1 (Mo) 225753 (7) 0,057 (5)
718,1(Mo) 2292,16 (19) 0,050 (17)
V7,0(Mo) 2392,99 (6) 0,50 (4)
20,1 (Mo) 2460,61 (17) 0,011 (2)
722,1(Mo) 2529,69 (17) 0,34 (4)
Yo3,1(Mo) 2576,5 (4) 0,11 (2)
7Y24,1(Mo) 2640,72 (14) 0,033 (4)
725,1(Mo) 2663,18 (9) 0,066 (2)
711,0(Mo) 2739,87 (7) 3,53 (20)
Y13,0(Mo) 2869,85 (8) 0,016 (2)
Y27,1(Mo) 3021,01 (7) 0,087 (14)
Ye1s(Mo) 30656 (3) 0,011 (4)
Y1ay(Mo) 30858 (3) 0,016 (4)
~17,0(Mo) 3128,60 (7) 1,34 (9)
722,0(Mo) 3400,76 (17) 0,005 (2)
723,0(Mo) 34475 (4) 0,006 (1)
Y24,0(Mo) 3511,79 (14) 0,063 (7)
725,0(Mo) 3534,25 (9)  0,0034 (4)
Y(-1,5)(Mo) 3640,6 (3) 0,007 (2)
~26,0(Mo) 3792,79 (15) 0,052 (5)
~Ya7.0(Mo) 3892,07 (7) 0,014 (2)
Y(-1,6)(Mo) 4136,2 (3) 0,007 (1)

6 Main Production Modes

Mo — 94(p,n)Tc — 94m
Possible impurities: T'c — 94 ground state.

Mo — 94(d,2n)Tc — 94m
Possible impurities: Tc — 94 ground state.

Mo — 92(«a,2n)Ru — 94(EC)Tc — 94m
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106
44 RU 62

1 Decay Scheme

Ru-106 desintegrates by beta minus emission to the ground state of Rh-106.

106
44

Ru ¢,

Le ruthénium 106 se désintégre 100% par émission béta vers le niveau fondamental du rhodium 106.

2 Nuclear Data

Tip("%Ru) = 371,56 (21) d
Tio(*Rh ) : 30,1 (3) s
Q- (1%Ru) : 3940 (21) keV

2.1 [~ Transitions

Energy  Probability Nature

1
(keV) (%) 8 ft
Byo 3940 (21) 100 Allowed 4,31
3 Atomic Data
3.1 Rh
wrg 0,809 (4)
Gr 00494 (12)
ngr : 0,987  (4)
4 Electron Emissions
Energy Electrons
(keV) (per 100 disint.)

g max: 39,40 (21) }
0.0 avg: 10,03 (6)

100

NPL / A.Arinc
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5 Main Production Modes

235U(n,f) 106}{u
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106 h
45 R 61

1 Decay Scheme

Rh-106 disintegrates by beta minus emission to the ground state and excited levels of Pd-106.
Le rhodium 106 se désintegre par émission béta principalement vers le niveau fondamental et les niveaux
excités du palladium 106.
2 Nuclear Data
Tip(*Rh) : 30,1 (3) s
Q (*Rh) : 3546 (5) keV

2.1 [~ Transitions

Energy Probability

(keV) (%) Nature lg ft
Bosr 144 (5)  0,0000125 (19)
Boss 169 (5)  0,000025 (9)
Boss 226 (5)  0,00087 (8) Allowed 5,71
Boss 247 (5)  0,000082 (21)
Boss  272(5)  0,000049 (14)
Bose 294 (5) 000021 (4) Allowed 6,7
Bosi 296 (5)  0,000086 (16) Allowed 7.09
Boso  325(5)  0,00402 (13) Allowed 5,56
Boae  382(5)  0,00070 (5) (Allowed) 6,55
Boas 462 (5)  0,00278 (13)
Boar 491 () 0,0101 (5) Allowed 5,76
Boas 509 (5)  0,0022 (3)
Boas 577T(5)  0,0022 (4)  Unique st Forbidden 7,82
Boas 628(5)  0,0183 (7) Allowed 5,87
Boas 644 (5)  0,00760 (18) Allowed 6,29
Boa2 668 (5) 0,0262 (9) Allowed 5,81
Boar  T18(5)  0,00731 (19) Allowed 6,47
Byse T725(5)  0,0090 (3) Allowed 6,4
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E(Jﬁg%y Prol()%l;ﬂlty Nature lg ft
Boe  T62(5)  0,00117 (8) Allowed 7,36
Bos  828(5)  0,00023 (12)
Borr 841 (5)  0,0106 (4) (Allowed) 6,56
Bors 922 (5) 0,090 (3) Allowed 5,78
5&15 1046 (5) 0,0284 (6) 1st Forbidden 6,48
Boa 1061 (5)  0,00093 (15) (st Forbidden) 7,99
Bors 1107 (5)  0,0208 (5) Allowed 6,71
Bors 1237 (5)  0,0430 (7) Allowed 6,57
Boyi 1268 (5) 0,043 (5) Allowed 6,62
Boro 1304 (5)  0,0372 (8) Allowed 6,72
Byg 1545 (5) 0,448 (9) Allowed 5,93
Bos 1637 (5)  0,00277 (21) (Allowed) 8,24
Bor 1840 (5) 0,064 (10) Allowed 7,06
Bos 1984 (5) 1,67 (3) Allowed 5,79
Boa 2317 (5) 0,0051 (5)  Unique 2nd Forbidden 11
Boy 2412 (5) 9,82 (15) Allowed 5,37
Bro 2418 (5) 0,608 (21) Allowed 6,58
By, 3034 (5) 8,2 (3) Allowed 5,87
Byo 3546 (5) 78,80 (24) Allowed 5,18

106 Rh ol

Energy Pyice . . aK ar anm ar Qr
(keV) (%) Multipolarity ;s (10-4) (10-9) (10-2) (10~4)

~6.3(Pd) 428,49 (5) 0,0711 (24) E2 8,17 (12) 10,63 (15) 20,0 (3) 9,47 (14)

~6.2(Pd) 434,23 (4) 0,020 (4) E2 7,85 (11) 10,19 (15) 192 (3) 9,09 (13)

~o.6(Pd) 439,23 (6) 0,0111 (16)

qo(Pd)  511,8547 (23) 20,63 (23) E2 4,84 (7) 6,12 (9) 11,53 (17) 5,59 (8)

~vr.2(Pd) 578,42 (6) 0,0090 (6) E2 3,43 (5) 427 (6) 8,04 (12) 3,95 (6)

2.1 (Pd) 616,17 (3) 0,733 (17)  M1+98%E2 2,89 (4) 357 (5) 6,71 (10) 3,33 (5)

3.1 (Pd) 621,91 (4) 9,90 (15) E2 2,82 (4) 348 (5) 6,54 (10) 3,24 (5)

v06(Pd) 680,23 (6) 0,0103 (6)  E1+14%M2 2,34 (4) 274 (4)  515(8) 2,68 (4)

~o05(Pd) 684,80 (6) 0,00552 (21)

Yi7.0(Pd) 702,8 (10)  0,00029 (18)

mie(Pd) 715,86 (9) 0,0099 (4)

ya1(Pd) 717,45 (4) 0,0067 (4) E2 1,94 (3) 236 (4) 443 (7) 2,23 (4)

m2s(Pd) 751,26 (20)  0,00121 (23)

~0.2(Pd) 873,46 (6) 0,436 (8) E2 1,201 (17) 1,432 (20) 2,69 (4) 1,375 (20)

ms5(Pd) 942,63 (9) 0,00060 (18)

vs1(Pd)  1045,83 (4) 0,0131 (16) MI14+94%E2 0,803 (12) 0,942 (14) 1,766 (25) 0,918 (13)

v61(Pd)  1050,40 (3) 1,492 (25)  MI1+54%E2 0,883 (13) 1,018 (15) 1,91 (3) 1,007 (15)

mes(Pd)  1062,15 (6) 0,0304 (19)

v0s(Pd)  1108,72 (6) 0,0056 (3)

v02(Pd) 111446 (6) 0,0117 (3)  M1+69%E2 0,720 (12) 0,838 (14) 1,570 (25) 0,823 (14) 0,00830 (17)

roo(Pd)  1128,02 (3) 0,308 (8) E2 0,675 (10) 0,790 (11) 1,479 (21) 0,773 (11) 0,01341 (19)

vs0(Pd)  1133,76 (4) E0

yi12(Pd)  1150,09 (9) 0,00287 (17) E2 0,648 (9) 0,757 (11) 1,417 (20) 0,742 (11)  0,0248 (4)

yiss(Pd)  1159,91 (21)  0,00023 (12)

Y122(Pd)  1180,80 (6) 0,0144 (3)  MI1+04%E2 0,689 (10) 0,792 (12) 1,482 (22) 0,790 (12)  0,0421 (7)

rra(Pd)  1194,59 (5) 0,0573 (8) E2 0,597 (9) 0,696 (10) 1,304 (19) 0,689 (10)  0,0664 (10)

msa(Pd) 120,80 (8) 0,00039 (8)

ra0.6(Pd)  1258,72 (9) 0,00066 (8)
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Energy Pryice . . aK ar am ar Qo
(keV) (%) Multipolarity ;s (10-%) (107%) (1079 (1074
ya16(Pd) 126604 (9) 0,00109 (10)
mss(Pd)  1305,34 (8) 0,00109 (12)
~22,6(Pd) 1315,67 (8) 0,0030 (5) E2 0,489 (7) 0,567 (8) 1,061 (15) 0,586 (9) 0,280 (4)
y2a6(Pd)  1355,61 (9) 0,00060 (25)
roas(Pd)  1360,18 (9) 0,0018 (4)
ts2(Pd)  1372,29 (9) 0,00199 (15)
rsa(Pd)  1397,52 (16)  0,00277 (21)
vo1(Pd) 148963 (5) 0,0018 (3)
t62(Pd) 149638 (6) 0,0240 (17)
yar5(Pd) 149874 (16) 0,0068 (4)
veo(Pd)  1562,25 (3) 0,156 (8)
mrs(Pd)  1572,48 (20)  0,00185 (19)
mra(Pd)  1577,28 (9) 0,00105 (16)
ro0s(Pd)  1687,21 (10)  0,00055 (16)
r202(Pd) 16932 (3) 0,00082 (14)
’710,1(Pd) 1730,46 (20) 0,00209 (13)
~11,1(Pd) 1766,26 (9) 0,030 (5) E2 0,274 (4) 0,314 (5) 0,586 (9) 0,506 (7) 1,93 (3)
nosa(Pd)  1774,46 (10)  0,00094 (8)
roas(Pd)  1784,10 (9) 0,00043 (12)
~12,1(Pd) 1796,97 (5) 0,0274 (5) M1+5,9%E2 0,287 (4) 0,327 (5) 0,611 (9) 0,516 (8) 1,89 (3)
mosa(Pd)  1854,91 (20)  0,00125 (10)
726,2(Pd) 1909,30 (17) 0,00107 (25)
msa(Pd)  1927,25 (7) 0,0147 (4)  M1+05%E2 0250 (4) 0285 (4) 0,533 (8) 0,532 (8) 2,47 (4)
ros2(Pd) 19549 (4) 0,00020 (4)
qaa(Pd) 19734 (8) 0,00017 (4)
msa(Pd) 198846 (8) 0,0258 (5) EL1+0,25%M2  0,1173 (22) 0,1318 (25) 0,246 (5) 0,735 (11) 6,02 (9)
~30,2(Pd) 2093,35 (25) 0,00029 (6) E2 0,200 (3) 0,228 (4) 0,426 (6) 0,576 (8) 3,48 (5)
mea(Pd) 211255 (5) 0,0351 (7) E2 0,197 (3) 0,224 (4) 0419 (6) 0,581 (9) 3,57 (5)
vsss(Pd) 21857 (5) 0,00025 (6)
vra(Pd)  2193,19 (10)  0,00495 (21) MI+2,8%E2 0,194 (3) 0,220 (3) 0,412 (6) 0,594 (9) 3,73 (6)
v00(Pd)  2242,48 (5) 0,00195 (8)
moa(Pd)  2271,89 (21)  0,00117 (8)
ro0a(PA) 230912 (9) 0,00575 (16)
721,1(Pd) 2316,44 (9) 0,00622 (16) E2 0,1670 (24) 0,189 (3) 0,354 (5) 0,646 (9) 4,56 (7)
22,1 (Pd) 2366,07 (7) 0,0232 (7) E2 0,1608 (23) 0,182 (3) 0,341 (5) 0,663 (10) 4,80 (7)
~23,1(Pd) 2390,63 (10) 0,00660 (16) M1+1,0%E2 0,1645 (24) 0,186 (3) 0,349 (5) 0,654 (10) 4,67 (7)
y2a1(Pd) 240601 (8) 0,0145 (4)  MI+0,25%E2 0,1626 (23) 0,184 (3) 0,344 (5) 0,659 (10) 4,74 (7)
mso(Pd) 243910 (7) 0,00464 (13) E2 0,1525 (22) 0,1727 (25) 0,323 (5) 0,689 (10) 5,15 (8)
rosa(Pd)  2456,83 (21)  0,00022 (4)
mao(Pd)  2484,66 (20)  0,00076 (14)
noe(Pd) 252547 (17)  0,00011 (3)
nora(Pd)  2542,82 (10)  0,00289 (9)  MI+0,5%E2  0,1464 (21) 0,1657 (24) 0,310 (5) 0,705 (10) 5,39 (8)
qesa(Pd)  2571,19 (20)  0,00133 (6)
nm01(Pd)  2651,43 (20)  0,00068 (4)
mro(Pd)  2705,30 (8) 0,00248 (13)
730,1(13(1) 2709,52 (25) 0,00373 (11) E2 0,1271 (18) 0,1436 (21) 0,268 (4) 0,785 (11) 6,41 (9)
vi21(PA) 27402 (4) 0,00021 (4)
vsaa(Pd) 27882 (5)  0,000082 (21)
yssa(Pd) 28091 (3) 0,00062 (4) E2 0,1195 (17) 0,1349 (19) 0,252 (4) 0,822 (12) 6,86 (10)
rm00(Pd) 28212 (3) 0,00120 (4)
36,1 (Pd) 2865 (1) 0,000014 (8)
noso(Pd) 29026 (5)  0,000066 (21)
roao(Pd) 20176 (3) 0,00094 (4)
yas0(Pd) 30374 (3) 0,00105 (4)
qoro(Pd)  3055,1 (3) 0,00036 (4)
rm00(Pd) 31647 (10)  0,000023 (12)
ya1o(Pd) 32499 (5)  0,000086 (16)
vss0(Pd) 32735 (7)  0,000049 (14)
vs60(Pd)  3376,0 (14)  0,0000113 (21)
ysro(Pd)  3401,9 (9)  0,0000125 (19)
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3 Atomic Data

3.1 Pd
wg ¢ 0820  (4)
@, : 00536 (13)

13
ngr : 0975  (4)

3.1.1 X Radiations

Energy Relative
(keV) probability
Xk
Kas 21,0203 52,93
Kai 21,1774 100
KBs 23,7914
Kp1 23,819 27,44
Kps 24,013
KpBs 24,2994
KBy 24,344 } 4,66
XL
Le 2,5045
La 2,8337 - 2,839
Ly 2,6611
Lg 2,9904 - 3,1715
Ly 3,2464 - 3,5545
3.1.2 Auger Electrons
Energy Relative
(keV) probability
Auger K
KLL 17,032 - 17,884 100
KLX 20,032 - 21,176 42
KXY 23,011 - 24,347 4,4

Auger L 1,83 - 3,60
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4 Electron Emissions

Energy Electrons
(keV) (per 100 disint.)
ea  (Pd) 1,83 - 3,60 0,1377 (8)
eak  (Pd)
o g 1 oo
KXY 23,011 - 24,347
- MO 0 0000125 (19)
Biss B 0000025 (9
R
Bo3 v M 0000082 (21)
Bo,33 izx 272 (%) } 0,000049 (14)
Bise e sts 5?7) b 000021 (1)
031 g 8259(23 E??) b 0,000086 (16)
- 9:12’2 8)7) b 000402 (13)
Fos :i/agx 1133%; E??) } 0,00070 (5)
5058 g 020 o007 (13)
For :iagx 1541% 833) } 0,0101 (5)
Bo.26 :iagx 509 (5) } 0,0022 (3)
o s Gy ] 0002
Pou I;agx 20622,2 82)) } 0,0183 (1)
Fo.23 Ziagx 20?34,11L Ei)s))) } 0,00760 (18)
Bin e oty o) ) 00620
bon ;iagx 23761,2 Egz)) } 0,00731 (19)
Fo.20 :iagx 23792,2 82)) } 0,0090 (3)
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Energy Electrons

(keV) (per 100 disint.)
Boto :fgx ;gi Eg% b 000117 (s)
B018 g B 000028 (12)
Foar I;agx 28%54,1 Eg())) } 0,0106 (4)
Bo,16 :iagx 3197%2 8)1) } 0,090 (3)
T a—
T 5?1) b 0,00093 (15)
N R
Boa :fgx 41520%1 8)2) } 0,0430 (7)
B e s Gy ) 0B O
B e mer ) O9R0)
X A
P05 avg: 612653; 8?,)) b 000217 21)
W Tied G ] 000100)
BB ) e
Boa :fgx 925311; 823) } 0,0051 (5)
B e ome Gy ] 920
1 A
51 v 123;5%%;1 831) J 82(3)
L R G
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5 Photon Emissions

