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Atomic masses of radionuclides

The ISOLTRAP experiment

Principle of mass measurement

Recent experimental results
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In total: 3180 nuclides
Measured masses: 2228 

Atomic Mass Evaluation 2003

all nuclides

G. Audi, A.H. Wapstra, C. Thibault, Nucl. Phys. A 729
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In total: 1158 nuclides

Atomic Mass Evaluation 2003

δm/m < 10-7

G. Audi, A.H. Wapstra, C. Thibault, Nucl. Phys. A 729
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In total: 181 nuclides

Atomic Mass Evaluation 2003

δm/m < 10-8

G. Audi, A.H. Wapstra, C. Thibault, Nucl. Phys. A 729
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In total: 24 nuclides

Atomic Mass Evaluation 2003

δm/m < 10-9

G. Audi, A.H. Wapstra, C. Thibault, Nucl. Phys. A 729



• operating facilities    • facilities under construction or test     • planned facilities
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Argonne• • MSU
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GSI •
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ISOLTRAP
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ATHENA
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• Munich
CERN • RIKEN TRAP

Penning traps at accelerators



Production of radioactive nuclides at ISOLDE
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ISOLDE/CERN

Production of radioactive nuclides at ISOLDE



ISOLTRAP: Experimental setup
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B = 5.9 T

2 
m

G. Bollen, et al., NIM A 368, 675 (1996)
F. Herfurth, et al., NIM A 469, 264 (2001)

determination of 
cyclotron frequency

(R = 107)

removal of 
contaminant ions

(R = 105)

Bunching of the
continuous beam

ISOLTRAP: Experimental setup
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Principle of mass determination

Example: 85Rb (900ms excitation duration)
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Example: 85Rb (900ms excitation duration)
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Ir
198 122 124

