
Manipulation of slow radioactive ions 
by trapping

Gas-filled RFQ: principle
Penning trap: principle

What can we do with these devices?

Cooling and bunching (RFQ and PT)
Isobar separation (PT)
Yield or cross section measurements
Trap-assisted spectroscopy

in-trap decay
post-trap decay spectroscopy

Direct mass measurements
Optical pumping (RFQ)
Isomer separation (PT)

Thanks to many colleagues at IGISOL group + K. Blaum, G. Bollen, J. Kluge,
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Penning trap
Mass measurements
Penning trap
Mass measurements

Collinear laser 
spectroscopy
Collinear laser 
spectroscopy

Decay spectroscopyDecay spectroscopy

TOF mass 
measurements
TOF mass 
measurements

In-flight fragments
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Ion Manipulation in Spectroscopy of Exotic NucleiIon Manipulation in Spectroscopy of Exotic Nuclei
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STORAGE DEVICES FOR RADIOACTIVE BEAMSSTORAGE DEVICES FOR RADIOACTIVE BEAMSSTORAGE DEVICES FOR RADIOACTIVE BEAMS

See for a nice review article: K. Blaum, Phys. Rep. 425 (2006) 1



Storage rings and Penning traps for high-accuracy measurements worldwide



A=100,  q=1,  B=7 T
• f+ ≈ 1 MHz
• f- ≈ 1 kHz
• fz ≈ 44 kHz
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• fz ≈ 44 kHz

�Three harmonic eigenmotions
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Ion motion in a Penning trap

B

1.  Axial motion:

2.  Magnetron motion (slow):

3. Reduced Cyclotronmotion (fast):

1.  Axial motion:
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Resonance frequency measurement – the time of flight technique
- M. König et al, Int. J. Mass. Spec Ion Proc. 142 (199 5) 95

Resonance frequency measurement – the time of flight technique
- M. König et al, Int. J. Mass. Spec Ion Proc. 142 (199 5) 95
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f: 833555.688(5) Hz

p: 4 x 10-6 mbar
Axial E: 0.4467(25) eV
ρ(ω−): 1.026(29) mm
ρ(ω+): 0.025(13) mm
Phase: 3.15(11) rad
Time: 387(4) ms
Amplitude: 18.1(8) mV
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PERFORMANCE: 
R = 106 ... 107

δδδδm/m = 10 -7.. 10-8

T1/2 > 100 ms
Eff. = 40 %
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Injection of ions into a Penning trap ?

Solution: buffer-gas filled RFQ trap



RF-wall with the funnel
S. Heinz, LMU

Tested on-line at JYFL

RF-multipole structure
A. Nieminen, JYFL
F. Herfurth, ISOLTRAP
D. Lunney, MISTRAL cooler

Emittance 3 π mm mrad
Energy spread 0.5 eV
Bunch width 10 µs
Transmission 70 %

RF

D.Lunney, CSNSM-Orsay

Combination of buffer gas cooling and RF-confinement
• To reduce the emittance and the energy spread
• Optional bunching the DC-beam



Mathieu parameter
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Ion motion is stable when 0 < q < 0.91

0.0 0.2 0.4 0.6 0.8 1.0
0

5

10

15

20

25

30

138Ba Buffer gas pressure 1.4 mbar (pirani reading)

ITOT
IEP
IFC

I [
pA

]

Mathieu q

0 50 100 150 200 250
Vrf(0-p)

Ion beam cooler: RF confinement

+

+

__ +



Cooling and bunching of low-energy RIBs
Nucl. Instr. Meth. A469, Issue 2
Cooling and bunching of low-energy RIBs
Nucl. Instr. Meth. A469, Issue 2

ISOLTRAP

JYFLTRAP

McGill at Montreal

Huge impact on: - sensitivity in collinear laser spectrocopy (x 105) 
- optical pumping applications
- fast/efficient injection into Penning traps

Huge impact on: - sensitivity in collinear laser spectrocopy (x 105) 
- optical pumping applications
- fast/efficient injection into Penning traps



1 m

B u n c h es ,
3 k e V e n erg y

6 0 k e V IS O L D E -

io n b ea m

1
c m

5
cm

6 0 0 0 0 V

B = 4.7 T

B = 6 T

Linear RFQ trap

ISOLTRAP

A. Herlert, et al., Int. J. Mass Spectrom. 251, (2006) 131

Trap at ISOL facilityTrap at ISOL facility



≈ 100 MeV/u

≈ 1 eV

Penning trap mass 
measurements

Laser spectroscopy soon

Gas 
stopping

Beam 
preparation

LEBIT

[18] G. Bollen, D. Davies, M. Facina, et al., Phys. Rev. Lett. 96, 152501 (2006).

