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1 Introduction

1.1 General remarks

This report is the third part, Volume 1/19B3, of the compilation of parameters of nuclear bound
states excited in reactions with charged particles — Volume I/19B (consisting of 3 subvolums
covering different ranges of Z). The data were collected in a Combined charged particle Reaction
File (CRF), which contains also data on very unstable nuclei (in volume I/19C). Properties of
low-lying levels of many nuclei were considered in LB volumes I/18A , I/18B ,
I/18C . Data on unbound states derived from neutron and charged particle resonances
were published in LB volumes 1/16 [98ScOAl [04BrZU| and 1/19A [04ScOB| [05ScOA].

Existing high-quality information on excited bound states situated above the low-lying levels
but below the states seen as resonances is essential for understanding of general properties of nu-
clei and is important for many applications. The compilation Vol. I/19B contains information
on parameters of bound excited states which were obtained in high-resolution measurements with
charged particle spectrometers. Frequently these data are combined with data obtained in mea-
surements of y-ray spectra after neutron capture, in §-decay study, etc. We have collected existing
information on parameters of nucleon transfer reactions: total and differential cross sections, spec-
troscopic factors, parameters of few-nucleon transfer, etc. These parameters were not considered
(with very few exceptions) in the recent compilation LB I/18ABC. We include also data for many
neighbour nuclei not presented in LB I/18ABC. As a result, information on all nuclei with excep-
tion of proton-rich and neutron-rich nuclei situated very far from the valley of stability (for which
data will be published in LB I/19C) is presented in both compilations I/18ABC and 1/19B.

Data on nuclear excitations are contained in four Volumes, respectively: for nuclei with Z < 36,
37 < Z <62, Z > 63, and for very unstable nuclei (LB I/19C). These regions of Z are the same
as in the compilations LB I/18ABC, where theoretical parametertization of properties of nuclear
low-lying levels are presented. We give data for the broader range of nuclei and pay attention to the
parameters of nucleon transfer reactions. To avoid duplication with the material in compilations
LB I/18, LB I/16 and LB I/19A (resonance parameters) we present in the book data obtained
mainly from transfer reactions with charged particles. Other information, branching ratios of
radiative transitions from bound excited states, is given mainly in the Supplement (on CD).

Numbers of excited states in Volume 19B (in the book and in the Supplement) are given in
Tables 1.1, 1.2 and 1.3 (for the three Volumes 19B3, 19B1 and 19B2, respectively) as a "ratio”
in the first column. The asterisk marks the number of levels in very unstable isotopes which are
considered in volume I/19C. These Tables also contain the numbers of excited states presented in
all the LB-compilations I/18ABC, I/19A, I/16BC, I/19BC mentioned above.

We have collected the original data on different reactions with charged-particles from papers
published during the last 25-35 years. Data on energies of excited states and T /o were taken from
publications in Nuclear Data Sheets (NDS) [04Nu0A|. We give references on NDS in the headings
of isotope-tables, usually before other references. Data in NDS evaluations (ENSDF — Evaluated
Nuclear Structure Data File) were used to facilitate the presentation of the experimental material
on cross sections and spectroscopic factors of reactions with charged particles. All data were
grouped according to the common Z and A of the compound nuclei formed in different reactions.

The international Nuclear Science Reference system (NSR) was widely used during the col-
lection of data. Modern PC-capacities and the NSR-file permitted to collect and represent in a
common format all data scattered in the literature. We have selected data from the original works
mentioned in NSR and used the corresponding identification number of each paper in NSR. In
some cases we have tried to find so-called "best values” from the most recent original works, in
other cases we give several sets of data from different original works for comparison.
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Table 1.1. Numbers of bound states in compound nuclei A7 with 63 < Z < 99 contained in the
third part of this compilation (I/19B3). The ratio shows the number of states in Volume I/19B3
and its Supplement. Asterisks mark isotopes included in volume 1/19C.
The number of bound states in the compilation LB I/18C, the number of resonances in reactions
with charged particles in the compilation LB I/19A2 and the number of neutron resonances in the
compilation LB I/16C are given in the same line for comparison.

AZ  19B3 | 18C19A 16C| “Z 19B3 | 18C 19A 16C| “Z 19B3 | 18C 16C
136Ey 1* 1%8Gd 53/217 | 25 88 156Dy 40/314 | 62
B8TEy 7* 199Gd 228/298 | 12 96 157Dy 87/113 20
1385y 49* 160Gd 46/103 | 24 158Dy 16/96 | 40
139Fy 62* 161Gd 33/51 58 19Dy 61/124 | 32 7
140y 28* 162Gd 15/20 160Dy 33/245 | 44
MlEy 61* WITh 5* 161Dy 109/141| 39 114
By 127* 12y 12% 162Dy 196/246 | 31 256
143Eu 202* 143Th 103* 163Dy 267/292 | 44 142
Wiy 144* 14Th 31* 164Dy 115/167| 25 131
145Eu 14/204 19 145Th 19* 165Dy 105/178 | 8 117
146Eu 4/35 146Th 46* 166Dy 29/31

WTEu 17/157 W4TThH 94* 167Dy 3%

U8Ey 3/104 H8Th 82%* 168Dy 4%

1490 48/130 2 1497 9/178 WlHo 15%

150y 3/84 150ThH 2/115 145 o 4%

151Eu 78/176 | 16 2 151Th 2/266 WTHo 5*

152Eu 91/195 | 38 106 || '52Tb 2/100 148Ho 16*

153Eu 85/167 | 12 22 153Th 32/138 | 26 1490 81*

154Eu 113/159 | 42 77 154 4/37 150Ho 16*

1%5Fu 59/80 | 19 19 155Th 47/86 | 36 1510 65*

1%6Eu 6/32 7 156Th 21/68 152Ho 31*

157Eu 3/40 157Th 38/152 | 13 153Ho 105*

159Eu 22/31 158Th 96/96 | 18 154Ho 37*

138Gd 34* 199Th 100/116 | 15 1550 67*

139Gd 57* 160ThH 86/174 | 14 443 || '°SHo 150*

140Gq 23* 161TH 52/69 | 8 3 15THo 64/247

141Gd 65* 16271 8/8 158Ho 2/117

142Gd 111* 163Th 34/36 159Ho 62/125

143Gd 105* 10Dy 5* 16010 2/71

144Gqd 158* 42Dy 6* 161Ho 56/109 | 18
145Gd 151* 143Dy 79* 162Ho 5/16

146Gd 60/196 | 43 44Dy 14* 163Ho 70/78 | 12
147Gd 3/199 145Dy 12% 164Ho 32/34

148Gd 19/304 | 43 146Dy 21* 165Ho 140/276 | 19
149Gd 2/393 WDy 20* 16610 162/330| 9 374
150Gd 5/393 48Dy 56* 167Ho 29/31 3
151Gd 27/107 | 18 49Dy 58* 168Ho 2/5

152Gd 19/158 | 45 150Dy 85%* 169Ho 32/32

153Gd 89/221 | 40 131 || Dy 130* 1010 1/1

154Gd 53/227 | 24 9 152Dy 249* M5y 4*

195Gd 175/217 | 27 162 || 153Dy 132* WTEy 1%

156Gd 148/272 | 26 95 154Dy 19/145 | 39 H8Er 8%

157Gd 185/325 | 22 87 155Dy 30/171 M9Er 14%*
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Table 1.1. (continued) Numbers of bound states in compound nuclei A7 with 63 < Z < 99
contained in the third part of this compilation (I/19B3). The ratio shows the number of states in
Volume 1/19B3 and its Supplement. Asterisks mark isotopes included in volume 1/19C.

The number of bound states in the compilation LB I/18C, the number of resonances in reactions
with charged particles in the compilation LB I/19A2 and the number of neutron resonances in the
compilation LB I/16C are given in the same line for comparison.

AZ 19B3  18C16C|| “4Z  19B3 | 18C19A 16C| “Z 19B3 | 18C 19A 16C
150E;  28* 167Tm 18/137 | 12 1 160y 26*

I1Er 57* 168Tm 76,142 161, 73*

152Fy  53* 169Tm 26/151 | 12 1 16214 104*

153Er 41* 170Tm 116/258 432 || 163Lu 219*

154Er 83* 1Tm 19/49 | 11 13 1647 193*

155Er 97* 172Tm 4/13 4 165 152%

156Er 113* 13 Tm 5/33 166y 9%

TRy 114* 14 Tm 2/4 167Lu 169*

158Er  129% 17%5Tm 21/31 168 38*

159Er  186* 151yp 10* 169 56*

160y 116* 152yDh 6* 170y 203*

I61Er 26/122 23 153y 14* MLu25/202 | 11 7
162Fr 13/110 32 154yp 28* 1721 23/39

1635Er 74/383 41 18 155yh 5% ILu38/81 |12 6
164y 23/204 28 156y 20% 174 143/168

165Er 99/105 26 19 157yp 2% 1Lu 105/125 | 13 13
166y 144/172 27 158Yh 55% 176Lu 9/166 | 24 449
6TEr 77/200 17 174 || '%9Yb 45* 17u 135/203 | 19 10 59
168y 423/427 55 276 || '90YDL 88* 178 Lu 23/41

169Er 118/143 5 130 || 16'Yb 74* 1970 14/34

10Er 89/161 12 162y 72% 180w 2/12

Er 55/73 125 || 163Yb 62* 154Hf 6*

172Er 26/41 164yh 134* 156Hf 7%

145Tm % 165Yb 9Q7* 157Hf 24%*

146y 2% 166yh 16/114 | 22 158Hf 32%

W4T 12* 167yb 21/176 | 25 159Hf 15%

150Tm 5% 168YDb 59/164 | 14 160Hf 26*

1517y 19% 169yh 76/173 | 31 7 161Hf 16*

152Tm 19* 170Yh 95/198 | 51 22 162Hf 52*

153Tm 63* yb 100/176 | 17 24 163Hf 21*

154 2% 172Ybh 204/308 | 41 170 || I64Hf 57*

155Tm 6* 1Yb 96/112 | 18 101 || 165Hf 75*

156 14%* 17Yb 157/375| 23 167 || '6SHf 64*

157Tm 72%* 1%%Yh 60/183 | 8 79 16THf 83*

158 Tm 44* 176Yh 40/69 | 6 168Hf 119*

159 73* 1TYb 47/156 69 169Hf 39*

160Tm 68* 18yb 25/31 170Hf 100*

lﬁle 95* 153]’_}u 9* 171Hf 154*

162Tm 212* BiLu 15* I72Hf 109*

163 97* 155Lu 14% 173Hf 2/129 | 11
164 m 175% 156Lu 16* IT4Hf 7/189 | 10
165Tm 23/201 22 BTLu 1% 15Hf 10/117 | 6 11
166Tm 1/1 159 32% Y76Hf 56/217 | 21
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Table 1.1. (continued) Numbers of bound states in compound nuclei A7 with 63 < Z < 99
contained in the third part of this compilation (I/19B3). The ratio shows the number of states in
Volume 1/19B3 and its Supplement. Asterisks mark isotopes included in volume 1/19C.

The number of bound states in the compilation LB I/18C, the number of resonances in reactions
with charged particles in the compilation LB I/19A2 and the number of neutron resonances in the
compilation LB I/16C are given in the same line for comparison.