76 Os
162

Os
163

Os
164

Os
165

Os
166

Os
167

Os
168

Os
169

Os
170

Os
171

Os
172

Os
173

Os
174

Os
175

Os
176

Os
177

Os
178

Os
179

Os
180

Os
181

Os
182

Os
183

Os
184

Os
185

Os
186

Os
187

Os
188

Os
189

Os
190

Os
191

Os
192

Os
193

Os
194

Os
195

Os
196

75 Re
160

Re
161

Re
162

Re
163

Re
164

Re
165

Re
166

Re
167

Re
168

Re
169

Re
170

Re
171

Re
172

Re
173

Re
174

Re
175

Re
176

Re
177

Re
178

Re
179

Re
180

Re
181

Re
182

Re
183

Re
184

Re
185

Re
186

Re
187

Re
188

Re
189

Re
190

Re
191

Re
192 118 120

74 W
158

W
159

W
160

W
161

W
162

W
163

W
164

W
165

W
166

W
167

W
168

W
169

W
170

W
171

W
172

W
173

W
174

W
175

W
176

W
177

W
178

W
179

W
180

W
181

W
182

W
183

W
184

W
185

W
186

W
187

W
188

W
189

W
190

73 Ta
156

Ta
157

Ta
158

Ta
159

Ta
160

Ta
161

Ta
162

Ta
163

Ta
164

Ta
165

Ta
166

Ta
167

Ta
168

Ta
169

Ta
170

Ta
171

Ta
172

Ta
173

Ta
174

Ta
175

Ta
176

Ta
177

Ta
178

Ta
179

Ta
180

Ta
181

Ta
182

Ta
183

Ta
184

Ta
185

Ta
186 114 116

72 Hf
154

Hf
155

Hf
156

Hf
157

Hf
158

Hf
159

Hf
160

Hf
161

Hf
162

Hf
163

Hf
164

Hf
165

Hf
166

Hf
167

Hf
168

Hf
169

Hf
170

Hf
171

Hf
172

Hf
173

Hf
174

Hf
175

Hf
176

Hf
177

Hf
178

Hf
179

Hf
180

Hf
181

Hf
182

Hf
183

Hf
184

Hf
185

71 Lu
150

Lu
151

Lu
152

Lu
153

Lu
154

Lu
155

Lu
156

Lu
157

Lu
158

Lu
159

Lu
160

Lu
161

Lu
162

Lu
163

Lu
164

Lu
165

Lu
166

Lu
167

Lu
168

Lu
169

Lu
170

Lu
171

Lu
172

Lu
173

Lu
174

Lu
175

Lu
176

Lu
177

Lu
178

Lu
179

Lu
180

Lu
181

Lu
182

Lu
183

Lu
184

70 Yb
151

Yb
152

Yb
153

Yb
154

Yb
155

Yb
156

Yb
157

Yb
158

Yb
159

Yb
160

Yb
161

Yb
162

Yb
163

Yb
164

Yb
165

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

Yb
179

Yb
180 112

69 Tm
145

Tm
146

Tm
147

Tm
148

Tm
149

Tm
150

Tm
151

Tm
152

Tm
153

Tm
154

Tm
155

Tm
156

Tm
157

Tm
158

Tm
159

Tm
160

Tm
161

Tm
162

Tm
163

Tm
164

Tm
165

Tm
166

Tm
167

Tm
168

Tm
169

Tm
170

Tm
171

Tm
172

Tm
173

Tm
174

Tm
175

Tm
176

Tm
177 110

68 Er
145

Er
146

Er
147

Er
148

Er
149

Er
150

Er
151

Er
152

Er
153

Er
154

Er
155

Er
156

Er
157

Er
158

Er
159

Er
160

Er
161

Er
162

Er
163

Er
164

Er
165

Er
166

Er
167

Er
168

Er
169

Er
170

Er
171

Er
172

Er
173

Er
174 108

67 Ho
141

Ho
144

Ho
145

Ho
146

Ho
147

Ho
148

Ho
149

Ho
150

Ho
151

Ho
152

Ho
153

Ho
154

Ho
155

Ho
156

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

Ho
171

Ho
172 106

66 Dy
141

Dy
142

Dy
143

Dy
144

Dy
145

Dy
146

Dy
147

Dy
148

Dy
149

Dy
150

Dy
151

Dy
152

Dy
153

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

Dy
167

Dy
168

Dy
169 104

65 Tb
140

Tb
141

Tb
142

Tb
143

Tb
144

Tb
145

Tb
146

Tb
147

Tb
148

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