5.1 X-Ray Emissions

Energy Photons
(keV) (per 100 disint.)
XL (Pd) 2,5045 - 3,5545 0,00785 (14)
XKag (Pd) 21,0203 0,0310 (5) } Ka
XKag (Pd) 21,1774 0,0586 (9)
XKps (Pd) 23,7914
XKp  (Pd) 23,819 0,01608 (29) K B
XK@, (Pd) 24,013
XKps  (Pd) 24,2994 /
XK@, (Pd) 24,344 } 0,00273 (10) K 32
5.2 Gamma Emissions
Energy Photons
(keV) (per 100 disint.)
76,3(Pd) 428,49 (5) 0,0704 (24)
Y6,2(Pd) 434,23 (4) 0,020 (4)
Y9,6(Pd) 439,23 (6) 0,0111 (16)
moPd)  511,8534 (23) 20,52 (23)
Y¥7,2(Pd) 578,42 (6) 0,0090 (6)
Y2,1(Pd) 616,16 (3) 0,731 (17)
73,1 (Pd) 621,90 (4) 9,87 (15)
710,6(Pd) 680,23 (6) 0,0103 (6)
710,5(Pd) 684,80 (6) 0,00552 (21)
Y17,9(Pd) 702,8 (10) 0,00029 (18)
711,6(Pd) 715,86 (9) 0,0099 (4)
Ya,1(Pd) 717,44 (4) 0,0067 (4)
Y12,5(Pd) 751,26 (20) 0,00121 (23)
Y9,2(Pd) 873,46 (6) 0,435 (8)
Y15,5(Pd) 942,63 (9) 0,00060 (18)
V5,1(Pd) 1045,82 (4) 0,0131 (16)
76,1(Pd) 1050,39 (3) 1,490 (25)
76,6(Pd)  1062,14 (6) 0,0304 (19)
~Yo,3(Pd)  1108,71 (6) 0,0056 (3)
7Y10,2(Pd) 1114,45 (6) 0,0117 (3)
v2,0(Pd) 1128,01 (3) 0,398 (8)
mi2(Pd)  1150,08 (9) 0,00287 (17)
mgs(Pd)  1159,90 (21) 0,00023 (12)
~m2,2(Pd)  1180,79 (6) 0,0144 (3)
Y7,1(Pd) 1194,58 (5) 0,0573 (8)
m34(Pd)  1209,79 (8) 0,00039 (8)
v20,6(Pd)  1258,71 (9) 0,00066 (8)
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Energy Photons
(keV) (per 100 disint.)
Y21,6(Pd)  1266,03 (9) 0,00109 (10)
m33(Pd)  1305,33 (8) 0,00109 (12)
v22,6(Pd)  1315,66 (8) 0,0030 (5)
~Y246(Pd)  1355,60 (9) 0,00060 (25)
Yo4,5(Pd)  1360,17 (9) 0,0018 (4)
ms2(Pd)  1372,28 (9) 0,00199 (15)
V8,1 (Pd) 1397,51 (16) 0,00277 (21)
Y9,1(Pd) 1489,61 (5) 0,0018 (3)
me62(Pd)  1496,37 (6) 0,0240 (17)
Yo7 5(Pd)  1498,73 (16) 0,0068 (4)
76,0(Pd) 1562,24 (3) 0,156 (8)
m73®Pd)  1572,47 (20) 0,00185 (19)
m72Pd) 157727 (9) 0,00105 (16)
720,3(Pd) 1687,2 (1) 0,00055 (16)
720,2(Pd) 1693,2 (3) 0,00082 (14)
Y10,1(Pd)  1730,44 (20) 0,00209 (13)
m11(Pd)  1766,24 (9) 0,030 (5)
v23.2(Pd)  1774,44 (10) 0,00094 (8)
Y24 3(Pd)  1784,08 (9) 0,00043 (12)
m2,1(Pd)  1796,95 (5) 0,0274 (5)
vos.4(Pd)  1854,89 (20) 0,00125 (10)
v26.2(Pd)  1909,28 (17) 0,00107 (25)
Y13,1(Pd) 1927,23 (7) 0,0147 (4)
Y28,2(Pd) 1954,9 (4) 0,00020 (4)
Y14,1(Pd) 1973,4 (8) 0,00017 (4)
ms5,1(Pd)  1988,44 (8) 0,0258 (5)
v30,2(Pd)  2093,33 (25) 0,00029 (6)
me,1(Pd)  2112,52 (5) 0,0351 (7)
v35,3(Pd) 2185,7 (5) 0,00025 (6)
mra(Pd)  2193,17 (10) 0,00495 (21)
Yo,0Pd)  2242,45 (5) 0,00195 (8)
mo9,1(Pd)  2271,86 (21) 0,00117 (8)
v20,1(Pd)  2309,09 (9) 0,00575 (16)
Y21,1(Pd)  2316,41 (9) 0,00622 (16)
Ya2,1(Pd) 236604 (7) 0,0232 (7)
23,1 (Pd) 2390,6 (1) 0,00659 (16)
Yo4,1(Pd)  2405,98 (8) 0,0145 (4)
Y13,0(Pd)  2439,07 (7) 0,00464 (13)
Y251 (Pd)  2456,79 (21) 0,00022 (4)
Ya,0(Pd)  2484,63 (20) 0,00076 (14)
v26,1(Pd)  2525,43 (17) 0,00011 (3)
var1(Pd)  2542,79 (10) 0,00289 (9)
vo8,1(Pd)  2571,16 (20) 0,00133 (6)
v29.1(Pd)  2651,39 (20) 0,00068 (4)
m70Pd)  2705,26 (8) 0,00248 (13)
v30,1(Pd)  2709,48 (25) 0,00373 (11)
¥32,1(Pd) 2740,1 (4) 0,00021 (4)
V34,1 (Pd) 2788,2 (5) 0,000082 (21)
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3375,9 (14) 0,0000113 (21
3401,8 (9

Energy Photons
(keV) (per 100 disint.)
Y35,1(Pd)  2809,1 (3) 0,00062 (4)
20,0 (Pd) 2821,2 (3) 0,00120 (4)
36,1 (Pd) 2865 (1) 0,000014 (8)
v¥23,0(Pd) 2902,6 (5) 0,000066 (21)
Y24,0(Pd) 2917,6 (3) 0,00094 (4)
Y26,0(Pd) 30373 (3) 0,00105 (4)
Y27,0(Pd) 3055,0 (3) 0,00036 (4)
Y29,0(Pd) 3164,6 (10)  0,000023 (12
v¥31,0(Pd) 3249,8 (5) 0,000086 (16
(Pd) (7) (
(Pd) (14 (
(Pd) (9) (

)
)
32734 (7)  0,000049 (14)
)
)

0,0000125 (19

6 Main Production Modes

235U(H,f) 106Ru
106Ru(ﬁ7)106Rh
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30,1 (3) s
0 106
45 61
y Emission intensities per 100 disintegrations
5
2
1
o 1 113
0" 5040
0" 0000 Se2 saoto
37 [ 7Y P00 07 o 3376,6
0 "
36 U0 o7 0, 0% 33205
35 Yo" o2 6 32092
34 V% 0 12732735
33 T o7 o257 3 27 3252
32 A 27 ; 32499
31 YV 0% 5. .3 0 : 3221,37
07! 3
%0 00 U0l o 946 12" ; 31637
29 000 5200 715
010700 000007 0170 0*; 3083,91
28 UO0 977 52 17 3054,97
2l VIOU 00 58 435 of ~_12%:3037,32
0 T 0,40 4.9.6°
2 0" 0000t o0 95,0 3" ; 2968,68
25 T O 000 0400 2T 291786
24 R 2" ; 2902,48
23
2" ; 1562,25
6 3% 1557,68
5
4% 12293
4 07 1133.76
3
2% 1128,02
2
2% 511,8547
1
+ .
— Stable
0 106
46 60
Q= 3546 keV
% B = 100
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0 106

Rh

45 61

NPL / A.Arinc

106
45

Rh g,

30,1 (3) s
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. Cd
48 61

1 Decay Scheme

Cd-109 decays by electron capture to the isomeric state (88 keV) of Ag-109.
Le cadmium 109 se désintégre uniquement par capture électronique vers l’état isomérique de l’argent 109
(88 keV).
2 Nuclear Data
Tip(1PCd) - 4619 (4) d
QT(cd) : 2155 (18) keV

2.1 Electron Capture Transitions

Energy Probability

(keV) (%) Nature lg ft PK PL PM

c01 1275 (18) 100 Allowed 6 0812 (3) 0,150 (3) 0,0321 (9)

2.2 Gamma Transitions and Internal Conversion Coefficients

Energy Pyice
(keV) (%)

Multipolarity ak ar anm ar

v1,0(Ag) 88,0341 (10) 100 E3 11,41 (16) 12,06 (17) 2,47 (4) 26,3 (4)

3 Atomic Data

3.1 Ag
w0831 (4)
oo : 0,0583  (14)
nkr 0964  (4)
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3.1.1 X Radiations

Energy Relative
(keV) probability
Xk
Kao 21,9906 53,05
Kai 22,16317 100
K03 24,0118
KB 24,9427 27,7
Kps 25,146
KpB, 25,4567
KB4 25,512 } 4,82
XL
L 2,634
Lo 2,977 - 2,985
Ly 2,807
L3 3,151 - 3,438
L~y 3,431 - 3,748
3.1.2 Auger Electrons
Energy Relative
(keV) probability
Auger K
KLL 17,79 - 18,69 100
KLX 20,945 - 22,160 42.5
KXY 24,079 - 25,507 4,51
Auger L 1,8-38 1194
4 Electron Emissions
Energy Electrons
(keV) (per 100 disint.)
eAL (Ag) 1,8-38 167,3 (8)
eAK (Ag)
KLL 17,79 - 18,69
KLX 20,945 - 22,160 20,8 (6)
KXY 24,079 - 25,507
ecLok (Ag) 62520 (1) 41,8 (8)
ecror (Ag) 84,2279 - 84,6826 44,1 (9)
ecion  (Ag) 87,3162 - 87,6670 9,04 (19)
ecion (Ag) 87,9385 - 88,0304 1,413 (29)
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5 Photon Emissions

5.1 X-Ray Emissions

Energy Photons

(keV) (per 100 disint.)
XL (Ag) 2,634 - 3,748 10,37 (27)
XKay (Ag) 21,9906 29,21 (30) } Ko
XKay  (Ag) 22,16317 55,1 (5)
XKfB; (Ag) 24,9118
XKB;  (Ag) 24,9427 15,25 (20) K B
XK@ (Ag) 25,146
XKfB; (Ag) 25,4567 } ,
XKB; (Ag) 25,512 2,65 (10) K P

5.2 Gamma Emissions

Energy Photons
(keV) (per 100 disint.)

v10(Ag) 88,0336 (10) 3,66 (5)

6 Main Production Modes

Cd — 108(n,y)Cd — 109 o :1,1 (3) barns
Possible impurities: Ag — 110m

{ Ag —109(p,n)Cd — 109

Possible impurities: none
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512 ;0

461,9 (4) d

48 61
y Emission intensities
per 100 disintegrations

6 100
s 712" ; 88,0341 /

39,7 s 1
1/27;0
Stable '
0 109
Ag
47 62
Q" =2155 keV
% ¢ =100
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127
o4 Xe 73

1 Decay Scheme

Xe-127 decays by electron capture to excited levels in [-127.
Le Xe-127 se désintegre par capture électronique vers des niveaur excités de 1-127.

2 Nuclear Data

Tip(**"Xe ) : 36,358 (31) d
QT(**"Xe ) : 662,3 (20) keV

2.1 Electron Capture Transitions

Energy Probability
(keV) (%) Nature lg ft Pg Py, Py

co4 43,9 (21) 00142 (9)  Allowed 7,42 0,31 (6) 0,523 (44) 0,137 (12)
cos 287,3(20) 473 (7) Allowed 6,21 0,830 (8) 0,134 (1)  0,0294 (6)
oo 4594 (20) 527 (14) Allowed 6,61 0,842 (8) 0,125 (1)  0,0272 (5)

2.2 Gamma Transitions and Internal Conversion Coefficients

]?Eg/g)y P('%)C © Multipolarity aK ar am ar
o) 57,609 (11) 6,00 (18) M1 + 0,68 (8) % E2 3,16 (5) 0,449 (8) 0,0910 (16) 3,72 (6)
pea(l) 145251 (14) 6,22 (11) E2 0,357 (5) 0,0906 (13) 0,0189 (3) 0,471 (7)
ys2(l) 172,132 (12) 29,74 (45) M1+ 0,72 (10) % E2  0,1419 (20)  0,0185 (3) 0,00373 (6)  0,1649 (24)
y2o(I) 202,860 (8) 76,3 (5) M1+ 21,1 (17) % E2 0,964 (15)  0,0142 (3) 0,00289 (6) 0,142 (18)
yso(l) 374,992 (9) 17,60 (28) E2 0,01671 (24)  0,00257 (4)  0,000524 (8)  0,0199 (3)
vio) 6184 (3) 00142 (9) M1 + 0,65 (29) % E2  0,00528 (8)  0,000656 (10) 0,0001316 (19)  0,00609 (9)
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3 Atomic Data

3.1 1

WK 0,8842  (40)

wr, 0,092 (4)

NKL 0,909 (4)

3.1.1 X Radiations
Energy Relative
(keV) probability

Xk
Kas 28,3175 53,84
Kay 28,6123 100
K3 32,2397
KB 32,2951 28,81
Kp; 32,544
Ko 33,042
KB4 33,12 6,51
KOg3 33,166

Xy,
Le 3,4848
Lo 3,9269 - 3,9382
Ln 3,7791
LS 4,2212 - 4,5678
Ly 4,6668 - 5,0595

3.1.2 Auger Electrons

Energy Relative
(keV) probability

Auger K
KLL 22,66 - 23,91 100
KLX 26,85 - 28,56 45,8
KXY 30,99 - 33,07 6,2

Auger L 24 -5/1

CEA/LNE-LNHB / X. Mougeot 138



LNE - LNHB/CEA Table de Radionucléides

4 Electron Emissions

Energy Electrons
(keV) (per 100 disint.)

eAL 24-5,1 96,4 (6)
CAK (I)

KLL 22,66 - 23,91

KLX 26,85 - 28,56 11,8 (5)

KXY 30,99 - 33,07
ecior  (I) 24,440 - 57,606 4,73 (15)
ecrox  (I) 24,440 (11) 4,02 (13)
eccion  (I) 52,421 - 53,052 0,571 (19)
eciom () 56,537 - 56,990 0,1158 (38)
ecion  (I) 57,423 - 57,559 0,0233 (8)
ecor  (I) 112,082 - 145,248 1,992 (44)
ecorx  (I) 112,082 (14) 1,510 (33)
ecspx (1) 138,963 (12) 3,62 (7)
ecsor  (I) 138,963 - 172,129 4,21 (9)
ecor . (I) 140,063 - 140,694 0,383 (8)
ecor v (I) 144,179 - 144,632 0,0799 (18)
ecor n  (I) 145,065 - 145,201 0,01561 (36)
ecsor  (I) 166,944 - 167,575 0,472 (10)
ecoor (I) 169,69 - 202,86 7,82 (13)
ecoox () 169,691 (8) 6,60 (11)
ecsom  (I) 171,060 - 171,513 0,0952 (21)
ecsan (1) 171,946 - 172,082 0,01925 (40)
ecoor,  (I) 197,67 - 198,30 0,972 (22)
ecoom (1) 201,79 - 202,24 0,1978 (43)
ecoon  (I) 202,67 - 202,81 0,0396 (9)
ecsox  (I) 341,823 (9) 0,288 (6)
ecsor. (I) 369,804 - 370,435 0,0444 (10)
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5 Photon Emissions

5.1 X-Ray Emissions

XL

XKO&Q
XKa1

XKp3
XK 3
XK},

XKp2
XKpB4
XKOs 3

Energy Photons
(keV) (per 100 disint.)
(I) 3,4848 - 5,0595 9,60 (19)
(I) 28,3175 25,0 (4)
(I) 28,6123 46,5 (8)
(1) 32,2397
(1) 32,2951 13,39 (25)
(1) 32,544
(1) 33,042
(I) 33,12 3,03 (9)
(I) 33,166

|k

’

K 3

!

K B2

5.2 Gamma Emissions

Energy Photons
(keV) (per 100 disint.)

—

71,0
72,1
73,2
72,0
73,0
74,0

A~ N N N S
Lo T s T e ML
— — — — — —

—

57,61 (2) 1,272 (35)
145252 (10) 4,23 (7)
172,132 (10) 25,53 (38)

202,86 (1) 68,45 (45)
374,991 (12) 17,26 (27)
618,41 (14) 0,0141 (9)

6 Main Production Modes

o :3,5 (8) barns

Possible impurities : Xe — 129m, Xe — 131m

{ Xe — 126(n,y)Xe — 127

I—-127(p,;n)Xe — 127m
Possible impurities : Xe — 122, Xe — 125

Possible impurities : T — 126

{ [—127(d,2n)Xe — 127m

Xe — 126(n,y)Xe — 127m
Xe —127m(L.T.)Xe — 127  Tj/5: 69 s
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1 Decay Scheme

131 I
53 78

131
53

78

L’iode 131 se désintegre par émission béta moins vers les niveaux excités de xénon 131, incluant l'isomere
xénon 131m de 11,962 (20) jours de période. L’état d’équilibre idéal, c’est a dire I'activité de I'iode 131 étant

égale a 'activité de xénon 131m, est obtenue uniquement & tm = 14,04 (9) jours.

1-131 disintegrates through beta minus emissions to excited levels of Xe-131, including the isomeric state
Xe-181m. The radioactive equilibrium, i.e. when the activity of I-131 is equal to the activity of Xe-131m, is

valid only at tm = 14.04 (9) days.

Pour cette évaluation, 'intensité de la raie gamma de 163,9 keV est donnée, et est valable seulement, au

temps t = tm.

For this evaluation, the intensity of the 163.9 keV gamma ray given is only valid at t = tm.

2 Nuclear Data

Ty (1) : 80233 (19)
Q-(B1) : 9708  (6)

2.1 [~ Transitions

d

keV

Energy  Probability

(keV) (%) Nature lg ft
Bys 247.9 (6) 2,130 (21) Allowed 6,98
Bon 3039 (6) 0,643 (27) 1st Forbidden 7.79
Bos 3338(6) 720 (7) Allowed 6,86
Boa 6063 (6) 89,4 (8) Allowed 6,64
Bos 6297 (6) 0,060 (12) 1st Forbidden 9,8
By 806,9 (6) 0,386 (23)  Unique 1st Forbidden 10,03
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131

53 178
2.2 Gamma Transitions and Internal Conversion Coefficients
E(Ezz}g)y P(%)Ce Multipolarity oK ar, s ar
yio(Xe) 80,1854 (19) 6,63 (15) M1 1,32 (4) 0,175 (5) 0,036 (1) 1,544 (46)
vs.6(Xe) 85,919 (8)  0,0163 (23) [M1, E2] 1,50 (6) 0,56 (2) 2,2 (1)
v2.0(Xe) 163,930 (8) 1,087 (21) M4 31,6 (5) 14,75 (21) 3,38 (5) 50,5 (7)
vs2(Xe) 177,214 (12) 0,344 (9)  MI1+94,9(9)%E2 0,187 (6) 0,0427 (13)  0,00901 (27) 0,241 (7)
ve.5(Xe) 232,175 (8)  0,0025 (10) [B2] 0,0782 (22)  0,0151 (5) 0,0031 (1) 0,097 (2)
ve4(Xe) 272,500 (8)  0,0612 (16) MI1+12,6(6)%E2  0,0453 (7) 0,0061 (3) 0,00125 (6)  0,0530 (9)
ya1(Xe) 284,305 (5) 6,45 (6) E2 0,0408 (6)  0,00714 (10)  0,001479 (21)  0,0497 (7)
v6.3(Xe) 295,846 (13)  0,0012 (6) [E1] 0,0093 (2)  0,00117 (3) 0,00024 (4)  0,0108 (3)
vra(Xe) 302,444 (13)  0,0046 (7) [B1] 0,0088 (2)  0,00111 (1) 0,00022 (1)  0,0102 (2)
vs.5(Xe) 318,004 (8)  0,0835 (21)  MI+1.2(9)%E2  0,0301 (5)  0,00388 (6)  0,000786 (12)  0,0350 (5)
vs1(Xe) 324,630 (6)  0,0252 (26) M1+E2 0,0278 (10)  0,0041 (4) 0,00083 (9)  0,0329 (6)
vra(Xe) 325,790 (18) 0,283 (8)  MI1+39(34)%E2  0,0288 (9)  0,00376 (11)  0,000765 (23)  0,0335 (10)
vs.4(Xe) 358,419 (8) 0,017 (8) [M1,E2] 0,0210 (12)  0,00301 (18)  0,00061 (5)  0,0248 (10)
vi0(Xe) 364,490 (4) 83,1 (5) MI1+954(23)%E2  0,0190 (3)  0,00300 (5)  0,000616 (9)  0,0228 (4)
v5.0(Xe) 404,815 (4)  0,0562 (17) M1+50%E2 0,0151 (13)  0,00210 (4) 0,000429 (11)  0,0177 (12)
yr2(Xe) 503,004 (17)  0,3571 (46) E2 0,00748 (11)  0,001083 (16)  0,000221 (3)  0,00883 (13)
ve6.0(Xe) 636,990 (4) 7,15 (7) E2 0,00401 (6)  0,000551 (8)  0,0001123 (16) 0,00470 (7)
vs1(Xe) 642,724 (6)  0,2193 (26) [E2] 0,0039 (1) 0,00054 (1) 0,00011 (2) 0,0046 (1)
vso(Xe) 722,909 (4) 1,794 (19)  MI+4,1(1)%E2  0,00390 (6)  0,000488 (7)  0,0000987 (14)  0,00451 (7)
3 Atomic Data
3.1 Xe
WK 0,888 (5)
o1, 0,097 (5)
nxr 0,902 (4)
3.1.1 X Radiations
Energy Relative
(keV) probability
Xk
Kas 29,459 53,98
Ka; 29,779 100
K03 33,562
Kp, 33,625 28,99
Kps 33,881
KBs 34,415
KBy 34,496 6,84
KOy 3 34,552
XL
L 3,64
La 4,1 - 4,11
Lo 3,96
Lj3 4,42 - 4,78
Ly 4,89 - 53
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3.1.2 Au