A7Z 19B3 | 18C19A 16C| “Z 19B3 | 18C 19A 16C| “Z 19B3 | 18C 16C
17THf 3/145 | 25 128 || 172w 49* 189Re 11/22 | 4
178Hf 119/161 | 38 197 || 1TW 41* 190Re 1/4

L79Hf 121/186 | 32 215 || 7MW 29* 191Re 15/39

180Hf 121/246 | 23 154 || 1T5W 43* 193Re 2*

I81Hf 137/179 150 || 17T6W 127* 1640s 5*

182Hf 9/19 1TTW 157* 16605 12*

183Hf 2/7 18W 37/76 16705 8*

184Hf 0/4 1OW 17/184 16805 23*

157 2% 180W 45/119 | 17 1690g 14*

158 1% 181w 38/91 | 23 6 1700s 28*

159 4% 182\ 92/122 | 27 1 10 71%

164 1% 183W 123/145 | 21 250 || 1720s 78*

165 24% 184W 83/191 | 32 313 || '"0s 66*

166y 4 185W 322/367 197 || 1™O0s 70*

167Ta 70* 186W 69/76 | 9 7 17505 71*

168 20% 187TW 94/192 175 || 1760s 56*

169 10* 188\W 23/23 1770s 57*

170Ta 52* 190W 6* 1780S 59*

171Ta TT* 161Re 5% 1790S 134%*

172Ta 57* 162Re 1* 1SOOS 143%*

173Ta 64* 163]_:{e 1* 181OS 249*

174 127 165Re 1* 18205 148*

175Ta 126* 1671%e 2% 1830S 91*

176 128* 168Re 2* 18405 16/49 | 17
177Ta 184* 169Re 1* 18505 172/191

178Ta 20* 170Re 8* 18605 29/164 | 23
1972 49/135 | 9 2 1" Re 95* 1870s 45/65 | 17 129
180Ta 53/246 | 22 172Re 10* 1880s 53/125 | 15 177
81T 57/116 | 12 61 173Re 74* 18905 53/90 | 12 101
182Ta 1/154 772 || 1™Re 35* 19905 95/145 | 13 22
183Ta 3/19 24 175Re 113* 19105 64/77 24
184Ta 2/6 176Re 114* 19205 82/106 | 14
185Ta 19/24 17Re 251* 19305 13/262 20
158w 1* 1"8Re 68* 19105 17/18

160W 12% 179Re 103* 19605 2%

162W 1* 1801%e 101* 165h. 1*

164w 15% 181Re 120/162 166y 1%

165W 33* 182]_:{e 4/48 167:[r 1*

166W 41* 183Re 170/181 | 18 172 3*

16TW 51%* 184Re 29/113 13T 47*

168W 67* 185Re 54/66 | 6 1 1+

169y 37+ 186Re 39/167 503 || 17Ir 54*

170W 66+ 187Re 47/78 | 8 3 1761y 128%*

Iy g2* 188Re 48/81 399 || TTIr 122%*
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Table 1.1. (continued) Numbers of bound states in compound nuclei A7 with 63 < Z < 99
contained in the third part of this compilation (I/19B3). The ratio shows the number of states in
Volume 1/19B3 and its Supplement. Asterisks mark isotopes included in volume 1/19C.

The number of bound states in the compilation LB I/18C, the number of resonances in reactions
with charged particles in the compilation LB I/19A2 and the number of neutron resonances in the
compilation LB I/16C are given in the same line for comparison.

AZ 19B3 | 18C 19A 16C| “Z 19B3 | 18C 19A 16C| “Z 19B3 | 18C 19A 16C
178y 2% 191pt 100,100 2 180Hg 36*

1791 89* 192py 73/133 | 15 181 g 35%

180Ty 84% 193pg 82/89 | 12 12 182]]g 43*

1817 181* 194py 70/150 | 27 183Hg 55*

1821 41% 195pt 97/114 | 19 8 184Hg 4/18 | 12

1831y 3/52 31 196pt 111/141 53 44 185Hg 50/50

1841 5/71 197Pt 76/104 6 186g 5/89 | 18

185Tr 5/90 4 198pt 56/64 | 10 18THg 4/34

1861 8/95 6 199p¢ 21/61 5 188g 4/81

187r 4/68 21 200pt 35/38 189Hg 3/74

1881y 3/19 170 Ay 1% 190Hg 3/196

1897 17/85 | 28 1T Ay 1% 191Hg 3/218

1901y 108/157 173 Au 5* 192Hg 3/156

Wi 33/71 | 11 175 Au 12% 193Hg 6,/139

1921y 82/231 62 176 Au 28* 194Hg 7/154| 10

931y 53/77 | 17 11 177 Au 34%* 195Hg 5/207

194 51/166 54 179 Au 3% 196Hg 19/68 | 9

1951y 38/44 | 16 181 Au 69* 197Hg 23/60 2
196y 5% 182 A 13* 198Hg 24/97 | 27

19Ty 23% 183 Au 70* 199Hg 52/84| 6 73
B 184 Au 59* 200Hg 23/98 | 49 88
168py 3% 185 Ay 92% 201Hg 78/79| 9 44
170p¢ 6* 186 Ay 4/84 12 202Hg 37/83| 18 86
171pt 6* 187 Au 5/91 203Hg 76/78 38
172pt, 10%* 188 Au 5/49 20iHg 7/63 | 15

173py, g* 1890 4/275 | 31 205Hg 52/53 23
174pg 11%* 190 A 5/46 206Hg 9/10

175p¢ 17% 1A 3/97 VI

176pt 28* 192Au 2/33 179y 1%

177pt 51* 193 Au51/89 | 8 181y 1%

178pt 26* 194Au 3/24 183 12%

179p¢ 59* 195Au 29/45 | 21 184 2%

180pt 4/92 196 Au 132/215 185 24%

181p¢ 128/138 Y7Au45/76 | 10 186 g*

182p¢ 85/93 198 Au 155/158 | 52 270 || '8TT1 52%*

183pt 4/103 | 4 19940 52/69 | 10 188 g*

184pt 87/87 2007y 11% 189 78%*

185p¢ 181/191 | 17 201 Ay 20% 190 24%

186pt 5/95 17 203 Ay 12* 191 84%

187py, 5/73 1761_1g T* 192 73

188Pt 4/72 177}1g 3* 193T1 95%

189p¢ 18/47 178Hg 6* 1947 125%

190pt 20/55 | 21 19Hg 6* 19571 6/88 | 21
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Table 1.1. (continued) Numbers of bound states in compound nuclei A7 with 63 < Z < 99
contained in the third part of this compilation (I/19B3). The ratio shows the number of states in
Volume 1/19B3 and its Supplement. Asterisks mark isotopes included in volume 1/19C.

The number of bound states in the compilation LB I/18C, the number of resonances in reactions
with charged particles in the compilation LB I/19A2 and the number of neutron resonances in the
compilation LB I/16C are given in the same line for comparison.

A7Z 19B3 | 18C19A 16C| “Z 19B3 | 18C 19A 16C|| “Z 19B3 | 18C 19A 16C
19671 5/35 5 219pb 60/65 | 6 197po 5/5

19771 21/58 | 20 211ph 19/24 198pg 3/55
19871 3/31 212pp 18/18 199pg 3/25
19971 3/34 5 214pp 1/1 200pg 3/44
20071 6/16 10 184Bj 1% 201pg 3/23
20171 15/63 | 7 186Bj 1% 202pg 3/42
20271 12/15 | 3 187Bj 6* 203po 8/54
20371 71/103 | 11 188Bj 1* 204po 3/70 | 35
20471 86/86 138 || 189Bi 9* 205po 7/54 | 30
205T) 73/88 | 32 10 2 190B; 2% 206pg 2/98
2067 81/94 | 7 139 || ¥1Bi 3* 07po 7/63 | 15
07T] 23/42 | 7 192Bj 1* 208po 6/52 | 10
20871 2/10 193Bj 43* 209po 15/51 | 14
20971 7/7 194Bj 4% 210po 41/76 | 28
2107] 5% 195Bi 16* 21po 38/97| 5
182pp, 6* 1968 17* 212p 5/30 | 10
183pp 1% 197B{ 41* 23po 2/9 | 2
184p 5% 198Bi 49* 214po 3/81 | 16
185pp 3* 199B; 33* 25po 2/14
186pp 1 7% 200B; 37* 216po 4/10
187pp 8* 201Bi 8/58 12 2Tpo 3*

188pp 22% 202Bj 6/37 28pg 11*

189pp 7* 203Bi 7/46 25 193 A4 2%

190pp 32% 204Bj 5/41 14 195 A4 1%

191pp 7% 205Bi 39/74 |31 1 19T At 3%

192pp 109* 206Bi 36/45 198 AL 1%

193pp 137* 207Bi 28/62 | 15 4 199At 5*

194pp 217* 208Bi 116/199 44 2007t 3*

195ph 136* 209Bj 119/204| 20 8 201A¢ 8*

196pp 5/149 | 14 210Bi 104/107 | 11 178 || 292At 2%

197ph 2/184 211Bi 41/62 203A4 3/20 | 8
198ph 2/199 212Bi 8/12 20478 1/1

199Ph 4/152 23Bi 4/4 1 205t 2/32 | 19
200ph 5/69 7 21Bi 9/11 3 206A¢ 11/31| 8
201Ph 4/69 20 215Bi 1/3 207At 5/34 | 8
202ph 40/61 26B; 1% 2087t 2/40 | 4
203pp 22/63 | 23 190pg 6* 2090t 1/62 | 2
204pph 81/156 | 54 1 191pg 1% 20t 124%*
205ph 152/183 | 25 242 || 192po 5* AL 115*
206ph 151/335| 84 1 193pg 7% 21ZAt 66*

207ph 160/205 | 23 410 || '94Po 18* 23 At 6*

208PY 247/605 | 100 382 || 19°Po 5* 2AL 23%

209ph 174/226 | 15 94 196pg 3/22 13 ZI5At 6*
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Table 1.1. (continued) Numbers of bound states in compound nuclei A7 with 63 < Z < 99
contained in the third part of this compilation (I/19B3). The ratio shows the number of states in
Volume 1/19B3 and its Supplement. Asterisks mark isotopes included in volume 1/19C.

The number of bound states in the compilation LB I/18C, the number of resonances in reactions
with charged particles in the compilation LB I/19A2 and the number of neutron resonances in the
compilation LB I/16C are given in the same line for comparison.

AZ 19B3 | 18C19A 16C || “Z 19B3 | 18C 19A 16C || “Z 19B3 | 18C 19A 16C

216At 18* 209FI’ 11%* 206AC 3*

217At 15* 210FI‘ 16* ZOSAC 1*

219At 4% 211FI‘ 26* 212AC 2%

197}{n 1* 212FI‘ 43* 214AC 2%

198Rn 5* 3y 3/41 | 17 25 Ac 5*

199RH 1* 214FI’ 3/58 216AC 1*

201Rn 2* 2151;\r 3/21 217AC 10*

202Rn 14* 26py 3/27 28 Ac 36*

203Rn 18* HTFr 3/18 | 8 29Ac 3/44 | 22
204Rn 51* Z8Fr 30/30 20A¢ 3/61
205Rn 25* 29Fr 3/30 2IAc 1/1

26 At 18* 20Fr 5/34 | 5 22A¢ 3/3

2TAL 15% Z2IFr 40/46 23A¢ 3/10 | 11
29Nt 4% 22k 1)1 24A¢ 3/39
97Rn 1* 23Fr 11/58 25A¢ 3/16 | 12
198Rn 5* 225Fr 45/51 26A¢ 3/17
199Rn 1* 27Fr 38* 227Ac 56/63 | 30
201Rn 2% 206Ra 4% 228AC 3/4 4
202Rp 14* 207Ra 3* 29A¢ 27/32 | 13
203Rn 18* 208Ra 6* Z0Ac 18/18
204Rn 51* 209Ra 9* BlAc 21/25 | 12
205Rn 25* 210Ra 11* 2Ac 3/3 12
206Rn 18* 211Ra 4% 216Th 8*

207Rn 20* 212Ra 3/13 | 3 217Th 1/1

208Rn 3/41 | 22 213Ra 4/5 218Th 2/5

209Rn 8/46 | 4 214Ra 3/50 | 32 20Th 3/17 | 11
210Rn 4/31 215Ra 2/32 221Th 3/13

2URn 5/57 | 2 216Ra 3/21 | 12 222Th 3/26 | 10
212Rn 3/33 | 2 21"Ra 26/35 223Th 3/27 | 16
213Rn 2/53 218Ra 50/50 | 17 24Th 3/18 | 10
214Rn 2/48 | 12 29Ra 52/52 25Th 5/5

215Rn 4/4 220Ra 31/31 226Th 3/24 | 11
216Rn 2/20 221Ra 3/10 2TTh 3/57 | 7
21"Rn 2/11 222Ra 3/24 | 7 228Th 28/91 | 50
218Rn 3/23 223Ra 3/65 | 18 29Th 9/64 | 23 3
219Rn 30/30 224Ra 24/52| 11 Z30Th 50/87 | 28 31
220Rn 16/20| 3 225Ra 70/70| 12 231Th 83/97 | 54 30
222Rn 12/12| 4 226Ra 31/61| 25 Z32Th 64/96 | 32
200Fy 1% 22TRa 78/84| 11 41 Z33Th 84/226 | 46 714
01Fy 1% 228Ra 15/39| 11 Z4Th 9/13 | 11
202FI‘ 1* 229Ra 32* 11 222Pa 2%

204FI’ 2% 230Ra 23* 223Pa 1*

206y % 21Ra 30* 229pa 78/78
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Table 1.1. (continued) Numbers of bound states in compound nuclei A7 with 63 < Z < 99
contained in the third part of this compilation (I/19B3). The ratio shows the number of states in
Volume 1/19B3 and its Supplement. Asterisks mark isotopes included in volume 1/19C.

