Contents
A Quick Tour of Nuclides.net ............................ 1
The InstallationMenu . ... i 3
The Nuclide Explorer. . .......... i 4
Data. ... 5
Fission Yields and Averaged Cross Sections .. ........... 6
SearCh. . ... e 7
Decay ENgine ... e 8
Dosimetry & Shielding. . ... 9
Virtual Nuclides. .. ... o 10
Universal NuclideChart ............. ... .. i, 11
Forum & News . . ... 12
1. Getting Started with Nuclides.net...................... 13
1.1 The Nuclides.netProgram Suite . ................... 13
1.2 Computer System Requirements. ................... 14
1.3 End User License Agreement (EULA) ............... 14
1.4 Installing Nuclides.netonaHardDisk............... 14
1.5 Starting Nuclides.net. . .............. ..., 18
1.6 Direct Accesstothe Webserver. .................... 18
1.7 Newsand FOrums. ...ttt 19
1.8 ScientificNotation............. ..., 22
1.9 ScreenCaptures . ...t e 22
2. Background on Radioactivity.......................... 25
21 The ATOM. ... e 25
2.1.1 Discovery of Radioactivity. ................... 25
2.1.2 Structure of the Atom and Nucleus. ........... 26
2.1.3 Synthesisofthe Elements.................... 30
2.1.4 Nuclide Stability — The Nuclide Chart. ......... 35
2.1.5 Nuclides Masses and the Atomic Mass Unit.... 38
2.1.6 BindingEnergy............ . o i, 38
2.2 RadioactiveDecay. ... 39
221 Alpha@Decay..........ccovviiiiiiiiiii 40

2.2.2 Beta-minusf()Decay................ci... 42



VIl Contents
2.2.3 Gamma Emission and Internal Conversion. . . .. 43
2.2.4 Isomeric Transitions (IT) ..................... 44
2.2.5 Beta-plusf(t) Decay (Positron Emission).. .. ... 44
2.2.6 ElectronCapture)...........c.ccvvivivian.... 45
2.2.7 Spontaneous Fission (SF).................... 46
2.2.8 ProtonDecay......... ...t 48
2.2.9 Special Beta-Decay Processes............... 50
2.2.10 Heavy-lon or Cluster Radioactivity............ 51
2.2.11 Magic Radioactivity. . . ..., 53

2.3 NuclearReactions. . ..., 54
2.3.1 Cross-sections. . ........couuiiiiiiiiinnnnan.. 55
2.3.2 NeutronReactions .............c.coovuiiinn... 56
2.3.3 Decay and ReactionPaths................... 56

24 NuclideCharts........cooiii e 58
2.4.1 Decay Processes and Nuclear Reactions. . .. .. 59
2.4.2 Paper-Based NuclideCharts................. 62

References. . ... ... i 64

3. Nuclide Explorer ....... ... .. i 67

3.1 Navigational Interface................... ... ..., 67
3.1.1 TheTaskbar............ ... .. ... .. ... ...... 71
3.1.2 *“Build Your Own” Nuclide Chart............... 73

3.2 DataSheets. .. ...t 75
321 MaSSEXCESS ... .ttt 76
3.2.2 MaASS. ..o 77
3.2.3 Half-life and the Decay Constant . ............ 78
3.24 Nuclear Spin. ..., 78
3.25 Nuclearlsomers..............coiiiii... 81
3.2.6 Parity ... 83
3.2.7 Number of Decay Modes. .................... 84
3.2.8 DecayModes. ..........coiiiiiiiiiiiii 84
3.2.9 BranchingRatioBR) ........................ 84
3.2.10 DecayEnerg® ... 85
3.2.11 Daughter Products. ...................coout. 85
3.2.12 Mean Decay Energies per Disintegration. . . ... 86
3.2.13 Spectral Information. . ....................... 86
3.2.14 Effective Dose Coefficients. . ................. 86

3.3 FactSheets . ... 88
3.3.1 Average (Mean) Lifetime. .................... 88
3.3.2 SpecificActivity............ ... i 89
3.3.3 IsotopicPower. ... 90
3.3.4 Spontaneous Fission (SF)Rate............... 91
3.3.5 Specific GammaDose Rateatlm............ 91
3.3.6 Annual LimitsofiIntake....................... 91



