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IAEA Nuclear Data Section

e Provision of nuclear data services to scientists
worldwide (data libraries, bibliographies and related
materials) through Internet, CD-ROM and other
media

e Production of new databases through
Co-ordinated Research Projects (CRPs) and Data
Development projects

e Assist developing countries through technology
transfer activities




Applications of Nuclear Data

e Energy applications
= fission power
= fusion reactor technology
¢ Non-energy applications
= nuclear medicine
= rmaterials analysis and process control
» safeguards
= radiation safety
= waste management
= environmental research

= basic research (e.g. nuclear astrophysics) and
education




Nuclear Data Files

¢ Bibliographic data e Nuclear reaction
(e.g. CINDA, NSR) data (e.g. EXFOR,
o Experimental data ENDF)
(e.g. EXFOR) e Nuclear structure

¢ Evaluated data and decay data (e.g.
(e.g. ENDF, ENSDF) ENSDF)




Data Centre Activities

e Compilation
= new data (neutron-induced) in EXFOR
= master files in cooperation with other centres
= collect evaluated and specialized libraries

e On-line and Off-line data services with particular
emphasis on the needs of developing countries

e Co-ordination of Data Centre Networks




IAEA Nuclear Data Section

http://www-nds.iaea.org/
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Nuclear Data Centre Networks

e Network of 13 Nuclear Reaction Data e Nuclear Structure and Decay
Centres Data Network

= 4 core centres: m |AEA Nuclear Data Section,

IAEA Nuclear Data Section, Vienna . ) X
OECD NEA Data Bank, Paris, France Vienna (Co-ordination)

US National Nuclear Data Center, US National Nuclear Data

Brookhaven, USA Center, Brookhaven, USA

Russia Nuclear Data Centre, Obninsk, (Master database)
Russian Federation

= Expanded network includes additional co-

13 data evaluation centres in
operating specialized centres in Russian USA, Russian Federation, China,
Federation, China, Japan, Hungary, Korea and France, Japan, Kuwait, Belgium,
Ukraine Canada

Data dissemination centres
IAEA, OECD-NEA, USA, France,
Sweden




Want to be kept informed?

Available as hardcopy and
from WWW in pdf format




Data Access and Services
o WWW

= |AEA Nuclear Data Services homepage:
http://www-nds.iaea.orq/

= BARC, India mirror server:
http://www-nds.indcentre.org.in/

= |PEN, Brazil mirror server:
http://www-nds.ipen.br/

e Secure FTP access to various libraries under
IP address ndsalpha.iaea.org

e Mail services (request hardcopies, CD-ROMs etc.):
e-mail to services@iaeand.iaea.org




Recent IAEA-NDS Co-ordinated Research Projects

Short Title

Duration

Participants

Update of X-ray and Gamma-ray Decay Data Standards for
Detector Calibration and Other Applications

1998-2002

11

RIPL-II: Input Parameter Testing

1998-2002

Prompt Gamma Activation Analysis

1999-2003

Standard Cross Sections

2002-06

RIPL-Ill: Parameters for Nuclear Reaction Calculations —
Non-energy Applications

2002-06

Nuclear Data for Th-U Fuel Cycle

2003-07

Cross Sections for Production of Therapeutic Radionuclides

2003-07

Updated Decay Data Library for Actinides

2005-09

approved

Reference Database for lon Beam Analysis

2005-09

approved

Reference Database for Neutron Activation Analysis

2005-07 (?)

approved

Minor Actinide Neutron Reaction Data

2007-11 (?)




Nuclear Structure and Decay Data:
Relevant IAEA-NDS Co-ordinated Research Projects

Title

Duration

Participants

Decay Data of the Transactinium Nuclides
(Technical Reports Series No. 261, IAEA Vienna, 1986)

1977-85

6

X-ray and Gamma-ray Standards for Detector Calibration
(IAEA-TECDOC-619, IAEA Vienna, 1991)

1986-90




Decay Data of the Transactinium Nuclides

Technical Reports Series No. 261, May 1986

Objectives

assess status of existing data

identify data discrepancies and unfulfilled requirements
encourage measurements to meet requirements
evaluate the data

assemble final set of recommended decay data (satisfy
required accuracies)




Decay Data of the Transactinium Nuclides

Participants

e A.J. Fudge, UKAEA Atomic Energy Research Establishment (AERE),
Harwell, UK

R. Vaninbroukx, Central Bureau for Nuclear Measurements (CBNM),
Geel, Belgium

C.W. Reich, |ldaho National Engineering Laboratory (INEL), Idaho Falls,
Idaho, USA

H. Okashita (and H. Umezawa), Japan Atomic Research Institute,
Tokai-mura, Japan

J. Legrand (and N. Coursol, F. Lagoutine and G. Malet), Laboratoire de
Metrologie des Rayonnements lonisants (LMRI), Gif-sur-Yvette, France

A.L. Nichols, UKAEA Atomic Energy Establishment Winfrith (AEEW),
UK




Nuclide

Data type

Accuracy (%)

Required

Achieved

Needs

CRP activities

Measurements

Evaluations

Th-228

Tin

0.1

Decay chain calcu-
lations (includes
daughters)

CBNM, INEL

CBNM

CBNM, LMRI

Mass determination
in U-233 chain

Marine dating




(continued)

Nuclide Data type

Accuracy (%)

Required

Achieved

Needs

CRP activities

Measurements

Evaluations

Th-232 Tia

Py

not requested

not requested

0.4

Includes daughters

Th-233

0.5
unknown
unknown

Thorium cycle-
decay heat

Non-destructive assay

0.4
unknown
|

Decay heat and mass
determination

AERE, CBNM,
INEL

Shielding calculations
(includes daughters)

AERE, +

AERE, CBNM,
INEL, +




(continued)

Nuclide

Data type

Accuracy (%)
Required Achieved

CRP activities
Measurements Evaluations

u-233

Tin
Tyn (SF)

0.5 0.1
not requested

2 1-2
2 1-2
5

Thorium fuel cycle
and environmental
studies

+ +
+ -
+

AERE, INEL

0.3

not requested
1

2

Mass determination
and non-destructive
assay

+

-+
CBNM, JAERI, +
CBNM

0.5

not requested
3

|

Mass determination
and non-destructive
assay

+

AERE, CBNM,
INEL, +

1
not requested
3
3

Mass determination
and non-destructive
assay

Non-destructive assay
of Pu

AERE, INEL




(continued)

Nuclide Data type

Accuracy (%)
Required Achieved

CRP activities
Needs Measurements Evaluations

U-238 Tip

0.1

1.2
5-20

13
unknown

Mass determination =
and non-destructive +
assay; T,n» (SF) for -
geochronology; AERE, +
P, forenvironmental —