The number of bound states in the compilation LB I/18C, the number of resonances in reactions
with charged particles in the compilation LB I/19A2 and the number of neutron resonances in the
compilation LB I/16C are given in the same line for comparison.

A7 19B3 | 18C 19A 16C | “Z  19B3 | 18C 19A 16C || “Z  19B3 | 18C 19A 16C

20pa 1/1 240pu 29/132| 38 1040 || Bk 2/40 | 37 40
1pa 60/87 | 34 2Py 96/106 | 41 430 || 1Bk 2/11 | 11

2pa 1/1 138 || 242Pu 24/54 | 21 243 || 23Cf 3*

233pa 35/74 | 28 33 243pu 61/69 | 33 255 || 24Cf 2*

24pa 3/7 22 244py 12/46 H5Cf 2%

25pa 17/24 | 7 245pu 14/21 | 14 35 26CF 1/2

236pa 3/6 246py 2/12 HTCf 12/12) 12

BTPa 13/20 |9 BTAm 1* 28Cf 2/18 | 16

26y 1% 238 Am 1* 29Cf 2/55 | 38

28y 1% 29Am 2/11 | 11 BOCE 2/47 | 36 63
29y 1* 240Am 57/60 | 21 BICE 2/60 | 32 4
By 3/15 10 2 Am 24/110 | 17 B2Cf 2/9 |9 4
Blu 7/7 242Am 69/141| 51 195 || 23Cf 2/5 |5 37
B2U 14/40 | 27 243Am 23/29 | 15 106 || 23Es 2*

B3U 73/87 | 34 44 244 Am 30/114 | 55 240 || Es 2*

4y 98/150 | 54 770 || 25Am 2/21 | 14 25Es 1%

235U 138/213 | 37 144 || 246Am 8* 2bEs 2%

B6U 93/120 | 27 31841 237Cm 1* HTEs 1%

BTU 52/270 | 38 297 || 238Cm 1* BlEs 2/24 | 19

38U 61/152 | 43 36 29Cm 1* B2Es 2/7

90U 50/108 | 45 1692 || 240Cm 3* B3Es 2/7 |7

20U 21/21 21Cm 7* BiEs 2/9 |9

232Np 0/1 2420m 5/5 247Fm 2*

Z33Np 2/14 243Cm 27/30 | 10 13 28Fm 1*

Z4ND 1/1 244Cm 2/14 105 || 249Fm 4*

ZBNp 43/47 | 21 245Cm 33/62 | 29 68 250Fm 10*

Z36Np 4/4 246Cm 51/64 | 38 91 Z51Fm 9* 8

Z37Np 45/105 | 30 41 247Cm 52/56 | 15 17 252Fm 1*

Z38Np 21/129 | 48 752 || 2%8Cm 20/44 | 12 44 253Fm 2%

Z9Np 41/63 | 31 17 29Cm 50/50 | 24 50 Z4Fm 4% 4

24()Np 2/10 250Cm 1/1 255Fm 7*

242Np 2/7 2Bk 3* 26Fm 27% | 22

243Np 290% 2423 3* 24TMd 0*

234Pu 1* 243Bk 4% 251NO 6*

235Pu 1/1 244Bk 4* 252N0 10*

236pu 6/10 245Bk  3* Z53No 22*

BTpu 56/58 | 28 2 HTBk 20/24 | 22 Z54No 8*

238Pu 25/46 | 26 248Bk 5/21

29Pu 63/96 | 42 64 249Bk 33/51 | 32
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Table 1.2. Numbers of bound states in compound nuclei A7 with Z < 36 contained in the first
part of this compilation (I/19B1). The ratio shows the number of states in this volume and in the
Supplement.
The number of bound states in the compilation LB I/18A, the number of resonances in reactions
with charged particles in compilation LB I/19A and the number of neutron resonances in the
compilation LB I/16C are given in the same line for comparison. Asterisks mark the number of
states in nuclei with Z < 36 situated far from the stability-line and included in volume 1/19C.

A7 19B1 | 18A 19A 16C|| “Z 19B1 [ 18A 19A 16C| “Z 19B1 | 18A 19A 16C
4H 4% 180 3* 30Ne 1*

H 1* vC 1* 18Na 4* 11
‘He 15* 8 UN 5% 7 Na 6* 11
"He 11* 11 2N 30% 20Na 6/24 11
®He T7* 15N 18/53 41 2INa 14/64 52
"He 2* MN 61/121| 10 154 2Na 36/214 60
8He 4* 15N 21/115| 16 133 61 BNa 73/172] 94 264 1
9He 2% 16N 14/65 7 47 | ?'Na 78/119 114
10He 2* "N 21/35 %5Na 13/42

Li 3% I8N 7% 26Na 20/24

SLi 13* 1 N 5* #"Na 18/18

SLi 12/13| 4 4 130 3% ZNa 10*

i 7/9 |3 4 8 4o 17 5 29Na, 6* 11
8Li 6/10 13 150 8/84 95 30Na 1*

Li 5/7 160 38/133| 12 215 31Na 2% 11
0L 11* 70 36/119| 11 70 92 Mg 12/21

Ui 3% 180 31/123| 23 33 15 22Mg 18/60 11
6Be 4* 1 90 21/55 21 Mg 66/78 21
"Be 8* 7 200 15/22 Mg 77/245 | 59 385
8Be 25* 23 3 20 5* Mg 56/131| 51 67 64
%Be 13/32|8 8 18 20 »5* 26Mg 48/204 | 79 155 35
19Be 37/40 5 8 g 1* 2 2TMg 23/55 12
HBe 14/15 16p o7* Mg 3/24

12Be 19* F 36/76 91 Mg 13*

14Be 1* I8F  25/100 432 30Mg 12*

8B 4/4 1 F 51/190| 48 254 31Mg 11*

B 11/20 4 20F  49/152 66 2Mg 7*

1B 14/39| 12 51 2IF 14/36 33Mg 4*

UB 4/40 | 11 33 13 2y 7/22 34Mg 2%

2B 15/49 5 34 BE 4/6 2271 2%

3B 14/22 o U AL T*

1B 8/15 BE 2% 2A1 46* 4

15 g8* 16Ne 1* Al 8/64 47
16 2% 1"Ne 12* 13 26A1 64/201 146
B 1* 18Ne 21* 13 ZTAl 46/243| 76 258 7
°)C 1* 1 9Ne 70* 48 Al 33/166 260
10c 8* 4 20Ne 28/232| 20 282 A1 8/49

1C 13/36 28 2INe 33/116 | 27 74 102 || 30Al 21*

12 27/55|9 46 22Ne 65/101 | 42 65 45 31A1 15%

BBC 13/72| 7 34 58 ZNe 12/34 20 32A1 5*

e 24/45| 7 37 24Ne 1/12 3B5A1 1%

15C 16/30 4 ZNe 2/7 H6i 2% 1

16C 17/20 26Ne 4* 28 12% 1

7C 3/3 % Ne 3* 268i  35% 7
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Table 1.2. (continued) Numbers of bound states in compound nuclei 4Z with Z < 36 contained
in the first part of this compilation (I/19B1). The ratio shows the number of states in this volume
and in the Supplement.
The number of bound states in the compilation LB I/18A, the number of resonances in reactions
with charged particles in compilation LB I/19A and the number of neutron resonances in the
compilation LB I/16C are given in the same line for comparison. Asterisks mark the number of
states in nuclei with Z < 36 situated far from the stability-line and included in volume 1/19C.

A7 19B1 | 18A19A 16C|| “Z 19B1 | 18A 19A 16C| “Z 19B1 | 18A 19A 16C
27Si 37/85 24 3501 134/248 | 41 224 43Ca 111/150 | 64 95
BSi 74/294 | 64 314 36C1 92/127 84 “Ca 73/91 | 45 55
296i 25/129 | 52 37 81 3TC1 28/84 | 77 422 16 45Ca 82/103 65
308i 31/135 | 108 69 31 38C1 24/39 37 || *Ca38/90 |6

3181 42/74 30 39C1 16/26 17Ca 102/135 1
32Gi 37/58 40C1 18* 48Ca 119/247| 44

33Gi 4% 401 4% 49Ca 26/58 39
3481 6* 20 11* %0Ca 10/35

35Gi 3* B0 1* 51Ca 12/13

365i 3% 33Ar T 2Ca 6/6

37Si 1% 34Ar 20* 38S8c 1*

38Gi 1% 35 Ar 38* 398c 2%

7Tp 6* 36Ar 10/186 | 41 179 08¢ 9/41

Bp 15/33 3TAr 39/105 1 41Sc 25/200 182
29p 15/68 77 38Ar 79/219 | 133 578 4 428¢ 85/118 112
30p 33/149 97 39Ar 39/75 438c 105/142| 31 315
31p 127/171| 46 504 10Ar 108/198 | 73 59 8¢ 101/116 | 21 4

32p 147/147 33 41Ar 57/126 207 || %°Sc 53/210 | 22 1110
33p 21/35 42Ar 29/64 468c 177/255 | 36 197
34p 3/12 43Ar 3/14 47Sc 49/144 | 14 294
35p 19* Y“Ar 6/12 18Sc 57/101 | 25

36p 5* 45Ar 3/3 98¢ 149/213| 18 107
3Tp 5 16Ar 6* 0S¢ 42/50

39p 3% BK 13* 1Sc 9/19

3085 1/5 9 36K 15% 2S¢ 6*

31S40/60 STK 90* 78 4Sc 8*

325 146/256 | 42 315 3K 23/86 56Gc 7*

335 27/151 | 64 156 105 || 39K 34/93 | 70 99 2Ti 16/31

348 39/133 | 100 104 60 40K 45/100 70 43Ty 12/15

35S 36/59 82 41K 123/205| 87 256 39 4Ti 43/114 | 21 66

365 7/23 17 42K 56/171 110 || *5Ti 39/43 | 12

373 33/39 1 BK 27/65 46Ty 120/248 | 44 106
385 16* 4K 10/18 4TTi 95/212 | 36 114
398 1% PK 15/26 48Ty 118/289 | 78 118
408 10* 46K 11/15 4974 98/108 | 34 87
g 2% 4TK 27/27 50Ti 117/259 | 15 79
128 g* BK 4/4 5ITi 22/33 | 10 34
135 2% 37Ca 1* 2Ti 4/24 10

ug 3* 38(Ca 24* Ti 11*

3101 19/24 39Ca 58/85 S4Ti 9*

3201 8/47 4 10Ca 109/580 | 53 382 56T 4%

3301 1/84 65 41Ca 204/271 253 || BV 1*

34C1 33/120 194 420a 105/544 | 127 415 9 A
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Table 1.2. (continued) Numbers of bound states in compound nuclei 4Z with Z < 36 contained
in the first part of this compilation (I/19B1). The ratio shows the number of states in this volume
and in the Supplement.

The number of bound states in the compilation LB I/18A, the number of resonances in reactions
with charged particles in compilation LB I/19A and the number of neutron resonances in the
compilation LB I/16C are given in the same line for comparison. Asterisks mark the number of
states in nuclei with Z < 36 situated far from the stability-line and included in volume 1/19C.

