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Abstract

At the CERN-ISOLDE facility a variety of radioactive ion beams are available to users of the facility. The number
of extractable isotopes estimated from yield database data exceeds 1000 and is still increasing. Due to high demand and
scarcity of available beam time, precise experiment planning is required. The yield database stores information about
radioactive beam yields and the combination of target material and ion source needed to extract a certain beam along
with their respective operating conditions. It allows to investigate the feasibility of an experiment and the estimation of
required beamtime. With the increasing demand for ever more exotic beams, needs arise to extend the functionality of the
database and website not only to provide information about yields determined experimentally, but also to predict yields
of isotopes, which can only be measured with sophisticated setups. For the prediction of yields, in-target production and
information about release properties of target materials must be known. While the former were estimated in a simulation
campaign using FLUKA and ABRABLA codes, the latter is available from measurement data as already stored in the
database. We have compiled the information necessary to predict yields, and made available a yield prediction tool as
web application. This currently undergoes extensive testing and will be available as powerful tool to the ISOLDE user
community.
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1. Introduction

The ISOLDE facility is one of the oldest experiments at
CERN and has been continuously upgraded over the years
[1]. Today, it offers online production, extraction and sep-
aration of more than 1000 radioisotopes of 74 different5

chemical elements from thick targets, which are typically
made of pressed powders, metallic foils, or molten mate-
rials. Within the target and ion source unit, the target
materials are enclosed in a tantalum container, and are
coupled to a transfer line and ion source, which are also10

selected out of a variety of different types of sources and
lines.

In earlier days, a comprehensive collection of yield data
was available in the ISOLDE Users’ guide compiled by H.-
J. Kluge [2]. Later, an online yield database was developed15

to provide information about yields to users and technical
teams [3, 4, 5]. It is now fully redesigned, upgraded using
state-of-the-art technologies, extended in its functionality
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and new yield data were included. The database and web
application [6] not only store experimental yield informa-20

tion, but also provide release properties, in-target produc-
tion cross sections estimated by means of time consuming
and computationally expensive Monte-Carlo simulations
and algorithms to predict yields of isotopes which have
not yet been measured.25

2. Beam Production at ISOLDE

The isotope extraction and beam production from thick
targets is a multistage process. The radioisotopes are pro-
duced upon impact of the primary 1.4-GeV proton beam
on a target material. The atoms then need to diffuse out of30

the target material and into the ion source,where they are
ionized, extracted electrostatically and transported ion op-
tically to an electromagnetic dipole for separation by mass
to charge ratio..

An efficiency is associated to each step of the process.35

The first factor contributing to the radioactive ion beam
yield Y is the in-target production N0. Efficiencies for
beam transport to the focal plane of the magnet, ioniza-
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In 100
7.50e+1