ger Electrons
Energy Relative
(keV) probability

Auger K

KLL 23,512 - 24,842

KLX 27,897 - 29,770
KXY 32,27 - 34,54

Auger L 2,50 - 5,43

100
46,5
5,41

4 Electron Emissions

Energy Electrons
(keV) (per 100 disint.)
CAL (Xe) 2,50 - 5,43 5,87 (4)
eAK (Xe) 0,67 (4)
KLL 23,512 - 24,842
KLX 27,897 - 29,770
KXY 32,27 - 34,54
ecior  (Xe) 45,6209 - 80,1732 4,03 (13)
eciok (Xe) 45,6209 (19) 3,44 (11)
ecior  (Xe) 74,7325 - 75,4031 0,456 (14)
eciom  (Xe) 79,0366 - 79,5086 0,0939 (29)
ecion  (Xe) 79,9720 - 80,1178 0,01921 (39)
ecooT (Xe) 129,366 - 163,917 1,066 (47)
ecopox  (Xe) 129,366 (8) 0,662 (29)
ecoor  (Xe) 158,477 - 159,148 0,315 (14)
ecoom  (Xe) 162,781 - 163,253 0,0727 (32)
ccoon  (Xe) 163,717 - 163,862 0,0148 (7)
ecy1 k  (Xe) 249,741 (5) 0,2505 (44)
ecs1r  (Xe) 278,852 - 279,523 0,0438 (7)
ecior  (Xe) 329,926 (4) 1,543 (26)
ecaor (Xe) 329,93 - 364,48 1,851 (34)
ecsor.  (Xe) 359,04 - 359,71 0,2436 (43)
ecap M (Xe) 363,34 - 363,81 0,0500 (8)
ecion  (Xe) 364,28 - 364,42 0,01020 (16)
ecgox  (Xe) 602,426 (4) 0,0286 (5)
. max: 2479 (6)
Bog ave: 69,35 (19) } 2,130 (21)
_ max: 303,9 (6)
B ave 86,94 (19) 06w
_ max: 333,8 (6)
ﬁ0,6 avg: 96,61 (19) } 7,20 (7)
_ max: 606,3 (6
Bo.4 avg: 191,59 §2)2) } 89,4 (8)
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Energy Electrons
(keV) (per 100 disint.)
_ max: 629,7 (6)
Fos avg: 200,23 (22) } 0,060 (12)
_ max: 806,9 (6)
Fo2 avg: 267,91 (23) 0,386 (23)
5 Photon Emissions
5.1 X-Ray Emissions
Energy Photons
(keV) (per 100 disint.)
XL (Xe)  3,64-53 0,631 (13)
XKay  (Xe) 29,459 1,52 (4) } K
XKoy  (Xe) 29,779 2,81 (6)
XKpBs  (Xe) 33,562
XKB  (Xe) 33,625 0,816 (19) K B
XK@,  (Xe) 33,881
XKpB2  (Xe) 34,415
XKB;  (Xe) 34,496 0,193 (6) K 5,
XKOy3 (Xe) 34,552
5.2 Gamma Emissions
Energy Photons

(keV) (per 100 disint.)

80,185 (2) 2,607 (35
85,9 (2)  0,0051 (7)
163,930 (8)  0,0211 (3)
177,214 (20) 0,277 (7)
232,18 (15) 0,0023 (9)
272,498 (17) 0,0581 (15
284,305 (5) 6,14 (6)
2958 (2)  0,0012 (6)
302,4 (2)  0,0046 (7)
318,088 (16)  0,0807 (20)
324,651 (25) 0,0244 (25)
325,789 (4) 0,274 (8)
3584 (2) 0,017 (8)
364,489 (5) 81,2 (5)
404,814 (4)  0,0552 (17)
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Energy Photons

(keV) (per 100 disint.)
v72(Xe) 503,004 (4)  0,3540 (46)
v6,0(Xe) 636,989 (4) 7,12 (7)
8,1(Xe) 642,719 (5)  0,2183 (26)
v8,0(Xe) 722,911 (5) 1,786 (19)

6 Main Production Modes

Fission product

{ Te — 130(n,y)Te — 131

Possible impurities: Te — 121m, Te — 121, Te — 123m, Te — 125m, Te — 127, Te — 129m

Te — 131(37)I — 131

Possible impurities: Te — 121m, Te — 121, Te — 123m, Te — 125m, Te — 127, Te — 129m

o :0,27 (6) barns

T1/5 ¢ 25 min

{ Te — 130(n,y)Te — 131m o :0,02 (1) barns

Te — 131m(87)I — 131
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1 Decay Scheme

131m
54 Xe 77

131m
54

Xe o,

Le xénon 131 métastable se désexcite par une transition gamma (163,930 keV) fortement convertie.
Xe-131m decays by a strongly converted gamma transition.

2 Nuclear Data

T1/2(131mXe )
Q T(lSlmXe )

11,962
163,930

(20) d
(8) keV

2.1 Gamma Transitions and Internal Conversion Coefficients

Energy

P'y+ce

(keV) (%) Multipolarity aK ar, am o %al
v1.0(Xe) 163,930 (8) 100 M4 31,6 (5) 14,75 (21) 3,38 (5) 50,5 (7)
3 Atomic Data
3.1 Xe
WK ;0,888 (5)
wr, 20,097 (5)
NKr : 0,902 (4)
3.1.1 X Radiations
Energy Relative
(keV) probability
Xk
Kasy 29,459 53,98
Koy 29,779 100
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Energy Relative
(keV) probability
K33 33,562
Kp1 33,625 28,99
Kps 33,881
KBs 34,415
KBy 34,496 6,84
KO3 3 34,552
Xy,
Le 3,64
La 4,1 - 4,11
Ln 3,96
Lg 4,42 - 4,78
Ly 4,89 -53
3.1.2 Awuger 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 2,50 - 5,43
4 Electron Emissions
Energy Electrons
(keV) (per 100 disint.)
eAL (Xe) 2,50 - 5,43 75,8 (5)
eAK (Xe) 6,9 (4)
KLL 23,512 - 24,842
KLX 27,897 - 29,770
KXY 32,27 - 34,54
eciok (Xe) 129,366 (8) 61,4 (13)
ecion  (Xe) 158,48 - 159,15 28,6 (6)
eciom  (Xe) 162,78 - 163,25 6,56 (13)
ecion  (Xe) 163,72 - 163,86 1,342 (26)
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5 Photon Emissions

5.1 X-Ray Emissions

Energy Photons

(keV) (per 100 disint.)
XL (Xe)  3,64-53 8,12 (16)
XKay  (Xe) 29,459 15,5 (4) } Ko
XKa;  (Xe) 29,779 28,7 (7)
XKBs  (Xe) 33,562
XKB  (Xe) 33,625 8,31 (22) K B
XK@,  (Xe) 33,881
XK@y  (Xe) 34,415
XKB;  (Xe) 34,496 1,96 (7) K 5,
XKOg3 (Xe) 34,552

5.2 Gamma Emissions

Energy Photons
(keV) (per 100 disint.)

Y10(Xe) 163,930 (8) 1,942 (26)

6 Main Production Modes

Fission product
Possible impurities: Xe — 127, Xe — 129m, Xe — 133, Xe — 133m, Xe — 135

Xe — 130(n,y)Xe — 131m o :0,45 (10) barns
Possible impurities: Xe — 129m

- 131(8")Xe — 131m
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y Emission intensities
per 100 disintegrations

11/2” ; 163,93

1 11,962 d
3127 ;0
' Stable
0 131
Xe
54 77
Q" = 163,93 keV
% IT = 100
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133
56 B a 7

1 Decay Scheme

133Ba disintegrates by electron capture mainly to two 33Cs excited levels of 437 keV (85.4%) and of
383 keV (14.5%) with three very minor branches to the 160 keV, 81 keV excited levels and the ground state.
Le baryum 133 se désintégre par capture électronique principalement vers deux niveauz excités de 437 keV

et 383 keV du césium 133.

2 Nuclear Data

Ty 2(***Ba ) 10,539 (6) a
QT (133Ba) 517,3  (10) keV
2.1 Electron Capture Transitions

Probability

Eéﬁg{/g)y (%) Nature lg ft P Py, Py
€04 80,3(10) 8541 (53) Allowed 6,63 0671 (5) 0251 (4) 0,0777 (11)
€3 133,5 (10) 14,46 (51) Allowed 8,03 0,7727 (9) 0,1755 (7) 0,05174 (23)
€2 356,7 (10) <0,3 2nd Forbidden >10,6 0,83 0,13 0,037
€01 436,33 (10) <0,7 2nd Forbidden >10,9 0,84 0,13 0,037
€,0 517,3 (10) <0,0005 Unique 2nd Forbidden >13,9 0,77 0,18 0,05
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2.2 Gamma Transitions and Internal Conversion Coefficients

133
56 Ba 77

Energy Pytce

(keV) (%) Multipolarity aK or, am ar
v4,3(Cs) 53,1622 (18) 14,25 (46) M1+E2 4,78 (7) 0,70 (5) 0,144 (12) 5,66 (11)
v21(Cs) 79,6142 (19) 7.3 (5) M1+E2 1,495 (22) 0,217 (6) 0,0447 (13) 1,77 (3)
71.0(Cs) 80,9979 (11) 90,05 (6) M1+E2 1,431 (20) 0,216 (4) 0,0447 (8) 1,703 (24)
v2.0(Cs)  160,6121 (16) 0,826 (9) M1+E2 0,234 (4) 00471 (13)  0,0099 (3) 0,294 (6)
v32(Cs) 223,237 (2) 0,494 (6) MI1+E2 0,0836 (12) 0,01103 (16)  0,00226 (4)  0,0975 (14)
v42(Cs)  276,3992 (21) 7,53 (6) E2 0,0460 (7)  0,00842 (12) 0,001763 (25) 0,0566 (8)
v31(Cs)  302,8512 (16) 19,10 (12) M1+E2 0,0373 (6)  0,00484 (7)  0,000988 (14) 0,0434 (6)
v51(Cs)  356,0134 (17) 63,63 (20) E2 0,0211 (3)  0,00346 (5)  0,000721 (10)  0,0254 (4)
v3.0(Cs)  383,8491 (12) 9,12 (6) E2 0,01684 (24)  0,00270 (4)  0,000560 (8)  0,0202 (3)
3 Atomic Data
3.1 Cs
WK 0,894 (4)
wr, 0,104 (5)
NKL 0,895 (4)
3.1.1 X Radiations
Energy Relative
(keV) probability
Xk
Kag 30,6254 54,13
Kag 30,9731 100
Kps 34,9197
KB 34,9873 29,21532
Kps 35,252
Kp3s 35,822
Kpa 35,907 7,12854
KOg3 35,972
XL
Le 3,7946
La 4,2729 - 4,2866
Ln 4,1418
LS 4,62 - 49333
L~y 95,1308 - 5,5525
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3.1.2 Awuger Electrons

Energy Relative
(keV) probability
Auger K
KLL 24,411 - 25,804 100
KLX 28,991 - 30,961 47,2
KXY 33,55 - 35,96 5,06
Auger L. 2,5777 - 5,5590
4 Electron Emissions
Energy Electrons
(keV) (per 100 disint.)
eAL (Cs)  2,5777 - 5,5590 136,8 (8)
eAK (Cs)
KLL 24,411 - 25,804
KLX 28,991 - 30,961 14,1 (6)
KXY 33,55 - 35,96
ecsst (Cs) 17,1776 - 53,1508 12,11 (41)
ecusk  (Cs) 17,1776 (18) 10,23 (32)
ecor T (Cs) 43,6296 - 79,6028 4,66 (35)
eco1 kK (Cs) 43,6296 (19) 3,93 (29)
ecrox  (Cs) 450133 (11) 47,7 (8)
ecior (Cs) 45,0133 - 80,9865 56,7 (9)
ecyzr, (Cs) 47,4479 - 48,1503 1,50 (11)
ecuz v (Cs) 51,9451 - 52,4367 0,308 (27)
ecisn  (Cs) 52,9314 - 53,0857 0,065 (5)
ecorr  (Cs) 73,8999 - 74,6023 0,571 (44)
ecLor  (Cs) 75,2836 - 75,9860 719 (15)
ecorm  (Cs) 78,3971 - 78,8887 0,118 (9)
ecor N (Cs) 79,3834 - 79,5377 0,0247 (19)
ecrom  (Cs) 79,7808 - 80,2724 1,489 (30)
ecion (Cs) 80,7671 - 80,9214 0,313 (6)
ecoox  (Cs) 1246275 (16) 0,1493 (29)
ecoo1, (Cs) 154,8978 - 155,6002 0,0300 (9)
ecsok (Cs) 187,252 (2) 0,0376 (7)
ecirx  (Cs) 2404146 (21) 0,328 (6)
ecs1 1 (Cs)  266,8666 - 302,8398 0,795 (12)
ecs1k  (Cs) 266,8666 (16) 0,683 (12)
ecior  (Cs) 270,6849 - 271,3873 0,060 (1)
ecaom (Cs)  275,1821 - 275,6737 0,01257 (21)
ecs1 1 (Cs) 297,1369 - 297,8393 0,0886 (14)
ecg1 M (Cs) 301,6341 - 302,1257 0,01809 (28)
ecy1 T (Cs) 320,0288 - 356,0020 1,576 (25)
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Energy Electrons
(keV) (per 100 disint.)
ecy1k (Cs)  320,0288 (17) 1,309 (19)
ecsox  (Cs)  347,8645 (12) 0,1505 (24)
ecirn  (Cs)  350,2991 - 351,0015 0,2147 (32)
ecsrm (Cs)  354,7963 - 355,2879 0,0447 (6)
ecsor,  (Cs) 378,138 - 378,8372 0,02414 (39)
9 Photon Emissions
5.1 X-Ray Emissions
Energy Photons
(keV) (per 100 disint.)
XL (Cs) 3,7946 - 5,5525 15,87 (26)
XKag  (Cs) 30,6254 33,8 (4) } K
XKa;  (Cs) 30,9731 62,4 (7)
XKB;  (Cs) 34,9197
XKB;  (Cs) 34,9873 18,24 (29) K B
XK@y  (Cs) 35,252
XKB,  (Cs) 35,822
XKpBy  (Cs) 35,907 4,45 (12) K Bo
XKOs3 (Cs) 35,972
5.2 Gamma Emissions
Energy Photons
(keV) (per 100 disint.)
Y43(Cs) 53,1622 (18) 2,14 (6)
Y1(Cs) 79,6142 (19) 2,63 (19)
Y10(Cs) 80,9979 (11) 33,31 (30)
Y2.0(Cs)  160,6121 (16) 0,638 (6)
v32(Cs) 2232368 (13) 0,450 (5)
Ya2(Cs)  276,3989 (12) 7,13 (6)
v3.1(Cs)  302,8508 (5) 18,31 (11)
v41(Cs)  356,0129 (7) 62,05 (19)
v30(Cs)  383,8485 (12) 8,94 (6)
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6 Main Production Modes

Ba — 132(n,y)Ba — 133 o : 6,5 (8) barns
Possible impurities: Ba — 131, Ba — 140

Ba — 132(n,y)Ba — 133m 0 :0,5 barns

Ca — 133(p,n)Ba — 133
Possible impurities: Cs — 132
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56 7

y Emission intensities
per 100 disintegrations

/ 85,41
1/2* ; 437,0113 )/

14,46
312" ; 383,8491 /

<0,3
5/2* ; 160,6121 /

<0,7
5/2* ; 80,9979 /

<0,0005
712" ; o/

4.3 0
171°%,
277 62
150 ps .
5 3.4
4°g° 9
0 18
44ps 3
8
6% 6°
270
172 ps 2
131
v 3
6,283 ns 1
Stable
133
Cs
55 78
Q" =517,3 keV
% ¢ =100
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138
- La g

1 Decay Scheme

La-138 decays by an electron capture transition and a 8~ decay to the first excited levels of Ba-138 and

of Ce-138 respectively.
Le lanthane 138 se désintegre par une transition capture électronique et un béta moins vers les premiers
niveaux excités, respectivement, du baryum 138 et du cérium 138.

2 Nuclear Data

Tip(*La) : 1036 (20) 10°a
QT(BLa) : 1740,0 (34) keV
Q- (B8La) : 1051,7 (40) keV

2.1 Electron Capture Transitions

Energy Probability

(keV) (%) Nature lg ft Pr Py, Py
co1 3042 (34) 652 (6) Unique 2nd Forbidden 17,2 0,637 (5) 0,275 (3)  0,0880 (11)
2.2 [~ Transitions
E P ili
nergy robability Nature g ft

(keV) (%0)

Boa 263 (4) 3438 (6) Unique 2nd Forbidden 18,7

2.3 Gamma Transitions and Internal Conversion Coefficients

Energy Pyice . . aK ar oM ar Qn
(keV) ()~ Multipolarity 625 (10-%) (10-%) 103 (1074
o(Ce) 788,744 (8) 34,8 (6) E2 291 (4) 4,06 (6) 0,852 (12) 3,42 (5)
v0(Ba) 1435816 (10) 65,2 (6) E2 0,742 (11) 0,937 (14) 0,192 (3) 0,917 (13) 0,572 (8)
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3 Atomic Data

3.1 Ba
wg ¢ 0,900 (4)
oL 0,110 (5)

)
nkgr : 0,888 (4)

3.1.1 X Radiations

Energy Relative
(keV) probability
XK
Koo 31,8174 54,28
Koy 32,1939 100
Kps 36,3045
KB 36,3786 29,41
Kps 36,654
Kp2 37,258
Kp4 37,312 7,41
KO3 3 37,425
XL
L¢ 3,9544
La 4,4515 - 4,4666
Ln 4,3307
Lp 4,8278 - 5,207
Ly 5,3715 - 5,8104

3.1.2 Auger Electrons

Energy Relative
(keV) probability
Auger K
KLL 25,314 - 26,786 100
KLX 30,095 - 32,179 47,7
KXY 34,86 - 37,41 5,7

Auger L 2,66 - 5,81

3.2 Ce
wrg 0,910 (4)
@, ¢ 0125 (5)

)
nNKr : 0,876 (4)
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3.2.1 X Radiations

Energy Relative
(keV) probability
Xk
Kay 34,2793 54,6
Koy 34,72 100
K3 39,1705
Kp1 39,2578 30,1
Kp; 39,549
Ko 40,233
Ky 40,337 7,7
KO3 3 40,423
XL
L¢ 4,2868
La 4,822 - 4,8411
Ly 4,7274
Lg 5,2625 - 5,665
Ly 5,8755 - 6,3412
3.2.2 Auger Electrons
Energy Relative
(keV) probability
Auger K
KLL 27,190 - 28,828 100
KLX 32,392 - 34,700 489
KXY 37,57 - 40,40 5,97
Auger L 2,85 - 6,51
4 Electron Emissions
Energy Electrons
(keV) (per 100 disint.)
eAL (Ba) 2,66 - 5,81 48,8 (4)
eAK (Ba) 4,16 (18)
KLL 25,314 - 26,786
KLX 30,095 - 32,179
KXY 34,86 - 37,41
eAL (Ce) 2,85 - 6,51 0,0895 (7)
€AK (Ce) 0,0091 (5)
KLL 27,190 - 28,828
KLX 32,392 - 34,700
KXY 37,57 - 40,40
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Energy Electrons

(keV) (per 100 disint.)
eciok  (Ce) 748,301 (8) 0,1010 (22)
ecior (Ce) 782,195 - 783,021 0,01409 (32)
eciok (Ba) 139838 (1) 0,0483 (8)

_ max: 263 (4)
Fo. avg: 91,1 (21) } 348 (6)
5 Photon Emissions
5.1 X-Ray Emissions
Energy Photons
(keV) (per 100 disint.)