X
studies

Decay heat

Tin

Branching
ratio

Pg

iy

unknown
2

U-232 production

Tin
Branching
ratio

U-232 production

Tin

0.5

20

1-2
unknown

AERE/CBNM -
Environmental studies CBNM —
and mass AERE, CBNM, + INEL
determination




(continued)

Accuracy (%) CRP activities
Nuclide Required Achieved Needs Measurements Evaluations

Np-238 0.1 Activation analysis of
5 Np-237 and Am-242m
determination

0.2 Decay heat and
(c) detector calibration
1-2 standard

3.0
1-3 U-232 production
30

not requested 0.1
2 unknown Environmental
studies

™
Mass determination —

and non-destructive CBNM, +
assay, Px for CBNM, INEL,
detector calibration LMRI




(continued)

Accuracy (%) CRP activities
Nuclide Data type Required Achieved Measurements Evaluations

Pu-239 Tin N 0.1 AERE, CBNM, + CBNM
1-2 Mass determination, + JAERI
<1 non-destructive INEL, LMRI, + JAERI
3 assay and environ- = -

mental studies

+ CBNM/LMRI
Mass determination, CBNM +
non-destructive assay + LMRI
and environmental INEL, LMRI LMRI
studies; T, (SF) - -
for waste management

. Mass determination AERE, CBNM, +
Tin (o) 0.8 and non-destructive CBNM

F',)r 1-2 assay INEL, +

Tin 0.3 Mass determination,
Tin (SF) 1.5 non-destructive assay
<1 and environmental
2-5 studies
unknown

0.2 0.1 Non-destructive assay
not requested 1-2 and low energy gamma
0.5-1 1-10 emission standard. CBNM, LMRI
2 3 0.5% accuracy —
requested for 59.5 keV
gamma emission
probability




(continued)

Accuracy (%) CRP activities
Nuclide Data type Required Achieved Needs Measurements Evaluations

Am-242 Tia 0.1 Cm-244 production and
Branching 1 Am mass determination
ratio

Am-242m Tin 1.4 Cm-244 production
Branching 0.03 and Am mass
ratio determination

P unknown

X

Tin 0.2 Mass determination, +
unknown long term storage and -
2 environmental studies CBNM, +
unknown -

0.04 AERE, JAERI, + JAERI
2 Non-destructive JAERI], + JAERI
4-20 assay - —

0.3

1-3 Non-destructive
2—-10 assay and environ-
unknown mental studies




(continued)

Nuclide

Accuracy (%)
Required Achieved

CRP activities
Measurements Evaluations

Cm-244

0.3
0.4
<l
2-10
3

+
+
Non-destructive assay
and environmental
studies

|

0.5-2

10
unknown

Long term storage and
environmental studies

2

1--5
unknown
unknown

Long term storage and
environmental studies

1

<1
unknown
unknown

Long term storage and
environmental studies

0.7
3

Impurity in Cf-252
neutron standard

Neutron standard




HALF-LIFE 23"Np

Recommended value: (2.14+0.01) X 10°a

This value is based on the results of only one precise measurement, namely that
of Brauer et al. [1].

II. EMISSION PROBABILITIES OF SELECTED GAMMA RAYS

Evaluated by C.W. Reich (INEL, Idaho Falls, USA).

A. Recommended values

a
IE_‘,r (keV) P‘T

29.37 0.153 £0.003
46.53 0.00106 * 0.00006
5715 0.00382 = 0.00011
86.50 0.123 £ 0.002
88.04 0.00138 £ 0.00003
117.68 0.00173 = 0.00003
131.04 0.00086 * 0.00002
134.23 0.00071 * 0.00002
143.21 0.00432 £ 0.00008
15137 0.00234 £ 0.00004
155.22 0.00092 * 0.00002
169.17 0.00071 * 0.00001
195.09 0.00185 £0.00002
212.42 0.00151 £ 0.00002
238.0 0.00059 +0.00001

Note to Table A

2 Nominal values only.




B. CRP measurements

ET (keV) Banham Vaninbroukx et al.
(1984) [2]* (1984) [4]

29.37 0.154 2 0.1503 40
46.53 0.00104 6 0.0011 7
57.15 0.00373 11 0.0039 I
86.50 0.1220 12 0.1244 33
88.04 0.00138 3 0.0014 1
117.68 0.00175 2 0.00168 5
131.04 0.00086 I -
134.23 0.00071 1 -
143.21 0.00430 4 0.00434 10
151.37 0.00236 2 0.00232 6
155.22 0.000917 10 —
169.17 0.000711 7 -
195.09 0.00184 2 0.00188 5
212.42 0.00150 2 0.00155 5
238.0 0.000586 12 —

Note to Table B

* The P.y values previously reported by Banham and Fudge [3] have been modified somewhat
owing to changes in their detector-efficiency curves resulting from the adoption of more
recent values for the efficiency calibration standards. It is these modified P‘)’ values that
are shown here.




C. Comparison with other measurements

CRP measurements Other measurements

Banham Vaninbroukx

E, (keV)?

Gonzélez et al.  Skalsey and Brown and Vara and

Recommended

(1984) [2]

et al.
(1984) [4]

(1979) [5)

Connor
(1976) [6]

Asaro

(1969) [7]

Gaeta
(1969) [8]

values K

0.154 2
0.00104 6
0.00373 11
0.1220 12
0.00138 3
0.00175 2
0.00086 1
0.00071 1
0.00430 4
0.00236 2
0.000917 It
0.000711 7
0.00184 2
0.00150 2
0.000586 12

0.1503 40
0.0011 1
0.0039 1
0.1244 33
0.0014 1
0.00168 5

0.00434 10
0.00232 6

0.00188 5
0.00155 5

0.103 10
0.0010 I
0.0038 4
0.126 ®
0.0012 1
0.00151 15
0.00081 8
0.00063 6
0.0041 4
0.00227 23
0.00087 9
0.00074 7
0.0016 2
0.00160 16
0.00063 7

0.162 9
0.0012 2
0.00433 25
0.123 ¢
0.0014 4
0.00180 12
0.0010 I
0.00081 16
0.00462 28
0.00249 16
0.00097 7
0.00082 9
0.00169 21
0.00166 11
0.00075 9

0.140 20
0.00140 20
0.00420 38
0.126 ¢
0.00160 20
0.00170 20
0.00089 9
0.00071 8
0.00420 40
0.00249 30
0.00097 9
0.00076 8
0.00210 20
0.00159 20
0.00068 6

0.13
0.001°¢
0.0006
d:437

0.001
0.001
0.0005 &

0.153 3
0.00106 6
0.00382 11
0.123 2
0.00138 3
0.00173 3
0.00086 2
0.00071 2
0.00432 &
0.00234 4
0.00092 2
0.00071 !
0.00185 2
0.00151 2
0.00059 1