A7 19B1 | 18A 19A 16C|| “Z 19B1 | 18A 19A 16C|| “Z 19B1 | 18A 19A 16C

By 19* %Fe 51/76 | 17 8Cu 21/55

6V 17/76 %4Fe 108/235| 38 %9Cu 107/260 359
TV 48/144 | 33 282 %Fe 83/183 | 36 425 || °Cu 6/89

¥y 56/81 | 21 105 Fe 114/271| 78 92 61Cu 50/126 | 27 592
9V 94/254 | 26 1213 5TFe 136/180| 38 316 || %2Cu 80/133 | 18

0V 150/180 | 13 98 BFe 54/184 | 64 127 || %3Cu 114/250| 33 369
SV 117/213| 38 322 18 MFe 24/77 | 18 82 64Cu 147/172| 9 291
2V 79/131 | 19 153 || OFe 32/49 | 24 65Cu 42/193 | 8 88

V. 9/55 61Fe 4/6 66Cu 97/123 | 16 197
SV 10/27 52Fe 5/14 57Cu 16/18

TV 6* 67TFe 2% 58Cu 19/19

6y 3% 2Co 1* 69Cu 10/22

460y 1* 3Co 2/2 Cu5/5

47Cr 20/34 %4Co 26/95 1Cu 6/6

BCr 32/37 %5Co 119/467| 17 321 Cu 8*

9Cr 99/158 | 18 %Co 102/111 | 32 97n 8*

S0Cr 47/146 | 37 %Co 105/219| 31 587 607Zn 18/62

S1Cr 152/269| 70 382 || %8Co 152/181| 41 135 617n 4/55

%2Cr 227/299| 42 32 Co 20/165 | 11 194 627n 32/109 | 19 2

5Cr 51/166 | 16 341 || 5°Co 138/286 | 22 221 || 93Zn 49/72 | 31

5Cr 35/138 | 29 124 || 51Co 94/120 5 647Zn 79/230 | 26 2

55Cr 64/106 | 18 111 || %2Co 12/41 657Zn 63/171 | 29 402
56Cr 35/36 63Co 49/56 66Zn 65/171 | 26 22
STCr 4/4 64Co 16/16 677n 80/129 | 32 400
%BCr 1/1 Y4Ni 2% 687n 73/128 | 21 504
Cr 10* Ni 19/24 697Zn 38/69 | 16 292
0Cr 1* %Ni 59/87 0Zn 35/41 | 22

61Cr 4* 5Ni 157/163 | 18 "7Zn 38/38 167
62Cr 1* %Ni 215/263| 36 4 27n 10/14

48\Mn 3/5 %9Ni 192/325 | 33 576 || Zn 9*

49Mn 6/12 6ONi 72/201 | 35 22 15 | "Zn 21*

50Mn 25/25 6INi 230/263| 28 465 || "Zn 8*

51Mn 40/140 | 13 406 62Ni 68/145 | 44 67 7 1%

®2Mn 83/101 | 14 63Ni 86/100 | 19 81 8Zn 4*

®3Mn 153/416 | 36 973 64Ni 45/110 | 20 61Ga 4*

5Mn 79/146 | 38 281 65Ni 59/113 | 19 58 62Ga 17*

55Mn 125/213 | 18 374 66Ni 22/63 63Ga 15*

56Mn 209/263 | 21 175 || S7Ni 3/9 64Ga 38/56

5TMn 47/75 68Ni 8/21 65Ga 20,130 220
5$Mn 12/34 %9Ni 6/6 66Ga 7/61 12

0Fe 3/7 ONi 2/7 67Ga 51/127 | 32 156
SlFe 11/11 TANi 2% 68Ga 63/86 | 15

%2Fe 91/100 | 23 5Cu 3/8 %9Ga 87/107 | 23 23
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Table 1.2. (continued) Numbers of bound states in compound nuclei 4Z with Z < 36 contained
in the first part of this compilation (I/19B1). The ratio shows the number of states in this volume
and in the Supplement.

The number of bound states in the compilation LB I/18A, the number of resonances in reactions
with charged particles in compilation LB I/19A and the number of neutron resonances in the
compilation LB I/16C are given in the same line for comparison. Asterisks mark the number of
states in nuclei with Z < 36 situated far from the stability-line and included in volume 1/19C.

A7 19B1 | 18A 19A 16C|| “Z 19B1 | 18A 19A 16C| “Z 19B1 | 18A 19A 16C
0Ga91/97 | 12 109 || ™As 8/66 SBr 4/102 11
MGab4/79 |22 15 T3As 48/144 |9 36 Br 2/68 |8

2Ga 53/110 26 T As 38/77 "Br 41/110| 8 8

Ga 30/30 5As 56/118 | 18 23 Br 51/69

Ga 11* T6As 122/156 247 | ™Br 36/140| 13 8

Ga 19/45 TAs 55/98 | 12 10 80Br 60/119 340
6Ga 22* T8As 21/32 81Br 27/112|9 7

TGa 34* T As 36/37 82Br 23/67 330
BGa 19* 80As 11/22 83Br 38/73 15

MGa 19* 81As 22/43 84Br 2/2

80Ga 13* 82As 12%* 85Br 9/25

61Ge 5* 83As 27 86Br 8/9

64Ge 22* 68Se 20* 87Br 8*

65Ge 9* 69Ge 60* 88Br 8*

66Ge 48* 0Se 63* 2Kr 30*

67Ge 34* "Se 5/26 BKr 53*

%8Ge 36/171 | 33 ™Se 4/52 21 TKr 80*

9Ge 36/173 | 31 Se 6/81 28 SKr 88*

0Ge 136/176 | 65 TSe 24/101 | 27 Kr 12/58 | 12

1Ge 104/180 | 40 22 Se 60/144 | 22 9 ""Kr 6/66

Ge 145/180 | 58 "6Se 65/166 | 18 17 BKr6/97 | 14

Ge 81/119 | 22 17 "Se 51/159 | 28 22 ™Kr 13/98 | 24 5
"Ge 144/251 | 66 85 ™Se 85/185 | 76 58 80Kr 12/49 | 17

Ge 73/103 | 34 11 ™Se 68/113 | 35 14 | ®Kr27/101] 13 9
6Ge 65/137 | 24 80Se 43/84 | 11 82Kr 13/71 | 8

Ge 43/51 | 10 10 || %'Se 48/74 | 16 15 83Kr 25/77 | 12 176
BGe 11/48 82Ge 31/38 | 14 84Kr 5/69 | 26 6
MGe 39* 83Se 27/51 | 15 16 85Kr 26/76 | 13 207
80Ge 31* 84Se 42/64 86Kr 40/63 | 9

81Ge 36* 85Se 13/28 8TKr 17/169 225
82Ge 6* 86Ge 3* 88Kr 23/73

65As 1* 88Ge 1% 89Kr 44*

66 A5 T 69Br 1* OKr 47*

67As 15* OB 32% 9Ky 20*

68 A5 42% "IBr 77* 92Kr 36*

69As 108* 2Br 77* BKr 8*

0As 40* Br 121* 16 94Kr 3*

"As 41/63 52 T4Br 93*
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Table 1.3. Numbers of bound states in compound nuclei A7 with 37 < Z < 62 contained in the
second part of this compilation (I/19B2). The ratio shows the number of states in Volume I/19B2
and its Supplement. Asterisks mark isotopes included in I/19C.
The number of bound states in Volume LB I/18B, the number of resonances in reactions with
charged particles in the compilation LB I/19A2 and the number of neutron resonances in the
compilation LB I/16C are given in the same line for comparison.

AZ 19B2 [ 18B16C| “Z 19B2 | 18B 19A 16C| “Z 19B2 | 18B 19A 16C
Rb 1* %S 58* 927Zr 99/135 | 43 145
TRb 28* 97GQr 53* BZr 72/76 | 9 101
Rb 31* 98Gr 43* 947y 23/67 | 23 139
SRb 77* 98r 16* 97y 45/77 | 2 73
"Rb 99* 100Gy g* 97y 54/134 | 50

Rb 70* 101Gy 6* 7r 12/32 | 3 30
™Rb 18/97 102Gy 1% 987y 30/58

80Rb 2/75 BY 1* 97y 73*

81Rb 34/102 Yy 11* 1007y 48%*

82Rb 2/57 80y 84* 1017y 48%*

83Rb 69/134 | 5 8y 114* 1027y 30*

84Rb 16/66 | 2 82y 71* 1087y 7%

85Rb 70/99 | 12 8y 138* 1047y 4%

86Rb 50/69 | 11 348 || 8*Y 76* 83Nb 8%

8TRb 66/113 | 18 85Y  38/92 15 85Nb T7*

88Rb 17/61 99 86y 22/29 84Nb 21*

89Rb 15/58 8TY 78/147 | 15 11 86Nb 79*

9ORb 2/31 88Y 36/85 8 87Nb 5/99

91Rb 2/60 89y 70/190 |20 30 88Nb 7/46

92Rb 26* 0y 135/188 | 38 697 || %°Nb 2/46

93Rb 55% oy 45/55 |8 ONb 30/93 | 11

94Rb 8* 92Y 15/15 9INb 75/137 | 10 30
BRb 0* By 17/48 | 4 92Nb 107/165 5
9%Rb 12* Yy 9/25 9Nb 41/100 | 11 10
65 1% %Y 6/36 94Nb 45/385 238
T7Sr 32% %Y 5/7 9%Nb 83/118 | 18 18 3
8Sr 27 Ty 24* 9%Nb 36/36

S 29% 98y 33* 9Nb 50/62 4

808r 3/129 9y 33* 9%Nb 9/16

81Sr 2/149 100y 30* 99Nb 23/23

828r 8/95 44 101y 34% 100Nb 4/35

83Sr 14/114 102y 10* 10IND 48*

84Sr 5/59 28 807y 5* 102Nb 10*

858r 39/106 | 20 11 817r 14%* 103Nb 47*

86Sr 56/75 | 17 827y 55* 104ND 9*

87Sr 139/202| 22 75 || 83Zr 123* 105Nb 5%

88Sr 152/244| 35 115 | 8Zr 5/85 106Nb 2%

89Gr 110/134| 25 443 || 8°Zr 2/29 84Mo 2%

%08r 80/101 | 10 867y 5/113 | 25 85Mo 18*

918r 2/50 877r 3/62 86Mo 30*

928r 26/35 87r 17/81 |7 8TMo 27*

938r 4/97 897r 95/132 | 28 88Mo 48*

948 3/72 07y 99/273 | 37 23 89Mo 5/34

958 H7* 917y 121/157| 11 141 || Mo 18/85
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Table 1.3. (continued) Numbers of bound states in compound nuclei A7 with 37 < Z < 62
contained in the second part of this compilation (I/19B2). The ratio shows the number of states
in Volume 1/19B2 and its Supplement. Asterisks mark isotopes included in 1/19C.

The number of bound states in Volume LB I/18B, the number of resonances in reactions with
charged particles in the compilation LB I/19A2 and the number of neutron resonances in the
compilation LB I/16C are given in the same line for comparison.