Tb
164

Tb
165

Tb
166 102

64 Gd
135

Gd
137

Gd
139

Gd
140

Gd
141

Gd
142

Gd
143

Gd
144

Gd
145

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

Gd
163

Gd
164

Gd
165

63 Eu
131

Eu
134

Eu
135

Eu
136

Eu
137

Eu
138

Eu
139

Eu
140

Eu
141

Eu
142

Eu
143

Eu
144

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
158

Eu
159

Eu
160

Eu
161

Eu
162 100

62 Sm
131

Sm
132

Sm
133

Sm
134

Sm
135

Sm
136

Sm
137

Sm
138

Sm
139

Sm
140

Sm
141

Sm
142

Sm
143

Sm
144

Sm
145

Sm
146

Sm
147

Sm
148

Sm
149

Sm
150

Sm
151

Sm
152

Sm
153

Sm
154

Sm
155

Sm
156

Sm
157

Sm
158

Sm
159

Sm
160

Sm
161

61 Pm
130

Pm
132

Pm
133

Pm
134

Pm
135

Pm
136

Pm
137

Pm
138

Pm
139

Pm
140

Pm
141

Pm
142

Pm
143

Pm
144

Pm
145

Pm
146

Pm
147

Pm
148

Pm
149

Pm
150

Pm
151

Pm
152

Pm
153

Pm
154

Pm
155

Pm
156

Pm
157

Pm
158

60 Nd
127

Nd
129

Nd
130

Nd
131

Nd
132

Nd
133

Nd
134

Nd
135

Nd
136

Nd
137

Nd
138

Nd
139

Nd
140

Nd
141

Nd
142

Nd
143

Nd
144

Nd
145

Nd
146

Nd
147

Nd
148

Nd
149

Nd
150

Nd
151

Nd
152

Nd
153

Nd
154

Nd
155

Nd
156

Nd
157

59 Pr
124

Pr
125

Pr
126

Pr
127

Pr
128

Pr
129

Pr
130

Pr
131

Pr
132

Pr
133

Pr
134

Pr
135

Pr
136

Pr
137

Pr
138

Pr
139

Pr
140

Pr
141

Pr
142

Pr
143

Pr
144

Pr
145

Pr
146

Pr
147

Pr
148

Pr
149

Pr
150

Pr
151

Pr
152

Pr
153

Pr
154

Pr
155

Pr
156

Pr
157

58 Ce
123

Ce
124

Ce
125

Ce
126

Ce
127

Ce
128

Ce
129

Ce
130

Ce
131

Ce
132

Ce
133

Ce
134

Ce
135

Ce
136

Ce
137

Ce
138

Ce
139

Ce
140

Ce
141

Ce
142

Ce
143

Ce
144

Ce
145

Ce
146

Ce
147

Ce
148

Ce
149

Ce
150

Ce
151

Ce
152

Ce
153

Ce
154

Ce
155

Ce
156

57 La
120

La
121

La
122

La
123

La
124

La
125

La
126

La
127

La
128

La
129

La
130

La
131

La
132

La
133

La
134

La
135

La
136

La
137

La
138

La
139

La
140

La
141

La
142

La
143

La
144

La
145

La
146

La
147

La
148

La
149

La
150

La
151

La
152

La
153

La
154 98

64 66 68 70 72 74 76 78 80 82 84 86 88 90 92 94 96

Ra
231

Ra
232

Ra
233

Ra
234

Fr
230

Fr
231

Fr
231 146

144

112 277

111 272

110 267 269 271 273

109 Mt
266

Mt
268 164

108 Hs
263

Hs
264

Hs
265

Hs
267

Hs
269

107 Bh
260

Bh
261

Bh
262

Bh
264 162

106 Sg
258

Sg
259

Sg
260

Sg
261

Sg
263

Sg
265

Sg
266

105 Db
255

Db
256

Db
257

Db
258

Db
260

Db
261

Db
262

Db
263

104 Rf
253

Rf
254

Rf
255

Rf
256

Rf
257

Rf
258

Rf
259

Rf
260

Rf
261

Rf
262

103 Lr
252

Lr
253

Lr
254

Lr
255

Lr
256

Lr
257

Lr
258

Lr
259

Lr
260

Lr
261

Lr
262

102 No
250

No
251

No
252

No
253

No
254

No
255

No
256

No
257

No
258

No
259

No
260

No
262

101 Md
245

Md
246

Md
247

Md
248

Md
249

Md
250

Md
251

Md
252

Md
253

Md
255

Md
256

Md
257

Md
258

Md
259

Md
260 160

100 Fm
242

Fm
243

Fm
244

Fm
245

Fm
246

Fm
247