5.8 s

In 101
6.48e+3
15.1 s

In 102
3.16e+5
23.3 s

In 103
2.65e+7

60 s

In 104
4.90e+5

1.8 m

In 105
1.30e+6

5.1 m

In 106
3.70e+6

6.2 m

In 107
1.60e+7
32.4 m

In 108
3.00e+7

58 m

In 109
2.00e+9

4.2 h

In 110
4.00e+8

4.9 h

In 111
3.50e+5

2.8 d

In 112
4.20e+8
14.9 m

In 113
7.20e+8

stbl

In 114
8.00e+8
71.9 s

In 116
1.60e+8
14.1 s

In 117
3.50e+8
43.2 m

In 118
7.90e+8

5 s

In 119
1.00e+9

2.4 m

In 120
6.30e+8

3.1 s

In 121
7.00e+8
23.1 s

In 122
2.50e+8

1.5 s

In 123
5.00e+8

6.2 s

In 124
1.40e+8

3.1 s

In 125
7.00e+7

2.4 s

In 126
3.20e+7

1.5 s

In 127
2.00e+7

1.1 s

In 128
1.90e+4
816 ms

In 129
1.10e+3
570 ms

In 130
2.50e+6
284 ms

In 131
5.00e+5
261 ms

In 132
1.00e+5
198 ms

In 133
1.10e+3
165 ms

In 134
9.50e+1
140 ms

In 135
2.40e+0
101 ms

Sn 105
8.00e+4

34 s

Sn 106
1.60e+6

1.9 m

Sn 107
2.00e+7

2.9 m

Sn 108
1.40e+8
10.3 m

Sn 109
1.00e+9

18 m

Sn 110
1.80e+9

4.2 h

Sn 111
1.60e+5
35.3 m

Sn 113
6.00e+9
115.1 d

Sn 123
5.00e+8
129.2 d

Sn 125
1.30e+8

9.6 d

Sn 127
6.00e+7

2.1 h

Sn 129
5.00e+7

2.2 m

Sn 131
1.50e+7

56 s

Sn 132
3.00e+8
39.7 s

Sn 133
1.50e+7

1.5 s

Sn 134
2.00e+6
890 ms

Sn 135
1.00e+5
515 ms

Sn 136
4.00e+3
350 ms

Sn 137
1.00e+2
273 ms

Sn 138
2.50e+0
150 ms

Sb 112
2.50e+4
53.5 s

Sb 113
1.10e+7

6.7 m

Sb 114
6.00e+7

3.5 m

Sb 131
3.20e+9

23 m

Sb 132
1.00e+8

2.8 m

Sb 133
1.30e+7

2.3 m

Sb 134
6.00e+6
780 ms

Te 116
1.00e+6

2.5 h

Te 117
1.00e+6

62 m

Te 131
1.00e+8

25 m

Te 132
7.00e+8

3.2 d

Te 133
6.60e+8
12.5 m

Te 134
4.00e+8
41.8 m

Te 135
4.00e+6

19 s

Te 136
4.00e+7
17.6 s

I 114
1.00e+1

2.1 s

I 115
8.00e+4

1.3 m

I 116
5.00e+4

2.9 s

I 117
2.50e+6

2.2 m

I 118
1.60e+7
13.7 m

I 119
3.40e+7
19.1 m

I 120
1.30e+8
81.7 m

I 121
1.10e+8

2.1 h

I 122
1.50e+7

3.6 m

I 123
8.50e+8
13.2 h

I 124
4.50e+7

4.2 d

I 125
2.10e+7
59.4 d

I 126
3.50e+7
12.9 d

I 128
7.70e+7

25 m

I 130
1.50e+5
12.4 h

I 132
2.70e+8

2.3 h

I 133
6.00e+8
20.8 h

I 134
4.00e+8
52.5 m

I 135
2.80e+9

6.6 h

I 136
1.30e+8
83.4 s

I 137
1.30e+7
24.1 s

I 138
3.30e+6

6.2 s

I 139
9.00e+5

2.3 s

I 140
1.00e+5
860 ms

I 141
2.00e+4
430 ms

I 142
2.30e+3
222 ms

Xe 112
4.20e+1

2.7 s

Xe 113
1.30e+3

2.7 s

Xe 114
6.50e+4

10 s

Xe 115
7.60e+5

18 s

Xe 116
6.50e+6

59 s

Xe 117
5.00e+7

61 s

Xe 118
1.60e+8

3.8 m

Xe 119
8.20e+8

5.8 m

Xe 120
1.80e+9

46 m

Xe 121
2.80e+9
40.1 m

Xe 122
9.30e+9
20.1 h

Xe 123
1.20e+10

2.1 h

Xe 124
2.60e+10
200 stbl

Xe 125
2.80e+10

16.9 h

Xe 126
3.10e+10

stbl

Xe 127
3.10e+10

36.3 d

Xe 128
2.30e+10

stbl

Xe 129
1.80e+10

stbl

Xe 130
6.60e+9

stbl

Xe 131
9.80e+8

stbl

Xe 132
1.80e+9

stbl

Xe 133
3.10e+8

5.2 d

Xe 135
3.43e+9

9.1 h

Xe 137
7.50e+8

3.8 m

Xe 138
5.70e+8
14.1 m

Xe 139
5.50e+8
39.7 s

Xe 140
3.50e+8
13.6 s

Xe 141
1.10e+8

1.7 s

Xe 142
4.80e+7

1.2 s

Xe 143
6.60e+6
511 ms

Xe 144
9.90e+5
388 ms

Xe 145
2.60e+5
188 ms

Xe 146
1.80e+3
146 ms

Xe 147
1.30e+1
130 ms

Cs 114
8.40e+0
570 ms

Cs 115
3.20e+2

1.4 s

Cs 116
2.80e+3
700 ms

Cs 117
1.20e+5

8.4 s

Cs 118
1.60e+7

14 s

Cs 119
1.30e+3

43 s

Cs 120
1.30e+9
60.4 s

Cs 121
7.30e+9

155 s

Cs 122
1.00e+10

21.2 s

Cs 123
5.00e+10

5.9 m

Cs 124
3.20e+10

30.9 s

Cs 125
1.10e+11
46.7 m

Cs 126
6.90e+10

1.6 m

Cs 127
1.30e+11

6.3 h

Cs 128
6.40e+10

3.6 m

Cs 129
8.50e+10

32.1 h

Cs 130
5.90e+10

29.2 m

Cs 131
5.00e+10

9.7 d

Cs 132
3.90e+10

6.5 d

Cs 133
2.80e+10

stbl

Cs 134
1.90e+10

2.1 y

Cs 135
1.30e+10

1.3 My

Cs 136
1.23e+10

13.2 d

Cs 137
1.69e+10

30.1 y

Cs 139
3.81e+9

9.3 m

Cs 140
3.43e+9
63.7 s

Cs 141
1.50e+9
24.8 s

Cs 142
3.43e+9

1.7 s

Cs 143
1.50e+9

1.8 s

Cs 145
2.10e+7