XL (Ba) 3,9544 - 5,8104 6,03 (10)
XKaz  (Ba) 31,8174 10,63 (15) } Ko
XKa;  (Ba) 32,1939 19,58 (26)
XKpB;  (Ba) 36,3045
XKB,  (Ba) 36,3786 5,76 (10) KB
XK@,  (Ba) 36,654
XKB;  (Ba) 37,258
XKp;  (Ba) 37,312 1,45 (4) K B,
XKOy3 (Ba) 37,425
XL (Ce) 4,2868 - 6,3412 0,01301 (29)
XKas  (Ce) 34,2793 0,0261 (6) } Ka
XKay  (Ce) 34,72 0,0478 (11)
XKps (Ce) 39,1705
XKB;  (Ce) 39,2578 0,0144 (4) K B
XKB;  (Ce) 39,549
XKBy  (Ce) 40,233
XKB;  (Ce) 40,337 0,00365 (12) K'Bs
XK0273 (Ce) 40,423

5.2 Gamma Emissions

Energy Photons
(keV) (per 100 disint.)

Yi0(Ce) 788,742 (8) 34,7 (6)
Yi0(Ba) 1435795 (10) 65,1 (6)
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6 Main Production Modes

Naturally occurring
Possible impurities: Ac — 227

7 References
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Stable

y Emission intensities
per 100 disintegrations

1 / 65,2
5
6 2* ;1435816 //

138

Ba

56 82
Q" = 1740 keV
% ¢ = 65,2
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140
. Ba

1 Decay Scheme

Ba-140 decays by beta minus emission to various excited levels of La-140.
The activity ratio La-140/Ba-140 at time t (for initially pure Ba-140) is given by:

Ty
T — Ty

T —1T:
x =1 2

—txin(2) T <TH )

(1—e

where T3 is the half-life of Ba-140 and T5 is the half-life of La-140.
At equilibrium (t > 19 d) the activity ratio is simply: 77 /(77 — 1) = 1.1516 £ 0.0005 .

Le baryum 140 se désintegre par émission béta moins vers des niveaux excités de lanthane 140.
Le rapport au temps t des activités La-140/Ba-140 dans le Ba-140 initialement pur s’écrit :

Iy -To
Ty xXTo )

Ty
T — Ty

—txin(2)x

(1—e

T, et Ty étant respectivement les périodes de Ba-140 et La-140.
A Déquilibre (t > 19 jours) ce rapport est égal a: Ty /(Th —Ta) = 1,1516 + 0,0005.
2 Nuclear Data

Typ(M'Ba) @ 12,753 (5) d
Typ(**°La) : 1,67858 (21) d
Q- (*%Ba) : 1048 (8) keV

2.1 [~ Transitions

Energy  Probability

(keV) (%) Nature lg ft
Bys 467 (8) 24,94 (50) 1st Forbidden 7.1
Bos 580 (8) 9,71 (12) 1st Forbidden 7.8
Boa 885(8) 4,14 (31)  Unique Ist Forbidden 9,3
By, 1004 (8) 35,6 (31) 1st Forbidden 8
By, 1018 (8) 25,6 (42)  Unique 1st Forbidden 8,7
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2.2 Gamma Transitions and Internal Conversion Coefficients

140
56 Ba g

Energy

(keV) (%) Multipolarity K ar Qg ar
vo1(La) 13,880 (18) 63,8 (31) M1+E2 42,8 (15) 9 (4) 54,0 (19)
vi0(La) 29,9641 (6) 91,7 (29)  MI1(+E2) 4,26 (6) 0, 885 (13) 5,37 (8)
vs0(La) 63,1790 (7)  0,00015 (8) M1 3,45 (5) 0,472 (7) 0,0983 (14) 4,05 (6)
~a,3(La) 99,4801 (20)  0,00006 (4) [E2] 1,235 (18) 0,620 (9) 0,1371 (20) 2,03 (3)
6.5 (La) 113,48 (4)  0,0302 (23) M1 0,645 (9) 0,0872 (13)  0,0181 (3) 0,755 (11)
~a,2(La) 118,815 (18) 0,101 (4) M1 0,566 (8) 0,0765 (11) 0,01591 (23) 0,663 (10)
yaa(La) 132,695 (2) 0,300 (9) M1 0,415 (6) 0,0560 (8)  0,01163 (17) 0,485 (7)
vao0(La)  162,6591 (19) 8,3 (3) MI1(+E2) 0,235 (4) 0,0317 (5)  0,00659 (11) 0,275 (4)
vs.4(La) 304,971 (30) 4,55 (9) MI1(+E2) 0,0434 (6)  0,00573 (8)  0,001189 (17)  0,0506 (7)
~s,2(La) 423,786 (35) 3,20 (6) M1 0,0186 (3) 0,00243 (4) 0,000503 (7) 0,0217 (3)
vsa(La) 437,666 (30) 1,98 (4) M1 0,01716 (24)  0,00224 (4)  0,000464 (7) 0,020 (3)
Y62(La) 537,262 (25) 24,9 (5) M1 0,01029 (15) 0,001332 (19)  0,000276 (4)  0,01197 (17)
~6,1(La) 551,142 (18) 0,0049 (20) [E2] 0,00666 (10)  0,000997 (14) 0,000209 (3) 0,00792 (11)
3 Atomic Data
3.1
WK 0,905 (4)
@, 0,117 (5)
NKL 0,882 (4)
nrLMm 1,61 (3)
3.1.1 X Radiations
Energy Relative
(keV) probability
XK
Kas 33,0344 54,44
Koy 33,4421 100
KfGs 37,7206
Kpgq 37,8015
Kp; 38,075 298
Kps 39,095
KpBs 38,7303
Kp, 38,828 7,5
KOg3 39,91
XL
Ls 4,1174
La 4,6338 - 4,6504
Ln 4,5248
Lg 5,0412 - 5,3814
Ly 5,6198 - 6,0724
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3.1.2 Awuger Electrons

léides

Energy
(keV)

Relative
probability

Auger K
KLL 26,240 - 27,795
KLX 31,231 - 33,428
KXY 36,2 - 38,9

Auger L 2,7-6,2

100
47,8
6,65

4 Electron Emissions

Energy Electrons
(keV) (per 100 disint.)

eAL (La) 2,762 99,5 (19)
eAK (La)

KLL 26,240 - 27,795

KLX 31,231 - 33,428 0,208 (11)

KXY 36,2 - 38,9
ecg1 L (La) 7,61 - 8,40 49,6 (24)
ecz1m  (La) 12,52 - 13,05 10,3 (6)
ecog1 N (La) 13,61 - 13,78 2,26 (11)
ecor  (La) 23,6978 - 24,4814 61,3 (19)
eciom (La) 28,6028 - 29,1324 12,74 (40)
ecion (La) 29,6937 - 29,8652 2,79 (9)
ece5 kK  (La) 74,56  (4) 0,0111 (9)
ecspk  (La) 79,890 (18) 0,0346 (13)
ecarx  (La) 93770 (2) 0,0838 (28)
ccior (La) 1237345 - 162,6447 1,78 (8)
eciox  (La) 1237345 (19) 1,53 (7)
€C4,1 L (La) 126,429 - 127,212 0,01131 (37)
ecapr, (La) 156,3928 - 157,1764 0,206 (9)
ecion  (La)  161,2978 - 161,8274 0,0428 (19)
ecsu k  (La) 266,05 (3) 0,1884 (47)
ecs4 1. (La) 298,705 - 299,488 0,0249 (6)
ecso Kk (La) 384,861 (35) 0,0582 (15)
ecs1 k  (La) 398,74 (3) 0,0333 (8)
eceox  (La) 498,337 (25) 0,253 (6)
eceo 1 (La) 530,996 - 531,779 0,0328 (8)
B06 avgr o g; } 24,94 (50)
P05 avg: ‘;’S(l) g; } 9,71 (12)
Boa ;izx gﬁ g; } 4,14 (31)
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Energy Electrons
(keV) (per 100 disint.)
_ max: 1004 (8)
Poz avg: 345 (3) } 35,6 (31)
_ max: 1018 (8)
foa avg: 362 (3) } 25,6 (42)
5 Photon Emissions
5.1 X-Ray Emissions
Energy Photons
(keV) (per 100 disint.)
XL (La)  4,1174 - 6,0724 13,7 (4)
XKas  (La) 33,0344 0,562 (19) } Ka
XKa;  (La) 33,4421 1,03 (4)
XKp;  (La) 37,7206
XKB;  (La) 37,8015 ,
" 11
XKp:  (La) 38,075 0,307 (11) K6
XK@y  (La) 39,095
XKB;  (La) 38,7303
XKB;  (La) 38,828 0,078 (3) K By
XK0273 (La) 39,91

5.2 Gamma Emissions

Energy Photons

(keV) (per 100 disint.)
yo1(La) 13,880 (18) 1,16 (4)
vo(La) 29,9641 (6) 14,4 (4)
vs0(La) 63,1790 (7)  0,000030 (15)
yas(La) 99,4801 (20) 0,000020 (12)
Yos(La) 113,48 (4) 0,0172 (13)
yio(La) 118,815 (18)  0,0610 (21)
ai(La) 132,695 (2) 0,202 (6)
vio(La)  162,6591 (19) 6,49 (27)
ysa(La) 304,971 (30) 4,33 (9)
vso(La) 423,786 (35) 3,13 (6)
ys.1(La) 437,666 (30) 1,94 (4)
ve2(La) 537,261 (25) 24,6 (5)
Yei(La) 551,141 (18)  0,0049 (20)
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6 Main Production Modes

{
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"0 5783 () d
0 140
Ba
56 84

y Emission intensities per 100 disintegrations

2,9
176 0
04,0
00270 0 ;581,106
6
ot
17 ;467,63
3 7,7 ns
2
0
%1 2
oo oPe®
2 ; 162,6591
7 + 162,659 0,01 ns
03
o0
0
0 46 4763179
3 2 17 43,844
4 e 0,52 ns
2 V& 27200641 (o O
T .
\|/ 37;0
1,67858 (21) d
0 140
La
57 83
Q = 1048 keV
% B = 100
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140
57 L a 83

1 Decay Scheme

Le lanthane 140 se désintegre par émission béta moins vers les niveaux excités du cérium 140.
La-140 decays by beta minus emission to the Ce-140 excited levels.

2 Nuclear Data

Ty 5(**°La) 1,67858 (21) d
Q- (La) : 37609 (18) keV

2.1 [~ Transitions

E(Eg/g)y Prol()%l;lhty Nature lg ft
Boag  240,1 (18 0,011 (3) 1st Forbidden 8,6
Boas 2874 (18) 0,052 (7) Allowed 8.2
Byp 3661 (18) 0,020 (4) Allowed 9
Boae 4413 (18) 0,0039 (3) 1st Forbidden 9.9
Boas  642,5 (18 0,027 (1) 1st Forbidden 9,6
Byys  760,0 (18) 0,085 (9) 1st Forbidden 9,4
Boaz  861,2 (18 0,112 (6) 1st Forbidden 9,5
Boie 1213,7 (18 0,636 (7)  Unique 1st Forbidden 10
Bo1y  1239,5 (18 11,11 (9) 1st Forbidden 8,1
Bo1o 12452 (18 5,80 (4) 1st Forbidden 8,4
Bye 1280,0 (18 1,14 (2) 1st Forbidden 9,1
Bys 12968 (18) 5,60 (7) Allowed 8,44
By- 13489 (18 44,8 (4) 1st Forbidden 7.6
Bye 1411,1 (18 0,262 (22) Unique 1st Forbidden 10,7
By 1413,0 (18 5,03 (12) 1st Forbidden 8,6
Bys 1677,7(18) 20,8 (6) 1st Forbidden 8.3
By, 2164,7 (18 4.5 (6) 1st Forbidden 9.4

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

181



LNE - LNHB/CEA Table de Radionucléides 57 La 33

2.2 Gamma Transitions and Internal Conversion Coefficients

Energy Pytce . . a ar, ans an ar o7
(keV) () ~ Multipolarity ;o7 (10-2) (10-2) (10-3) (10-2) (10-)
24,594 (4) 0,480 (11) E2 54500 (800) 12200 (180) 25900 (400) 69600 (1000)
64,129 (4) 0,073 (11) M1 3610 (50) 49,9 (7) 10,46 (15) 23,2 (4) 424 (6)
68,923 (5) 0,342 (10) M1 2930 (50) 40,5 (6) 8,48 (12) 18,8 (3) 344 (5)
109,417 (4) 0,423 (12) MI1+E2 787 (12) 12,8 (4) 2,71 (8) 5,97 (18) 94,9 (15)
131,121 (4) 0,729 (16) M1+E2 468 (7) 6,60 (22) 1,39 (5) 3,07 (11) 55,2 (9)
173,546 (5) 0,158 (6) M1 214 (3) 2,91 (4) 0,609 (9) 1,350 (19) 25,1 (4)
241,959 (6) 0,480 (11) M1+E2 84 (3) 1,30 (11) 0,275 (25) 0,61 (6) 10,05 (18)
266,554 (5) 0,531 (10) M1+E2 67,1 (11) 0,906 (17) 0,190 (4) 0,420 (9) 7,85 (12)
307,08 (4) 0,023 (5) E2 36,2 (6) 0,695 (10) 0,1495 (21) 0,326 (5) 4,50 (7)
328,761 (4) 21,7 (3) MI1+E2 38,8 (6) 0,516 (8) 0,1078 (15) 0,239 (4) 4,53 (7)
397,674 (6)  0,0765 (31) (E2) 16,89 (24) 0,288 (4) 0,0615 (9) 0,1347 (19) 2,05 (3)
432,513 (8) 3,063 (31) M1+E2 17,9 (4) 0,245 (4) 0,0514 (8) 0,1138 (17) 2,10 (4)
438,178 (6) 0,017 (10) M1 18,6 (3) 0,244 (4) 0,0510 (8) 0,1132 (16) 2,17 (3)
444,57 (4) 0,003 (1) [E2] 12,34 (18) 0,202 (3) 0,0429 (6) 0,0942 (14) 1,490 (21)
487,022 (6) 46,6 (5) E2 9,63 (14)  0,1526 (22) 0,0324 (5) 0,0711 (10) 1,156 (17)
618,12 (4) 0,041 (3) [E2] 5,20 (8) 0,0768 (11) 0,01619 (23) 0,0357 (5) 0,617 (9)
751,655 (7) 4,41 (5) MI1+E2 4,71 (8) 0,0613 (10) 0,01277 (20) 0,0283 (5) 0,548 (9)
815,784 (6) 23,83 (20) M1+E2 4,05 (6) 0,0521 (8) 0,01085 (16) 0,0241 (4) 0,471 (7)
867,842 (16) 5,59 (7) E1+M2 0,977 (22)  0,0122 (3) 0,00253 (7) 0,00561 (14) 0,113 (3)
919,536 (10) 2,74 (3) M1+E2 2,19 (6) 0,0295 (7) 0,00616 (13) 0,0136 (3) 0,257 (6)
925,201 (7) 7,06 (7) M1+E2 2,96 (5) 0,0381 (6) 0,00792 (12) 0,0176 (3) 0,344 (6)
950,991 (20) 0,533 (7) M1+E2 2,82 (4) 0,0361 (5) 0,00752 (11) 0,01669 (24) 0,328 (5)
992,64 (18) 0,010 (3) [E1] 0,743 (11)  0,00924 (13) 0,00191 (3) 0,00423 (6) 0,0860 (12)
1045,02 (9) 0,020 (4) [E1] 0,675 (10)  0,00837 (12)  0,001733 (25) 0,00384 (6) 0,0781 (11)
1097,58 (9) 0,023 (5) [E2] 1,42 (2) 0,0188 (3) 0,00392 (6) 0,00868 (13)  0,1658 (24)
1303,35 (7) 0,045 (6)  [M1+E2+E0] 1,2 (2) 0,015 (2) 0,0032 (5) 0,14 (2)

1404,67 (9) 0,062 (8) [M1+E2] 1,01 (15)  0,0129 (18) 0,0027 (4) 0,0059 (8) 0,117 (15) 4,73 (8)
1596,213 (13) 95,49 (5) E2 0,676 (10)  0,00863 (12) 0,00179 (3) 0,00397 (6) 0,0787 (13) 11,28 (16)
1877,34 (18) 0,041 (6) [E1] 0,245 (4)  0,00300 (5) 0,000621 (9) 0,001377 (20)  0,0284 (4) 49,9 (7)

1903,29 (4)  0,0146 (15) ol
1924,5 (2) 0,011 (3) [B2] 0,478 (7)  0,00601 (9) 0,001247 (18) 0,00276 (4) 0,0554 (8) 25,7 (4)
2083,236 (14) 0,036 (7) E4 1,162 (17)  0,01598 (23) 0,00335 (5) 0,00743 (11)  0,1364 (19)
2347,868 (14) 0,846 (16) E2 0,333 (5)  0,00415 (6) 0,000860 (12) 0,00191 (3) 0,0386 (5) 46,0 (7)
2464,054 (20)  0,0097 (13) [E3] 0,515 (8)  0,00661 (10)  0,001375 (20) 0,00305 (5) 0,0598 (8) 33,1 (5)
2521,410 (14) 3,41 (5) E2 0,294 (5)  0,00365 (6) 0,000756 (11)  0,001676 (24)  0,0340 (5) 54,2 (8)
2547,200 (23)  0,1021 (20) M1 0,320 (5)  0,00398 (6) 0,000824 (12) 0,00183 (3) 0,0370 (5) 59,3 (9)
2899,56 (7)  0,0661 (10) E2 0,231 (4)  0,00284 (4) 0,000588 (9) 0,001306 (19)  0,0266 (4) 71,4 (10
3118,53 (10) 0,026 (1) (E2) 0,204 (3)  0,00250 (4) 0,000518 (8) 0,001149 (16)  0,0234 (3) 80,8 (12)
3319,56 (24)  0,0039 (3) E2 0,183 (3)  0,00225 (4) 0,000464 (7) 0,001031 (15)  0,0211 (3) 89,2 (13)
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3 Atomic Data

3.1 Ce

WK
wr,
NKL

nLMm

0,910 (4)
0,125 (5)
0,876  (4)
1,57 (3)

3.1.1 X Radiations

Energy Relative
(keV) probability
Xk
Kas 34,2793 54,6
Kay 34,72 100
K33 39,1705
K1 39,2578 30,31
Kp; 39,549
KB 40,233 9.8
K3y 40,337 ’
XL
Le 4,2868
La 4,822 - 4,8411
Ly 4,7274
Lg 5,2625 - 5,6103
Ly 5,8755 - 6,3412
3.1.2 Awuger Electrons
Energy Relative
(keV) probability

Auger K
KLL 27,190 - 28,828
KLX 32,392 - 34,700
KXY 37,57 - 40,40

Auger L 2,8 -6,5

KRI / V.P. Chechev, N.K. Kuzmenko
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4 Electron Emissions