International Nuclear Data Committee, May 2002 and
May 2004:

recommended Update of Actinide Decay Data Library
by means of a Co-ordinated Research Project

Planned for 2005 to 2009




X-ray and Gamma-ray Standards for Detector Calibration
IAEA-TECDOC-619, September 1991

Primary Objective

e produce a recommended set of decay parameters for
selected radionuclides judged as the most important for the

efficiency calibration of equipment used to detect and
quantify x-ray and gamma-ray emissions




X-ray and Gamma-ray Standards for Detector Calibration

Participants

e W. Bambynek, CEC-JRC, Central Bureau for Nuclear Measurements (CBNM),
Geel, Belgium

¢ Y. Yoshizawa, Hiroshima University, Hiroshima-shi, Japan
R.G. Helmer, |Idaho National Engineering Laboratory (INEL), Idaho Falls, |Idaho,
USA

N. Coursol, Laboratoire de Metrologie des Rayonnements lonisants (LMRI), Gif-
sur-Yvette, France

F.J. Schima, National Institute of Standards and Technology (NIST),
Gaithersburg, Maryland, USA

T. Barta and R. Jedlovszky, National Office of Measures (OMH), Budapest,
Hungary

P. Christmas, National Physical Laboratory (NPL), Teddington, Middlesex, UK
K. Debertin, Physikalisch Technische Bundesanstalt (PTB), Braunschweig,
Germany

A.L. Nichols, AEA Technology, Winfrith Technology Centre,
Dorchester, Dorset, UK




X-ray and Gamma-ray Standards for
Detector Calibration

Ancillary Objectives

selection of appropriate (efficiency) calibration nuclides
assessment of the status of existing data

identification of data discrepancies and limitations
stimulation of measurements to meet data needs

evaluation and recommendation of improved efficiency
calibration data




X-ray and Gamma-ray Standards for Detector
Efficiency Calibration

cover as wide a range of photon energy as possible
(5 keV to approximately 10 MeV)

x-ray and low-energy gamma-ray emitting radionuclides from
5 to 100 keV

e commonly used and readily available nuclides

¢ nuclides used and offered as standards by national
laboratories, multi-line nuclides for rapid calibrations

definition of a set of single-line nuclides to avoid the need for
coincidence summing corrections

choice of nuclides with accurately known emission
probabilities




X-ray and Gamma-ray Standards for Detector Calibration

Calibration Standards: Decay Parameters and CRP Activities

Radio- Data Type Uncertainty CRP activities
nuclide Achieved(z)*

Measurements Evaluations

22y, NIST NPL/PTB

NIST

0.03 = NPL/PTB
0.0015-0.005 - NIST

NPL/PTB
Hiroshima Univ.

NPL/PTB
CBNM
AEA

NIST/NPL NPL/PTB
- CBNM
Hiroshima Univ.

NPL/PTB
CBNM




(continued)

Data Type

Uncertainty
Achieved(%)™*

CRP activities

Measurements

Evaluations

0.3
0.007-0.4

PTB/NPL

NPL/PTB
Hiroshima Univ.

NIST/NPL

PTB

NPL/PTB
CBNM
OMH

NPL/PTB
CBNM
OMH
LMRI

0.03
0.006-0.02

NIST/NPL

NPL/PTB
NIST

NPL

NPL/PTB

NPL/PTEB
CBNM
AEA

NIST/NPL

LMRI/NIST/OMH/PTB

NPL/PTB
CBNM
AEA
LMRI

NPL/PTB

CBNM

Hiroshima Univ.
Hiroshima Univ.

NPL/PTB
CBNM
LMR1
LMRI

PTB/NPL
CBNM

PTB/NPL
INEL
LMRI




Data Type Uncertainty CRP activities
Achieved(x)™*

(continued) T —

PTB/NPL
IHEL
LMRI

PTB/NPL
CBHM
LMRI
LMRI

PTB/NFPL

CBNM

Hiroshima Uniwv.
Hiroshima Uniwv.

PTBE/NPL
CBNM
INEL

PTE/NPL
LMRI

MNIST/HPL/PTBSCBENM PTEB/SNPL
_ CBNM
FTE LMRI
= LHRT

PTBSNPL
Hiroshima Uniw.

PTB/NPL
CBNM
LMRI
LMRI

= FPTEB/NPL
= CBNM
OMH/PTB OMH

= LHRI

PTB/NPL
CBHM
LMRI
LMRI




Data Type Uncertainty CRP activities
Achieved(%)™*

(Continued) Measurements Evaluations

NIST/NPL PTB/NPL
= CBNM
= INEL

- PTB/NPL
= CBNM
INEL/NIST/NPL Hiroshima Univ.

PTB/NPL

PTB/NPL
CBNM
AEA

PTB/NPL
CBNM
INEL

= PTB/NPL
5.2 = CBNM
0.03-0.6 INEL/NIST/PTB Hiroshima Univ.

1.4 Hiroshima Univ.

228y NPL/PTB

(and = LMRI
daughters)

239y,

PTB/NPL
LMRI

PTB/NPL
CBNM
CBNM

NPL/PTB
AEA/LMRI
LMRI




X-ray and Gamma-ray Standards for
Detector Efficiency Calibration

Half-life inconsistencies: further measurements recommended

Priority 1 — 9°Fe, °°Co, 122 and "5°Eu

Priority 2 — °*Mn, "°Se and 99Cd

Priority 3 — %2Na, °8Co, %°Zn and 33Ba




X-ray and Gamma-ray Standards for
Detector Efficiency Calibration

High-energy gamma rays, %¢Ga

Ey (keV)

Py

833.6
1039.4
1333.2
1918.8
2189.9
24229
2752.3
3229.2
3381.4
3791.6
4086.5
4295.7
4807.0

0.0603(12)
0.379
0.01232(25)
0.0214(4)
0.0571(11)
0.0196(4)
0.232(8)
0.0148(11
0.0140(11
0.0102(11
0.0114(19
0.035(7)
0.015(4)




X-ray and Gamma-ray Standards for
Detector Efficiency Calibration

Prompt gamma rays from the “N(n, y)'°N reaction

Ey (keV)

Py

1678.174(
1884.879(
2520.418(
3532.013(
3677.772(
4508.783(
5269.169(
5297.817(
5533.379(
5562.062(
6322.337(
7298.914(
8310.143(
9149.222(

(

)
2
1
1
1
1
1
1
1
1
1
3
2
4
10829.087(4

5)
1)
5)
3)
7)
4)
2)
5)
3)
7)
4)
3)
9)
7)
6)

0.0723
0.1866
0.0579
0.0924
0.1489
0.1654
0.3003

(18)
(2
(7
(9
(1
(1
(2
0.2131(1
(2
(1
(1
(9
(5
(2
(2

5)
)

0.1975
0.1065
0.1867
0.0973
0.0422
0.0162
0.1365

)
5)
7)
0)
8)
1)
2)
4)
)
)
)
1

)




X-ray and Gamma-ray Standards for
Detector Efficiency Calibration

Other high-energy gamma rays?