582 ms

Cs 146
3.80e+6
323 ms

Cs 147
1.10e+6
230 ms

Cs 148
2.50e+5
145 ms

Cs 149
7.10e+4
113 ms

Cs 150
1.20e+4
84.4 ms

Cs 151
1.70e+3
69 ms

Ba 122
7.90e+7

2 m

Ba 123
3.80e+8

2.7 m

Ba 124
2.50e+9

11 m

Ba 125
1.00e+7

3.3 m

Ba 126
1.60e+10

100 m

Ba 127
6.30e+9
12.7 m

Ba 128
2.40e+10

2.4 d

Ba 129
1.20e+10

2.2 h

Ba 130
3.20e+10

1 stbl

Ba 131
8.90e+9
11.5 d

Ba 132
5.00e+10

stbl

Ba 134
5.60e+10

stbl

Ba 136
5.60e+10

stbl

Ba 137
3.60e+8

stbl

Ba 138
2.40e+10

stbl

Ba 140
3.40e+8
12.8 d

Ba 142
7.40e+7
10.6 m

Ba 144
6.70e+6
11.5 s

Ba 146
1.90e+5

2.2 s

La 128
1.10e+7

5.2 m

La 129
7.10e+6
11.6 m

Ce 133
1.90e+6

97 m

Pr 133
1.50e+7

6.5 m

Pr 135
2.70e+7

24 m

Pr 142
1.00e+7
19.1 h

Nd 134
1.00e+7

8.5 m

Nd 135
2.10e+7
12.4 m

Nd 137
7.10e+6
38.5 m

Nd 141
1.20e+5

2.5 h

Nd 147
5.40e+6

11 d

Pm 135
6.00e+6

49 s

Pm 136
1.00e+7

107 s

Pm 137
3.30e+7

2 m

Pm 138
5.60e+7

10 s

Pm 139
5.90e+7

4.2 m

Pm 140
1.70e+8

9.2 s

Pm 141
9.10e+7
20.9 m

Pm 149
4.30e+5
53.1 h

Pm 150
1.00e+5

2.7 h

Pm 151
2.10e+6
28.4 h

Sm 138
5.10e+6

3.1 m

Sm 139
7.60e+7

2.6 m

Sm 140
2.00e+8
14.8 m

Sm 141
2.60e+8
10.2 m

Sm 142
2.80e+8
72.5 m

Sm 143
1.30e+9

8.8 m

Sm 145
2.10e+8

340 d

Sm 153
8.70e+7
46.3 h

Eu 139
7.00e+5
17.9 s

Eu 140
2.00e+6

1.5 s

Eu 141
8.40e+7
40.7 s

Eu 142
2.00e+8

2.4 s

Eu 143
4.00e+8

2.6 m

Eu 144
5.60e+8
10.2 s

Eu 145
7.00e+8

5.9 d

Eu 146
5.30e+8

4.6 d

Eu 147
3.40e+8
24.1 d

Eu 149
5.30e+8
93.1 d

Eu 150
3.50e+7
36.9 y

Eu 152
3.20e+8
13.5 y

Eu 154
2.10e+8

8.6 y

Eu 156
1.30e+6
15.2 d

Gd 142
1.20e+6
70.2 s

Gd 143
1.00e+6

39 s

Gd 144
4.00e+7

4.5 m

Gd 145
9.50e+6

23 m

Gd 146
4.00e+8
48.3 d

Gd 148
6.00e+8
70.9 y

Gd 150
4.00e+8
1.8 My

Gd 152
2.50e+8
108 Ty

Gd 154
3.00e+7

stbl

Tb 145
1.70e+7
30.9 s

Tb 146
8.40e+7

8 s

Tb 147
3.00e+8

1.6 h

Tb 148
3.00e+8

60 m

Tb 149
2.00e+8

4.1 h

Tb 150
3.00e+8

3.5 h

Tb 152
4.30e+6
17.5 h

Tb 157
8.90e+6

71 y

Tb 158
8.30e+6

180 y

Dy 146
5.00e+6
33.2 s

Dy 148
2.90e+8

3.3 m

Dy 149
1.10e+9

4.2 m

Dy 150
2.40e+9

7.2 m

Dy 151
7.30e+9
17.9 m

Dy 152
5.90e+9

2.4 h

Dy 154
8.50e+9

3 My

Dy 156
3.90e+9

stbl

Dy 157
3.70e+8

8.1 h

Dy 158
2.50e+9

stbl

Ho 149
5.30e+5
21.1 s

Ho 150
1.00e+6
76.8 s

Ho 151
1.00e+8
35.2 s

Ho 152
1.30e+7
161.8 s

Ho 154
7.90e+8
11.8 m

Ho 155
1.10e+10

48 m

Ho 157
6.70e+9
12.6 m

Ho 158
2.80e+10

11.3 m

Ho 159
1.60e+8
33.1 m

Ho 160
2.80e+10

25.6 m

Ho 169
2.50e+8

4.7 m

Ho 170
1.30e+8

2.8 m

Er 150
7.00e+6
18.5 s

Er 151
5.60e+7
23.5 s

Er 152
7.00e+7
10.3 s

Er 153
7.10e+8
37.1 s

Er 154
6.00e+8

3.7 m

Er 155
1.20e+9

5.3 m

Er 156
6.00e+8
19.5 m

Er 158
5.80e+8

2.3 h

Er 159
1.60e+8

36 m

Er 160
4.00e+8
28.6 h

Er 161
2.90e+8

3.2 h

Tm 153
1.00e+7

1.5 s

Tm 154
1.10e+8

8.1 s

Tm 155
4.00e+8
21.6 s

Tm 157
1.10e+9

3.6 m

Tm 158
1.20e+9

4 m

Tm 159
2.70e+8

9.1 m

Tm 160
1.50e+8

9.4 m

Tm 161
1.30e+9
30.2 m

Tm 162
3.00e+8
21.7 m

Tm 163
2.30e+8

1.8 h

Tm 164
3.90e+7

2 m

Tm 165
1.10e+9
30.1 h

Tm 167
6.80e+9

9.3 d

Yb 153
2.50e+4

4.2 s

Yb 154
2.00e+3
409 ms

Yb 155
7.90e+6

1.8 s

Yb 156
3.20e+7
26.1 s

Yb 157
2.20e+8
38.6 s

Yb 158
9.30e+8

1.5 m

Yb 159
1.80e+9

1.7 m

Yb 160
4.00e+9

4.8 m

Yb 161
5.00e+9

4.2 m

Yb 162
6.20e+9
18.9 m

Yb 163
1.20e+10

11.1 m

Yb 164
1.40e+10

75.8 m

Yb 165
3.60e+10

9.9 m

Yb 166
2.00e+10

56.7 h

Yb 167
1.20e+10

17.5 m

Yb 168
2.40e+10
130 stbl

Yb 169
3.20e+9

32 d

Yb 170
1.70e+9

stbl

Yb 171
1.10e+9

stbl

Yb 172
9.00e+8

stbl

Yb 173
4.00e+8

stbl

Yb 174
5.50e+8

stbl

Yb 175
1.00e+8

4.2 d

Yb 176
1.00e+8
160 stbl

Yb 177
8.30e+7

1.9 h

Lu 157
1.00e+7

6.8 s

Lu 158