Contents IX

3.3.7 Packaging and Transportation

of Radioactive Materials. . .................... 94
3.4 FissionYields..........co i 98
3.5 Cross-sections. .. ...t 98
3.5.1 Case Study: Neutron Irradiation of Thorium.... 98
3.6 ElementiInformation............... .. ... ... .. ... 100
3.7 Articles. ... 101
3.8 Weblinks. . ... ..o 102
3.9 Search ... ... 104
3.9.1 SearchtheDatabase........................ 104
3.9.2 SearchNuclides.net......................... 106
4. DecayEngineA . ... .. 109
4.1 Simple Radioactive Decay. ................ccovvvn... 109
4.2 Radioactive DecayChains. .................coovo... 109
4.3 Convergent and DivergentBranches ................ 111
4.4 Radioactive Equilibria. ............. ... ..o 111
4.4.1 (1> 1) Secular Equilibrium................. 112
442 @ > t2): Transient Equilibrium................ 113
4.4.3 (1 < 10): The Half-life of the Parent is Shorter
than that of the Daughter..................... 114
4.4.4 (, ~ 15): The Half-lives of the Parent
and Daughterare Similar. .................... 114
4.5 Decay Calculations. ... 115
451 Userinterface. ........... . it 116
452 OPtoNS . ..ot 118
453 Print ... . 119
454 Graph.. ... 119
455 Details . ... 121
4.6 Examples. ... ... 122
4.6.1 Case Study: The Radioactive Deca§do ...... 122
4.6.2 Case Study: The Radioactive Decay®t) ...... 124
4.6.3 Case Study: How “Hot” i¥?"Am? ............. 126
4.6.4 Case Study: “Age” Determination
of Plutonium Particles. ....................... 128
4.6.5 Case Study: Alpha-Immunotherapy:
213gj “Milking” from 22°Ac
forCancer Treatment . ....................... 129
References. . ... e 132
5. Dosimetry and Shielding,I' ............ ... ... ........ 133
5.1 Absorbed DOoSE. . ... e 133
5.1.1 DoseRate........ ... 133

5.1.2 Quality or Weighting Factar. . ................. 134



Contents

5.1.3 EquivalentDose................. ... 134
5.1.4 EffectiveDose............ .. .. ... 135
5.2 Attenuation of Gamma Radiation. . .................. 135
5.3 Absorption of Gamma Radiatian.................... 137
5.4 Calculation of the Equivalent Dose Rate . ............ 138
5.5 AbsorptioninTissue. ..., 139
5.6 Attenuation in Shield Materials. .. ................... 141
5.7 Build-up FactorsE) for Shield Materials .. ............ 141
5.8 Thel'-DOSEModule........... ... ... 141
5.8.1 Userlinterface............ ... .. 141
5.8.2 OptionsWindow. ....................ccian... 143
5.8.3 ResultsWindow. ............ ..., 144
584 GraphWindow............. ..., 147
5.8.5 Input/Output Restrictions. .................... 147
5.9 Validation of the Results/Benchmarking. ............. 148
5.9.1 Case Study: Shieldif@Na .................... 148
5.9.2 Case Study: Shieldif§Co .................... 148
5.9.3 Case Study: Gamma Radiography W . .. ... 150
5.9.4 Case Study: Thickness of Neptunium Targets.. 151
5.10 SUMMANY. . ..o e e 153
References. . ... ... i 154
. Virtual Nuclides, A .......... ... 155
6.1 Application of Virtual Nuclides to Radioactive Decay .. 155
6.1.1 Properties of the Virtual Parent .. ............. 156
6.2 Application of Virtual Nuclides to Dosimetry
andShielding. . .......... .. .. 158
6.3 The Virtual NuclidesModule. ....................... 161
6.3.1 Creatinga Virtual Nuclide.................... 163
6.3.2 Storing the Virtual Nuclide Information. . ....... 165
6.3.3 Running Applications with Virtual Nuclides. . . .. 165
6.4 EXamples. ... e 167
6.4.1 Case Study: A Simple Two Component Mixture ... 167
6.4.2 Case Study: Multi-Component Mixtures . ...... 172
6.4.3 Case Study: Application to Fission............ 176
6.4.4 Case Study: Laser Induced Fission of Uranium. 181
6.4.5 Case Study: Laser Irradiation of Copper. ... ... 184
. Fission Products and Yields)Y ........................ 187
7.1 NuclearFission. ..., 187
7.2 TheFissionYieldModule........................... 189
7.2.1 Definitions of Fission Yields.................. 191
7.3 Fission Product Yield Comparisons. ................. 192