35Cl(n, y)3¢CI
48Ti(n, y)*°Ti’
52Cr(n, y)>3Cr’
S C(my 2t Cr
11B(p, ,Y)12C*
14N(p, ,Y)15O*
*Na(p, y)**Mg’
27Al(p, v)28Si*




NEANDC - 311 "U”
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NUCLEAR DATA STANDARDS

FOR NUCLEAR MEASUREMENTS
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NUCLEAR STANDARDS FILE

Editor

H. Condé
Uppsala University
Uppsala, Sweden

NUCLEAR ENERGY AGENCY
ORGANISATION FOR ECONOMIC CO-OPERATION AND DEVELOPMENT

1992




TABLE OF CONTENTS

Subject

Introduction

The H(n,n) Cross Section

The H(n,n) Cross Section Below 20 MeV,

G.M. Hale and P.G. Young

The H(n,n) Cross Section from 20 to 350 MeV,

R. Arndt and R. L. Workman

The 6Li(n,t)4He Cross Section, G.M. Hale and P.G. Young
The 19B(n,a)7Li Cross Section, E. Wattecamps

The C(n,n) Cross Section, Y. Fu and P. G. Young

The 197 Au(n,y)198 Au Cross Section, F. Corvi

The 235U Fission Cross Section, M. Sowerby

The 235U Fission Fragment Anisotropy, F. J. Hambsch
The 238U Fission Cross Section, Y. Nakajima and Y. Kanda
The 27 Al(n,a) Cross Section, H. Vonach

The 39Co(n,2n)8Co Dosimetry Cross Section, H. Vonach
The 93Nb (n,2n)?2Nb Dosimetry Cross Section, H. Vonach
Neutron Energy Standards, C. Coceva

Actinide Half-lives, W. Bambynek and H. Lemmel
Thermal Parameters, H. Tellier

Low Energy Cross Section Dependence, C. Wagemans
252Cf Fission Spectrum, W. Poenitz, and H. Lemmel

252Cf nu-bar, ].W. Boldeman

Neutron Flux Comparison, S Crespin and G Grenier
Gamma-ray Standards, J. Legrand, A. Lorenz and H. Lemmel




Status of Actinide Half Lives

W. Bambynek
Commission of the European Communities, Joint Research Centre
Geel Establishment, Central Bureau for Nuclear Measurements, B-2440 Geel, Belgium

H. Lemmel
International Atomic Energy Agency, A-1010 Vienna

ACTINIDE HALF-LIVES - Recommended Reference Data

Nuclide Decay mode Half-life and Uncertainty
Years

Alpha (1.592 + 0.002) EOS5
Spont. fission > 2.7 E17

Alpha (2.457 = 0.003) EO5
Spont. fission {1.42 + 0.08) El6

Alpha (7.037 £0.007) EO8
Spont. fission (1.0 £0.3) E1I9

Alpha (4.47 + 0.02) E09
Spont. fission (8.2+0.1) E15

Alpha (2.14 + 0.01) E06
Spont. fission > 1. E18

Alpha (2.411 £ 0.003) E04
Spont. fission (8. +2.) E15

Alpha (6.563 = 0.007) E03
Spont. fission (1.16 £D0.02) E11

Alpha (5.96 + 0.04) EO5
Beta (1.44 £ 0.01) ED1

Alpha (3.75 £ 0.02) E0O5
Spont fission (6.77 £ 0.07) E10

Alpha (8.00 + 0.09) EO7
Spont. fission (6.6 +£0.2) E10

Alpha (2.73 = 0.01) E0Q
Spont. fission (8.55 + 0.03) E01
Total (2.645 + 0.008) E0Q




X-ray and Gamma-ray Standards

J. Legrand, A. Lorenz
France/lIAEA
June 1988

Updated by H.D. Lemmel, IAEA, Vienna, August 1992
Table 1: Half-Lives of Radionuclides Used for Detector Calibration

Half-life (days)-—--------- —
Nuclide Uncertainty Exponent Reference

11-Na-022

11-Na-024 0.62356
21-Sc-046 83.79
24-Cr-051 27.706
25-Mn-054 3123
26-Fe-055 999
27-Co-056 77.31
27-Co-057 271.79
27-Co-058 70.86
27-Co-060 1925.5
30-Zn-065 244.26
34-Se-075 119.64
38-5r-085 64.849
39-Y-088 106.630
41-Nb-093m 5890
41-Nb--094 7.3

41-Nb-095 34.975

0.9 (1)
0.00017 (1)
0.04 (1)
0.007 (D
0.4 (1)
8 (1
0.19 (1)
0.09 1)
0.07 (1)
0.5 (1)
0.26 (1)
0.24 (1)
0.004 (1)
0.025 (1)
50 (2)
0.9 2)
0.007 2

-
+
+
+
+
+
+
+
:
+
+
+
=
+
+
+
+




Update of X-ray and Gamma-ray Decay
Data Standards for Detector Calibration
and Other Applications (1998 — 2002)

M. Herman
IAEA Nuclear Data Section




Update of X-ray and Gamma-ray Decay Data Standards

International Nuclear Data Committee, 1997:
strongly recommended IAEA to re-visit and place
further emphasis on the development of
improved decay data for “standards” applications

* detector efficiency calibration

 other applications (e.g. nuclear medicine,
dosimetry, safeguards and environmental
monitoring)




Update of X-ray and Gamma-ray Decay Data Standards

Participants

M.-M. Bé, BNM-CEA/LNHB, Centre d’Etudes Nucleaires de Saclay,
Gif-sur-Yvette, France
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Main issues

1. Update of the current database
IAEA-TECDOC-619 data for 36 radionuclides were revisited and revised -
experimental data measured and published after 1990,
average x-ray energies and emission probabilities are given in
IAEA-TECDOC-619 — require systematic analysis of the energies and
emission probabilities of the individual K 4, K, K51 and Kg,,
components.

2. Additional radionuclides
68 radionuclides formulated at Consultants’ Meeting, and adopted as a suitable
starting point.

Extension of energy range
- new nuclear techniques (for example radiotherapy) suffer from a lack  of
high-energy calibration standards,

- data required for the calibration of y-ray detectors up to 25 MeV,

- appropriate radionuclides (°6Co, %6Ga) and nuclear reactions identified, and
y-ray emission probabilities were compiled and evaluated.

al?
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Main issues (cont.)