3.10e+5
10.6 s

Lu 159
3.50e+5
12.1 s

Lu 160
1.00e+8
36.1 s

Lu 161
7.00e+5

77 s

Lu 162
1.80e+7

1.4 m

Lu 163
1.60e+7

4 m

Lu 164
3.00e+7

3.1 m

Lu 165
2.00e+8
10.7 m

Lu 166
3.60e+9

2.7 m

Lu 167
1.20e+9
51.5 m

Lu 168
7.90e+8

5.5 m

Lu 170
2.30e+9

2 d

Hf 166
5.67e+5

6.8 m

Hf 167
2.22e+5

2.1 m

Hf 168
5.34e+5

26 m

Hf 169
5.59e+5

3.2 m

Hf 170
1.41e+8

16 h

Hf 171
1.07e+8
12.1 h

Hf 173
2.00e+8
23.6 h

Hf 177
6.13e+4

stbl

Hf 178
1.02e+5

stbl

Hf 179
1.46e+5

stbl

Hf 180
2.82e+6

stbl

Au 201
4.00e+4

26 m

Au 202
1.40e+3
28.4 s

Hg 177
8.90e-1

127.3 ms

Hg 178
3.80e+1
266.5 ms

Hg 179
1.60e+3

1.1 s

Hg 180
4.00e+5

2.6 s

Hg 181
7.10e+5

3.6 s

Hg 182
7.90e+6
10.8 s

Hg 183
4.50e+7

9.4 s

Hg 184
1.30e+8
30.9 s

Hg 185
2.50e+8
49.1 s

Hg 186
1.30e+9

1.4 m

Hg 187
1.30e+9

1.9 m

Hg 188
2.00e+9

3.3 m

Hg 189
3.20e+9

7.6 m

Hg 190
7.20e+9

20 m

Hg 191
5.00e+9

49 m

Hg 192
6.30e+9

4.9 h

Hg 193
1.20e+10

3.8 h

Hg 194
7.10e+9

447 y

Hg 195
1.10e+10

10.7 h

Hg 196
7.10e+9

stbl

Hg 197
1.80e+10

64.9 h

Hg 198
6.30e+9

stbl

Hg 199
2.00e+10

stbl

Hg 200
4.20e+9

stbl

Hg 201
2.80e+9

stbl

Hg 202
7.90e+8

stbl

Hg 203
1.20e+9
46.6 d

Hg 205
1.80e+8

5.1 m

Hg 206
1.50e+8

8.3 m

Tl 179
3.10e+0
265 ms

Tl 180
6.10e+2

1.1 s

Tl 181
3.90e+3

3.2 s

Tl 182
3.20e+4

1.9 s

Tl 183
2.60e+5

6.9 s

Tl 184
1.70e+6

9.5 s

Tl 185
5.60e+4
19.5 s

Tl 186
3.30e+7

40 s

Tl 187
2.70e+4

51 s

Tl 188
6.10e+7

71 s

Tl 189
4.90e+7

2.3 m

Tl 190
8.10e+7

2.6 m

Tl 191
5.50e+7

20 m

Tl 192
9.60e+7

9.6 m

Tl 193
1.70e+7
21.6 m

Tl 194
5.20e+7

33 m

Tl 195
2.10e+7

1.2 h

Tl 196
2.80e+7

1.8 h

Tl 197
6.80e+6

2.8 h

Tl 199
1.10e+6

7.4 h

Tl 200
2.50e+6
26.1 h

Tl 207
5.00e+7

4.8 m

Pb 183
1.20e+1
535 ms

Pb 184
2.20e+2
490 ms

Pb 185
6.80e+2

6.3 s

Pb 186
4.60e+4

4.8 s

Pb 187
6.80e+5
15.2 s

Pb 188
1.70e+6
25.1 s

Pb 189
9.20e+6

39 s

Pb 190
2.30e+7

71 s

Pb 191
3.70e+7

1.3 m

Pb 192
4.00e+7

3.5 m

Pb 193
9.10e+7

5 m

Pb 194
8.60e+7
10.7 m

Pb 195
1.20e+8

15 m

Pb 196
2.00e+7

37 m

Pb 197
1.50e+7

8.1 m

Pb 199
3.70e+7

90 m

Pb 201
8.10e+6

9.3 h

Pb 202
4.60e+6
52.5 ky

Pb 203
6.40e+5
51.9 h

Pb 204
4.50e+7
140 stbl

Pb 215
3.00e-1
2.3 m

Bi 188
2.10e+1
60 ms

Bi 189
1.40e+2
658 ms

Bi 190
1.00e+3

6.3 s

Bi 191
3.00e+4
11.7 s

Bi 192
1.10e+5
34.6 s

Bi 193
3.00e+6
63.6 s

Bi 194
1.60e+7

95 s

Bi 195
1.40e+7

183 s

Bi 196
2.20e+7

5.1 m

Bi 197
1.10e+7

9.3 m

Bi 198
9.30e+6
10.3 m

Bi 199
1.20e+7

27 m

Bi 200
2.00e+7
36.4 m

Bi 201
2.70e+6
103 m

Bi 202
1.00e+7

1.7 h

Bi 203
1.90e+6
11.8 h

Bi 204
6.20e+6
11.2 h

Bi 214
1.10e+4
19.9 m

Bi 215
1.40e+3

7.6 m

Bi 218
4.40e+1

33 s

Po 193
1.20e+2
388 ms

Po 194
2.70e+3
392 ms

Po 195
5.50e+4

4.6 s

Po 196
4.80e+5

5.6 s

Po 197
2.40e+6
53.6 s

Po 198
1.20e+7

1.8 m

Po 199
3.30e+6

5.5 m

Po 200
9.90e+7
11.5 m

Po 201
9.50e+7
15.6 m

Po 202
1.00e+8
44.6 m

Po 204
1.10e+7

3.5 h

Po 205
6.00e+7

1.7 h

At 196
1.50e+2
388 ms

At 197
1.90e+5
388.2 ms

At 198
2.80e+4

3 s

At 199
2.60e+6

7 s

At 200
1.20e+7
43.2 s

At 201
4.60e+7
85.2 s

At 202
2.10e+8

184 s

At 203
5.10e+6

7.4 m

At 204
1.50e+6

9.1 m

At 205
1.20e+8
33.8 m

At 206
6.70e+6
30.6 m

At 207
2.00e+7

1.8 h

At 208
3.00e+7

1.6 h

At 209
6.50e+7

5.4 h

At 210
7.00e+7

8.1 h

At 211
7.10e+6

7.2 h

At 212
1.60e+4
314 ms

At 218
5.80e+6

1.5 s

At 219
2.80e+3

56 s

At 220
7.70e+3

3.7 m

At 221
4.50e+3

2.3 m

At 222
1.00e+3

54 s

At 223
1.00e+2

50 s

Rn 199
7.10e+0
590 ms

Rn 200
9.50e+7

1.1 s

Rn 201
8.00e+7

7 s

Rn 202
2.90e+6

9.7 s

Rn 203
1.20e+7

44 s

Rn 204
3.20e+7

1.2 m

Rn 205
7.20e+7

2.8 m

Rn 206
1.30e+8

5.7 m