7.3.1 Fission Product Yield Comparisons: Parents. .. 192



Contents Xl

7.3.2 Fission Product Yield Comparisons: Elements . 193
7.3.3 Fission Product Yield Comparisons:

Masses (Isobars) . ........... ... i 193
7.3.4 Fission Product Yield Comparisons: Libraries.. 194
7.3.5 The ChainYieldWindow..................... 195
References. . ... 196
8. The Universal NuclideChart . ......................... 197
8.1 User Interface: Nuclide Chart Viewer . ............... 197
8.2 Nuclide ChartViewer. . ..., 198
8.21 BasicSettings.............coiiiiiiii 198
8.2.2 View Basic Decay and Cross-section Data. . . .. 198
8.2.3 Navigation............coiiiiiiiiiinan. 199
8.2.4 SelectNuclide.............. .. ... ... ....... 199
8.25 ColourScheme............. ..., 199
8.26 ChartSize...........c i, 200
8.2.7 Colour. ..........c i 200
8.2.8 Decay Chain and ReactionPath.............. 201
8.3 Radioactive Decay Chain Simulator................. 201
831 TiMeStep ... ..ot e 202
8.32 Start/Stop ...t 202
833 Plot. .. ... 202
8.3.4 Th232/U235/U238....... ..., 203
8.35 MINBR(%).....coiiiii e 203
836 E(MEV) ... 203
8.4 Neutron Reaction Path Simulator. ................... 204
8.4.1 NeutronFlux............ ... .. . ... 205
8.4.2 ReactionIndex...............coiiiii... 205
843 TiMeStep ... ... e 205
8.4.4 ReactionProducts................... ... 206
References. . ... 207
9. Applications of Radionuclides......................... 209
9.1 Medical Applications. ..., 209
9.2 Industrial Applications. .. ........... .. i i 212
9.3 Scientific/ Research Applications .. ................. 212
References. . ... 214
Recommended Reading and Weblinks. ................... 217
Readimg . ... 217
Weblinks. .. ... 218

GloSSary . ..o e 221



Xl Contents

APPENAICES. . . .ot 233
Appendix 1: The AtomicMass Unit. ..................... 233
Appendix 2: The Nuclides.net Database ................. 235
Appendix 3: Tables of Mass Attenuation Coefficients. . . . .. 238
Appendix 4: Tables of Buildup Factors................... 248
Appendix 5: Physical Constants, Conversion Factors,

Prefixes, Greek Alphabet. .......................... 257
Appendix 6: Table of the Elements. .. .................... 259
Appendix 7: Actinide Critical Masses .. .................. 263



Inserts

An Astrophysical Clock ............ ... ... . 31
Age of the Eatth — a Brief History of Radioactivity............ 32
Halo Nuclides. . ... i 37
The Super-Heavy Elements.............................. 57
A Short History of the Karlsruhe Chart of the Nuclides. . . . ... 60
Strasbourg Nuclide Chart 2002, .......................... 66
How Constant is the Decay Constant?.................... 79
High Background Radiation Areas Around the Warld. ... .. .. 92
Radiotoxicity and Annual Limits of Intake (ALI)............. 93

Very Long-Term “Packaging” of Radioactive Materials —
Nuclear Waste Disposal . .............. ... ... ... ... .. 96

Nuclear Batteries for Microelectromechanical Systems (MEMS)08
ConantheBacterium .......... .. ... .. . .. 213
Prehistoric Cave ArtatAltamira. . ........................ 215



2 Springer
http://www.springer.com/978-3-540-43448-1

Muclides.net

An Integrated Environment for Computations on
Radionuclides and Their Radiation

Magill, J.

2003, XN, 271 p. With CD-ROM., Hardcowver

ISBEN: 978-3-540-43448-1