Fm
248

Fm
249

Fm
250

Fm
251

Fm
252

Fm
253

Fm
254

Fm
255

Fm
256

Fm
257

Fm
258

Fm
259

99 Es
241

Es
242

Es
243

Es
244

Es
245

Es
246

Es
247

Es
248

Es
249

Es
250

Es
251

Es
252

Es
253

Es
254

Es
255

Es
256

Es
257

98 Cf
237

Cf
238

Cf
239

Cf
240

Cf
241

Cf
242

Cf
243

Cf
244

Cf
245

Cf
246

Cf
247

Cf
248

Cf
249

Cf
250

Cf
251

Cf
252

Cf
253

Cf
254

Cf
255

Cf
256

97 Bk
238

Bk
240

Bk
242

Bk
243

Bk
244

Bk
245

Bk
246

Bk
247

Bk
248

Bk
249

Bk
250

Bk
251 156 158

96 Cm
238

Cm
239

Cm
240

Cm
241

Cm
242

Cm
243

Cm
244

Cm
245

Cm
246

Cm
247

Cm
248

Cm
249

Cm
250

Cm
251

95 Am
232

Am
232

Am
234

Am
235

Am
236

Am
237

Am
238

Am
239

Am
240

Am
241

Am
242

Am
243

Am
244

Am
245

Am
246

Am
247 154

94 Pu
228

Pu
229

Pu
230

Pu
231

Pu
232

Pu
233

Pu
234

Pu
235

Pu
236

Pu
237

Pu
238

Pu
239

Pu
240

Pu
241

Pu
242

Pu
243

Pu
244

Pu
245

Pu
246

Pu
247

93 Np
225

Np
226

Np
227

Np
228

Np
229

Np
230

Np
231

Np
232

Np
233

Np
234

Np
235

Np
236

Np
237

Np
238

Np
239

Np
240

Np
241

Np
242

Np
243

Np
244 152

92 U
218

U
219

U
222

U
223

U
224

U
225

U
226

U
227

U
228

U
229

U
230

U
231

U
232

U
233

U
234

U
235

U
236

U
237

U
238

U
239

U
240

U
242

91 Pa
212

Pa
213

Pa
214

Pa
215

Pa
216

Pa
217

Pa
218

Pa
219

Pa
220

Pa
221

Pa
222

Pa
223

Pa
224

Pa
225

Pa
226

Pa
227

Pa
228

Pa
229

Pa
230

Pa
231

Pa
232

Pa
233

Pa
234

Pa
235

Pa
236

Pa
237

Pa
238 148 150

122 124 126 128 130 132 134 136 138 140 142 144 146

Md
254

β+ β- α sf p stable

Mass measured at ISOLTRAP
Reference mass

85Rb

23Na

39K 133Cs

Stable alkali ions as mass references



21 Sc
40

Sc
41

Sc
42

Sc
43

Sc
44

Sc
45

Sc
46

Sc
47

Sc
48

Sc
49

Sc
50

Sc
51

Sc
52

Sc
53

Sc
54

Sc
55

20 Ca
35

Ca
36

Ca
37

Ca
38

Ca
39

Ca
40

Ca
41

Ca
42

Ca
43

Ca
44

Ca
45

Ca
46

Ca
47

Ca
48

Ca
49

Ca
50

Ca
51

Ca
52

Ca
53

19 K
35

K
36

K
37

K
38

K
39

K
40

K
41

K
42

K
43

K
44

K
45

K
46

K
47

K
48

K
49

K
50

K
51

K
52

K
53

K
54

18 Ar
31

Ar
32

Ar
33

Ar
34

Ar
35

Ar
36

Ar
37

Ar
38

Ar
39

Ar
40

Ar
41

Ar
42

Ar
43

Ar
44

Ar
45

Ar
46

Ar
47

Ar
48

Ar
49

Ar
50

Ar
51

17 Cl
31

Cl
32

Cl
33

Cl
34

Cl
35

Cl
36

Cl
37

Cl
38

Cl
39

Cl
40

Cl
41

Cl
42

Cl
43

Cl
44

Cl
45

Cl
46

Cl
47

Cl
48

Cl
49

Cl
51

16 S
27

S
28

S
29

S
30

S
31

S
32

S
33

S
34

S
35

S
36

S
37

S
38

S
39

S
40

S
41

S
42

S
43

S
44

S
45

S
46

S
47

S
48 34

15 P
26

P
27

P
28

P
29

P
30

P
31

P
32

P
33

P
34

P
35

P
36

P
37

P
38

P
39

P
40

P
41

P
42

P
43

P
44

P
45

P
46 32

14 Si
22

Si
23

Si
24

Si
25

Si
26

Si
27

Si
28

Si
29

Si
30

Si
31

Si
32

Si
33

Si
34

Si
35

Si
36

Si
37

Si
38

Si
39

Si
40

Si
41

Si
42 30

13 Al
22

Al
23

Al
24

Al
25

Al
26

Al
27

Al