AZ 19B2 | 18B19A 16C| “Z 19B2 | 18B19A 16C| “Z 19B2 | 18B 16C

1Mo 79/132 109¢ 20%* 106Rh 9/9

92Mo 38/236 | 33 HOTe g* 107Rh 28/57

%Mo 57/132 | 14 7 HiTe 14% 108Rh 3/12

%Mo 51/164 | 25 23 8Ru 4* 109Rh 22/78

%Mo 91/113 | 15 57 89Ru 13* HORK 7*

%Mo 75/96 | 40 107 || %°Ru 22* HIRh 54*

9Mo 120/163 | 29 75 NTRu 32* H2Rh 5*

%Mo 38/136 | 12 107 || “2Ru 39* H3Rh 58*

Mo 58/127 | 30 159 || Ru 41* H4RK 5%

100Mo 58/119 | 18 %4Ru 4/81 93pd 14*

101Mo 40/57 125 || %Ru 11/73 94Pd  16*

102Mo 32/33 %Ru 7/75 20 9%Pd  36*

103Mo 36* Ru 23/75 | 24 %P 14*

1040Mo 49* %Ru 32/70 |9 Pd 171*

105Mo 30* PRu 14/72 | 23 9%pd  199*

106Mo 64* 100Ru 42/139 | 18 40 || °°Pd 3/49

107Mo 29* 101Ru 107/149 | 38 89 100pd 4/50 6
108Mo 16* 192Ru 1/133 | 20 173 || '°'Pd 16/66

109Mo 6* 103Ru 79/134 | 14 140 || 1°2pd 4/89 39
1100 5% 104Ru 4/52 10 8 103pq 39/115 | 21 4
86Tc 3% 105Ru 35/60 105 || '04Pd 80/124 | 53
8TTc 2% 106Ru 13/49 | 4 105pq 36/105 | 11 327
88Tc  11* 107Ru 43* 106pq 62/132 | 71 319
89Tc  52%* 108Ru 34* 107pd 83/104 | 38 320
NOTc  49* 109Ru 33%* 108pq 35/61 | 22 133
Tc 68* HORy 24%* 109pd 112/134| 44 243
92Tc  50* H1Ru 50% 10pq 20/193 | 39
9Tec 58/130 240 H2Ru 23* H1pd 33/46 232
9T¢  10/112 H3Ru 11* 12pq 6/54 2

%Tc 88/110 |33 9 92Rh 19* H13pq 51*

9%Tc 5/111 | 58 93Rh 28* H4pq 39*

9Tc 45/161 | 24 %Rh 39* H5pd 30*

%Te  69/93 9%Rh 21* H6pq 48*

9®Tc 51/123 | 25 6 9%Rh 48* HTpq 13*

100Tc 28/69 691 | °"Rh 68* 2 18pq 16*

101Te 17/98 9%Rh 4/43 120pq 2%

1027¢ 7/24 9Rh 5/77 15 4 9Ag 2%

103T¢ 22/32 100Rh 3/42 TAg 12%

1047¢ 19% 101Rh 34/79 | 10 5 BAg 19%

105T¢ 40* 102Rh 7/61 1 PAg 14*

106T¢ 16* 105Rh 167/189 | 19 3 1007 g 56*

07T 26* 104Rh 187/187 203 || 101Ag 77*

108T¢ 27* 105Rh 73/127 | 21 4 1027¢ 52%
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Table 1.3. (continued) Numbers of bound states in compound nuclei A7 with 37 < Z < 62
contained in the second part of this compilation (I/19B2). The ratio shows the number of states
in Volume 1/19B2 and its Supplement. Asterisks mark isotopes included in 1/19C.

The number of bound states in Volume LB I/18B, the number of resonances in reactions with
charged particles in the compilation LB I/19A2 and the number of neutron resonances in the
compilation LB I/16C are given in the same line for comparison.

AZ 19B2 | 18B19A 16C| “Z 19B2 | 18B 19A 16C| “Z 19B2 | 18B 16C

103Ag 96* 2 125Cd 1>|< 1098H 96*

104Ag 65* 12604 9* 1108 44 /84

105A¢ 80/147 | 31 19 128Cq 2% 118y 73/142

106Ag 84/117 1300q 1* H28n 30/122 | 41
107TAg 80/141 | 21 11 100y 1% 138n 66/148 | 35 15
108Ag 65/168 | 35 434 || 19Mm 1* H4Gn 42/271 | 51 4
19A¢ 60/85 | 14 4 1021 36* 11580 80/190 | 18 15
10Ag 76/76 | 4 438 || 193In 32%* 116390 185/288 | 64 5
UlAg 94/123 | 36 11 104Tn 46* 178n 138/151| 9 218
H2Ag 1% 105Tn 99* 11891 124/150 | 44 103
U3 Ag 15% 1061y 55% 11980 127/154 | 10 86
HAAg 4% 07 9/62 3 1208n 111/137| 17 30
H5Ag 37* 108 3/104 12180 130/140 | 12 282
67 g 7% 1910 6/95 3 1226n 80/92 | 23
UTAg 25% 101 6/84 1236n 81/111 | 11 361
H8Ag 14* Uil 34/210| 37 33 124Qn 173/218 | 47
H9Ag 4% 12In 35/65 2 1256n 63/73 | 5 192
1207 g 5% U3Tn 25/167| 15 30 1269n 50/85 | 41
%BCd b* Him 8/62 | 2 76 1278n 26/49

100Cq 28* U5In 64/100| 14 25 12880 2/41

1010d 40* 1161y 40/86 258 || 129Sn 31*

102Cq 39* Wi 34/77 4 130Gn 20*

1030d 69* U8Tp 5/18 1319y 32%

1040d 90* 19Ty 39/74 1329y 22%*

105Cd 11/65 1201 2/2 133G 5*

106Cd 8/98 28 1211y 3/53 134Gy 4%

107Cd 27/146 58 12Tn 14/16 1068 4%

108Cd 194/298 | 68 11 12Tn 36/36 1078 23%*

109Cd 19/149 | 44 65 124 4/7 1085 59*

110Cd 110/290| 62 8 1251n 47* 1098} 112*

11Cd 104/167| 40 103 || 26 7* 1108} 69*

120d 208/300 | 156 157 || 27In 15% H1ghH 101*

1130d 216/231 | 45 121 || '%In 5* 128 43%*

114Cd 138/156 | 40 443 || 2In 6* 138h 6/59

U50d 35/70 | 9 86 130T 4% 1148h 5/127

H6cd 57/97 | 26 e H5Sh 15/77

17¢d 6/55 48 132]n 8% 168 39/87

H8Cd 10/52 102Gn 4% H7Sh 37/104

19¢d 2/32 1039 4% 1188h 5/131

120Cd 4/29 1048n 19* 1198h 19/129

1210d 61* 1058n 30* 12081 36/79

122¢q 6* 10689y 45% 1218h 167/181 | 7

123Cd 24* 107Gn 25%* 1228h 65/118 | 5 301
12404 20* 1089n 111%* 12391 96/105 | 6
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Table 1.3. (continued) Numbers of bound states in compound nuclei A7 with 37 < Z < 62
contained in the second part of this compilation (I/19B2). The ratio shows the number of states
in Volume 1/19B2 and its Supplement. Asterisks mark isotopes included in 1/19C.

The number of bound states in Volume LB I/18B, the number of resonances in reactions with
charged particles in the compilation LB I/19A2 and the number of neutron resonances in the
compilation LB I/16C are given in the same line for comparison.

AZ 19B2 | 18B19A 16C| “Z 19B2 | 18B 19A 16C| “Z 19B2 | 18B 19A 16C
1248h 58/104 | 4 261 || 1%6Te 22/22 124Xe 4/105 | 20

1256 39/62 | 10 9 137Te 11% 125X e 2/233 4
1268h 2/5 138Te 6* 126Xe 3/195 | 29

1278h 17/77 | 2 139Te 5% 127Xe 2/107 | 16 3
1283h 2/8 1097 1% 128Xe 2/186 | 24

129Gh 7/49 LT 38* 129Xe 2/57 | 9 10
130Gh 63* HST - 124%* 130Xe 4/103 | 12 71
131Gh 51* Harp - 37* 131Xe 4/42 | 15 17
132G 22% 151 100* 132Xe 27/74 | 17 43
1339h 106* L6 54x 133Xe 3/28 | 11 6
134Gh 14* U7 157* 134Xe 2/23 | 10

135Gh 25% L8] 26* 135Xe 18/28 6
136Gh 1* U9 q72% 136Xe 12/76 | 13 1
106 3% 1201 80* 137Xe 6/163 35
107Te 3% 1211 27/171 138Xe 2/62

108Te 27* 1221 3/22 139X e 46*

109Te 45% 1231 79/115 14 140X e 28*

H0Te 2/50 1247 4/45 H1Xe 18*

HiTe 2/48 1257 133/151| 33 18 142Xe 21%*

H2Te 2/46 1267 3/58 2 143X e 8*

H3Te 2/19 1277 58/115 | 8 23 144X e 5%

114Te 3/105 1281 205/232 377 || 1MCs 1*

H5Te 4/81 1291 32/57 |19 11 H6Cs 1*

16Te 8/84 1301 29/57 127 || 117Cs 51*

U7Te 4/75 1817 7/83 14 27 H8(Cs 3%

118Te 2/95 14 1821 2/5 H9Cs 18*

H9Te 116/173 | 13 1337 2/87 120Cs 69*

120Te 7/67 28 1341 2/9 1210y 56*

121Te 146/212| 5 1351 1/27 122Cs 59*

122Te 146/161 | 15 1361 2/20 12305 40%

123Te 146/210 | 7 395 || BT 5* 124Cg 108*

124Te 101/153| 29 3 361 || 1!2Xe 12* 12505 54*

125Te 178/307 | 17 444 || 13Xe 60* 126Cs 83*

126Te 119/137| 21 297 || Xe 76* 127Cs 84*

127Te 168/253 | 13 321 || MPXe 7* 128Cs 53*

128Te 9/96 15 H6Xe 103* 129Cs 70*

129Te 319/323 | 9 40 HTXe 138* 130Cs 46*

130Te 21/85 | 13 118Xe 61* 181Cs 24/37 | 14

131Te 307/317 23 H9%e 104* 13205 5/46

132Te 84/97 | 3 120Xe 121* 133Cs 24/56 | 11

133Te 36/36 121Xe 124* 134Cs 52/111 12 324
134Te 5/25 122X e 83* 135Cs 1/10 | 4 8
135Te 17/48 123Xe 2/94 136Cs 1/1 6
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Table 1.3. (continued) Numbers of bound states in compound nuclei A7 with 37 < Z < 62
contained in the second part of this compilation (I/19B2). The ratio shows the number of states
in Volume 1/19B2 and its Supplement. Asterisks mark isotopes included in 1/19C.

The number of bound states in Volume LB I/18B, the number of resonances in reactions with
charged particles in the compilation LB I/19A2 and the number of neutron resonances in the
compilation LB I/16C are given in the same line for comparison.

AZ 19B2 | 18B16C| “Z 19B2 | 18B19A 16C| “Z 19B2 | 18B 19A 16C

13705 12/60 | 4 128T,a 90* 146Ce 118*
138CS 28* 129La 74* 147Ce 32*
1390 70* 1305 107* 148Ce 49%*
140Cs 40* 131La 120%* 5 149Ce 40*
14ICS 32% 132]—_1a 28%* 150Ce 4%
14205 44* 133La 4/141 5 151Ce 13*
14305 29% 13412 4/63 152Ce 8%
140g 1% 135La 4/77 8 126py 46%
120B, 38* 1368 13/87 128py 47%
121Ba 60* 137TLa 5/61 13 8 129py 23%*
122, 62 13812 38/62 130py 152%
123Ba 52%* 13902 94/94 | 11 16 11 131py 30%
124Ba 81* 140La 218/233 173 || 132Pr 144*
125Ba 64* 14175 32% 133py 170%
126Ba 133* 1425 23* 134py 75%
127B4 98* 13,5, 46* 135pr 104*
128Ba 38/130 | 21 1448 25% 136py 105*
129Ba 78/143 145 ,a 33* 137py 93*
130Ba 3/74 13 146, 48* 138py 6o*
131Ba 77/129 | 24 41 T8 50* 139pr 8/69
132Ba 81/159 | 30 148a 25* 140py 37/37
135Ba 44/46 |9 17 1240e 7* 4lpy 22/111 | 31 18
134Ba 98/116 | 20 6 125Ce 19* 142py 166,170 258
135Ba 94/100 | 8 90 126Ce 62* 143pr 9/29 6 8
136Ba 34/98 | 21 156 || '27Ce 44* 144py 4/4 5
137TBa 82/85 | 14 189 || '28Ce 122* 145py 6/24
138Ba 105/163 | 30 81 129Ce 93* 146py g*
139Ba 78/108 148 || 130Ce 151* 147py 36*
140Ba 58/60 | 17 131Ce 121%* 148py 16*
141Ba 94* 132Ce 159* 149pr 20%*
142Ba 37* 13306 129* 150P1“ 1*
143Ba 49* 134Ce 9/83 15 128Nd 41*
144Ba 31* 135Ce 3/70 129Nd 17*
145Ba 44* 136Ce 44/96 | 12 130Nd 52*
146, 42% 137Ce 4/79 10 13INd 155*
147Ba 58* 138Ce 46/78 | 19 132Nqd 89*
148Ba 15* 139Ce 47/52 | 10 133Nd 173*
1218 21% 140Ce 165/180 | 52 14 134Nd 86*
128La 79* 141Ce 88/88 | 23 198 || 135Nd 85*
124La 42* 142Ce 68/104 | 14 6 136Nd 174*
1253 59* 143Ce 38/76 76 137Nd 144*
126La 37* H44Ce 3/61 11 138Nd 104*
127L,a 107* 145Ce 8/42 139Nq 49*
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Table 1.3. (continued) Numbers of bound states in compound nuclei A7 with 37 < Z < 62
contained in the second part of this compilation (I/19B2). The ratio shows the number of states
in Volume 1/19B2 and its Supplement. Asterisks mark isotopes included in 1/19C.