Rn 207
6.55e+8

9.3 m

Rn 208
8.29e+8
24.4 m

Rn 209
7.20e+8
28.8 m

Rn 210
1.09e+9

2.4 h

Rn 211
1.50e+9
14.6 h

Rn 212
1.60e+9
23.9 m

Rn 213
4.30e+7
19.5 ms

Rn 219
2.20e+7

4 s
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Developed more than 10 years 
ago, the ISOLDE yield database 
[1,2] serves as a valuable source 
for experiment planning.

With the increasing demand for 
more and more exotic beams, 
needs arise to extend the func-
tionality of the database and 
website not only to provide infor-
mation about yields determined 
experimentally, but also to pre-
dict yields of isotopes, which can 
only be measured with sophisti-
cated setups.

The ISOLDE 
Chart of Nuclides

- all isotopes included in the database - 

Analyzing
magnet 

Mass separated 
beams

Target and ion 
source unit

Proton beam of 1.4 GeV 
penetrates whole target

  Simultaneous production and separation of radio-
isotopes

  First applied in 1951 at CERN -> ISOLDE

  Thick targets allow high production rates

  Variety of target materials and ion-sourc-
es available

  Suppled by the Proton Synchrotron 
Booster (PSB) with 1.4 GeV protons

  Proton intensities up to 2 A

  Complete Redesign and -implementation in 2017/2018

  Using state-of-the-art web technologies ASP.NET and Oracle 
databases

  Hosted and supported by CERN-IT services

  Open XML Web-interface for third-party applications, used 
e.g. by the Chart of Radioactive Ion Beams in Europe 
(CRIBE) project [3]

  Contains 2445 evaluated yields for 1333 isotopes 
of 74 elements and 55 different target materials.

  The Release time structure information is 
available for 427 yields.

  Newly added technical yields, record-
ed continuously for each operation-
al target.

  Results of high-statis-
tics Monte-Carlo sim-
ulations for in-tar-
get production

  Due to the limited life time of radioactive species, losses occur 
during migration from target to ion source.

  The losses depend on the half-life of the desired isotope and the 
distribution function of migration times p(t), which is experimen-
tally obtained as release curve. The symbol t denotes the time after 
proton impact.

  Release curves are typically fitted with a three exponential function 
[6] and the parameters are stored in the database.

  Besides the two parameters for release efficiency and in-target pro-
duction, a third parameter product needs to be considered, which 
holds for ionization efficiency 

Ionization
, molecule formation 

Forma-

tion 
and other losses, such as irreversible sticking 

other
. 

  These parameters are typically considered to be independent of the 
half-life and are deduced from a reference yield, measured on arbi-
trarily chosen isotope of the desired chemical element.

  Measured yields are in agreement with their prediction, as shown 
below for the extraction of neon from uranium carbide. 23Ne was 
used as reference point.

[1] Turrión, M. et al., Nucl. Instr. and Meth. B, 266 (2008), 4674
[2] The ISOLDE Yield database, www.cern.ch/isolde, accessed Sept. 2018
[3] M. Fadil, CRIBE JRA Eurisol, First Periodic Scientific Report, https://eurisol-jra.in2p3.fr/?page_id=79, accessed Mar 2018
[4]  Kelic A. et al., Proc. Jt. ICTP-IAEA Adv. Work. Model Codes Spallation React. (2009) 181–221.
[5]  Ferrari A. et al., FLUKA : A multi-particle transport code, Geneva, 2005. doi:10.5170/CERN-2005-010.
[6]  R. Kirchner, Nucl. Instr. and Meth. B 70, 186 (1992); T. Cocolios, et al. Nucl Instr and Meth B: 266 (2008) 4403

  A versatile tool to provide evaluated information about beam inten-
sity, purity and experimental conditions was developed.