28

Al
29

Al
30

Al
31

Al
32

Al
33

Al
34

Al
35

Al
36

Al
37

Al
38

Al
39 28

12 Mg
20

Mg
21

Mg
22

Mg
23

Mg
24

Mg
25

Mg
26

Mg
27

Mg
28

Mg
29

Mg
30

Mg
31

Mg
32

Mg
33

Mg
34

Mg
35

Mg
36 26

11 Na
19

Na
20

Na
21

Na
22

Na
23

Na
24

Na
25

Na
26

Na
27

Na
28

Na
29

Na
30

Na
31

Na
32

Na
33

Na
34

Na
35

10 Ne
16

Ne
17

Ne
18

Ne
19

Ne
20

Ne
21

Ne
22

Ne
23

Ne
24

Ne
25

Ne
26

Ne
27

Ne
28

Ne
29

Ne
30

Ne
32 24

9 F
15

F
16

F
17

F
18

F
19

F
20

F
21

F
22

F
23

F
24

F
25

F
26

F
27

F
29 22

8 O
12

O
13

O
14

O
15

O
16

O
17

O
18

O
19

O
20

O
21

O
22

O
23

O
24 18 20

7 N
11

N
12

N
13

N
14

N
15

N
16

N
17

N
18

N
19

N
20

N
21

N
22

N
23

6 C
8

C
9

C
10

C
11

C
12

C
13

C
14

C
15

C
16

C
17

C
18

C
19

C
20

C
22

5 B
7

B
8

B
9

B
10

B
11

B
12

B
13

B
14

B
15

B
17

B
19 16

4 Be
6

Be
7

Be
8

Be
9

Be
10

Be
11

Be
12

Be
14 12 14

3 Li
5

Li
6

Li
7

Li
8

Li
9

Li
10

Li
11 10

2 He
3

He
4

He
5

He
6

He
7

He
8

He
9

H
1

H
2

H
3 4 6 8

2n
1

1

56

58

60

62

57 La
120

La
121

La
122

La
123

La
124

La
125

La
126

La
127

La
128

La
129

La
130

La
131

La
132

La
133

La
134

La
135

La
136

La
137

La
138

La
139

La
140

La
141

La
142

La
143

La
144

La
145

La
146

La
147

La
148

La
149

La
150

La
151

La
152

La
153

La
154

56 Ba
114

Ba
115

Ba
116

Ba
117

Ba
118

Ba
119

Ba
120

Ba
121

Ba
122

Ba
123

Ba
124

Ba
125

Ba
126

Ba
127

Ba
128

Ba
129

Ba
130

Ba
131

Ba
132

Ba
133

Ba
134

Ba
135

Ba
136

Ba
137

Ba
138

Ba
139

Ba
140

Ba
141

Ba
142

Ba
143

Ba
144

Ba
145

Ba
146

Ba
147

Ba
148

Ba
149

Ba
150

Ba
151

Ba
152

Ba
153

55 Cs
112

Cs
113

Cs
114

Cs
115

Cs
116

Cs
117

Cs
118

Cs
119

Cs
120

Cs
121

Cs
122

Cs
123

Cs
124

Cs
125

Cs
126

Cs
127

Cs
128

Cs
129

Cs
130

Cs
131

Cs
132

Cs
133

Cs
134

Cs
135

Cs
136

Cs
137

Cs
138

Cs
139

Cs
140

Cs
141

Cs
142

Cs
143

Cs
144

Cs
145

Cs
146

Cs
147

Cs
148

Cs
149

Cs
150

Cs
151

Cs
152

54 Xe
110

Xe
111

Xe
112

Xe
113

Xe
114

Xe
115

Xe
116

Xe
117

Xe
118

Xe
119

Xe
120

Xe
121

Xe
122

Xe
123

Xe
124

Xe
125

Xe
126

Xe
127

Xe
128

Xe
129

Xe
130

Xe
131

Xe
132

Xe
133

Xe
134

Xe
135

Xe
136

Xe
137

Xe
138

Xe
139

Xe
140

Xe
141

Xe
142

Xe
143

Xe
144

Xe
145

Xe
146

Xe
147 94 96

53 I
108

I
109

I
110

I
111

I
112

I
113

I
114

I
115

I
116

I
117

I
118

I
119

I
120

I
121

I
122

I
123

I
124

I
125

I
126

I
127

I
128

I
129

I
130

I
131

I
132

I
133

I
134

I
135

I
136

I
137

I
138

I
139

I
140

I
141

I
142

I
143

I
144 92

52 Te
106

Te
107

Te
108

Te
109

Te
110

Te
111

Te
112

Te
113

Te
114

Te
115

Te
116

Te
117

Te
118

Te
119

Te
120

Te
121

Te
122

Te
123

Te
124

Te
125

Te
126

Te
127

Te
128

Te
129

Te
130

Te
131

Te
132

Te
133

Te