The number of bound states in Volume LB I/18B, the number of resonances in reactions with
charged particles in the compilation LB I/19A2 and the number of neutron resonances in the
compilation LB I/16C are given in the same line for comparison.

AZ 19B2 | 18B16C| “4Z  19B2 | 18B19A 16C| “Z 19B2 | 18B 19A 16C
140Nd 58/74 | 18 140pm 63* 140Gm 71*

1INd 82/88 141py 92* 1419m 83*

H42Nd 156/246 | 41 142pm 2/79 1429m 23/98

143Nd 146/252| 71 85 143pm 52/90 | 18 8 1439m 56/89

144Nd 187/202| 18 150 || '4*Pm 39/84 1449m 98/183 | 34

145Nd 123/139| 41 90 145pm 37/53 | 21 4 1459m 42/169 | 35 206
146Nd 280/291 | 146 210 || '45Pm 5/78 146Sm 100/190 | 64

147Nd 138/138| 23 93 YWPm 62/65 | 7 4 1478m 27/99 | 22

148Nd 26/113 | 22 12 148pm 4/43 | 2 42 1489m 132/289 | 49 213
149Nd 82/82 123 || 49Pm 37/73 | 24 1 1499m 115/193 | 31 25
150Nd 32/133 | 72 151pm 57/131 2 150Sm 88/191 | 47 160
15INd 21/95 79 152Pm 4/14 151Sm 63/240 | 19 25
152Nd 14/53 153Pm 39/70 1528m 47/152 | 46 121
153Nd 17* 154p 28* 1539m 272/296 92
154Nd 24* 155Pm 36* 1548m 14/110 | 47

156Nq 9% 132G 8% 1558m 100,141 36
133pm 67* 133Sm 65* 156Sm 9/38

134Pm 50* 134Sm 6* 157Sm 17*

135Pm 32* 135Sm 50* 158Sm 11*

136Pm 103* 1368111 79* 1598111 1*

137Pm 38* 137Sm 41* IGOSm 7*

138Pm 60* 138Sm 82*

139pm 70* 139SGm 106*

Properties of nuclear excitations and binding energies have a general origin. The interconnection
between values of nuclear excitations and nuclear binding energies was pointed out by I. Arima and

A. Bohr [90Ar0A| [68Bo0A]|. In Table 2 the standard parameters of the residual nucleon interaction

enon derived from the differences of valence nucleon separation energies (for nuclei differing by
two additional nucleons of another type) are compared with excitations of near-magic nuclei (Z =
50+ 2,Z = 82+ 2). The stable character of E* in Z = 84 isotopes was noticed 195Be31] [90Mal4].

Table 2. Comparison of E* (keV) in near-magic nuclei with Z = 84 (and N = 90 top part of
the Table) and in tellurium isotopes (Z = 52) with the parameters of the residual interaction of
valence nucleons ey on = 682 keV (Z =51,Z =83, N =83 [96Su0Al 97SuZX]), n = E*[enoN.

Ay 200p, 202p, 204p, 206p, 208p, 208p, 211pg 125Nq 119G 13Gd 16Dy ‘
2J7,J" 2t 2t 2" 2" 4+ 11+ ot 0t 0t 0t
I 665.9 677.3 684.3 700.7 686.5 1347 687.2 675.4 684.7 680.7 675.6
EN,2N 682 682 682 682 682 1364 682 682 682 682 682
Ay, 116, 116m 116, 117, 121, 1217 1217, 122, 122, 126 127
2J7,J7 2+t 4t 7t 1t 7t 3t,5F ot 4t 4t 7t
E*, 678.9 1359.4 2002.2 681.5 681.3 683.1 1364.0 1357.4 2042.0 1361.4 685.02
NEN 2N 682 1364 2044 682 682 682 1364 1364 2044 1364 682
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1.2 List of notations

Table 3. List of principal notations in Volume I1/19B3.

No. REFERENCE
Symbol Its meaning Explanation

1 PROPERTIES OF COMPOUND NUCLEUS
Z Atomic number Integer number Z
A Atomic weight Integer number A
Abundance Abundance Percentage of isotope abundance
J7,2J7, J Spin of the state 7 indicates parity
T Isotopic spin T, s=|N —Z|/2
T /o Half-life [04Nu0A]

2 PARAMETERS OF EXCITED STATES
E* Excitation energy Total excitation energy
XY, Z, U Additional energy Additional unknown energy
Er Excitation energy E* of the analog state
Ef Final energy Energy of the final state
Iowm, I I'mm=M/(M+m) I’ Width in center-of-mass frame
I, Iy, Iy, Ty Nucleon width Width of capture/emission

3 TRANSFER REACTIONS
(a,p); o(a,p); I, Three-nucleon transfer Cross section, proton yield
(am); o(a,n); I, Three-nucleon transfer  Cross section, neutron yield
(a,d); o(a,d); Ig Two-neutron transfer ~ Cross section, deuteron yield
(ot); o(at); I Proton transfer Cross section, tritium yield
(a,*He); o(a,7); I, One-neutron transfer Cross section, yield of He
(a,’He); o(a,2He) Two-neutron transfer ~ Cross section of (a,?He) reaction
(3He,d); o(7,d); I4 Proton transfer Cross section, deuteron yield
(®*He,n); o(7,n); I, Two-nucleon transfer ~ Cross section, neutron yield
(®He,p); o(7,p); I Two-nucleon transfer Cross section, proton yield
(t,p); o(t,p); Ipp Two-neutron transfer ~ Cross section, proton yield
(t,d); o(t,d); Ig One-neutron transfer Cross section, deuteron yield
(dn); o(d,n); I, One-proton transfer Deuteron stripping, yield
(d,p); o(d,p); Nap One-neutron transfer Deuteron stripping, yield
(1°0,1N); o(160,“N) Two-nucleon transfer Al differential cross sections
160 15N): ¢(160,15N One-proton transfer do /dS) are given in [ubarn/sr

1

(12C,19Be); o (12C,Be) Two-proton transfer All integral cross sections o
(12C,a); o(12C,) are given in [gbarn] or [mbarn]
(5Li,d); o(5Li,d) « transfer S, — spectroscopic factor
("Li,p); o("Li,p) 6He transfer Cross section of SHe transfer
("Li,t); o("Lit) « transfer
("Li,%He); o("Li,°He); [He One-proton transfer Cross section, yield of *He
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Table 3. (continued) List of principal notations in Volume 1/19B3.

No. REFERENCE
Symbol Its meaning Explanation
4 TRANSFER PICKUP REACTIONS ETC.
(d,7); o(d,7); Ir; Igr | One-proton pickup Cross section, *He yield
(e,e'p); o(e,e'p) One-proton pickup Cross section
(p,t); o(p,t); It Two-neutron pickup Cross section, tritium yield
(p,d); o(p,d); Ig One-neutron pickup Cross section, deuteron yield
(d,t); o(d,t) One-neutron pickup Cross section
(p,a); o(p,a) Three-nucleon pickup  Cross section
(d,a); o(d,) Two-nucleon pickup Cross section
(t,); o(t,a) One-proton pickup Cross section
(rya); o(1,); Lo One-neutron pickup Cross section, « yield
(p,7); o(p,7) Two-nucleon pickup Cross section
(d,5Li); o(d,5Li) a pickup S, — spectroscopic factor
(t,51i); o(t,5Li)
(1,5He); o(7,5He) Three-neutron pickup  (*He,%He) reaction
I, I, I, Particle yield Proton—, neutron—, a—yield
(1,8); o(7,t); (t,7) Charge-exchange Charge-exchange reactions (t,7), (7,t)
(p,0"); o(p,p’) Inelastic scattering Inelastic scattering of protons
(d,d"); o(d,d") Inelastic scattering Inelastic scattering of deuterons
(o, ); o(a, ) Inelastic scattering Inelastic scattering of a-particles
yg; Y25 V2 /4E Reduced widths Widths of resonances, see LB I/19A
B, B, BLR (-parameters Deformation parameters, 8, R in [fm)]
calculated with the parameter r,
5 SPECTROSCOPIC FACTORS
S, Sn, C*S Spectr. factor Factors of stripping or pick-up reaction
C? Clebsch-Gordon factor  Isospin factor, see LB Vol. I/18A, p. 2-5
St, st Spectr. factor Single proton transfer reaction (d,n),...
Sy, ST Spectr. factor Single proton pick-up reaction (d,7),...
St St Spectr. factor Single neutron transfer reaction (d,p),...
S, 5™ Spectr. factor Single neutron pick-up reaction (p,d),...
S’ c28’ Spectr. factor (2J +1)S; (2J +1)C%S
S, Cc?8” Spectr. factor (2J +1)/(2I +1)S, I is the initial spin
SG); Spectr. factor (2J +1)/(2I + 1)C?S; other factors
Lidg, by I+ o, Orbital moments See definitions of S in the works
Sdp;, Nap, Sdn S factor, yield S of deuteron stripping reaction (yield)
Spd, Sdts Sra Spectr. factor S, of neutron pick-up reaction
Spt, Sar, Sprs Saty Spectr. factors S of the different transfer reactions
do /dQ Experimental yield Yield of transfer reaction [ubarn/sr]
€ Enhancement factor Parameter which shows the goodness
of the fit of a few-nucleon transfer
N Norm. parameter Theoretically calculated overlap of the

wave-functions of interacting particles
in a transfer, see original work
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Table 3. (continued) List of principal notations in Volume 1/19B3.

No. REFERENCE
Symbol Its meaning Explanation

6 PROPERTIES OF GAMMA TRANSITIONS
E, Energy of y-quanta
L, Relative intensity of ~y Normalized at 100 for the strongest one
Br;BR Branching ratio Percentage of the relative intensity [%)]
Mult. Multipolarity
E1l, E2, E3 Multipolarity In units [e*fm?], [e?fm?], [10~3e?fm?)
M1, M2, M3 Multipolarity In units of u% etc.
By, Je, JE Excitation, spin Excitation energy and spin of final state
Lo, I Cross section in [eVbarn] In NRF
I'yo Ly, I Total radiative width In NRF
I,/ I'w I, in Wigner units See LB Vol. 1/18
I,2/I, gl,?/T Observed quantity In NRF (in units [eV] or [meV])
rred, grred Reduced radiative width  In units [meV/MeV?3]=[meV’]
B(M1), B(GT), ... | Transition intensity See LB Vol. 1/18
EWSR ~-transition strength Energy Weighted Sum Rule (in [%])
Wryy Sprys Ty Oy Radiative strength See LB Vol. I/19A
r.r,/r,r,r,/r Strength of (a,7) or (p, «) reactions
E;—i—E% Sum energy of v cascade

7 OTHER PARAMETERS
Ay VAP parameter Vector Analyzing Power of the nucleon

transfer (o4-0_)/(o4+0_)

Ty Tensor parameter Parameter of nucleon transfer
E,, ES™ ES™, EGT Resonance energy in lab. or cm. frame
Opys Onry Cross sections Radiative cross sections
nlj Quantum numbers Quantum numbers of a certain state
L, 1y, I, 1 Quantum number Orbital momentum
7y 27, 29p, 2Jn Quantum number Momentum of the transferred nucleon
rel., arb.u. Relative, arbitrary units
eval., theor. Evaluated, theoretical values

The abbreviation Br is used for the branching ratios of transitions from the neutron capturing
state. This column is located, together with the spectroscopic factors, before the branching ratios
of all other states. Due to the limited space many parameters are only given in the Supplement.