  Due to comprehensive experimental data and in-target production 
data obtained in costly simulations, all information is available to 
predict yields for isotopes which have not been measured yet.

  The experimental data and predictions are visualized on a website 
and available as interactive nuclide and detailed tables.

  While the basic functionality is already included in the production 
site, linked on the ISOLDE website, the advanced functionality un-
dergoes testing, and deployment is in preparation.

  Folding the release curve with radioactive decay, yields the release 
efficiency, which is the fraction of produced isotopes reaching the 
ion-source.

  In-Target production (N0) study performed with Mon-
te-Carlo Codes ABRABLA [4] and FLUKA [5] for all target 
materials used in the previous years.

  The current driver beam energy of 1.4 GeV, the next 
upgrade step of 2.0 GeV, and for selected materials the 
previous energy of 0.6 MeV was simulated.

  FLUKA simulations were done with beam 
on neutron converter and beam on tar-
get.

  Data is available on the web-page via an 
interactive nuclide chart, also allow-
ing to compare different datasets. Addi-
tionally, the simulation output files are 
available for download.

  For ABRABLA, information about the 
production channel like fission or frag-
mentation is available.

  In-target production is an important pa-
rameter for yield predictions, and can 
be helpful to deduce 
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Figure 1: Typical non-normalized release curves AL p(t) of stable
neon, and release curves AL pλ(t) = AL p(t) e−λt of radioactive
isotopes. The release efficiencies are given in percent and have been
calculated according to Eq. 1. Parameters trise, tfall1, tfall2 and α
(cf. Eq. 2) taken from Ref. [10]. The normalization parameter AL
has to be chosen such, that

∫∞
0 p(t) dt computes to unity.

tion and chemical efficiency can be summarized in an over-
all efficiency parameter εf . The half-life dependent release40

efficiency (εrelease) is governed by diffusion and effusion
processes and takes into account the time passing between
production and release. A more detailed discussion of ef-
ficiency parameters can be found e.g. in Ref. [7].

Each atom follows its individual path to reach the ion45

source, and the distribution function for the time needed
to follow these trajectories is defined by the release density
function p(t) [8, 9] The release efficiency of an isotope with
decay constant λ is obtained by folding the release density
function p(t) with a factor to account for decay losses.50

Y = N0 εrelease εf , where

εrelease =

∫ ∞
0

p(t) e−λt dt
(1)

The release density function is normalized such, that∫∞
0

p(t) dt = 1. The efficiency parameter εf and the dis-
tribution function p(t), which describes the release of a
stable nuclide, depend on the chemical element, operat-
ing conditions and typically only to negligible extend on55

the isotope. Hence, it is only required to experimentally
determine the parameters εf and p(t) once for each chem-
ical element in a defined target and ion source system at
given operating conditions. Knowing the two parameters
and the in-target production rates of isotopes, allows to60

predict yields for the full isotopic chain (cf. Eq. 1). The
isotope for the measurement of p(t) must be chosen such,
that the tail of the experimentally obtained radioactive re-
lease curve pλ(t) = p(t) e−λt is not governed by radioactive
decay.65

From elementary diffusion and effusion processes, ex-
pressions for the delay function p(t) have been obtained,
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Figure 2: Cut-out of the interactive nuclide chart, which is used in
the web application to visualize in-target production and radioactive
beam yields. The example is meant to demonstrate the capabilities
of the software and shows the relative in-target production rates of
two different target materials estimated by simulations using two dif-
ferent codes. The background color represents the production ratio,
and the inset rectangle the decay mode of the isotope. In addition,
half-life information is given.

e.g. by Kirchner et al. [8]. However, these expressions
depend on numerous parameters, such as target material
properties, target geometry and operation conditions. In70

addition, the expressions are often difficult to fit to ex-
perimental data. For practical purposes, the experimen-
tal data is often fitted to the three exponential function
given in Eq. 2 [12], where AL is a normalization parame-
ter, trise, tfall1 and tfall2 are time constants describing the75

curve shape, and α is a weighting coefficient.

p(t) =
1

AL

(
1 − e−t ln(2)/trise

)
·
(
α e−t ln(2)/tfall1 + (1 − α) e−t ln(2)/tfall2

) (2)

A typical release curve of stable neon is shown in Fig.
1, along with calculated release efficiencies for short-lived
radioisotopes. At the time of writing, release curves for
427 yield entries are available in the yield database.80

A common procedure to assess a yield, is based on
the measurement of a release curve, as shown in Fig. 1.
ISOLDE is supplied with protons from the proton syn-
chrotron booster (PSB), which arrive as narrow pulses of
only a few microseconds length and typically contain up to85

3×1013 protons. The proton pulse impinges on the target
at t = 0. After a certain delay time t = tdelay, electro-
static deflectors allow the radioactive beam emitted from
the ion source to pass downstream the beamline and to the
tape of the tape station, in which it is implanted for a de-90

fined collection time tcollect. After the end of the collection
(t = tdelay + tcollect), the radioactive ion beam transport is
prevented by electrostatic deflectors, and the tape is for-
warded to move the collected activity to the measurement
position, where it is counted by calibrated detectors. Tak-95

ing into account the decay during tape transport, the num-
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ber of ions per second extracted at t = tdelay + 0.5 tcollect
is obtained. Repeating the procedure whilst varying the
delay time tdelay allows to sample a full release curve of
the radioactive beam. The yield in the focal center of the100

separation magnet is obtained by integration of the non-
normalized release curve, and correcting for losses by beam
transport from magnet to tape station. Beam losses are
estimated by measurement of stable beam with Faraday
Cups placed along the beamlines. The procedure is sum-105

marized in Ref. [3], and more detail about pulse shapes,
yield calculation and efficiencies is given in Lit. [27].