4. v -y coincidence: absolute y-ray detection efficiency without absolutely
calibrated y-ray source
- angular correlation coefficients of specific nuclei, 80 keV to 2.75 MeV,
- 24Na, 45Sc, 60Co, 66Ga, 67Ga, 75Se, 88Y, %Nb, 111In, 123mTe, 133Bg, 134Cs,
152EU, 1%4Eu and 207Bi’
- MB(p, y)12C" (4.43 and 11.67 MeV y rays)

. Covariances
- lack of necessary data (and detail) in published measurements,

- instructions proposed for communication to authors concerning data
requirements for covariance analysis.
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Evaluations undertaken in conjunction with Decay Data
Evaluation Project (DDEP) — member laboratories of the
International Committee for Radionuclide Metrology (ICRM)

co-ordinator: E. Browne (Lawrence Berkeley National
Laboratory),

CRP evaluations carried out under agreed DDEP
methodology/procedures for consistency,

recommendations reviewed and approved by DDEP prior to
acceptance for CRP,

- adopted by DDEP
http://www.nucleide.org/DDEP WG/DDEPdata.htm
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Selected Radionuclides and Applications.

Nuclide

X/y-Ray
Standard

Dosimetry
Standard

Medical
Applications

Environmental
Monitoring

Waste
Management

Safeguards

P

P
S
P
S
P
P
S
S
S
P

(122 keV)

o |

»ni|w|tn|:
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(continued)

Nuclide

X/y-Ray
Standard

Dosimetry
Standard

Medical
Applications

Environmental
Monitoring

Waste
Management

Safeguards

6SGa

75
°Se

S

SSKr

85
Sr

P

X
X

SSY

p
(1836 keV)
S
(898 keV)

5

P

P
(140.5 keV)

P
(140.5 keV)
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(continued)

Nuclide

X/y-Ray
Standard

Dosimetry
Standard

Medical
Applications

Environmental
Monitoring

Waste
Management

Safeguards

]23[“Te

1231

1251

X
X

1291

X

13II

P
S
S
S
S
P
S
p
S
S

155
Eu

166mpy 166py

||| (tn|:




Update of X-ray and Gamma-ray Decay Data Standards

(continued)

Nuclide

X/y-Ray
Standard

Dosimetry
Standard

Medical
Applications

Environmental
Monitoring

Waste
Management

Safeguards

170
Tm

S

I69‘{1)

192Ir

X

X
X

-

198
Au

203 Hg

2011jl

207I3i

P
(569.7 keV)

226
Ra decay
chain

S

*2Th decay
chain

P

2341nl)a

2411§J1]

243}\Fﬂ

P primary efficiency calibration standard.
S secondary efficiency calibration standard
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High-energy Gamma-ray Standards

226Ra up to 2.45 MeV

*°Co up to 3.55 MeV

%Ga up to 4.8 MeV

14N(n, y)15N’ up to 10.8 MeV
35CI(n, y)*CI"  up to 8.6 MeV
®Ti(n, y)*Ti"  up to 6.8 MeV
%0.52,53Cr(n, y)>1°354Cr” up to 9.7 MeV
"B(p, y)'*C"°  upto 13.9 MeV
2Na(p, y)**Mg” up to 11.6 MeV
27Al(p, v)?®Si”  up to 10.8 MeV
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CRP
|AEA technical document in preparation — will only include

selected data from evaluated decay scheme for detector
efficiency calibration and other applications: half-lives, P, and
P, (listed with Ey and E )

DDEP

Recommended complete decay schemes available through
http.//www.nucleide.org/DDEP WG/DDEPdata.htm

LNHB, Centre d’Etudes Nucleaires de Saclay,
F-91191 Gif-sur-Yvette Cedex, France
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S1Cr

Half-life evaluated by M. J. Woods (NPL, UK), September 2003.

Decay scheme evaluated by E. Schonfeld (PTB, Germany) and R. G. Helmer (INEEL.
USA), February 2000.

Recommended data:
Half-life
T,, =27.7009 (20) d

Selected gamma ray

E, (keV) P, per decay

320.0835 (4)2 0.0987 (5)°

a from Ref. [1].

b from direct emission probability measurements.




Update of X-ray and Gamma-ray Decay Data Standards

51Cr

Selected X-rays

Origin E, (keV) P, per decay
V Ko, 4.94 - 4,95 0.202 (3)

V KB 5.43 - 5.46 0.0269 (7)
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51 C r
Input data:

Half-life (d) Reference

27.7010 (12) @ Unterweger et al [H1]
27.71 (3) Walz et al [H2]
27.704 (3) Rutledge et al [H3]
27.690 (5) Houtermans et al [H4]
27.72 (3) Lagoutine et al [H5]
27.703 (8) Tse et al [HO]

27.75 (1) Visser et al [H7]

28.1 (17)b Araminowicz and Dresler [H8]
27.76 (15)° Emery et al [HI]

27.80 (51)b Bormann et al [H10]

27.7009 (20) Recommended

a uncertainty increased to (25) to ensure weighting factor not greater than 0.50.
b rejected as an outlier.
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S1Cr

References - half-life

[H1] M. P. Unterweger, D. D. Hoppes, F. J. Schima, Nucl. Instrum. Meth. Phys. Res. A312 (1992) 349
[H2] K. F. Walz, K. Debertin, H. Schrader, Int. J. Appl. Radiat. Isot. 34 (1983) 1191.

[H3] A. R. Rutledge, L. V. Smith, J. S. Merritt, AECL-6692 (1980).

[H4] H. Houtermans, O. Milosevic, F. Reichel, Int. J. Appl. Radiat. Isot. 31 (1980) 153.

[H5] F. Lagoutine, J. Legrand, C. Bac, Int. J. Appl. Radiat. Isot. 26 (1975) 131.

[H6] C. W. Tse, J. N. Mundy, W. D. McFall, Phys. Rev. C10 (1974) 838.

[H7] C. J. Visser, J. H. M. Karsten, F. J. Haasbroek, P. G. Marais, Agrochemophysica 5 (1973) 15.
[H8] J. Araminowicz, J. Dresler, INR-1464 (1973) 14.

[H9] J. F. Emery, S. A. Reynolds, E. |. Wyatt, G. |. Gleason, Nucl. Sci. Eng. 48 (1972) 319.