Energy Electrons
(keV) (per 100 disint.)
AL (Ce) 2,8-6,5 2,360 (13)
eAK (Ce)
KLL 27,190 - 28,828
KLX 32,392 - 34,700 0,206 (10)
KXY 37,57 - 40,40
ecuzr (Ce) 18,045 - 18,871 0,376 (12)
ecusm (Ce) 23,159 - 23,711 0,0841 (26)
ec7 5 K (Ce) 23,686 (4) 0,051 (7)
ecusn  (Ce) 24,304 - 24,594 0,0178 (6)
€C97 K (Ce) 28,480 (5) 0,226 (7)
ccor. (Ce) 62,374 - 63,200 0,0312 (9)
eci7xk (Ce) 68,974 (4) 0,171 (5)
ecosk  (Ce) 90,678 (4) 0,220 (6)
eciizr (Ce) 102,868 - 103,694 0,0278 (12)
eccoer.  (Ce) 124,572 - 125,398 0,0310 (12)
eci15k (Ce) 133,103 (5) 0,0270 (11)
ecoax  (Ce) 201,516 (6) 0,0366 (16)
ecsz3k  (Ce) 226,111 (5) 0,0330 (8)
etz (Ce) 288,318 - 328,741 0,942 (20)
ecr3k  (Ce) 288,318 (4) 0,807 (17)
ecrzr (Ce) 322,212 - 323,038 0,1073 (23)
ecrsm (Ce) 327,326 - 327,878 0,02242 (45)
eciozk  (Ce) 392,070 (8) 0,0537 (13)
ecs1 T (Ce) 446,579 - 487,002 0,533 (10)
ec31k  (Ce) 446,579 (6) 0,444 (8)
ecs1r (Ce) 480,473 - 481,299 0,0703 (13)
ecs1m  (Ce) 485,587 - 486,139 0,01494 (28)
ecsu k  (Ce) 711,212 (7) 0,02068 (42)
ecrik  (Ce) 775,341 (6) 0,0961 (16)
ecrirn  (Ce) 809,235 - 810,061 0,01236 (22)
eciip k (Ce) 884,758 (7) 0,02084 (41)
eciox  (Ce) 1555770 (13) 0,0645 (10)
_ max: 240,1 (18)
50,19 avg 66,7 (6) } 0,011 (3)
_ max: 287,4 (18)
Boas ave: 1.4 (6) } 0,052 (7)
_ max: 366,1 (18)
Boar g 106,7 (6) } 0,020 (4)
_ max: 441,3  (18)
Fo.16 avg: 1320 (6) } 0,0039 (3)
_ max: 642,5 (18)
Bos ave: 2037 (7) } 0,027 (1)
_ max: 760,0 (18)
Bo.14 ave: 248,0 (7) } 0,085 (9)
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Energy Electrons
(keV) (per 100 disint.)
_ max: 861,2 (18)
Poss avg: 2873 (7) } 0,112 (6)
_ max: 1213,7 (18)
Boz avg: 438,4 (7) } 0,636 (7)
_ max: 12395 (18)
Pou avg: 4414 (8) } 111 9)
_ max: 12452 (18)
Bo,10 avg: 443,8 (8) } 5,80 (4)
_ max: 1280,0 (18)
Pos avg: 4584 (8) } 114 (2)
_ max:  1296,8 (18)
fos avg: 465,6 (8) } 5,60 (7)
_ max: 13489 (18)
’ 4
o avg: 487,6 (8) } 44,8 (4)
_ max: 1411,1 (18)
bos avg: 518,8 (8) } 0,262 (22)
_ max: 1413,0 (18)
Pos avg: 5150 (8) } 5,03 (12)
_ max:  1677,7 (18)
fos avg: 629,7 (8) } 20,8 (6)
_ max: 2164,7 (18)
Foa avg: 846,4 (8) } 45 (6)
5 Photon Emissions
5.1 X-Ray Emissions
Energy Photons
(keV) (per 100 disint.)
XL (Ce)  4,2868 - 6,3412 0,343 (7)
XKag  (Ce) 34,2793 0,591 (8) } Ko
XKa; (Ce) 34,72 1,082 (13)
XK@ (Ce) 39,1705
XKB  (Ce) 39,2578 0,326 (6) K' 3
XK@ (Ce) 39,549
XKB; (Ce) 40,233 } ,
XKB3; (Ce) 40,337 0,0828 (21) K B2
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5.2 Gamma Emissions

Energy Photons

(keV) (per 100 disint.)
v4,3(Ce) 24,595 (4)  0,000689 (19)
v¥7,5(Ce) 64,129 (4) 0,014 (2)
~Y9.7(Ce) 68,923 (5) 0,077 (2)
~v11,7(Ce) 109,417 (4) 0,217 (6)
¥9,6(Ce) 131,121 (4) 0,47 (1)
Y1,5(Ce) 173,546 (5) 0,126 (5)
Y6,4(Ce) 241,959 (6) 0,436 (10)
76,3(Ce) 266,554 (5) 0,492 (9)
72,1 (Ce) 307,08 (4) 0,022 (5)
v7,3(Ce) 328,761 (4) 20,8 (3)
79,3(Ce) 397,674 (6) 0,075 (3)
710,3(Ce) 432,513 (8) 3,00 (3)
71,3(Ce) 438,178 (6) 0,017 (10)
v5,2(Ce) 444,57 (4) 0,003 (1)
73,1(Ce) 487,022 (6) 46,1 (5)
711,2(Ce) 618,12 (4) 0,041 (3)
75,1 (Ce) 751,653 (7) 4,39 (5)
v¥7.1(Ce) 815,784 (6) 23,72 (20)
78,1 (Ce) 867,839 (16) 5,58 (7)
~10,1(Ce) 919,533 (10) 2,73 (3)
711,1(Ce) 925,198 (7) 7,04 (7)
712,1(Ce) 950,988 (20) 0,531 (7)
v18,0(Ce) 992,64 (18) 0,010 (3)
m7,6(Ce)  1045,02 (9) 0,020 (4)
Y14,2(Ce)  1097,58 (9) 0,023 (5)
m3,1(Ce)  1303,34 (7) 0,045 (6)
74,1(Ce)  1404,66 (9) 0,062 (8)
71,0(Ce)  1596,203 (13) 95,40 (5)
m8,1(Ce)  1877,33 (18) 0,041 (6)
719,1(Ce) 19245 (2) 0,011 (3)
v3,0(Ce)  2083,219 (14) 0,036 (7)
v5,0(Ce)  2347,847 (14) 0,845 (16)
78,0(Ce)  2464,031 (20) 0,0097 (13)
711,0(Ce)  2521,390 (14) 3,41 (5)
Y12,0(Ce)  2547,180 (23) 0,102 (2)
713,0(Ce)  2899,53 (7) 0,066 (1)
Y15,0(Ce)  3118,49 (10) 0,026 (1)
m6,0(Ce)  3319,52 (24) 0,0039 (3)

6 Main Production Modes

Separation from Ba — 140 & La — 140
Possible impurities: Ba — 140

La — 139(n,vy)La — 140 o :8,93 (4) barns
Possible impurities: La — 141
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144
58 C e 86

1 Decay Scheme

Ce-144 (half-life 284.89 d) undergoes 100% beta minus decay to Pr-144m (half-life of 7.2 min) with a
branching fraction of 0.0115, and Pr-144 (half-life of 17.29 min) with a branching fraction of 0.9885.

Le cérium 144 (284,89 d) se désintégre par émission béta moins, pour 1,15 % vers le praséodyme 144m
(7,2 min) et pour 98,85 % vers le praséodyme 144 (17,29 min).

2 Nuclear Data

Typ(M4Ce) : 284,89 (6) d
Tip(M*Pr) : 17,29  (4) min
Q- (MCe) : 3186 (8) keV

2.1 [~ Transitions

Energy  Probability

N 1
(keV) (%) ature g ft
Boa 1851 (8) 19,2 (1) 1st forbidden non-unique 7,27
Boa 2385 (8) 39 (2) 1st forbidden non-unique 8,33
Boo 318,6 (8) 76,9 (3) Ist forbidden non-unique 7,42

(keV) (%) Multipolarity aK ar am ar
~a,3(Pr) 33,563 (9) 1,28 (6) M1 3,70 (6) 0,780 (11) 4,69 (7)
~s,1(Pr) 40,92 (3) 1,16 (18) M1 2,06 (3) 0,434 (7) 2,61 (4)
~4,2(Pr) 53,395 (5) 0,90 (4) M1 6,75 (10) 0,942 (14) 0,199 (3) 7,94 (12)
~1,0(Pr) 59,03 (3) 1,15 (23) M3 408 (6) 618 (9) 155,0 (23) 1221 (18)
~2,0(Pr) 80,120 (4) 4,83 (17) M1 2,08 (3) 0,288 (4) 0,0608 (9) 2,45 (4)
~3,0(Pr) 99,952 (9) 0,128 (6) E2 1,214 (17) 0,71 (1) 0,1599 (23) 2,12 (3)
v4,0(Pr) 133,5152 (20) 17,01 (19) M1 0,486 (7) 0,0668 (10) 0,01408 (20) 0,571 (8)
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3 Atomic Data

3.1 Pr
w0914 (4)
oL, 0,132 (5)

)
nkgr : 0871 (4)

3.1.1 X Radiations

Energy Relative
(keV) probability
Xk
Kas 35,5506 54,8
Kay 36,0267 100
Kgs 40,6533
KBy 40,7487 30,5
Kps 41,05
KpBs 41,774
Kgy 41,877 7,8
KO3 3 41,968
Xy
| 4,453
La 5,013 - 5,033
Ln 4,929
L 5,489 - 5,851
Ly 6,327 - 6,617

3.1.2 Awuger Electrons

Energy Relative
(keV) probability
Auger K
KLL 28,162 - 29,890 100
KLX 33,576 - 36,004 49,4
KXY 38,97 - 41,95 6,1
Auger L 2,90 - 4,91 1022
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4 Electron Emissions

Energy Electrons
(keV) (per 100 disint.)
eAL (Pr) 2,0 - 4,01 9,88 (10)
eAK (Pr) 0,80 (4)
KLL 28,162 - 29,890
KLX 33,576 - 36,004
KXY 38,97 - 41,95
ecup T (Pr) 11,404 - 53,373 0,802 (42)
ecuo k  (Pr) 11,404 (5) 0,682 (35)
ecior  (Pr) 17,04 - 59,01 1,15 (23)
eciok  (Pr) 17,04 (3) 0,38 (8)
ecuz T (Pr) 26,728 - 33,563 1,05 (6)
ecszr  (Pr) 26,728 - 27,599 0,83 (5)
ecsz M (Pr) 32,052 - 32,632 0,175 (10)
ecuzn  (Pr) 33,259 - 33,561 0,039 (2)
ecs1r (Pr) 34,09 - 40,90 0,84 (13)
ecsir  (Pr) 34,09 - 34,96 0,66 (10)
ecopr  (Pr) 38,129 - 80,120 3,43 (18)
ecooxk  (Pr) 38129 (4) 2,91 (15)
ecsim  (Pr) 39,41 - 39,99 0,139 (22)
ecs1 N (Pr) 40,62 - 40,92 0,0311 (49)
ecuo1, (Pr) 46,560 - 47,431 0,0951 (49)
ecsom  (Pr) 51,884 - 52,464 0,0201 (10)
ecio N (Pr) 53,091 - 53,393 0,00448 (23)
ecor  (Pr) 52,20 - 53,07 0,58 (12)
eciom  (Pr) 57,52 - 58,10 0,146 (30)
ecion  (Pr) 58,73 - 59,03 0,033 (7)
€C20 L (Pr) 73,285 - 74,156 0,403 (21)
ecoonm  (Pr) 78,609 - 79,189 0,085 (4)
ecoon  (Pr) 79,816 - 80,118 0,019 (1)
ecspr  (Pr) 91,524 - 133,515 6,18 (22)
ecuox  (Pr) 91,524 (2) 5,26 (19)
ecso1, (Pr) 126,680 - 127,551 0,723 (25)
ecionm  (Pr) 132,004 - 132,584 0,152 (5)
ecuon  (Pr) 133,211 - 133,513 0,0341 (12)
_ max: 185,1 (8)
Boa v 5020 (24) 19.2 (1)
_ max: 238,5 (8
bo2 avg: 66,24 §2)5) 39 (2)
_ max: 318,6 (8
B0 ave: 91,3 §3§ 76,9 (3)
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5 Photon Emissions

5.1 X-Ray Emissions

XL

XKO&Q
XKal

XKp3
XKp
XKp5

XK s
XKp4
XKOsy 5

Energy Photons
(keV) (per 100 disint.)
(Pr) 4,453 - 6,617 1,54 (4)
(Pr) 35,5506 2,41 (5)
(Pr) 36,0267 4,40 (9)
(Pr) 40,6533
(Pr) 40,7487 1,34 (3)
(Pr) 41,05
(Pr) 41,774
(Pr) 41,877 0,343 (10)
(Pr) 41,968

-

’

K 3

K B,

5.2 Gamma Emissions

Energy Photons

(keV) (per 100 disint.)
V4,3(Pr) 33,563 (9) 0,225 (11)
v3,1(Pr) 40,92 (3) 0,32 (5)
Y4,2(Pr) 53,395 (5) 0,101 (5)
v1,0(Pr) 59,03 (3)  0,00094 (19)
72,0(Pr) 80,120 (4) 1,40 (5)
v3,0(Pr) 99,952 (9) 0,041 (2)
~a,0(Pr)  133,5152 (20) 10,83 (12)

6 Main Production Modes

U — 235(n,f)Ce — 144
U — 238(n,f)Ce — 144
Pu — 239(n,f)Ce — 144
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284,89 (6) d

Ce

58 86
y Emission intensities
per 100 disintegrations

5 1.3
21%°
0ol 171335152
4
1
2ot
0 27 ;99,952
3
v40
1 17 ;80,120
2
ot
o0
0
0 37;59,03
1
0 144
Pr
59 85
Q =318,6 keV
% B = 100

Surrey Univ. & Manipal Univ. / A.L. Nichols 199

7 ps

0,67 ns

136 ps

7,2 min

17,29 (4) min

144
58

Ce g






4
LNE - LNHB/CEA Table de Radionucléides ;—;94 Pr 35

144
. Prg

1 Decay Scheme

Pr-144 (half-life of 17.29 min) undergoes 100% beta minus decay to various excited levels and predomi-
nantly to the ground state of Nd-144.

Le praséodyme 144 (17,29 min) se désintégre a 100 % par émission béta moins vers les niveaux excités
et le niveau fondamental du néodyme 144.

2 Nuclear Data

Typp(MPr) 0 17,29 (4)  min

Tip(MNd) = 23 (3) 10 a

Q- (*Pr) . 29974 (24) keV

2.1 [~ Transitions
Eéﬁs%y Prol()%‘tglhty Nature lg ft

Boia 2544 (24) 0,00035 (6)  1st forbidden non-unique 8,1
Boar 3218 (24) 0,00096 (8)  1st forbidden non-unique 8
Boio 3419 (24) 0,00018 (3)  1st forbidden non-unique 8,8
Bos 628,6 (24) 0,00027 (6) 1st forbidden unique 9,7
By,  SILT(24) 1,021 (10) allowed 6,32
Bos 912,7 (24) 0,00708 (6)  1st forbidden non-unique 8,7
Bos  924,5 (24) 0,00065 (6) 1st forbidden unique 10,2
Bos 1436,5 (24)  0,0017 (3) 1st forbidden unique 10,8
Box  2300,8 (24) 1,116 (3) 1st forbidden unique 9,17
Boo 29974 (24) 97,852 (10) 1st forbidden non-unique 6,53
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2.2 Gamma Transitions and Internal Conversion Coefficients

144
50 PT g5

Energy Pryice . . aK ar an ar QO
(keV) (%) Multipolarity —— =s) (174 (10) (1072 (1074
~yr.4(Nd) 624,83 (3)  0,00118 (3) El 2,07 (3)  2,67(4) 0561 (8) 241 (4)
~yr.3(Nd) 674,88 (4)  0,00301 (14) E2 4,60 (7) 6,86 (10) 1,465 (21) 547 (8)
Y10(Nd) 696,507 (4) 1,42 (7) E2 427 (6)  6,31(9) 1,348 (19) 5,07 (7)
vs1(Nd) 814,310 (23)  0,00331 (14) El 1,198 (17) 1,528 (22) 0,321 (5) 1,391 (20)
vaa(Nd) 864,359 (16)  0,00270 (14) MI1+485%E2 3,38 (14) 4,56 (16) 0,96 (4) 3,96 (16)
v12.4(Nd)  1182,07 (7)  0,00006 (3) E2 1,353 (19) 1,82 (3) 0,384 (6) 1,587 (23) 0,0410 (6)
vs1(Nd)  1376,35 (3)  0,00041 (4) MI1+104%E2 1,35 (3) 1,75 (4) 0,368 (8) 1,61 (4) 0,398 (6)
Y61 (Nd)  1388,12 (4)  0,00707 (6) E2 0,984 (14) 1,297 (19) 0,274 (4) 1,190 (17) 0,416 (6)
vra(Nd)  1489,156 (3) 0,286 (3) El 0,397 (6) 0,495 (7)  0,1038 (15) 0,663 (10) 2,04 (3)
Yao(Nd)  1560,920 (13)  0,00021 (3) E2 0,786 (11) 1,024 (15) 0,216 (3) 1,014 (15) 0,981 (14)
vsa(Nd)  1672,26 (4)  0,00021 (6)  MI1+2,5%E2 0,892 (14) 1,146 (18) 0,241 (4) 1,189 (18) 1,519 (22)
v (Nd)  1979,05 (8)  0,00096 (8) E2 0,505 (7) 0,647 (9)  0,1360 (19) 0,868 (13) 2,81 (4)
Y121 (Nd) 204643 (7)  0,00030 (6) E2 0,475 (7) 0,607 (9)  0,1277 (18) 0,865 (13) 3,13 (5)
vs.0(Nd)  2072,91 (3)  0,00024 (3) E2 0,465 (7) 0,593 (9)  0,1246 (18) 0,865 (13) 3,26 (5)
vro(Nd)  2185,663 (5) 0,731 (10) El 0,213 (3) 0,264 (4)  0,0552 (8) 0,959 (14) 7,12 (10)
vso(Nd) 236882 (4)  0,000051 (14) E2 0,365 (6) 0,463 (7)  0,0073 (14) 0,891 (13) 4,67 (7)
Yi00(Nd) 265554 (3)  0,00018 (3) M1+E2
3 Atomic Data
3.1 Nd
wi 0,918 (4)
wr, 0,140 (6)
nNKr, 0,866 (4)
3.1.1 X Radiations
Energy Relative
(keV) probability
Xk
Kas 36,8478 55
Koy 37,3614 100
K03 42,167
KB 42,2717 30,7
Kps 42,58
K3y 43,335
KB, 43451 7.9
KOs 3 43,548
Xy
L 4,633
La 5,208 - 5,23
Ln 5,146
Lj 5,722 - 6,09
Ly 6,604 - 6,901
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3.1.2 Awuger Electrons

Energy Relative
(keV) probability
Auger K
KLL 29,154 - 30,978 100
KLX 34,798 - 37,340 50
KXY 40,42 - 43,53 6,2
Auger L 3,01 - 5,10 1655

4 Electron Emissions

Energy Electrons
(keV) (per 100 disint.)
ea,  (Nd) 3,01 - 5,10 0,00551 (18)
eak  (Nd) 0,00052 (4)
KLL 29,154 - 30,978
KLX 34,798 - 37,340
KXY 40,42 - 43,53
- max: 2544 (24)
Foaz avg: 71,05 (8) } 0,00035 (6)
_ max: 321,8 (24)
Fon avg: 92,21 (8) } 0,00096 (8)
_ max: 341,9 (24)
Poro avg: 98,68 (8) } 0,00018 (3)
— max: 628,6 (24)
Fos avg: 213,04 (9) } 0,00027 (6)
_ max: 811,7 (24)
o ave: 267,12 (9) } 1,021 (10)
_ max: 912,7 (24)
Bos avg: 306,67 (10) } 0,00708 (6)
_ max: 924,5 (24)
Fos avg: 322,77 (9) } 0,00065 (6)
— max: 1436,5 (24)
Foa avg: 526,25 (10) } 0,0017 (3)
_ max: 2300,8 (24)
Por ave: 894,90 (11) } 1116 (3)
_ max: 29974 (24)
foo avg:  1221,990 (1) } 97,852 (10)
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5 Photon Emissions

5.1 X-Ray Emissions

Energy Photons

(keV) (per 100 disint.)
XL (Nd) 4,633 - 6,901 0,00092 (3)
XKas (Nd) 36,8478 0,00165 (9) } Ko
XKaq (Nd) 37,3614 0,00300 (15)
XKps3 (Nd) 42,167
XK (Nd) 42,2717 0,00092 (5) K B
XK@,  (Nd) 42,58
XK (Nd) 43,335
XKp4 (Nd) 43,451 0,000237 (13) K By
XKO23 (Nd) 43,548

5.2 Gamma Emissions

Energy Photons

(keV) (per 100 disint.)
¥7,4(Nd) 624,83 (3) 0,00118 (3)
~¥7,3(Nd) 674,88 (4) 0,00299 (14)
¥1,0(Nd) 696,505 (4) 1,41 (7)
v3,1(Nd) 814,308 (23)  0,00331 (14)
Ya,1(Nd) 864,356 (16)  0,00269 (14)
Y12,4(Nd)  1182,06 (7) 0,00006 (3)
V5,1 (Nd) 1376,34 (3) 0,00041 (4)
v6,1(Nd) 1388,11 (4) 0,00706 (6)
v7a1(Nd)  1489,148 (3) 0,286 (3)
~vao(Nd)  1560,911 (13)  0,00021 (3)
78,1(Nd) 1672,25 (4) 0,00021 (6)
mi11(Nd)  1979,04 (8) 0,00096 (8)
72,1(Nd)  2046,41 (7) 0,00030 (6)
v5,0(Nd) 2072,89 (3) 0,00024 (3)
v70(Nd)  2185,645 (5) 0,73 (1)
v8,0(Nd) 2368,80 (4)  0,000051 (14)
Y10,0(Nd)  2655,51 (3) 0,00018 (3)
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6 Main Production Modes

U — 235(n,f)Pr — 144
U — 238(n,f)Pr — 144
Pu — 239(n,f)Pr — 144
Ce — 144(5~)Pr — 144
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144m
. Pr.