3. In-Target Production

The in-target production rates N0 of all common target
materials were assessed by means of an extensive simula-110

tion campaign. High statistics of up to 1×109 primary par-
ticles are needed to achieve reliable production rates also
for exotic nuclides. Two simulation codes have been used
to investigate the production rates. The ABRABLA code
[13] is commonly used at ISOLDE and was already used115

and benchmarked for 600 MeV and 1.0 GeV proton beam
[14]. Per each simulation run, the code yields radionu-
clide production cross sections at a defined driver beam
energy and target nuclide, and is therefore ideally suited
for simple geometries and a beam directly impinging on120

the target, where secondary reactions do not contribute
significantly. The cross section estimates are obtained at
the initial energy of the proton beam, not taking into ac-
count energy losses in the target. The particle transport
code FLUKA [15, 16] allows the definition of complex ge-125

ometries and calculates multiple particle interactions with
matter using various integrated physics models. The def-
inition of a geometry has especially proven useful for tar-
get units equipped with a neutron spallation source, the
so called proton-to-neutron converter [17, 18].130

The codes were used to simulate isotope production
with common and prospective target materials at proton
beam energies of 0.6, 1.0, 1.4 and 2.0 GeV, to take into ac-
count historic driver beam energies delivered by the Syn-
chrocyclotron (SC) along with the early, present and future135

beam energies of the Proton Synchrotron Booster (PSB),
which supplies ISOLDE [19]. Besides the prediction of ex-
otic nuclide yields, the simulation data allows the estima-
tion of release efficiencies if experimental yields of several
isotopes of the same chemical element are available. Thus,140

it gives insight into release properties of targets and ion
sources used for the past 60 years at ISOLDE. The data
enabled us to conduct a systematic study of isotope pro-
duction at the planned upgraded driver beam energy of
2.0 GeV, for beams delivered after the upgrade.145

4. Technical Implementation

All software components have been developed compat-
ible to the CERN centrally provided IT infrastructure ser-

vices to ensure reliability and long-term support. The Or-
acle Database 11g [20], which is widely used at CERN,150

serves as underlying data provider for all high-level appli-
cations.

4.1. Database

The database stores experimentally obtained radioac-
tive ion beam yields which were typically measured us-155

ing the ISOLDE tapestation and taken from publications.
The yields are stored along with information about the
used target-unit, such as type of ion source, target mate-
rial, thickness and operational conditions, and are given as
yield in the focal plane of the magnet. Within this work,160

the structure of the database was completely redesigned
and further normalized to ease maintenance and allow data
storage for the upgraded functionality. A measured yield
is linked to a defined target unit, which in turn is associ-
ated with a target material, made up of a nuclide mixture165

in defined stoichiometry. A set of new tables was added to
store in-target production data obtained in sumulations.
For each target material nuclide, one ABRABLA run is
necessary. The total in-target production cross section of
a target material is then calculated by combining the esti-170

mated cross sections obtained in multiple ABRABLA runs
and the thickness (areal density) of the target unit. In ad-
dition, FLUKA simulation results are available. Here the
full target geometry and nuclide inventory is covered by
one simulation. Release curve parameters are required to175

calculate release efficiencies (cf. Eq. 2) and are available
in a table linked to the table holding information about
measured yields. At the time of writing, ca. one million
production cross sections estimated by simulation codes
are available, also indicating the production channel (like180

fission or spallation) for ABRABLA data. Besides storing
published yield information, the database was extended
to maintain data of yield measurements, typically taking
place before each physics run. Within the 2018 operating
period, new yields have been introduced, which are now185

available to advanced users.

4.2. User and Application Programming Interfaces

Two new user-interfaces have been developed. One
interface is implemented as website and displays data to
users. For fast data manipulation, a rich client solution is190

under development. A prototype application implemented
using Microsoft Access is already provided to users as Re-
moteApp by Microsoft Remote Desktop services (RDS)
[21] to allow a rich client experience but avoiding at the
same time the need of local software installation on client195

computers.

4.2.1. Web Application

In contrast to earlier versions, the new web applica-
tion [6] is not based on Oracle integrated web solutions
and Java applets, but implemented in C# under Microsoft200

3



ISOLDE Yield Database Version: 0.1.0.35058  
Built: 14.01.2019 17:28:40 EF Connection: devdb11\ISOYIELDS_FULL

YIELD INFORMATION

By element

By target type

IN-TARGET
PRODUCTION

Nuclide charts

Datasets

DIFFUSION AND
EFFUSION

YIELD PREDICTION

Predict for element

ISOLDE YIELDS

Nuclide chart

ISOLDE YIELD
DATABASE

About

Report issue

Admin

Find the produced isotopes independent on the target

Find yields by mass number range: -  Find

For more information please contact the ISOLDE Physics Coordinator, Karl Johnston. For more details and yield inquiries please contact the ISOLDE Target and Ionsource
Development Group, Thierry Stora, Sebastian Rothe et al. In case of technical problems with the website, please report an issue or send an email to the developers.

Database and web application created by Jochen Ballof and Andreas Molander, based on a previous version by Manuela Turrion and Urszula Herman-Izycka as well as
additions by Tânia Manuela de Melo Mendonça. In-target production simulations conducted by João Pedro Ramos. The shown data is evaluated and maintained by the
ISOLDE Target and Ionsource Development Group (TISD), which is part of EN-STI-RBS.