[H10] M. Bormann, A. Behrend, I. Riehle, O. Vogel, Nucl. Phys. A115 (1968) 309.
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51Cr

Gamma ray: measured and evaluated emission probability

Ey (keV) [1] [2] [3] [4] (5] [6] [7]
320.0835 9.8(6) 9(1) 9.72(15) 10.2(6) 9.75(20) 10.2(10)

Ey (keV) [1] 8] [9] [10] Evaluated
320.0835 9.85(9) 10.30(19) 9.86 (8) 9.87 (5)

Evaluated emission probabilities are the weighted averages calculated according to the Limitation of
Relative Statistical Weights Method; no value has a relative weighting factor greater than 0.50.
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51Cr

References — radiations

[1] R. G. Helmer, C. van der Leun, Nucl. Instrum. Meth. Phys. Res. A450 (2000) 35.
[2] M. E. Bunker, J. W. Starner, Phys. Rev. 97 (1955) 1272, and 99 (1955) 1906.
[3] S. G. Cohen, S. Ofer, Phys. Rev. 100 (1955) 856.

[4] J. S. Merritt, J. G. V. Taylor, AECL-1778 (1963) 31.

[5] K. C. Dhingra, U. C. Gupta, N. P. S. Sidhu, Current Sci., India 34 (1965) 504.
[6] J. Legrand, CEA-R-2813 (1965).

[7] C. Ribordy, O. Huber, Helv. Phys. Acta 43 (1970) 345.

[8] U. Schétzig, K. Debertin, K. F. Walz, Nucl. Instrum. Meth. 169 (1980) 43.

[9] S. A. Fisher, R. I. Hershberger, Nucl. Phys. A423 (1984) 121.

[10] T. Barta, L. Szucs, A. Zsinka, Appl. Radiat. Isot. 42 (1991) 490.

Detailed tables and comments can be found on http://www.nucleide.org/DDEP_WG/DDEPdata.htm
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>6Mn — Comments on evaluation of decay data

Evaluated: November 1999
Re-evaluated: January 2004

Evaluation Procedures:

Limitation of Relative Statistical Weight Method (LWM) was applied to average
numbers throughout the evaluation. The uncertainty assigned to the average value
was always greater than or equal to the smallest uncertainty of the values used to
calculate the average.
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Reference Half-life (days)

1968Sh07 0.10771(4)
1971GoYM 0.10742(33)
1972EmO01 0.10779(25)
1973Lal2 0.107438(8)
1980RuZY 0.107350(33)
1992An13 0.107454(4)
1994Ya02 0.1040(20)"

Evaluated value 0.107449(18)

$ Uncertainty increased to + 0.000008 to ensure weighting factor not greater than 0.50.
* Method development study: removed from data set due to uncharacteristically large uncertainty.
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Gamma-ray Emission Probabilities: Relative to PY(846.7638 keV) of 100%

Pyrel
1967Au01 1968Sh07 1973Arl5 1974Ho25 1974Ti01 2004MiXX Recommended

E,(keV) —
846.7638(19) 100(3) 100(3) 100(3) 100(3) 100(3) 100.000(103) 100(3)
1037.8333(24)" 0.06(1) 0.03(1) 0.040(5) 0.040(4)8
1238.2736(22)" 0.143) 0.13(1) 0.10(1) 0.097(2) 0.098(2)s
1810.726(4)1 3003) 29.4(16) 28.6(15) 26.9(13) 27.5(8) 26.610(72) 27.2(4)
2113.092(6)" 17.4(17) 16.09) 16.0(8) 14.3(7) 14.5(4) 13.956(53) 14.4(3)8
2523.06(5): 1.10(15) 1.6(5) 1.14(5) 1.01(5) 1.00(3) 1.025(9) 1.03(2)
2598.438(4)" 0.026(5) 0.02(1) 0.019(2) 0.020(2)
2657.56(1) 0.60(10) 0.66(6) 0.71(4) 0.66(7) 0.66(2) 0.648(8) 0.652(7)8
2959.92(1): 0.31(6) 0.26(3) 0.30(2) 0.32(3) 0.31(1) 0.314(6) 0.311(5)8

3119.3(5)* - 0.08(4) - - - - -
3369.84(4): 0.22(5) 0.20(4) 0.152) 0.16(2) 0.17(1) 0.17(1)

TEnergy adopted from 2000He14.

¥ Energy calculated from the nuclear level energies specified by 1999Hu04.

#Energy from 1968Sh07, but transition not included in proposed decay scheme.

* Weighted mean values adopted using LWEIGHT, unless stated.

§ Recommended values adopted from a combination of the normalised residuals and Rajeval methods (see 2004MaY'Y).
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1 Decay Scheme

Mn-56 decays by beta minus emission to excited levels of Fe-56.
Le manganése 56 se désintégre par dmission béta moins vers les niveaus excités du fer 56,

2  Nuclear Data

,]‘1),-’2 |:55_\ [n :I - 2 5TRTS I: 16 ] I
Q@ (5Mn ) 36955 (3) keV

2.1 /3 Transitions

Energv Probability  Nature g [t
keV < 100

0,020 (2) Allowed

.20 (3) Allowed

_ 0,040 (1) Allowed
Ta5.6(3) [4.5 (3) Allowed
1037.9 {3) 27.5 (4) Allowed
1GLO4 (3)  0.057 (G) Allowed
28487 (3) 566G (T) Allowed




2.2 Gamma Transitions and Internal Conversion Coethicients

Decay Data Evaluation Project (DDEP)

pﬁ--]-c-:-
w100

Energv
ke

MMultipolarity

T1olFe)
szt Fe)
“rz1(Fe)
7a,1(Fe)
TariFe)

846,776 (5)
103785 (2)
1238300 {12)
1810.786 (15)
2113,15 (1)

08,88 (3)
0,040 {4)
0,007 (2)
26,9 (4)
142 (3)

Ez
M14-004%E2
Ez
Ml43%E2
M1447E2

0000270 (&)
0.000130 { 4)
0.0001 10 {3)
0.0000460 { 14)

0,0000250 (8)

0,0000120 (4]

0,0000100 (3)
0,00000430 (13}

0,0000037 (1)
0,0000060 {2
0.00000200 (6)
0.00000063 (2)

0,000300 (0)
00001500 {45)
0,000120 (4)
00000510 (15)

Enerev Pryice

leeV w100

Multipolarity

2523,06 (5)
2508,53 (2)
2657,56 (1)
2059.92 (1)
3369.84 (4)

1,02 (2)
00200 (2
0645 (T
0,307 (5

017 i1

M1+E:
M1+E:
[2
2
E2
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Atomic Data

Fe
WK : (0,355 (4
wr, o 00060 (G
ngyr . LA447 I:]:]

3.1.1 X Radiations

Eneray Relative
keV prohability

Kag (.39091 51
Koy (.40391 100
K7 7,05504 b

K% 71083 } 20,6

3.1.2  Auger Electrons

Energy Relative
eV probability

Anger K
KLL 5,370 - 5.645 100
KLX 6,152 — 6,400 274
KXY 6926 7.105 1,87

Auger L. 0510 — 0,594 307
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Electron Emissions

Fnergy [Electrons
leeV per 100 disint.