The abundance of stable isotopes is given as Comments. Doublets and triplets are
marked ”doublt” and ”triplt”. For parameters in the tables, a quantity enclosed in angular brackets
(...) indicates that it is preferred by the authors of the original work, a quantity enclosed in square
brackets [...] is guessed by the compilers. In all tables the mark ”include” means that the value
given in the line above the marked one belongs to two states. As in many other compilations we
give values 2J™ and 2T for all A-odd nuclei ( 2J = 1T instead of J = 1/2%, etc.). Double spin
notation 17,37 or 37,57 is widely used. Alternative values (A,B ...) of the parameter are given as
A B ... while a mixture of parameters for one state are given as A+B ...

Notations presented in Table 3 are common for the data in all four Volumes I/19BC.
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1.3 Data presentation

The data in Vol. LB I/19B3 are presented in tables whose format is analogous to that of the
compilation of energy levels of light nuclei by P. Endt [98En04]. In these tables each horizontal
line belongs to one excited state. The line starts with such standard parameters as energy of
excitation E*, spin J™ and isospin T. Each date-line in the Volumes I/19B contains also the half-
life T7 /5 of the state or its total width I%y,. Spectroscopic information on different nuclear transfer
reactions together with one (main) reference in NSR-code forms the central part of each data-line.
The notations of the parameters given in CRF are listed in Table 3. They are the same as those
used in original works, review papers and compilation LB I/18.

The general properties of nuclei are presented in two sections (Nos. 1-2) of Table 3. Data on
the charged particle reactions: yields and cross sections (do/dS2, o, etc., see Nos. 3-4 of Table 3)
and spectroscopic factors (S, see No. 5) derived from the experimental data on cross sections of
transfer reactions are given after E* and are followed by the main reference.

Direct referencing to the original papers in each data-line could be used by the interested reader
for his own judgment. At the bottom of each column with the experimental data we give again
the corresponding reference (seen only in Supplement). Additional references given at the end of
the Tables and references in comments could serve for a better orientation in the material. Data
taken from papers not included in the Nuclear Science Reference system are provided by reference
which is shown as NSR reference with zero and a letter in the last two (out of 6) characters.

Each data-line contains at the end branching ratios (in percents) of -y-transitions to the levels
situated below this excited state. In cases when there are many transitions from a certain initial
state the corresponding horizontal line has a continuation in the Supplement (CD) where branching
ratios of all known transitions are given.

For each isotope, data-lines for states are ordered by increasing E* and form one isotope-table
which ends by reference-codes and by short comments where additional information can be found.
Each isotope-table is labelled by the atomic number (Z) and the atomic weight (A) of the nucleus.

The whole set of isotope-tables for a given element (Z) is ordered by the increasing atomic
weights (A) of the compound nucleus and forms the unit of the total file mentioned in the list of
Contents. Ordered by Z these files for all the elements make up the total file CRF with references
presented at the end of each book. Additional references given after the Tables and references in
comments serve for better orientation in the material.

As in many other compilations we give values 2J7 and 27T for all A-odd nuclei ( 2J = 1T
instead of J = 1/27, etc.). Double spin notation 17,3~ or 3% 5% is widely used.

Data from the great number of transfer reactions used for obtaining information on properties
of excited states are grouped in the following way. Transfer reactions with the stripping of the
ongoing particle are given first. The sequence of data for these reactions starts with many-nucleon
transfer and ends with one-nucleon transfer like the well-known deuteron stripping reaction.

Data from pickup reactions are given in the inverse order — one-nucleon transfer first, many-
nucleon pickup reaction at the end. Such a method of data presentation (used also in NDS)
permits a more effective comparison of results for one-nucleon transfer reactions (stripping and
pickup) obtained by the use of different projectiles. For example, data on one-neutron transfer
reactions (a,’He), (t,d) and (d,p) can be compared between themselves as well as with data on
one-neutron pickup transfer reactions (p,d), (d,t) and (7, «).

Spectroscopic factors together with occupation probabilities and magnetic moments are basic
elements needed for the understanding of nuclear structure. The spectroscopic factor S is defined
as the probability to reach a final single-particle (hole) state when a nucleon is added to (or removed
from) the target nucleus (correspondingly SS‘ , St or S, ;S5 ). The mean field approximation is a
basic idea of nuclear shell-models used for description of nuclear states. The occupation number
is the number of nucleons in the certain quantum state in the target nucleus, relative to the 25 + 1
limit. The commonly used method of data analysis consists in the comparison with results of
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calculations by Distorted Waives Born Approximation (DWBA) (see references in 1/19B1).
The measured cross section o.x, and nucleon transfer reaction spectroscopic factor Sy are
connected with the theoretically estimated cross section opwpa by the relation:

Jexp:(2J + 1)(2[ + 1)_1(2j + 1)_1 X Sy X N X opwBA

with N — normalization parameter, J, I, j — total moments of the final state, the target nuclei
and the transferred nucleon, respectively.

The measured cross section oy, of few-nucleon transfer reaction is connected with the estimated
cross section opwpa by the relation which includes the spectroscopic ”enhancement factor” e:

Oexp=(2J +1)(2I + 1)71(2j + 1)L x e x N X opwBaA-

The final goal of the comparison consists in a judgement on the validity of single-particle
approximation of the shell-model. It was found after many experimental works that in near-magic
nuclei this model gives good results. It permits to determine the single-particle properties of the real
excited states. The closeness of their spectroscopic factors to shell-model values is in accordance
with the observed closeness of magnetic moments of near-magic nuclei to the single-particle limit.

Data from inelastic scattering of different particles and data obtained by NRF — Nuclear Reso-
nance Fluorescence method — can be found at the end of the data-line or between transfer reaction
data. In some cases we use Wigner units 1W.u.(M1) = 1.79u% and 1W.u.(E1) = 1.28¢*fm?.

In Table 3 different reactions are given in the same order as they appear in data-lines of LB
Vol. 1/19B3.

1.4 Interpretation of data of nuclear excitations

The general description of the spectroscopic information for nuclear bound states is given in the
Introduction to Vol. I/18 written by V. Soloviev and coauthors. V. Soloviev also studied the
structure of deformed nuclei and transition from order in low-lying levels to quantum
chaos. References for these works can be found in Vols. I/18ABC 101Sc0A] [02Sc0Al [03ScOA].

The shell model as a unified view of nuclear structure and the role of dynamical symmetries
in nuclear collective models are discussed in works by A. Arima, F. Tachello, R. Jolos and others
[97J006]. Now it is known as IBA — Interacting Boson Approximation [85Cal3| [85Cal9| [85Ca29]
85Ca33] and references in Vol. I1/19B2. New results in the study of high-spin excitations and
many examples of the application of IBA can be found in Proceedings of International Conferences
on Nuclear Structure held in Berkeley (2001), Lund (2000) and Goeteborg (2004). Numbers of
rotational bands evaluated in PNPI are given in Table 4. The information concerning the low-lying
rotational-band energies in rare-earth A-odd nuclei was analyzed in .

The application of nuclear physics to many practical tasks including astrophysics demands
knowledge of properties of nuclear states in the whole energy region of nuclear excitations. Besides
the statistical approach based on N. Bohr’s hypothesis about the chaotic motion of the nucleons
in nuclei, the study of the role of symmetries in the description of the properties of nuclear levels
is the commonly used method of general data interpretation. For obtaining parameters of many
excited states different experimental methods are used and we include in this compilation accurate
data obtained by the Nuclear Resonance Fluorescence method by P. von Brentano and co-workers
[90Zi05} [92Zi02} [96KnOAl [98Fr01] (see also references in Vols. I/19B1 and 1/19B2).

A great number of data on heavy nuclei were obtained in measurements of v+ cascades after
thermal neutron capture performed in JINR by A. Sukhovoy and co-workers [97KhOAL [99BoZRl
199BoZTH01KhOA|. Neutron strength function, population of superdeformed bands and some other
related topics were discussed in [74Ba26} [83Ci01} [90Sc31} [93Ba35] [00Gi05] [02Mi16} [04Ga03].
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Table 4. Number of rotational bands in nuclei with Z = 63 — 100 evaluated in PNPI Nuclear

Data Center [03A1ZX] (see corresponding tables in I/19B1 and I/19B2).

A7 N | 77 N | A7 N | A7 N | A7 N | "7 N |
By 1 [ ®Euw 5 |™Eu 5 |Eu 3 | WEu 1
MWEy 7 | BEu 8 | MEu 5 |Eu 8 |®Eu 4 | Eu 4
9G4 3 | ad 6 | *°Gd 8 | ®!Gd 5 | %%Gd 10 | ¥SGd 12
BTGd 6 | 'Gd 10 | '¥'Gd 7 | "¥Tb 6 | 9Tb 5 | ®'Th 2
B3Th 6 | Y5Thb 5 | BTTh 8 | ¥9Th 6 | S'Thb 6 | 'Tb 5
143])y 7 153Dy 7 155])y 9 157Dy 8 159])y 9 161])y 12
163Dy 10 165Dy 7 167Dy 1 151H0 2 155HO 6 157HO 4
59Ho 5 | ®'Ho 8§ |!63Ho 11| !®Ho 11 |!"Ho 3 | !'0%Ho 2
Bigr 3 | TR 5 | Y9Er 6 | S'Er 5 | ®Er 14 | 9B 7
6TEr 12 | 9B 8 | Er 5 | ¥Tm 2 | B¥Tm 4 | YTm 4
6T 5 | 1Tm 5 | Tm 6 | Tm 5 [ Tm 5 |™Tm 2
5Tm 3 | 193yb 1 [ 199Yb 3 | 16lybp 5 | 13yp 4 | 165YhL 4
7yL 7 | %9YL 9 | Ty 10 | 73Yb 5 | YL 7 | TYb 4
Wiy 2 | 8Ly 3 | Ly 7 [ 7Ly 7 | Ly 5 | TlLu 10
a7 | Ly 7 | MLu 6 | Lu 3 | YTHf 4 | Hf 3
6Hf ¢ | 6THE 7 | '9Hf 3 | THf 8 | 'BHf 8 | 'PHf 7
VTHE 7 | 9Hf 9 | ISLHE 2
167Ta 4 | *Ta 1 |Ta 5 |'™Ta 5 |'™Ta 4 | Ta 6
1’79Ta 11 181Ta 2 185Ta 1 165W 4 167W 4 169W 3
171W 5 173W 3 175W 3 177W 2 179W 18 181W 8
183W 6 185W 6 187W 2 171]_:{‘e 5 173Re 4 175R,€ 6
"Re 4 |'™Re 7 |''Re 3 |'%Re 5 |'®Re 3 |Re 2
0s 6 | !80s 3 | 10s 3 |70s 3 |1™0s 8 |¥10s 6
180s 5 [ 150s 5 | 8705 5 |0s 2 | 90s 1 |7l 6
1731y 3 1751y 4 19Ty 6 1817y 4 1831y 2 1851y 4
W75 |89 4 | 6 | 19 5 | 19 3 | Tpg ]
py 1 | TRy 3 | 9Pt 3 | By 5 | 8Py 5 | 18pp 7
87py 2 | py 9 [ 19py 3 | 19%py 4 | BlAq 6 | BBAu 4
185Au 5 187Au 5 191Au 3 193Au 4 195Au 1 1811_1g 3
183Hg 3 185Hg 4 187Hg 3 1911_1g 8 198Hg 11 195Hg 8
1971_]:g 2 199I_Ig 2 187T1 5 189T1 3 191T1 5 193T1 6
WST] g | W71 g | 1997] 1 | 200T] 1 | 18Tpp 1 | 193pp 7
5pp 4 | ¥TPHL 2 | 9P 1 | P01 | IBi 11
Mg 2 | 29F 2 [ 2PF 1 | MRa 3 | 2YRa 3 | P'Ra 1
2%Ra 6 | *®Ra 3 |®Ra 3 |29Ac 3 |PAc 3 |PAc 4
27A¢ 6 | 2Ac 1 | ®®Th 2 |2»Th 1 |[2Th 5 |Th 9
233Th 5 229]_:)a 1 23113a 5 233Pa 1 23513a 1 233U 6
235U 15 237U 6 239U 9 235Np 4 237Np 6 239Np 7
PPy 6 | PPu 9 |Pu 4 Py 7 | 2Py 2 | %Am 2
21Am 3 | 2BAm 4 | Am 3 |*Cm 2 |?**Cm 7 |*Cm 4
29Cm 4 [ 2Bk 1 | Bk 1 | 2Bk 5 | 2Bk 5 | Bk 1
MCt 3 | *ct 6 | PICf 6 | *Cf 2 | P'Fm 1 | *Es 2

The stable character of several few-nucleon excitation shown in Table 2 can be considered as the
”tuning effect” in nuclear data seen simultaneously in the stable character of differences of nuclear
binding energies. Standard parameters of the residual interactions eno, = AS,(AZ = 2) and
enon = AS, (AN = 2) have distributions with maxima at 680keV = ex on and at 340keV = ey on/2
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corresponding to the linear trends in valence nucleon separation energies [97SuZX|. For nuclei
situated after lead the stability of e,, = 340 keV was noticed in [90Mol1|. In the same nuclei the
stable character of excitation shown in Table 2 persists in other neighbour nuclei (Table 5).