NSCL-MSU

Trap at fragmentation facilityTrap at fragmentation facility



Double Penning TrapDouble Penning Trap

RFQ cooler & 
buncher
RFQ cooler & 
buncher

Collinear laser 
spectroscopy
Collinear laser 
spectroscopy

Lasers for 
FURIOS
Lasers for 
FURIOS

Ion guide
Target
Ion guide
Target

JYFLTRAP-facility



RFQ

Spectroscopy

7 T superconducting solenoid @ 30 kV:
Purification trap (∆M/M < 10-5):
Precision trap (∆M/M < 10-6):

V. Kolhinen et al., NIM A 528 (2004) 776 
S. Rinta-Antila et al., PRC 70 (2004) 011301(R)
A. Jokinen et al., IJMS 251 (2006) 241
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Traps at IGISOL facilityTraps at IGISOL facility

120Pd



Penning trap purification cycle

Ion bunch
from RFQ  in… Caught! Cooling in gas 

collisions

… are dipole excited first… Mass selective quadrupole excitation…

…centers the chosen ones

Finally, out of the trap they go

…to the trap

…to a larger radius…and the cooled ions…

Cartoon by T. Eronen and H. Penttilä



Selection of the good ones: eye of a needle
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Example: A= 115 mass scanExample: A= 115 mass scan
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Purification cycle: 110 ms
Mass Resolving Power ~ 30000

935000 935200 935400
1

10

100

1000

115Cd

115Ag
115Rh

115Ru

 

 

C
ou

nt
s

Purification trap frequency / Hz

115Tc

Collection time = 8.8 sec !

New isotope



Independent fission yieldsIndependent fission yields

Mo

Tc

A = 111 Ru Rh

Quadrupole frequency (mass selective centering)

Easy as 1-2-3:

All primary isotopes directly from
reaction

Isotopes of all produced elements

Yield disrtibution related to the 
independent fission cross sections

But:

Chemical effects: ion guide (and trap!) 
efficiency NOT same for all elements

Measured: relative isotope yield
dirstibutions for each element

Mass cross sections needed for 
absolute independent cross sections



Ce 144145146147 149

Yields in 25 MeV p + 238U La 137138139140141142143144145146147148149

Ba 137138139140141142143144145146147148

Experiment IG3021 (Aug 2005) Cs 133 137138139140141142143144145

Experiment IG3035 (Jan 2006) Xe 124 126 129 130131 133 137138139140141142143

I 129 131 133134135136137138139140

Stable nucleus Te 131 133134135136137

Sb 130131132133134135

Sn 120121122123124125126127128 130 133

In 120121122123124125126127

Cd 115116117118119120121122123124125126127

Ag 113114115116117118119120121122123

Pd 109110111112113114115116117118119120121

Rh 109110111112113114115116117

Ru 103104105106107108109110111112113114

Tc 101102103104105106107108109110111112113

Mo 99100101102103104105106107108109110

Nb 97 98 99100101102103104105106107

Zr 96 97 98 99100101102103104105

Y 92 93 94 95 96 97 98 99100101102103

Sr 91 92 93 94 95 96 97 98 99100101102

Rb 88 89 90 91 92 93 94 95 96 97 98 99

Kr 85 88 89 90 91 92 93 94 95

Br 81 82 83 84 85 86 87 88 89 90 91 92

Se 79 80 81 82 83 84 85 86 87 88 89

As 77 78 79 80 81 82 83 84

Ge 76 77 78 79 80 81 82 83 84

Ga 75 76 77 78 79 80 81 82 83 84

Zn 74 75 76 77 78 79 80 81 82 83

Prompt fission yields for 25 MeV p + 238UPrompt fission yields for 25 MeV p + 238U



Comparison to existing dataComparison to existing data

Data on proton induced fission in these
projectile energies sparse!

Most reasonable data set from 1972 
B.L.Tracy et al, Phys Rev C 5, 222

Also based on directly counting ions

Agreement between data depends
pretty much which error you apply on 
the data points



Post-trap spectroscopyPost-trap spectroscopy

Isotopically and isomerically pure sources



J. Rissanen et al. (2006)

Decay spectroscopy on mass-purified samples of exotic nucleiDecay spectroscopy on mass-purified samples of exotic nuclei



The first decay study of 115RuThe first decay study of 115Ru

Ru-filter

No filter



Decay of strongly deformed 100,102,104ZrDecayDecay of of stronglystrongly deformeddeformed 100,102,104100,102,104ZrZr

Ru

S. Rinta-Antila et al., EPJA  

Transmission 40 %

Excellent ion optics after the trap
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In-trap spectroscopy



In-trap spectroscopy

CE- detector

Ions in

Annular γ-detector

β-detector

β-detectorIon cloud

CP detector

Ion beam coolers in nuclear physics,
J. Äystö and A. Jokinen
J. Phys. B 36 (2003) 573

free of source effects
high efficiency



(α,e-) position information
� τ(E2) transition



JYFLTRAP in conversion electron spectroscopy

J. Rissanen  Diploma thesis 2005

Canberra RD EB 10GCCanberra RD EB 10GC--500P500P
ThicknessThickness 500 500 µµmm
ActiveActive areaarea 10 mm10 mm2 2 ( r = 1.78 mm)( r = 1.78 mm)
DeadDead layerlayer 250 250 ÅÅ
PA 1201 PA 1201 PrePre ampamp
ResolutionResolution lessless thanthan 1 1 keVkeV for 59.5 for 59.5 XrayXray 241241AmAm



In-trap spectroscopy; commissioning run for 117mPd

J. Rissanen et al. (2006)

� 238U(p,f) @ 25 MeV
� 10 mm2 Si-detector @ B=0.7 T
� Excellent lineshape
� Efficient collection of electrons
� Background-free spectra
� Extends to very low energies
� No X-rays !
� Applicable to rather short-lived states
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Online Results: 117mPd and 118m2In

J. Rissanen  et al. to be published

117mPd

118m2In

Transport efficiency 
REXTRAP