0.510 - 0,591 0.0428 (3)

00150 (1)
5,370 - 5,645
6.158 - 6,100
6,926 - 7.105

max: 250,1 (3 0,020 (2)
ava: 73, (1}

max: 3257 L.20 (3
ave:

max: 5726 (3) 0,040 (4
ave: (

A 735.6 (3 L4.5 (3
ave:

max: aT.L (3) 27.5 (4)
ave:

max: 16104 (3 0,057 (G)
ave: G363 (

max: 28487 (50 GG (T
avg: [216.8
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5 Photon Emissions

5.1 X-Ray Emissions

Frergv IPhotons
keV per 100 disint.

(.3900 (0.00295 (1) I Ka
6,40391 (0,0057= {7T) }
TOG804 1 000119 (2) K’ 3
7.1083 )
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5.2 Gamima Emissions

Fnerey Photons
keV per 100 disint.

846,7638 (19) 98,85 (3)
LO3T, 8533 (247 0,040 (4)
| 23%,2736 (227 0,097 {2)
|810.726 {4) 26,9 (4)
2113.002 (6) 14,2 (3)
2523.06 (5) .02 (2}
2508.438 (4) 00200 (2
QG756 (1) 0,645 (T)
2059,92 (1) 0,307 (5
3369.84 (4) O 17 (1)
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EMain Production Modas

o0 — B RIn — 56
Bln — &5 n,7ikn — &G
Mn — 55)d,pikin — 56
Fe — 68 abn — 56
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8 Remarks

8.1 Nuclear Data

Halt-life adopted from the evalunation of Woods for the IAEA-CRP: Update of X- and Ganuna-ray
Decay Data Standards for Detector Clalibration. The measurements of 19635h07, 1971 GoY M.
1972EmO1, 1973Lal2, 1930RuZY. 1992An13 and 1994Ya02 were considered.

8.2 7 Transitions

All beta-particle energies were caleulated [rom the structural details of the proposed decay
scheme. The nuclear level energies of 1999H104 and the Q-value were used to determine the
energies and uncertainties of the beta-particle transitions to the various levels. The beta-particle
emission probabilities were calenlated from recommended gamma-ray emission probabilities and
the theoretical internal conversion coeflicients of 1976Ba63 (latter estimated by interpolation of
data). Log ft svstematics can be applied to the beta-particle transition to the ground state of

[Fe-56. with a lower limit for log ft of 13.9 (19935117}, to give a beta-particle emission probability
1)1‘ . ”“”{}rj [:-\{[ (NN ;—:(-]‘1):]_
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8.3 Gamma Transitions and Conversion Electron Coeflicients

Frnergies

A number of well-defined gamma-rayv energies were adopted from the recommended standards
ol 2000He14. All other gamma-ray energies were calculated from the structural details of the
proposed decayv scheme and the naclear level energies of 1999Hu01 (as derived from the energy
measurements of 1973ACLS, 1974 Ho25 and 19741101 ). An additional cammea rayv with an energy
of 3119.3(5) keV was only detected by 196=5h01, and has been discarded due to a lack of
evidence in all of the other studies.

Finission Probabilities

Weighted mean relative emission probabilities were determined for all of the zamma rays
assicned to the decay scheme. using the relevant data from the measurements of 1967 Au01,
L96=ShOo7, 1973AvLL, 1974 Ho25, 1974Ti01 and 2004501HXX. All gamma-ray  emissions were
expressed relative to the 846, 7638 keV transition., which was arbitrarily assigned an uncertainty
of 3% (100(3)5%0).

The normalisation factor for the gamma-ray emission probabilities was caleulated from the
proposed decay scheme via two rontes:

(a) beta population of all Fe-36 nuclear levels derived from gamma-ray depopulation/population
and stmmed. assmming beta decay to Fe-56 ground state is zero (spin and parity considerations).
for all nuclear levels populated by beta decay sum Pibeta) = 101.163{ 1479) NF = 100

NF = 0.9883(145)
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223Th — Comments on evaluation of decay data

Evaluated: July/August 2001
Re-evaluated: January 2004

Evaluation Procedures:

Limitation of Relative Statistical Weight Method (LWM) was applied to average numbers
throughout the evaluation. The uncertainty assigned to the average value was always
greater than or equal to the smallest uncertainty of the values used to calculate the average.
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Published Gamma-ray Emission Probabilities

E_(keV)

74.4(1)
84.373(3)
131.612(4)
142.7(1)
166.410(4)
182.3(1)
205.99(4)
215.985(4)
228.4(2)
700.4(1)
741.87(1)
832.0(1)
908.28(1)
992.65(6)

 Emission probabilities expressed in terms of photons per 10° disintegrations.

PY

1969Pel7

1.2-1(6)

1977Kul 5t

4.0(14)
12100(600)
1240(60)
0.013(4)
960(50)
0.052(18)
184(9)
2390(130)
0.18(3)
~0.03
0.014(4)
0.142)

~0.015

1982Sa36t

1.9-(1)
0.17(2)

0.1;(1)

0.36(2)

# Emission probabilities published relative to Py(238.63 keV) for 212Pb of 43.0%.

1984Ge07

100.0(16)
10.70(15)

8 .49-( 12)

1.6-1(5)
20.78(25)
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Gamma-ray Emission Probabilities: Relative to Py(84.373 keV) of 100
E, (keV) P

1977Kul5 1982Sa36 1984Ge07 Recommended Values™

74.4(1)
84.373(3)
131.612(4)

142.7(1)
166.410(4)
182.3(1)
205.99(4)

215.985(4)
228.4(2)
700.4(1)
741.87(1)
832.0(1)
908.28(1)
992.65(6)

0.033(12)
100(5)
10.25(50)
0.00011(3)
7.9(4)
0.00043(15)
1.52(7)
19.8(11)
0.0015(3)
~0.00025
0.00012(3)
0.0012(2)

~0.00012

10(;(5)
8.9(10)

6.8-(5)

15.8-(11)

100.0(16)
10.70(15)

8.49-(12)

1.6-1(5)
20.78(25)

* Weighted mean values adopted when judged appropriate; remainder derived from proposed decay scheme.