Table 5. Comparison of E* (keV) in heavy nuclei (Z = 84 —90) with the parameter of the residual
interaction ey on = 682 keV (closeness of stable excitation to en on, continuation of Table 2).

AZ 2031:)0 2071:)0 205At 206At 207At 207At 211At 214RI1 2161%a 218Th
2J7J" | 5= 5t 13~ 9f 5= 13~ (77) 2t 2f 2+

E* | 686.5 685.8 6643 686 674 686 674.1 | 694.7 688.2 689.6
exon | 682 682 646 682 682 682 682 682 682 682

Parameters of the residual interaction of valence nucleons can be estimated from excitations in
nuclei with three neutrons above the double-magic core. In case of Z = N =28 and Z = N =50
cores the values E* = 340 keV in ®*Ni and E* = 168.0(1) keV are rational to the stable parameters
of the residual interaction of valence neutrons determined from differences of binding energies
[01Su0Al [01S001] [03S00B} [03Su0B|. The observation of the stable character of intervals between
excited states in neighbour nuclei is another method to check this ”tuning effect” of low-energy
excitations. Data in LB I/19BC can be used for this purpose. For example, stable interval in the
sum distribution of spacings in '?*Te and 27 Te (D;j = 1360 keV) corresponds to the two-phonon
excitation in the neighbour '?6Te with E* = 2en2n (see Table 2). Collected information on the
properties of excited states of all nuclei permits a study of few-nucleon effects of very general origin
[06Su0A] 05Su0A] [01S00A].

1.5 Conclusions

This file (Vol. LB I/19B3) has a complimentary character to compilations of data on low-lying
levels of the selected number of heavy nuclei presented in 1/18C [03ScOA]. Together with Vols.
I/19B1, 1/19B2, 1/19C and compilations of parameters of resonances in reactions with neutrons
and charged particles it gives almost all information about all known excited states of all nuclei.

1.6 Acknowledgments

This project much benefitted from the existence of international computer Nuclear Science Refer-
ences file maintained in NNDC (Brookhaven National Laboratory, USA).

We are grateful to the PNPI scientific library staff headed by Irina Spiridonova.

Programs for data handling and text preparation were developed by D. Sukhoruchkin.

Landolt-Bornstein
New Series 1/19B3



	PREVIOUS DOCUMENT
	NEXT DOCUMENT
	 
	LB-Home
	Book Front Matter
	Title Page
	Contributors
	Preface
	Contents

	Introduction
	General remarks
	List of notations
	Data presentation
	Interpretation of data of nuclear excitations
	Conclusions
	Acknowledgments

	Periodic Table
	Nuclei with Z = 63 - 69
	63-Europium
	Eu-145
	Eu-146
	Eu-147
	Eu-148
	Eu-149
	Eu-150
	Eu-151
	Eu-152
	Eu-153
	Eu-154
	Eu-155
	Eu-156
	Eu-157
	Eu-159
	Eu-160

	64-Gadolinium
	Gd-146
	Gd-147
	Gd-148
	Gd-149
	Gd-150
	Gd-151
	Gd-152
	Gd-153
	Gd-154
	Gd-155
	Gd-156
	Gd-157
	Gd-158
	Gd-159
	Gd-160
	Gd-161
	Gd-162

	65-Terbium
	Tb-149
	Tb-150
	Tb-151
	Tb-152
	Tb-153
	Tb-154
	Tb-155
	Tb-156
	Tb-157
	Tb-158
	Tb-159
	Tb-160
	Tb-161
	Tb-162
	Tb-163

	66-Dysprosium
	Dy-154
	Dy-155
	Dy-156
	Dy-157
	Dy-158
	Dy-159
	Dy-160
	Dy-161
	Dy-162
	Dy-163
	Dy-164
	Dy-165
	Dy-166

	67-Holmium
	Ho-157
	Ho-158
	Ho-159
	Ho-160
	Ho-161
	Ho-162
	Ho-163
	Ho-164
	Ho-165
	Ho-166
	Ho-167
	Ho-168
	Ho-169
	Ho-170

	68-Erbium
	Er-161
	Er-162
	Er-163
	Er-164
	Er-165
	Er-166
	Er-167
	Er-168
	Er-169
	Er-170
	Er-171
	Er-172

	69-Thulium
	Tm-165
	Tm-166
	Tm-167
	Tm-168
	Tm-169
	Tm-170
	Tm-171
	Tm-172
	Tm-173
	Tm-174
	Tm-175


	Nuclei with Z = 70 - 79
	70-Ytterbium
	Yb-166
	Yb-167
	Yb-168
	Yb-169
	Yb-170
	Yb-171
	Yb-172
	Yb-173
	Yb-174
	Yb-175
	Yb-176
	Yb-177
	Yb-178

	71-Lutetium
	Lu-171
	Lu-172
	Lu-173
	Lu-174
	Lu-175
	Lu-176
	Lu-177
	Lu-178
	Lu-179
	Lu-180

	72-Hafnium
	Hf-173
	Hf-174
	Hf-175
	Hf-176
	Hf-177
	Hf-178
	Hf-179
	Hf-180
	Hf-181
	Hf-182
	Hf-183

	73-Tantalum
	Ta-179
	Ta-180
	Ta-181
	Ta-182
	Ta-183
	Ta-184
	Ta-185

	74-Tungsten
	W-178
	W-179
	W-180
	W-181
	W-182
	W-183
	W-184
	W-185
	W-186
	W-187
	W-188

	75-Rhenium
	Re-181
	Re-182
	Re-183
	Re-184
	Re-185
	Re-186
	Re-187
	Re-188
	Re-189
	Re-190
	Re-191

	76-Osmium
	Os-184
	Os-185
	Os-186
	Os-187
	Os-188
	Os-189
	Os-190
	Os-191
	Os-192
	Os-193
	Os-194

	77-Iridium
	Ir-183
	Ir-184
	Ir-185
	Ir-186
	Ir-187
	Ir-188
	Ir-189
	Ir-190
	Ir-191
	Ir-192
	Ir-193
	Ir-194
	Ir-195

	78-Platinum
	Pt-180
	Pt-181
	Pt-182
	Pt-183
	Pt-184
	Pt-185
	Pt-186
	Pt-187
	Pt-188
	Pt-189
	Pt-190
	Pt-191
	Pt-192
	Pt-193
	Pt-194
	Pt-195
	Pt-196
	Pt-197
	Pt-198
	Pt-199
	Pt-200

	79-Gold
	Au-186
	Au-187
	Au-188
	Au-189
	Au-190
	Au-191
	Au-192
	Au-193
	Au-194
	Au-195
	Au-196
	Au-197
	Au-198
	Au-199


	Nuclei with Z = 80 - 89
	80-Mercury
	Hg-184
	Hg-185
	Hg-186
	Hg-187
	Hg-188
	Hg-189
	Hg-190
	Hg-191
	Hg-192
	Hg-193
	Hg-194
	Hg-195
	Hg-196
	Hg-197
	Hg-198
	Hg-199
	Hg-200
	Hg-201
	Hg-202
	Hg-203
	Hg-204
	Hg-205
	Hg-206

	81-Thallium
	Tl-195
	Tl-196
	Tl-197
	Tl-198
	Tl-199
	Tl-200
	Tl-201
	Tl-202
	Tl-203
	Tl-204
	Tl-205
	Tl-206
	Tl-207
	Tl-208
	Tl-209

	82-Lead
	Pb-196
	Pb-197
	Pb-198
	Pb-199
	Pb-200
	Pb-201
	Pb-202
	Pb-203
	Pb-204
	Pb-205
	Pb-206
	Pb-207
	Pb-208
	Pb-209
	Pb-210
	Pb-211
	Pb-212
	Pb-213
	Pb-214

	83-Bismuth
	Bi-201
	Bi-202
	Bi-203
	Bi-204
	Bi-205
	Bi-206
	Bi-207
	Bi-208
	Bi-209
	Bi-210
	Bi-211
	Bi-212
	Bi-213
	Bi-214
	Bi-215

	84-Polonium
	Po-196
	Po-197
	Po-198
	Po-199
	Po-200
	Po-201
	Po-202
	Po-203
	Po-204
	Po-205
	Po-206
	Po-207
	Po-208
	Po-209
	Po-210
	Po-211
	Po-212
	Po-213
	Po-214
	Po-215
	Po-216

	85-Astatine
	At-203
	At-204
	At-205
	At-206
	At-207
	At-208
	At-209

	86-Radon
	Rn-208
	Rn-209
	Rn-210
	Rn-211
	Rn-212
	Rn-213
	Rn-214
	Rn-215
	Rn-216
	Rn-217
	Rn-218
	Rn-219
	Rn-220
	Rn-222

	87-Francium
	Fr-213
	Fr-214
	Fr-215
	Fr-216
	Fr-217
	Fr-218
	Fr-219
	Fr-220
	Fr-221
	Fr-222
	Fr-223
	Fr-225

	88-Radium
	Ra-212
	Ra-213
	Ra-214
	Ra-215
	Ra-216
	Ra-217
	Ra-218
	Ra-219
	Ra-220
	Ra-221
	Ra-222
	Ra-223
	Ra-224
	Ra-225
	Ra-226
	Ra-227
	Ra-228

	89-Actinium
	Ac-219
	Ac-220
	Ac-221
	Ac-222
	Ac-223
	Ac-224
	Ac-225
	Ac-226
	Ac-227
	Ac-228
	Ac-229
	Ac-230
	Ac-231
	Ac-232


	Nuclei with Z = 90 - 99
	90-Thorium
	Th-217
	Th-218
	Th-220
	Th-221
	Th-222
	Th-223
	Th-224
	Th-225
	Th-226
	Th-227
	Th-228
	Th-229
	Th-230
	Th-231
	Th-232
	Th-233
	Th-234

	91-Protactinium
	Pa-229
	Pa-230
	Pa-231
	Pa-232
	Pa-233
	Pa-234
	Pa-235
	Pa-236
	Pa-237

	92-Uranium
	U-230
	U-231
	U-232
	U-233
	U-234
	U-235
	U-236
	U-237
	U-238
	U-239
	U-240

	93-Neptunium
	Np-233
	Np-234
	Np-235
	Np-236
	Np-237
	Np-238
	Np-239
	Np-240
	Np-242

	94-Plutonium
	Pu-235
	Pu-236
	Pu-237
	Pu-238
	Pu-239
	Pu-240
	Pu-241
	Pu-242
	Pu-243
	Pu-244
	Pu-245
	Pu-246

	95-Americium
	Am-239
	Am-240
	Am-241
	Am-242
	Am-243
	Am-244
	Am-245

	96-Curium
	Cm-242
	Cm-243
	Cm-244
	Cm-245
	Cm-246
	Cm-247
	Cm-248
	Cm-249
	Cm-250

	97-Berkelium
	Bk-247
	Bk-248
	Bk-249
	Bk-250
	Bk-251

	98-Californium
	Cf-246
	Cf-247
	Cf-248
	Cf-249
	Cf-250
	Cf-251
	Cf-252
	Cf-253

	99-Einsteinium
	Es-251
	Es-252
	Es-253
	Es-254


	References