1 Decay Scheme

Pr-144m (half-life of 7.2 min) decays 99.94(2)% by an isomeric transition to Pr-144 and 0.06(2)% by
beta minus emission to various excited levels of Nd-144.

Le praséodyme 144m (7,2 min) se désintégre a 99,94 % par transition isomérique vers le praséodyme
144 et par émission béta moins vers trois niveaus excités du néodyme 144.

2 Nuclear Data

Ty p(M4mPr) ¢ 7,2 (2) min
Tip(MNd) @ 23 (3) 10 a
Ty 2 (*Pr) 17,29 (4) min
QT (144mpr ) 59,03 (3) keV
Q~ (M#4mPpr ) 3056,4 (24) keV
2.1 [~ Transitions
Energy Probability
(keV) (%) Nature lg ft
Bors 110,44 (24) 0,030 (3) (allowed) 4,65
Boo 4741 (24) 0,010 (3) (1st forbidden non-unique) 7,15
Bos 15455 (24) 0,02 (1) allowed 8,7
2.2 Gamma Transitions and Internal Conversion Coefficients
Eéﬁg/g)y P(’Y%)CQ Multipolarity ag ar, an ar o
v1,0(Pr) 59,03 (3) 99,94 (2) M3 408 (6) 618 (9) 155,0 (23 1221 (18)
v2,1(Nd) 618,108 (16) 0,030 (3) E2 0,00568 (8)  0,000869 (13)  0,000186 (3) 0,00679 (10)
v1,0(Nd) 696,507 (4) 0,06 (2) E2 0,00427 (6)  0,000631 (9)  0,0001348 (19)  0,00507 (7)
v3,1(Nd) 814,310 (23) 0,02 (1) El 0,001198 (17)  0,0001528 (22)  0,0000321 (5)  0,001391 (20)
m3,2(Nd)  1631,37 (10) 0,030 (3)
v0,1(Nd) 188576 (6) 0,010 (3) MI+1,7%E2  0,000686 (10)  0,0000878 (13)  0,0000185 (3)  0,001052 (15)  0,000255 (4)
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3 Atomic Data

3.1 Nd
WK ;0,918 (4)
Wy, ;0,140 ( )

6
nkgr : 0,866 (4)

3.1.1 X Radiations

Energy Relative
(keV) probability
Xk
Kas 36,8478 54,1
Koy 37,3614 100
Kgs 42,167
KBy 42,2717 30,5
Kps 42,58
KpBs 43,335
Kgy 43,451 7,73

KO3 3 43,548

)

3.1.2 Auger Electrons

Energy Relative
(keV) probability
Auger K
KLL 29,154 - 30,978 100
KLX 34,798 - 37,340 50
KXY 40,42 - 43,53 6,25
Auger L 3,01 - 5,10 1667
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3.2 Pr
w0914 (4)
o, ¢ 0,132 (5)

)
nNKr, H 0,871 (4)

3.2.1 X Radiations

Energy Relative
(keV) probability
Xk
Kas 33,5506 54,8
Koy 36,0267 100
Kps 40,6533
KBy 40,7487 30,4
Kps 41,05
KpBs 41,774
Kgy 41,877 7,78
KOs 3 41,968
XL
Le 4,453
La 5,013 - 5,033
Ln 4,929
Lp 5,489 - 5,851
Ly 6,327

3.2.2 Auger Electrons

Energy Relative
(keV) probability
Auger K
KLL 28,162 - 29,890 100
KLX 33,576 - 36,004 49,2
KXY 38,97 - 41,95 6,11
Auger L 2,90 - 491 3730
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4 Electron Emissions

Energy Electrons
(keV) (per 100 disint.)
eAL (Nd) 3,01 - 5,10 0,00040 (5)
eAK (Nd) 0,000038 (8)
KLL 29,154 - 30,978
KLX 34,798 - 37,340
KXY 40,42 - 43,53
eAL (Pr) 2,90 - 4,91 69 (10)
CAK (Pr) 2,87 (15)
KLL 28,162 - 29,890
KLX 33,576 - 36,004
KXY 38,97 - 41,95
ecior (Pr) 17,04 - 59,01 99,9 (21)
eCLo K (PI‘) 17,04 (3) 33,4 (7)
ecior  (Pr) 52,20 - 53,07 50,6 (10)
eciom  (Pr) 57,52 - 58,10 12,68 (26)
eccion  (Pr) 58,73 - 59,03 2,34 (6)
ecipo (Pr) 58,99 - 59,01 0,411 (9)
_ max: 1104 (24)
Poss avg: 29,0 (7) 0,030 (3)
_ max: 4741 (24)
Boo avg 143,0 (8) 0,010 (3)
_ max: 15455 (24)
’ 1
Fos avg:  570,0 (11) 0,02 (1)
5 Photon Emissions
5.1 X-Ray Emissions
Energy Photons
(keV) (per 100 disint.)
XKas  (Nd) 36,8478 0,000119 (23) } Ko
XKay (Nd) 37,3614 0,00022 (5)
XKp;  (Nd) 42,167
XKB;  (Nd) 42,2717 0,000067 (13) K B
XK@,  (Nd) 42,58
XK, (Nd) 43,335
XKB;  (Nd) 43,451 0,000017 (4) K Bo
XKO23 (Nd) 43,548
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Energy Photons
(keV) (per 100 disint.)
XL (Pr) 4,453 - 6,617 10,5 (5)
XKay  (Pr) 33,5506 8,66 (19) } Ko
XKa,  (Pr) 36,0267 15,8 (4)
XKpB;  (Pr) 40,6533
XKpB;  (Pr) 40,7487 4,81 (12) K B
XKB;  (Pr) 41,05
XK@,  (Pr) 41,774
XK@y (Pr) 41,877 1,23 (4) K B,
XKOs5 (Pr) 41,968
5.2 Gamma Emissions
Energy Photons
(keV) (per 100 disint.)
V1,0(Pr) 59,03 (3)  0,0818 (12)
Y21(Nd) 618,107 (16) 0,030 (3)
v10(Nd) 696,505 (4) 0,06 (2)
ys1(Nd) 814,308 (23) 0,02 (1)
vi32(Nd)  1631,36 (10) 0,030 (3)
vo.1(Nd) 188575 (6) 0,010 (3)
6 Main Production Modes
U — 235(n,f)Pr — 144m
U — 238(n,f)Pr — 144m
Pu — 239(n,f)Pr — 144m
Ce — 144(87)Pr — 144m
7 References
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- J.L. FAsCcHING, W.B. WALTERS, C.D. CORYELL. Phys. Rev. C1 (1970) 1126
(Half-life, Partial beta-decay branching fraction)
- M. BEHAR, Z.W. GRABOWSKI, S. RAMAN. Nucl. Phys. A219 (1974) 516
(Gamma-ray energies)
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(1314.67-keV nuclear-level half-life)
- B.V.N. Rao, G.N. Rao. J. Phys. Soc. Japan 40 (1976) 1
(Gamma-ray energies and emission probabilities)
- F.P. LARKINS. At. Data Nucl. Data Tables 20 (1977) 311
(Auger-electron energies)
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(Gamma-ray energies and emission probabilities)
- R.C. GREENWOOD, R.G. HELMER, R.J. GEHRKE. Nucl. Instrum. Methods 159 (1979) 465
(Gamma-ray energies)
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(Gamma-ray energies and emission probabilities, Partial beta-decay branching fraction)
- S.L. ROBINSON, J. JOLIE, H.G. BORNER, P. SCHILLEBEECKX, S. ULBIG, K.P. LIEB. Phys. Rev. Lett. 73 (1994)
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(Nuclear-level lifetimes)
- E. SCHONFELD, H. JANSSEN. Nucl. Instrum. Methods Phys. Res. A369 (1996) 527
(K- and L-shell fluorescence yields, K X-ray emission probability ratios, Auger-electron emission probability ratios)
- S.F. Hicks, C.M. DAVOREN, W.M. FAULKNER, J.R. VANHOY. Phys. Rev. 57 (1998) 2264
(Nuclear structure, Mixing ratios)
- E. SCHONFELD, G. RODLOFF. PTB Report PTB-6.11-98-1 (1998)
(Auger electrons)
- E. SCHONFELD, G. RODLOFF. PTB Report PTB-6.11-1999-1 (1999)
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- E. SCHONFELD, H. JANSSEN. Appl. Radiat. Isot. 52 (2000) 595
(P(X), Auger-electron emission probabilities)
- R.G. HELMER, C. VAN DER LEUN. Nucl. Instrum. Methods Phys. Res. A450 (2000) 35
(Gamma-ray energies)
- A.A. SoNzOGNI. Nucl. Data Sheets 93 (2001) 599
(Nuclear levels)
- S. RaMAN, C.W. NESTOR JR., A. ICHIHARA, M.B TRZHASKOVSKAYA. Phys. Rev. C66 (2002) 044312
(Theoretical ICC)
- I.M. BAND, M.B. TRZHASKOVSKAYA, C.W. NESTOR JR., P.O. TIKKANEN, S. RAMAN. At. Data Nucl. Data Tables
81 (2002) 1
(Theoretical ICC)
- T. KiBEpi, T.W. BURROWS, M.B. TRZHASKOVSKAYA, P.M. DAVIDSON, C.W. NESTOR JR. Nucl. Instrum. Methods
Phys. Res. A589 (2008) 202
(Theoretical ICC)
- M. WaANG, G. Aupi, A.H. WAPSTRA, F.G. KONDEV, M. MACCORMICKJ, X. XU, B. PFEIFFER. Chin. Phys. C36
(2012) 1603
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148

61 Pm 87

1 Decay Scheme

Pm-148 decays via beta minus transitions to nine excited levels and the ground state of Sm-148.
Le prométhéum 148 se désintégre 100 % par émission béta vers neuf niveaux excités et le niveau fonda-
mental du samarium 148.

2 Nuclear Data

Typ(M¥Pm ) : 5370 (15) d
Q- (¥Pm ) : 2471  (6) keV

2.1 [~ Transitions

Energy  Probability

(keV) (%) Nature lg ft
Boao 157 (6) 10,0091 (15) 1st Forbidden 8,7
Boo 187 (6) 0,0965 (34) Super Allowed Or Allowed 7,9
Bos 413 (6) 1,360 (22) Allowed 7.9
By; 549 (6) 0,0138 (14) 1st Forbidden 10,3
Bos 807 (6) 0,018 (3) 1st Forbidden 10,8
Bos 1006 (6) 33,3 (6)  Super Allowed Or Allowed 7,8
Bos 1017 (6) 0,093 (3) 1st Forbidden 10,4
Bos 1047 (6) 0,236 (9) 1st Forbidden 10,1
Box 1921 (6) 9,3 (6) 1st Forbidden 9,5
Boo 2471 (6) 55,5 (7) 1st Forbidden 9,1
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2.2 Gamma Transitions and Internal Conversion Coefficients

Energy Prce . . K ar am ar Olre
(keV) (%) Multipolarity ;=3 (104 (107 (10-%) (10°7)
yso(Sm) 303,502 (31)  0,0397 (47) F2 123 (6)  931(13) 207 (3) 542 (8)
yes(Sm)  393.801 (30) 00155 (22) E1 643 (9) 862 (12) 184 (3) 7,52 (11)
yio(Sm)  550.274 (17) 22,7 (6) F2 825 (12) 13,60 (19)  20.6 (5) 9,98 (14)
4ss5(Sm) 592,832 (29) 0,355 (10) M1 11,98 (17) 16,21 (23) 34,7 (5) 14,04 (20)
ye1(Sm) 611,263 (29) 1,043 (40) EI40,07%M2 2,39 (5)  3.15(6) 6,70 (13)  2.79 (5)
yos(Sm) 819,276 (28)  0,0134 (22) M1 542 (8) 726 (11) 1551 (22) 6,35 (9)
yai(Sm) 874,186 (43) 0,241 (10) F2 280 (4) 406 (6) 8,74 (13)  3.32 (5)
yea(Sm) 896,424 (33) 0,984 (20) MIL6A%E2 328 (3) 456 (10) 977 (20)  3.86 (9)
ya1(Sm) 903,943 (29) 0,0422 (20) MI484%E2 287 (5) 406 (7) 872 (14)  3.39 (6)
451 (Sm) 914,855 (25) 12,0 (5) El 1,050 (15) 1,354 (19) 2,88 (4) 1,221 (17)
vo1(Sm)  1113.8%6 (27) 0,0223 (23) MI424%E2 239 (4) 3,19 (5) 681 (10) 279 (5)  0,0565 (8)
yioo(Sm) 115247 (15) 00029 (13)  EI+1%M2 073 (13) 095 (18) 2,0 (4) 086 (15) 0,08 (3)
y7a(Sm)  1371,31 (20)  0,0138 (14) E2 1,119 (16) 1,507 (22) 3,22 (5) 1,347 (19) 3,64 (6)
yao(Sm) 1454217 (23)  0,0512 (25) F2 1000 (14) 1338 (19)  2.86 (4)  1.230 (18) 6,03 (9)
yeo(Sm)  1465,129 (19) 22,2 (5) El 0449 (7) 0570 (8) 1,208 (1) 0,704 (10) 18,3 (3)
yea(Sm)  1507.687 (28)  0,0056 (9) E1 0428 (6) 0,542 (8) 1,150 (17) 0,711 (10) 21,4 (3)
ve0(Sm)  1664,160 (21) 0,0113 (11) E2 0,775 (11) 1,024 (15) 2,18 (3) 1,042 (15) 13,75 (20)
yoa(Sm) 1734131 (27) 0,0386 (11) El 0,339 (5) 0,428 (6) 0,907 (13) 0,777 (11) 38,3 (6)
yioa(Sm) 176374 (15) 00062 (7)  MI+83%E2 0732 (22) 096 (3)  205(6) 1,04 (3) 183 (3)
noo(Sm) 2284405 (21)  0,0445 (24) El 0,219 (3) 0274 (4) 0581 (9) 1,027 (15)  77.4 (11)
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3 Atomic Data

3.1 Sm
wg 1 0,926 (4)
@, : 0158 (6)

6
ngr : 0,857 (4)

3.1.1 X Radiations

Energy Relative
(keV) probability
Xk
Kas 39,5229 55,25
Koy 40,1186 100
K3 45,289
Kp1 45,413 31,26
Kps 45,731
Ko 46,575
KpB4 46,705 8,07
KO3 3 46,813
Xy,
Le 4,9909
La 5,6088 - 5,6376
Ln 5,586
Lg 6,1928 - 6,6557
Ly 6,9644 - 7,4871

3.1.2 Auger Electrons

Energy Relative
(keV) probability
Auger K
KLL 31,190 - 33,218 100
KLX 37,302 - 40,097 50,7
KXY 43,39 - 46,79 6,42

Auger L 3,27 - 7,69
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4 Electron Emissions

Energy Electrons
(keV) (per 100 disint.)
eAL (Sm) 3,27 - 7,69 0,1883 (16)
EAK (Sm)
KLL 31,190 - 33,218
KLX 37,302 - 40,097 00163 (10)
KXY 43,39 - 46,79
eciok (Sm) 503,440 (17) 0,186 (6)
eciorL (Sm) 542,537 - 543,558 0,0306 (9)
ecsp k  (Sm) 868,021 (25) 0,0126 (6)
- max: 157 (6)
Fo.10 avg: 42,1 (18) } 0,0091 (15)
_ max: 187 (6)
4
Fog avg: 50,7 (18) } 00965 (34)
_ max: 413 (6)
Fos avg: 121,9 (21) } 1,360 (22)
_ max: 549 (6)
Po avg: 169,0 (22) } 0,0138 (14)
_ max: 807 (6)
bos avg: 264,4 (23) } 0,018 (3)
_ max: 1006 (6)
Fos avg: 3427 (24) } 33,3 (6)
_ max: 1017 (6)
Pos avg: 3471 (25) } 0,093 (3)
_ max: 1047 (6)
Fos avg: 359,1  (25) } 0,236 (9)
_ max: 1921 (6)
Foa avg: 731,6 (27) } 93 (6)
_ max: 2471 (6)
Poo avg: 977,7 (28) } 55,5 (7)
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5 Photon Emissions

5.1 X-Ray Emissions

Energy Photons
(keV) (per 100 disint.)
XL (Sm) 4,9909 - 7,4871 0,0363 (8)
XKas (Sm) 39,5229 0,0581 (16)
XKay (Sm) 40,1186 0,1051 (28)
XKg3 (Sm) 45,289
XKpBy (Sm) 45,413 0,0328 (10)
XK@y  (Sm) 45,731
XKps (Sm) 46,575
XKp4 (Sm) 46,705 0,00847 (30)
XKO23 (Sm) 46,813

I

!