CERN Accelerating science Sign in Directory

H
1

He
2

Li
3

Be
4

B
5

C
6

N
7

O
8

F
9

Ne
10

Na
11

Mg
12

Al
13

Si P
14 15

S
16

Cl
17

Ar
18

K
19

Ca
20

Sc
21

Ti
22

V
23

Cr
24

Mn
25

Fe
26

Co
27

Ni
28

Cu
29

Zn
30

Ga
31

Ge
32

As
33

Se
34

Br
35

Kr
36

Rb
37

Sr
38

Y
39

Zr
40

Nb
41

Mo
42

Tc
43

Ru
44

Rh
45

Pd
46

Ag
47

Cd
48

In
49

Sn
50

Sb
51

Te
52

I
53

Xe
54

Cs
55

Ba
56

La
57

Ce
58

Pr
59

Nd
60

Pm
61

Sm
62

Eu
63

Gd
64

Tb
65

Dy
66

Ho
67

Er
68

Tm
69

Yb
70

Lu
71

Hf
72

Ta
73

W
74

Re
75

Os
76

Ir
77

Pt
78

Au
79

Hg
80

Tl
81

Pb
82

Bi
83

Po
84

At
85

Rn
86

Fr
87

Ra
88

Ac
89

Th
90

Pa
91

U
92

Np
93

Pu
94

Am
95

Cm
96

Bk
97

Cf
98

Es
99

Fm
100

Md
101

No
102

Lr
103

Rf
104

Db
105

Sg
106

Bh
107

Hs
108

Mt
109

Ds
110

Rg
111

Cn
112

Nh
113

Fl
114

Mc
115

Lv
116

Ts
117

Og
118

*

**

*

**

Ion source
Surface+ -

FEBIADhot cold

Laser

Figure 3: The web frontend of the ISOLDE yield database, showing
available beams in the periodic table of elements. The frontend is
available at http://cern.ch/isolde-yields.

ASP.NET [22] to gain a higher degree of flexibility in de-
velopment. User authentication is accomplished by Sin-
gle Sign On (SSO) services, widely used at CERN. The
Microsoft Entity Framework [23] allows object-relational
mapping and rapid development of data driven applica-205

tions. With the new application, further details about
production conditions of yields are given, which include
among other attributes, target and ion-source tempera-
tures and release curves. The latter are provided as param-
eters (cf. Eq. 2) and plot to visualize the time structure210

of the release. Besides adding yield details, an interactive
nuclide chart was developed using the JavaScript library
D3.js [24], which is capable of displaying an overview chart
of all beams at ISOLDE as well as in-target production
yields for each target material [25]. For easy comparison215

between target materials or different driver beam energies,
the plotting of ratios between different data sets is also
available (cf. Fig. 2). The functionality to predict yields
for not yet measured isotopes is also included in the web
application. It allows the user to predict yields for the full220

chain of isotopes of a certain element. The desired tar-
get material, proton beam energy and simulation software
are selected by the users. The application then searches
for reference point candidates in the database, which serve
as source for the calculation of the efficiency parameter εf .225

The actual reference point is selected by the user, and pre-
diction results are displayed as table and plot. A typical
plot is shown in Fig. 4. Half-life data of nuclides is nec-
essary to calculate release efficiency. An import function
for NUBASE evaluation data [26] allows to continuously230

update the data with new and modified entries.

4.2.2. Rich Client Application

The prototype desktop application allows fast and di-
rect access to the data layer. It is intended to be used for
data manipulation and queries by advanced users. Func-235

tionality has been included to calculate yields obtained
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Figure 4: Exemplary plot showing measured yields, in-target pro-
duction along with yield predictions of neon isotopes from a uranium
carbide target [10, 6].The experimental yield for 23Ne was used as
reference point to calculate εf . The in-target production yields were
taken from ABRABLA.

during routinely performed measurements for each unit,
which are either conducted at the ISOLDE tape station or
derived from Faraday Cup readings. The tape station is
equipped with scintillation counter and high purity germa-240

nium detector and used as reference method to determine
yields.

4.2.3. Application Programming Interface

Following user requests to link their own systems to the
yield database, a REST-interface based on the ASP.NET245

Web API is available. The solution integrates nicely into
Entity Framework and enables us to rapidly develop pro-
gramming interfaces. The data is delivered as JSON or
XML data. The interface is also used to provide data to
the CRIBE (Chart of Radioactive Ion Beams in Europe)250

project, which aims at providing an overview of available
and future radioactive ion beams at all facilities in Europe
[28].

5. Conclusions and Outlook

Within a complete redevelopment of the website and255

restructuring of the underlying database we have added
a set of new functions to the ISOLDE yield database ap-
plication. Now, it does not only provide available yield
information, but is also capable to predict yields at the
prospective proton beam energy of 2.0 GeV, which is an260

option of the driver beam upgrade under consideration.
Yield predictions for exotic isotopes, which could only be
measured with sophisticated setups, are now available. To
achieve the latter, a comprehensive simulation campaign
was conducted. The results of the simulation data are265

made available to users. At the time of writing the ap-
plication is available to advanced users and undergoes ex-
tensive testing before release on the ISOLDE web page.
In the future, we plan to further extend the functionality

4



of the database and develop interfaces for data exchange270

between asset management and control applications. The
inclusion of yields reported by facility users and an exten-
sion of the simulation campaign are in preparation. The
added simulation data will cover cross sections of materi-
als which have not yet been used at ISOLDE, and will also275

be verified against new versions of the simulation codes.
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