0.033(12)
100.0(16)
10.6(2)
0.00011(3)
8.0(5)
0.00043(15)
1.58(5)
19.3(15)
0.0015(3)
0.00025(8)
0.00012(3)
0.0012(2)
0.00014(4)
0.00012(3)
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Adjusted Alpha-particle Emission Probabilities per 100 Disintegrations of 228Th

E (keV) P,

1953As31 1969Pel7 1970Ba20 1976BazZZ 1993Ba72 Recommended
Values®

4448.0(3) ; 4.4(12) x 106
4523.0(3) ; 1.73) x 105
4952.5(4) ; 2.5(5) x 105
4997.8(3) ; 1.03) x 105
5138.01(26) ~0.05 0.036(7)
5176.89(23) 20 0.18 0.20(2)
5211.08(22) 40 ; 0.36 - - 0.38(3)
5340.38(22) 28 26.7(2) 26.7 27.3(5) 26.5(6) 26.2(2)
5423.28(22) 71 [73.3(2)] 72.7 72.7(5) 73.5(6) 73.2(2)

*P(5423.28 keV) of 73.2(2) is effectively the weighted mean of the normalised studies, which is subsequently matched against
Pa(5340.38 keV) 0of 26.2(2); recommended emission probabilities of the low-intensity o transitions were derived from the evaluated
gamma-ray emission probabilities and theoretical internal conversion coefficients.
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» Tl
Q0 1 138

1 Decay Scheme

Th-223 decays 1009 by alpha-particle emission to various excited levels and the ground state of Ra-224.
Le thorvium 228 se désintégre par émission alpha principalement vers le niveau fondamental el le niveau
excité de 84,4 keV de radium 224.

2 Nuclear Data

(GOS.6G0
T Ra ) @ 366
QUEETH ) ¢ A520.12

2.1 o Transitions

Frergy Probability
keV w100

LA27.5 (3) 0.0000044 (12) 7.7
LG03.= (3) 0.000017 (3) G.96
5040.9 (4) 0.000025 (5) 1370
SO8T.1 (3] 0000010 (3) 21300
522976 (26) 0.036 (T) 11
526934 (23) 0,20 (2) 3.6
035 (3) 11,5
26,2 (2) 0,948
T3.2(2) 1
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2.2 Gamma Transitions and Internal Conversion Coeflicients

Energy e Multipolarity

ke w100

289 (8) T80 (16 3095 ()

15,9 (3) 58 (1) 21.7 {4)
0,195 (1) 0,041 0 1) 0013 01 0,249 (6)
0,280 (6) 1,396 (28) 0500 (1) 2015 (4
. 0,225 (5) 0,704 114 0,256 (5] L. 185 (24
~x.a({Ra) 1823 (1) 0,0000056 (20 [E 0,000 (2) 0,0178 (3) 0.0060 (1) 0,114 (2)
~a.1(Ha) 205,99 (4) 00201 (11) [E 0,0676 (14) 0,0131 (3) 0,0042 (1) 00849 (17)
~2.0(Ra) 215,985 (4) 0,243 (22) I 00605 (12)  0.01160 (25) 0.0038 (1) 0.0759 (15)
~g,2(Ra) 22854 (2)  0,000025 (5) [E2] 0,125 (2) 0,182 (4) 0.065 (1) 0,372 (7)
~a(Ra) 7001 0,0000029 (9) 1 0.00508 (107 000081 (2) 0000270 (5) 000619 (12)
~s.3(Ra) 741,87 00000014 (1) [E2] 00121 (2} 0.00330 (6) 000110 (2) 0,0165 (3)
“r1(Raj 832,0 0,000014 (2) E2+M3 0,0008 (2) 0.00240 (5] 0.00090 (2) 0,0131 (3)
“s.1(Ha) 008,28 0.0000016 (5) M1+50%E2]  0,0203 (20)  0,0038 (4) 0,0012 (1) 0,0253 (25)
~vs.0{ Ra) 092,65 00000014 (1) [E2] 000720 (157 000160 (3) 0,00050 (1) 00095 (2)

~4,2(Ra) T4.4 (1) 0016 16) [E
~1.0(Ha) S4.373 (3 26.6 (1410 E
~a1(HRa) 131,612 (4) 0155 () I
~5 4(Ra) 142.7 (1) 00000041 (13} [E

I

~3.1{Ra) 166G 410 (1) 0,205 (16)

[ I = R el = e

[Eri—y
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Atomic Data

Ra
WK 0968 (4
@r, 0452 (18)
ngon o 0801 (5

3.1.1 X Radiations

Relative
probability

86,43

S8.47
09,432
100,15
100,738

102,59
103,205
103,74

10.622
12,196 — 12,3349
13.662
14,2536 — 15,447
17,848 — 15412
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Auger Electrons

Enerov Relative
keV probability

Anger Ik
KLL 65,15 - 72,7: 100
KLX 0,72 — 88,47 HS
103.91 8.4

Aunger L 5.7 12.04 G050
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4

a Eimissions

Fnergy

Probability
= 100

(3]
(3
5o
(3]
(26)
(23]

O 00011
0000017
0.000025
0,000010

0,036
0,20 (2)
0,35 (3)

2 (2)
(2)

(12
(3
(5)
(3)

(7

Electron

Emissions

Fnergy

keV

Electrons
per 100 disint.

(Ra)

{Ra)
KLL
KLX
KXY

{Ra)
{(Ra) .
(Ra) 70 !
{Ra)
{Ra)

[ 12,067

147,17 -

72,73
88,47
103.91

54,09
- G058
- =409

(o)
150,97

10,5 (4)

0.00193 (26)

25,4
18,6
SR
0,150
0,066
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6 Photon Emissions

6.1 X-Ray Emissions

Enereyv Photons
eV per 100 disint.

XL (Ra) 10,622 [=.412 8.8 (4)
Nao (Ra) 85.43 00172 (8]
NIy (Ra) 88,47 0.0281 (12)
NK 95 (Ra) 09,432

NIy ({Ra) 1M 15 00098 (5]
XK 35 (Ra) 100,735

XK 9o (Ra) 102 84

XKy ({Ra) 103,295 000323 (16}
XKOs5 (Ra) 103,74




6.2 Gamma Emissions
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Enerev

lkeV

Photons
per LOO disint.

74,4 (1)

84 ATS (5
131,612 (4
1427 (1)
LGGA10 (4
[=2.3 (1)
205,99 (4
215,985 (4)
228,4 (2)
TOO4 (1)
741,87 (1)
8320 (1
O0R,28 (1)
092,65 (6)

000039 {14
117 (5)
0,124 (6)
0.0000013 (1)
0,004 {7)
0.0000050 (18)
00185 (10
0,226 {20}
0.000018 (4)
0.0000029 {9)
0.0000014 (1)
0.000014 (2)
0.0000016 (5)
0.0000014 (1)
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698,60 (23) d

¥ Emission probabilities per 100 disintegrations

0,0000044

0,000017

0,000025
6 4792

0,00001
i5)7: 433,07

3)7: 280,36

it 250783

17, 215985

366 (4) d
bl 224

Ra
B8 136

@ = 552012 kel
oo = 100
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LNHB web site:
http://www.nucleide.org/

DDEP pages:
http://www.nucleide.org/DDEP WG/DDEPdata.htm
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