K B

K 2

5.2 Gamma Emissions

Energy Photons
(keV) (per 100 disint.)
v5,2(Sm) 303,59 (3) 0,0377 (45)
78,6(Sm) 393,80 (3) 10,0155 (22)
v1,0(Sm) 550,27 (3) 22,5 (6)
78,5(Sm) 592,83 (3) 0,35 (1)
Yo1(Sm) 611,26 (3) 1,04 (4)
Y9,5(Sm) 819,27 (3) 10,0133 (22)
v31(Sm) 874,18 (3) 0,24 (1)
78,2(Sm) 896,42 (3) 0,98 (2)
Y4,1(Sm) 903,94 (3) 0,042 (2)
75,1(Sm) 914,85 (3) 12,0 (5)
v6,1(Sm)  1113,88 (3) 10,0222 (23)
~Yo.2(Sm) 11525 (2) 0,0029 (13)
v7,1(Sm) 1371,3 (2) 10,0138 (14)
~vao(Sm)  1454,21 (3) 10,0511 (25)
v5,0(Sm)  1465,12 (3) 22,2 (5)
v8,1(Sm)  1507,68 (3) 10,0056 (9)
Y6,0(Sm)  1664,15 (3) 10,0113 (11)
Y91(Sm)  1734,12 (3) 10,0386 (11)
710,1(Sm)  1763,7 (2) 0,0062 (7)
Yo,0(Sm)  2284,39 (3) 10,0444 (24)
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6 Main Production Modes

18N d(p,n) 48Pm
Possible impurities :

148Nd(d,2n) ¥ Pm

{ Possible impurities :

147Pm )148Pm
Pos&ble 1mpur1t1es :

288U (p,£) 48 Pm
Possible impurities :
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148m

61 Pm 87

1 Decay Scheme

Pm-148m decays 94.4 (5) % via beta minus emission to four excited levels of Sm-148, and via an isomeric

transition of 5.6 (5) %.
Le prométhéum 148m se désintégre 94,4 (5) % par émission béta vers quatre niveaux excités du samarium

148 et 5,6 (5) % par transition isomerique.

2 Nuclear Data

Typp(M¥™Pm ) : 41,29 (13) d
Tip(***Pm) : 5370 (15) d
Q- (M¥mPm ) . 2608 (6) keV
QT (M48mpm ) . 137 (3) keV

2.1 [~ Transitions

Energy  Probability Nature lg ft

(keV) (%)
Byo 414 (6) 54,0 (9) 1st Forbidden 7,18
Bys 513 (6) 18,1 (9) 1st Forbidden 7,96
Bon 702 (6) 21,8 (7) 1st Forbidden 8,35
Boa 1014 (6) 0,93 (45) Allowed 10,29

2.2 Gamma Transitions and Internal Conversion Coefficients

Energy Pyice

(keV) (%) Multipolarity aK or am ar
2,1 (Pm) 61,30 (5) 5,6 (5) E4 30 (5) 10000 (4000) 2900 (1200) 14000 (6000)
~1,0(Pm) 75,8 (1) 5,6 (5) M1 2,9 (4) 0,41 (6) 0,088 (11) 3,4 (5)
~o,8(Sm) 98,48 (6) 8,1 (7) M1+3%E2 1,488 (21) 0,236 (4) 0,0511 (8) 1,79 (3)
~s,7(Sm) 189,63 (6) 1,44 (8) E2 0,1769 (25) 0,0565 (8) 0,01284 (18) 0,249 (4)
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EEE:{/g)y P(%)C © Multipolarity aK ar an ar
vo7(Sm) 288,11 (6) 13,1 (4)  MI+0,8%E2 0,0763 (11)  0,01062 (15) 0,00228 (4) 0,0898 (13)
vos(Sm) 299,12 (13) 0,14 (4) E2 0,0442 (7) 0,00982 (14) 0,00219 (3) 0,0567 (8)
v7.4(Sm) 311,63 (6) 3,82 (11) El 0,01141 (16)  0,001546 (22) 0,000330 (5) 0,01337 (19)
vs,5(Sm) 362,09 (6) 0,176 (13) E2 0,0253 (4) 0,00504 (7) 0,001114 (16) 0,0318 (5)
v13(Sm) 414,07 (6) 18,47 (33) EI140,017%M2  0,00572 (9)  0,000766 (13) 0,000163 (3) 0,00670 (11)
va2(Sm) 43278 (6) 5,29 (13) E2 0,01544 (22)  0,00281 (4) 0,000617 (9) 0,0190 (3)
v0.5(Sm) 460,57 (6) 0,41 (1) E2 0,01306 (19)  0,00231 (4) 0,000507 (7) 0,01601 (23)
vsa(Sm) 501,26 (6) 6,62 (11) EI1+0,020%M2  0,00369 (7)  0,000489 (9) 0,0001042 (20) 0,00431 (8)
v1.0(Sm) 550,27 (3) 94,4 (5) E2 0,00825 (12)  0,001360 (19) 0,000296 (5) 0,00998 (14)
vs5,3(Sm) 55324 (6) 035 (4)  MI4+73%E2 0,0098 (4) 0,00150 (4) 0,000324 (8) 0,0117 (4)
vs2(Sm) 571,95 (6) 0,212 (7) El 0,00274 (4)  0,000361 (5) 0,0000768 (11) 0,00320 (5)
v0.4(Sm) 599,74 (6) 12,39 (22) E140,04%M2  0,00249 (4)  0,000327 (6) 0,0000696 (12) 0,00290 (5)
v21(Sm) 611,26 (5) 5,6 (2) El 0,00237 (4)  0,000312 (5) 0,0000663 (10) 0,00277 (4)
vs1(Sm) 62997 (5) 88,4 (19) E2 0,00591 (9)  0,000932 (13) 0,000202 (3) 0,0071 (1)
v6.3(Sm) 714,60 (13) 0,045 (5) M1+E2 0,0060 (16)  0,00084 (18) 0,00018 (4) 0,0070 (18)
v7.3(Sm) 725,70 (6) 32,5 (6) E2 0,00424 (6)  0,000642 (9) 0,0001389 (20) 0,00506 (7)
vs.3(Sm) 91533 (6) 18,0 (5) E2 0,00254 (4)  0,000364 (6) 0,0000783 (11) 0,00300 (5)
Y93(Sm) 101381 (6) 19,9 (4)  E2+0,06%M3  0,00206 (4)  0,000290 (5) 0,0000622 (10) 0,00243 (4)
v6.1(Sm)  1344,66 (12) 0,057 (5) E2 0,001162 (17)  0,0001570 (22)  0,0000335 (5) 0,001392 (20)
3 Atomic Data
3.1 Sm
wrg 0,926 (4)
@r, ;0,158 (6)
nNKr, 0,857 (4)
3.1.1 X Radiations
Energy Relative
(keV) probability
XK
Kas 39,5229 55,25
Koy 40,1186 100
K33 45,289
Kb 45,413 31,26
Kps 45,731
Kf3 46,575
KBy 46,705 8,07
KO3 3 46,813
Xy,
L¢ 4,9909
La 5,6088 - 5,6376
Ly 5,586
LS 6,1928 - 6,6557
Ly 6,9644 - 7,4871
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3.1.2 Awuger Electrons

Energy Relative
(keV) probability
Auger K
KLL 31,190 - 33,218 100
KLX 37,302 - 40,097 50,7
KXY 43,39 - 46,79 6,42
Auger L 3,27 - 7,69
3.2 Pm
wrg @ 0,922 (4)
wr ;0,148 (6)
nNKr : 0,861 (4)

3.2.1 X Radiations

Energy Relative
(keV) probability
Xk
Kas 38,1716 55,08
Kay 38,7251 100
Kps 43,713
Kp1 43,826 31
Kps 44,145
Kpo 44,937
KB4 45,064 7,97
KOs 3 45,162
Xy,
L{ 4,81
Lo 5,4061 - 5,4325
Ln 5,363
L3 5,9552 - 6,3985
L~y 6,6814 - 7,1893
229
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3.2.2 Auger Electrons

Energy Relative
(keV) probability
Auger K
KLL 30,162 - 32,086 100
KLX 36,035 - 38,703 50,3
KXY 41,88 - 45,14 6,32

Auger L 3,16 - 7,38

4 Electron Emissions

Energy Electrons
(keV) (per 100 disint.)

eAL (Sm) 3,27 - 7,69 6,23 (10)
CAK (Sm)

KLL 31,190 - 33,218

KLX 37,302 - 40,097 0,54 (5)

KXY 43,39 - 46,79
AL (Pm) 3,16 - 7,38 6,59 (10)
CAK (Pm)

KLL 30,162 - 32,086

KLX 36,035 - 38,703 0,287 (23)

KXY 41,88 -45,14
ecz1 T (Pm) 16,1 - 61,3 5,6 (34)
ecz1 k (Pm) 16,12 (5) 0,012 (5)
ecior (Pm) 30,6 - 75,8 4,3 (9)
eciok (Pm) 30,6 (1) 3,7 (8)
ecog K (Sm) 51,65 (6) 4,37 (39)
ecogg T (Sm) 51,65 - 98,46 5,26 (47)
ecg1 L (Pm) 53,9 - 54,8 4,0 (23)
ecz1 v (Pm) 59,6 - 60,3 1,2 (7)
ecz1 N (Pm) 61,0 - 61,3 0,24 (16)
ecror  (Pm) 68,4 - 69,3 0,52 (11)
eciom  (Pm) 74,1 - 74,8 0,112 (22)
ecion  (Pm) 75,5 - 75,8 0,025 (5)
ecgg 1, (Sm) 90,74 - 91,76 0,69 (6)
ecog M (Sm) 96,76 - 97,40 0,150 (13)
ecog N (Sm) 98,13 - 98,47 0,0339 (30)
ecg7 k (Sm) 142,80 (6) 0,205 (11)
ecs71  (Sm) 181,89 - 182,91 0,0655 (35)
ecsym  (Sm) 187,91 - 188,55 0,0149 (8)
ecor k  (Sm) 241,28 (6) 0,925 (31)
ecor T (Sm) 241,28 - 288,09 1,088 (37)
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Energy Electrons
(keV) (per 100 disint.)
ecr4k  (Sm) 264,80 (6) 0,0432 (14)
ecorr  (Sm) 280,37 - 281,39 0,1287 (43)
ecor v (Sm) 286,39 - 287,03 0,0276 (10)
ecizx  (Sm) 367,24 (6) 0,1054 (22)
ecsa Kk (Sm) 38595 (6) 0,0806 (22)
ecs3,  (Sm) 406,33 - 407,35 0,01408 (29)
ecinr,  (Sm) 425,04 - 426,06 0,01467 (40)
ecgs K (Sm) 454,43 (6) 0,0243 (5)
ecior (Sm) 503,44 - 550,25 0,933 (19)
eciok (Sm) 503,44 (3) 0,776 (16)
ecior  (Sm) 542,53 - 543,55 0,1280 (26)
eciom  (Sm) 548,55 - 549,19 0,0279 (6)
ecosx  (Sm) 552,91 (6) 0,0310 (7)
eco1 k  (Sm) 564,43 (5) 0,0134 (5)
ecg1 kK (Sm) 583,14 (5) 0,522 (10)
ecs1rT (Sm) 583,14 - 629,95 0,627 (12)
ecs1  (Sm) 622,23 - 623,25 0,0823 (16)
ecs1 v (Sm) 628,25 - 628,89 0,01784 (35)
ecrsk  (Sm) 678,87 (6) 0,1378 (28)
ecr3r  (Sm) 718 - 719 0,02086 (42)
ecs3 Kk (Sm) 868,50 (6) 0,0457 (15)
eccozk  (Sm) 966,98 (6) 0,0411 (10)
_ max: 414 (6
Bo.9 avg: 1223 §2é) } 540 (9)
_ max: 513 (6
Bog avg:  156,0 §2)7) } 18,1 (9)
- max: 702 (6)
Por g 2247 (29) fooonsm
_ max: 1014 (6)
Boa v 3459 (31 fooo093 )
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5 Photon Emissions

5.1 X-Ray Emissions

Photons
(per 100 disint.)

Energy

(keV)
XL (Sm) 4,9909 - 7,4871
XKas  (Sm) 39,5229
XKa;  (Sm) 40,1186
XKf;  (Sm) 45,289
XKB;  (Sm) 45,413
XK@y  (Sm) 45,731
XKB;  (Sm) 46,575
XKB;  (Sm) 46,705
XKOs3 (Sm) 46,813
XL (Pm) 4,81 - 7,1893
XKay  (Pm) 38,1716
XKaq (Pm) 38,7251
XKp;  (Pm) 43,713
XKB;  (Pm) 43,826
XK@,  (Pm) 44,145
XKpB;  (Pm 44,937
XKB;  (Pm) 45,064
XKOQ;}, (Pm) 45,162

1,20 (4)
1,92 (11)
3,47 (19)

1,09 (6)

0,280 (17)

1,20 (4)
0,96 (6)
1,75 (11)

0,54 (4)

0,139 (9)

5.2 Gamma Emissions

Energy Photons

(keV) (per 100 disint.)

Yo1(Pm) 61,30 (5) 0,00040 (17)
V1,0(Pm) 75,8 (1) 1,27 (20)
Yog(Sm) 98,48 (3) 2,92 (26)
Ys7(Sm) 189,63 (3) 1,15 (6)
Yo7(Sm) 288,11 (3) 12,0 (4)
Yog(Sm) 2991 (2) 0,13 (4)
vr4(Sm) 311,63 (3) 3,77 (11)
Ys5(Sm) 362,09 (3) 0,171 (13)
Yas(Sm) 414,07 (3) 18,35 (33)
Ya2(Sm) 432,78 (3) 5,19 (13)
Yo5(Sm) 460,57 (3) 0,40 (1)
vs4(Sm) 501,26 (3) 6,59 (11)
Y10(Sm) 550,27 (3) 93,5 (14)
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Energy Photons
(keV) (per 100 disint.)

Vs.3(Sm) 553,24 (3) 0,35 (4)
Ys2(Sm) 571,95 (3) 0,211 (7)
Yoa(Sm) 599,74 (3) 12,35 (22)
Yo1(Sm) 611,26 (3) 5,6 (2)
Ya1(Sm) 629,97 (3) 87,8 (14)
Yes(Sm) 7147 (2) 0,045 (5)
Yr3(Sm) 725,70 (3) 32,3 (6)
Ys3(Sm) 915,33 (3) 17,9 (5)
Yo.3(Sm) 101381 (3) 19,8 (4)
Y6.1(Sm) 13446 (2) 0,057 (5)

Main Production Modes

148Nd p 148um
Possible 1mpur1t1es 148py

148Nd d 211) 148um

Possible impurities : “8Pm

H4TPm(n,y) 8™ Pm o : 70 barns
Possible impurities : 48Pm (80 barns); %150Pm from 48149Pm(n,v)

238U 148um
P0551ble impurities : 8Pm
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y Emission intensities
per 100 disintegrations
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41,29 (13) d
0 148m

Pm
61 87
y Emission intensities per 100 disintegrations

979 14 979
271%070" 121 4
s olg o 6% ; 2194,05
9 1 'l 5 7
roetl 6% ; 2095,57
8
7 3
720 5.7
8 0% o® 6" ; 1905,94
7 0o 4% 1894,93
6
1
22
00 4% ;173348
5 5
§210
s 57 1504,31
4
8
87’ +
4% 1180,24
3 6
5 37; 116153
2
3
9 2% 550,27
1
+ .
- Stable
0 148
Sm
62 86
Q = 2608 keV
%p = 94,4

CEA/LNE-LNHB / M.A. Kellett 237

148m
61

Pm g,






LNE - LNHB/CEA Table de Radionucléides 62 Sm 29

151

62 Sm 89

1 Decay Scheme

Le samarium 151 se désintegre par émission béta moins principalement vers le niveau fondamental de
I’europium 151.
Sm-151 decays by beta minus emission mainly to the Eu-151 ground state.

Probabilité d’ionisation interne dans la couche K, lors la désintégration béta moins de Sm-151:
Internal ionisation probability in the K shell following beta minus decay:

Pk: 2,0 (2) E-4 %

et probabilité d’ionisation interne dans la couche L:
and internal ionisation probability in the L shell:
PL:31 3) E-2%
2 Nuclear Data
T1/2(151SH1 ) : 94,7 (6) a
Q- (YSm) : 764 (5) keV

2.1 [~ Transitions

Energy Probability

(keV) (%) Nature lg ft

Boxr 549 (5) 0,93 (4) 1st Forbidden 7,5
Boo 764 (5) 99,07 (4) 1st Forbidden 9

2.2 Gamma Transitions and Internal Conversion Coefficients

Energy Prytce
(keV) (%)

Multipolarity ar o anN ar

vio(Bu) 21,541 (3) 0,93 (4) MI1+0,085(5)%E2 21,7 (4) 4,71 (8) 0,168 (3) 27,6 (5)
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3 Atomic Data

3.1 Eu
wg 1 0,929 (4)
@, : 0168 (7)

7
nkgr : 0,853 (4)

3.1.1 X Radiations

Energy
(keV)
XL,
Le 9,175
La 5,815 - 5,846
Ln 9,815

LB 6,436 - 6,839
Ly 7,254 - 7,791

3.1.2 Awuger Electrons

Energy Relative
(keV) probability

Auger L 3,377 - 7,786 100

4 Electron Emissions

Energy Electrons
(keV) (per 100 disint.)
eAL (Bu) 3,377 - 7,786 0,581 (19)
ecior, (Eu) 13,489 - 14,564 0,703 (31)
ecLon (Bu) 19,70 - 20,41 0,153 (7)
ecron (Bu) 21,181 - 21,408 0,0348 (15)
_ max: 54,9 (5)
Pos avg: 14,0 (2) } 093 (4)
_ max: 76,4 (5)
/8070 avg: 19,7 (2) } 99,07 (4)
CEA/LNE-LNHB / M.-M. Bé 240



LNE - LNHB/CEA Table de Radionucléides 62 Sm 29

5 Photon Emissions

5.1 X-Ray Emissions

Energy Photons
(keV) (per 100 disint.)

XL (Bu)  5175-7,791 0,121 (4)

5.2 Gamma Emissions

Energy Photons
(keV) (per 100 disint.)

Yi0(Eu) 21,541 (3) 0,0324 (13)

6 Main Production Modes

Fission product
Possible impurities: Sm — 153

Sm — 149(n,y)Sm — 151 o :104 (5) barns
Possible impurities: Sm — 153
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- M.WaNG, G.Aupi, A.H. WAPSTRA, F.G.KONDEV, M.MACCoORMICK, X.XU, B.PFEIFFER. Chin. Phys. C36 (2012)
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Q)
- M.M.BE, ET AL.. To be published in RadioChimica Acta (2015)
(Half-life.)
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169 -

L]

r 101

1 Decay Scheme

L’erbium 169 se désintegre par émission béta moins vers les niveaux excités ou le niveau fondamental de

thulium 169.
Er-169 disintegrates by beta minus emissions to Tm-169.

2 Nuclear Data

Ty 2(*Er ) 9,38 (2) d
Q™ (Y%9Er ) 353,0 (12) keV
2.1 (3~ Transitions

Energy Probability

(keV) (%) Nature lg ft
5&2 234,8 (12) ~ 0,016 Unique 1st Forbidden 9,5
By 344,6 (12) 44 (5) 1st Forbidden 6,5
Boo 3530 (12) 56 (5) 1st Forbidden 6,3

2.2 Gamma Transitions and Internal Conversion Coefficients

Energy Pytce . .

(keV) (%) Multipolarity aK ar am an a0 ar
~1,0(Tm) 8,4102 (1) 44 (6) M1+0,094%(E2) 199 (8) 45,8 (18) 6,1 (2) 251 (10)
2,1 (Tm)  109,77930 (14) 0,0152 (30) M1+2,17T%E2 1,96 (3) 0,316 (5) 0,0710 (12) 0,017 (1) 0,0024 (1) 2,37 (4)
~v2,0(Tm) 118,1895 (1) 0,0013 E2 0,70 (1) 0,721 (10) 0,1759 (25) 0,040 (1) 0,0047 (1) 1,642 (23)
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3 Atomic Data

3.1 Tm
wr 0945  (4)
wr, . 0,227 (9)
oyt 00127 (12)
ngr : 0,835  (4)

3.1.1 Awuger Electrons

Mean Energy  Relative

(keV) probability
Auger MNO
M 0,70 36,69
N 0,10 57,11
O 0,02 6,20
Auger total 0,32 100

4 Electron Emissions

Energy Electrons
(keV) (per 100 disint.)
€ATotal (Tm)
avg M 0,70
avg N 0,10 203,3
avg O 0,02
ecionm  (Tm) 61034 - 69425 34,8 (44)
ecion (Tm) 79385 - 8,4049 8 (1)
ecioo (Tm) 83570 - 83779 1,07 (13)
ecog1 T (Tm) 50,3897 - 109,7470 0,0107 (21)
_ max: 234,8 (12)
Foz avg: 73,0 (5) } 0,016
. max: 344.,6 (12)
Boa ave: 96.5 (5) } 44 (5)
_ max: 353,0 (12)
Boo avg: 99,1 (5) } 56 (5)
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5 Photon Emissions

5.1 Gamma Emissions

Energy Photons
(keV) (per 100 disint.)