134

Te
135

Te
136

Te
137

Te
138

Te
139

Te
140

Te
141

Te
142

51 Sb
103

Sb
104

Sb
105

Sb
106

Sb
107

Sb
108

Sb
109

Sb
110

Sb
111

Sb
112

Sb
113

Sb
114

Sb
115

Sb
116

Sb
117

Sb
118

Sb
119

Sb
120

Sb
121

Sb
122

Sb
123

Sb
124
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Mass measured at ISOLTRAP
Reference mass
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C3
C4

C4

C5

C6

C7

C8

C9

C10 C11 C12

C11

C12

C13

C14

C15

C16

C17

C18 C19

C18

C19

C20

C21

C22

C1

K. Blaum et al., EPJ A 15, 245 (2002)

Carbon clusters as mass references
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ISOLTRAP mass measurements in 2004-2005

71-81Zn
71-81Zn

Nuclides measured
in 2004/2005

Nuclides measured
in 2004/2005

118,120,122-124Cd
118,120,122-124Cd

126Xe, 136Xe
126Xe, 136Xe

127,128,131-134Sn
127,128,131-134Sn

84Kr, 86-95Kr
84Kr, 86-95Kr

35-38K, 43-46K
35-38K, 43-46K

17Ne, 19Ne
17Ne, 19Ne

22Mg
22Mg

21-22Na
21-22Na

Highlights

Nuclide Half-life Uncertainty
17Ne
22Mg
35K

109 ms

3.86 s

178 ms

530 eV

270 eV

530 eV
81Zn 290 ms 3.45 keV
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Solving the mass discrepancy of 22Mg
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ISOLDE target for Zn run

courtesy: T. Stora et al.

UCx target
RILIS

quartz transfer line

protons
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Preliminary result for mass excess Zn
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Decay in the buffer-gas-filled preparation trap

ZXA
Z-1Y
A e++

produced
at ISOLDE

not produced
at ISOLDE
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Make more radioactive
species available
Nearly simultaneous ωc
measurement of mother 
and daughter nuclei
Test candidate: 37K 37Ar

Make more radioactive
species available
Nearly simultaneous ωc
measurement of mother 
and daughter nuclei
Test candidate: 37K 37Ar

A novel idea: In-trap decay mass spectrometry

Herlert et al., New J. Phys. 7, 44 (2005)



In-trap decay results

mass spetrometry
of daughter nuclide

37K+ 37Ar+

Elements/isotopes which are in principle not produced are accessible!
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• mass determination with a time-of-flight cyclotron resonance
detection technique

limited by:
nuclide production rate above 100 s-1

half-life (so far) over 65ms
systematic uncertainty limit: 

Summary

• so far mass measurements on more than 300 radionuclides 
at ISOLTRAP for tests of nuclear structure, mass models,
a contributions to a CKM unitarity test, ...

• new techniques and development:
in-trap decay method, new ion sources and detector,
magnetic field stabilization, new excitation schemes, ...

(δm/m)lim = 8 10-9
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Not to forget …