~Y1,0(Tm) 8,4102 (1) 0,174 (21)
Yo.1(Tm) 109,77930 (14)  0,0045 (9)
Yo0(Tm)  118,1895 (1)  0,0005

6 Main Production Modes

Er — 168(d,p)Er — 169
Possible impurities: Er — 165, Er — 171

Er — 170(n,2n)Er — 169
Possible impurities: Ho — 167

Er — 168(n,y)Er — 169 o :2,0 (1) barns
Possible impurities: Er — 165, Er — 171
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198 A
79 u 119

1 Decay Scheme

Au-198 decays via beta minus transitions to two excited levels and the ground state of Hg-198.
L’or 198 se désintégre 100 % par émission béta vers deux niveaux excités et le niveau fondamental du
mercure 198.
2 Nuclear Data
Tip(MBAu) : 26943 (3) d
Q- (YAu) : 13728 (5) keV

2.1 [~ Transitions

Energy  Probability

(keV) (%) Nature lg ft
Boo 2851 (5) 0,985 (5) 1st Forbidden 7,6
Boa  961,0 (5) 98,99 (6) 1st Forbidden 7,37

Boo 1372,8 (5) 0,025 (5) Unique 1st Forbidden 124

2.2 Gamma Transitions and Internal Conversion Coefficients

Energy Poice

(keV) (%) Multipolarity aK ar, o ar
v1,0(Hg) 411,80250 (17) 99,82 (9) E2 0,0300 (5) 0,01055 (15) 0,00263 (4) 0,0439 (7)
~2,1(Hg) 675,8849 (5) 0,825 (5) M1+E2 0,0216 (17) 0,00389 (24) 0,00091 (6) 0,0267 (20)
v2,0(Hg) 1087,6874 (5) 0,1599 (21) E2 0,00414 (6) 0,000751 (11) 0,0001766 (25) 0,00512 (8)
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3 Atomic Data

3.1 Hg
wrg 0962 (4)
o, : 0,355 (14)
nNKr, : 0,813 (4)

3.1.1 X Radiations

Energy Relative
(keV) probability
XK
Kay 68,895 58,99
Koy 70,82 100
Kgs 79,823
KBy 80,254 33,94
Kp; 80,762
Kps 82,435
KpBa 82,776 9,94
KO3 3 83,028
XL
Le¢ 8,7226
La 9,8981 - 9,9886
Ln 10,6473
Lp 11,4835 - 12,5471
Ly 13,4081 - 14,2672
3.1.2 Awuger Electrons
Energy Relative
(keV) probability
Auger K

KLL 53,178 - 58,277 100

KLX 64,594 - 70,811 55,2

KXY 75,98 - 83,09 7,62

Auger L 5,16 - 14,82
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4 Electron Emissions

Energy Electrons
(keV) (per 100 disint.)
eAL (Hg) 5,161 - 14,822 2,156 (24)
CAK (Hg)
KLL 53,178 - 58,277
KLX 64,594 - 70,811 0,110 (12)
KXY 75,98 - 83,09
ccior (Hg)  328,7002 - 411,7947 4,20 (7)
eciok (Hg) 328,70020 (17) 2,869 (48)
ecror (Hg)  396,9632 - 399,5186 1,009 (14)
ecionm (Hg)  408,2409 - 409,5076 0,2515 (38)
ecion  (Hg)  411,0000 - 411,7026 0,0626 (10)
ecz1 k  (Hg)  592,7826 (5) 0,0174 (14)
_ max: 285,1 (5)
Bo avg: 795 (2) } 0,985 (5)
_ max: 961,0 (5)
Foa avg: 314,7 (2) } 98,99 (6)
_ max: 1372,8 (5)
foo avg: 467,3 (2) } 0,025 (5)
5 Photon Emissions
5.1 X-Ray Emissions
Energy Photons
(keV) (per 100 disint.)
XL (Hg)  8,7226 - 14,2672 1,203 (22)
XKoo  (Hg) 68,395 0,807 (15) } Ka
XKoq  (Hg) 70,82 1,369 (24)
XKB;  (Hg) 79,823
XK@ (Hg) 80,254 0,465 (11) K B
XK@,  (Hg) 80,762
XK@,  (Hg) 82,435
XKp;  (Hg) 82,776 0,136 (4) K 5,
XKO,3 (Hg) 83,028
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5.2 Gamma Emissions

Energy Photons
(keV) (per 100 disint.)

Y10(Hg) 411,80205 (17) 95,62 (6)
Yo1(Hg) 6758836 (7) 0,804 (5)
vo0(Hg) 1087,6842 (7)  0,1591 (21)

6 Main Production Modes
Au —197(n,y)Au — 198
Possible impurities: Au — 199

7 References

- E. AmaLDI, O.D. AGosTINO, E. FERMI, B. PONTECORVO, F. RASETTI, E. SEGRE. Proc. Roy. Soc. (London) 149A

(1935) 522
(Half-life)

- M.L. PooL, J.M. Cork, R.L. THORNTON. Phys. Rev. 52 (1937) 239
(Half-life)

- E. McMiLLAN, M. KAMEN. Phys. Rev. 52 (1937) 531
(Half-life)

- R. SHERR, K.T. BAINBRIDGE, H.H. ANDERSON. Phys. Rev. 60 (1941) 473
(Half-life)

- C. DIEMER, H. GROENDUJK. Physica 11 (1946) 396
(Half-life)

- L. SEREN, H.N. FRIEDLANDER, S.H. TURKEL. Phys. Rev. 72 (1947) 888
(Half-life)

- D. SAXON. Phys. Rev. 73 (1948) 811
(Half-life)

- R.M. STEFFEN, O. HUBER, F. HUMBEL. Helv. Phys. Acta 22 (1949) 167
(Half-life)

- D. SAXON, R. HELLER. Phys. Rev. 75 (1949) 909
(Half-life)

- L.M. SILVER. Can. J. Phys. 29 (1950) 59
(Half-life)

- P.E. CAavANAGH, J.F. TURNER, D.V. BOOKER, H.J. DUNSTER. Proc. Phys. Soc. (London) 64A (1951) 13
(Half-life, Gamma-ray emission probabilities)
- W.K. SINCLAIR, A.F. HoLLOWAY. Nature 167 (1951) 365
(Half-life)
- M. HUBERT. Comp. Rend. Acad. Sci. (Paris) 232 (1951) 2201
(Gamma-ray emission probabilities)
- A. Brosi, B. KETELLE, H. ZELDES, E. FAIRSTEIN. Phys. Rev. 84 (1951) 586
(Gamma-ray emission probabilities)
- E.E. LockeTT, R.H. THOMAS. Nucleonics 11 (1953) 14
(Half-life)
- D. ScHIFF, F.R. METZGER. Phys. Rev. 90 (1953) 849
(Multipolarities 676 keV)
- C.D. SCHRADER. Phys. Rev. 92 (1953) 928
(Multipolarities 676 keV)
- R.E. BELL, L. YAFFE. Can. J. Phys. 32 (1954) 416
(Half-life)
- L.G. ELLioTT, M.A. PRESTON, J.L. WOLFSON. Can. J. Phys. 32 (1954) 153
(Gamma-ray emission probabilities, Conv. Elec. emission probabilities, Beta emission probabilities)

KRI / V. Chechev, N. Kuzmenko 254



LNE - LNHB/CEA Table de Radionucléides ;38 Au 119

- D. MAEDER, R. MUELLER, V. WINTERSTEIGER. Helv. Phys. Acta 27 (1954) 3
(Gamma-ray emission probabilities)
- J. ToBAILEM. J. Phys. Radium 16 (1955) 48
(Half-life)
- B.S. DzHELEPOV, N.N. ZHUKOVSKI, V.P. PRIKHODTSEVA, 1U.V. KHOLNOV. Bull. Acad. Sci. USSR 19 (1955) 247
(Gamma-ray emission probabilities)
- L.G. ELLIOTT, M.A. PRESTON, J.L. WOLFSON. Can. J. Phys. 33 (1955) 607
(Beta emission probabilities, Conv. Elec. emission probabilities)
- J.VoLpPE, G.HINMANN. Phys. Rev. 104 (1956) 753
(Multipolarities 676 keV)
- C. SASTRE, G. PRICE. Nucl. Sci. Eng. 1 (1956) 325
(Half-life)
- K.-E. JOHANSSON. Ark. Fysik 10 (1956) 247
(Half-life)
- J.P. KEENE, L.A. MACKENZIE, C.W. GILBERT. Phys. Med. Biol. 2 (1958) 360
(Half-life)
- J. ROBERT. J. Phys. Radium 21 (1960) 808
(Half-life)
- S.V. STARODUBTSEV, R.B. BEGzHANOV, S.L.. RAKOVITSKIIL Izv. Akad. Nauk Uz. SSR, Ser. Fiz.-Mat. Nauk 7
(1963) 44
(Half-life)
- W.H.G. LEWIN, B. VAN NOOYEN, C.W.E. vAN EuK, A.H. WAPSTRA. Nucl. Phys. 48 (1963) 159
(Beta emission probabilities)
- K.-E. BERGKVIST, S. HULTBERG. Ark. Fysik 26 (1964) 239
(Experimental ICC)
- M. Sakal, M. Nozawa, H.I. KEcaMmi, T. YAMAZAKI. Nucl. Phys. 53 (1964) 529
(Multipolarities)
- W.J. KEELER, R.D. CONNOR. Nucl. Phys. 61 (1965) 513
(Beta emission probabilities, Conv. Elec. emission probabilities, Gamma-ray emission probabilities)
- S.C. AnspacH, L.M. CavaLLO, S.B. GARFINKEL, J.M.R. HUTCHINSON. NBS Misc. Publ. 260-9, NP-15663 (1965)
(Half-life)
- H. PAuL. Nucl. Phys. 72 (1965) 326
(Beta emission probabilities)
- B.-G. PETTERSSON, L. HOLMBERG, T.R. GERHOLM. Nucl. Phys. 65 (1965) 454
(Experimental ICC)
- K.-E. BERGKVIST, S. HULTBERG. Ark. Fysik 27 (1965) 321
(Experimental ICC)
- M. UHL, H. WARHANEK. Qesterr. Akad. Wiss., Math.-Naturw. K., Sitzber., Abt. IT 175 (1966) 77
(Multipolarities 676 keV)
- J. KocH, F. MUNNICH, U. SCHOTZIG. Nucl. Phys. A103 (1967) 300
(Multipolarities 676 keV)
- H.E. BoscH, E. SzicHMAN. Bull. Am. Phys. Soc. 12 (1967) 598
(Conv. Elec. emission probabilities, Gamma-ray emission probabilities)
- ILW. GOODIER. Int. J. Appl. Radiat. Isotop. 19 (1968) 823

(Half-life)

- S.A. REYNOLDs, J.F. EMERY, E.I. WYATT. Nucl. Sci. Eng. 32 (1968) 46
(Half-life)

- F. LAGOUTINE, Y. LE GALLIC, J. LEGRAND. Int. J. Appl. Radiat. Isotop. 19 (1968) 475
(Half-life)

- R. BErRAUD, I. BERKES, J. DANIERE, R. HAROUTUNIAN, M. LEVY, G. MAREST, R. ROUGNY. Phys. Rev. 188
(1969) 1958
(Multipolarities 676 keV)

- M.J. CABELL, M. WILKINS. J. Inorg. Nucl. Chem. 31 (1969) 1229

(Half-life)

- A. VUORINEN, E. KALOINEN. An. Acad. Sci. Fenn., Ser. A VI 310 (1969)
(Half-life)

- M.M. CosTa Paiva, E. MARTINHO. Int. J. Appl. Radiat. Isotop. 21 (1970) 40
(Half-life)

KRI / V. Chechev, N. Kuzmenko 255



LNE - LNHB/CEA Table de Radionucléides ;38 Au 119

- R. BERAUD, I. BERKES, R. HAROUTUNIAN, G. MAREST, M. MEYER-LEVY, R. ROUGNY, A. TRONCY, A. BAUDRY,
V. LoPAC. Phys. Rev. C4 (1971) 1829
(Multipolarities 676 keV)

- A. PAKKANEN. Nucl. Phys. A172 (1971) 193
(Multipolarities 676 keV)

- I.LW. GOODIER, M.J. WooDs, A. WILLIAMS. Proc. Int. Conf. Chemical Nucl. Data, Canterbury, M.L. Hurrell, Ed.
(1971) 175
(Half-life)

- V.K. DEBERTIN. Atomkernergie 17 (1971) 97
(Half-life)

- T. NAGARAJAN, M. RAVINDRANATH, K. VENKATA REDDY. J. Phys. (London) A5 (1972) 1395
(Conv. Elec. emission probabilities, Beta emission probabilities)

- K. VENKATA RAMANA RAO, V. LAKSHMINARAYANA. Nuovo Cim. 8A (1972) 298
(Multipolarities 676 keV)

- M.S. EL-NESR, M.G. MousaA. Atomkernenergie 21 (1973) 207
(Experimental ICC)

- M. KaAwaMURA, T. ToMmIYAMA. J. Phys. Soc. Jpn. 36 (1974) 27
(Multipolarities 676 keV)

- T.S. REDDY. Thesis, Andhra Univ., Waltair, India (1976)
(Conv. Elec. emission probabilities)

- Y. IwATA, Y. YOSHIZAWA. Nucl. Instrum. Methods 175 (1980) 525
(Gamma-ray emission probabilities, Conv. Elec. emission probabilities)

- A.R. RUTLEDGE, L.V. SMITH, J.S. MERRITT. NBS-SP-626 (1982) 5

(Half-life)

- D.D. HoppEks, J.M.R. HuTCHINSON, F.J. ScHIMA, M.P. UNTERWEGER. NBS-SP-626 (1982) 85
(Half-life)

- B. CHAND, J. GoswaMY, D. MEHTA, N. SINGH, P.N. TREHAN. Nucl. Instrum. Methods Phys. Res. A284 (1989)
393

(Gamma-ray emission probabilities, X-ray emission probabilities)

- A. ABzouzi, M.S. ANTONY, A. HACHEM, V.B. NDOCKO NDONGUE. J. Radioanal. Nucl. Chem. 144 (1990) 359
(Half-life)

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

- M.P. UNTERWEGER, D.D. HopPPESs, F.J. SCHIMA. Nucl. Instrum. Methods Phys. Res. A312 (1992) 349
(Half-life)

- E.P. MIGNONSIN. Appl. Radiat. Isot. 45 (1994) 17
(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)

- M.P. UNTERWEGER. Appl. Radiat. Isot. 56 (2002) 125
(Half-life)

- M.P. UNTERWEGER, R.M. LINDSTROM. Appl. Radiat. Isot. 60 (2004) 325
(Half-life)

- M.-M. BE, V. Cuistg, C. DULIEU, E. BROWNE, V. CHECHEV, N. KuzMENKO, R. HELMER, A. NICHOLS, E.
SCHONFELD, R. DERSCH. Table of Radionuclides (Vol. 2 — A = 151 to 242), BIPM (2004) 121
(Au-198 decay data evaluation)

- R.M. LINDSTROM, M. BLaauw, M.P. UNTERWEGER. J. Radioanal. Nucl. Chem. 263 (2005) 311
(Half-life)

- D. Novkovic, L. NADDERD, A. KANDIC, I. VUKANAC, M. DURASEVIC, D. JORDANOV. Nucl. Instrum. Methods
Phys. Res. A566 (2006) 477
(Half-life)

- J.R. GoopwIN, V.V. GoLovko, V.E. Iacos, J.C. HARDY. Eur. Phys. J. A34 (2007) 271
(Half-life)

- T. SpiLLANE, F. RAtoLA, F. ZENG, H.W. BECKER, L. GiaLANELLA, R. KunzE, C. RoLFs, M. RomaNoO, D.
SCHURMANN, F. STREIDER. Eur. Phys. J. A31 (2007) 203
(Half-life)

- T. KiBEpi, T.W. BURROWS, M.B. TRZHASKOVSKAYA, P.M. DAvVIDSON, C.W. NESTOR JR. Nucl. Instrum. Methods
Phys. Res. A589 (2008) 202
(Brlcc computer program)

KRI / V. Chechev, N. Kuzmenko 256



LNE - LNHB/CEA Table de Radionucléides ;38 Au 119

- V. KuMAR, M. Hass, Y. NIR-EL, G. HAQUIN, Z. YUNGRIESS. Phys. Rev. C77 (2008) 051304
(Half-life)
- G. RupPrECHT, C. VOCKENHUBER, L. BUCHMANN, R. WoobDs, C. Ruiz, S. LApi, D. BEMMERER. Phys. Rev. C77
(2008) 065502
(Half-life)
- HuaNG X1AOLONG. Nucl. Data Sheets 110 (2009) 2533
(Decay Scheme, Hg-198 adopted levels and gammas, multipolarities, mixing ratio for 676 keV gamma-ray)
- K. Forrak, R. KuNz, L. GIALANELLA, H.-W. BECKER, J. MEIJER, F. STRIEDER. Eur. Phys. J. A46 (2010) 161
(Half-life)
- D.S. MOREIRA, M.F. KoskiNAs, M.S. Dias, .M. YaMAZAKI. Appl. Radiat. Isot. 68 (2010) 1566
(Gamma-ray emission probabilities)
- J.R. GoopwIN, N. Nica, V.E. IacoB, A. DiBIDAD, J.C. HARDY. Phys. Rev. C82 (2010) 044320
(Half-life)
- R.M. LinpsTROM, E. FiscHBACH, J.B. BUNCHER, G.L. GREENE, J.H. JENKINS, D.E. KRAUSE, J.J. MATTES, A.
YUE. Nucl. Instrum. Methods Phys. Res. A622 (2010) 93
(Independence of half-life on the source shape)
- J. CHEN, S.D. GERAEDTS, C. OUELLET, B. SINGH. Appl. Radiat. Isot. 69 (2011) 1064
(Evaluation of Au-198 half-life by different statistical procedures)
- R. M. LINDSTROM, E. FISCHBACH, J.B. BUNCHER, J. H. JENKINS, A. YUE. Nucl. Instrum. Methods Phys. Res.
A659 (2011) 269
(Half-life)
- J.C. HAarDY, J.R. GoopwIN, V.E. IacoB. Appl. Radiat. Isot. 70 (2012) 1931
(Half-life)
- M. WaNG, G. Aupi, A.H. WApPSTRA, F.G. KonDEV, M. MacCorMmick, X. Xu, B. PFEIFFER. Chin. Phys. C36
(2012) 1603
Q)
- R. FITZGERALD. J. Res. Natl. Inst. Stand. Technol. 117 (2012) 80
(Half-life)
- M.P. UNTERWEGER, R. FITZGERALD. Appl. Radiat. Isot. (2014)
(Half-life, Conv. Elec. emission probabilities)

KRI / V. Chechev, N. Kuzmenko 257



LNE - LNHB/CEA Table de Radionucléides

Au

79 119
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2,6943 (3) d

y Emission intensities
per 100 disintegrations

2" ; 1087,6874

2% ; 411,8025

198
Hg
80 118
Q =1372,8 keV

% B =100

258

2,5 ps

23,16 ps

Stable
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