
Ion trap program at IGISOL 

Ari Jokinen 
Department of Physics 



• Three accelerators: 
• K130:  6.4 &14 GHz ECR, H- source (early  90’s) 
• 1.7 MV Pelletron with  three ion sources (2007) 
• MCC30 p/d cyclotron (2009) 

• Over 6000 beam time hours  per  year (K130) 
• Over 200 users a year, 
• EU- Access Laboratory 
• One of the three ESA accredited test facilities 
• Part of the Department of Physics 

NuPECC Long Range plan 2010 

Accelerator Laboratory 
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Mass & decay 
spectroscopy 

Collinear laser 
spectroscopy 

Ion guide & laser ion 
source (trap) 

RFQ cooler & buncher – optical 
manipulation techniques 

FURIOS laser cabin 

IGISOL3: Spectroscopy of  exotic isotopes of  all elements 



IGISOL technique 
Target 

SextuPole 
Ion Guide 
(SPIG) 

Beam 

Extractor 

Ion guide technique 
 
p + 238U fission 
Heavy and light ion fusion 
Transfer reactions 
 
Laser ionization 



JYFLTRAP - tandem trap 

Purification trap Precision trap 
mass-selective 
buffer gas cooling TOF-ICR method 
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Basic equations for 
mass determination 

Routinely few  keV 
If required few tens of  eV (δm/m < 1·10-8) 

Routinely M/∆M ~ 105  
Space charge limit  ~105 

Good/Bad ~ 10000 

SELECT 91Tc+ 



JYFLTRAP summary 

N=50 shell closure 

N≈60 subshell 

132Sn region 

~1…20 keV precision (10-8…10-7) 

•Nuclear structure 
•Nuclear astrophysics (r process) 

rp, νp process 

SnSbTe cycle 

56Ni 

0+ → 0+ 
IMME 
mirror 

http://research.jyu.fi/igisol/JYFLTRAP_masses/ 

ββ decay, ν physics, 
rare weak decays 



Nuclear astrophysics 
Capture rates depend 
exponentially on Q-values Need accurate masses 

novae 

rp process 

νp process 

r process 

Reaction paths, 
Abundances, … 



Production 

p/d +238U/232Th 



AME vs. PT data (n-rich nuclei) 
 
A. Kankainen, J.  Äystö and A. Jokinen, J. Phys. G 39 (2012) 093101 

http://research.jyu.fi/igisol/JYFLTRAP_masses/ 
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Two-neutron separation energies 



Two-neutron separation energies 



Comparison to liquid drop model 



Cogny EDFs 

J. Hakala, R. Rodriguez-Guzman et al., EPJA 47 (2011) 129 



JYFLTRAP data in 132Sn region 

J. Hakala et al., PRL 109 (2012) 032501 

140Te 

136Sb 

135Sn 

128Cd 

131In 



Two-neutron shell gap for N=82 

82 

Shell gap 

Shell gaps at N=50 and N=82  
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Two-neutron shell gap for N=50 

J. Hakala et al., PRL 109 (2012) 032501 J. Hakala et al., PRL 101 (2008) 052502 



Odd-even mass staggering; 
a measure of  empirical pairing gap 

J. Hakala et al., PRL 109 (2012) 032501 



Spherical EDF calculations around 132Sn  

J. Hakala et al., PRL 109 (2012) 032501 



Isomeric states, T1/2 > 100 ms 

A. Kankainen et al., PRC 87 (2013) 024307 



Isomers can be separated (500 ms) 

1.7 Hz, 
233 keV/c2 

2 ppm 
MRP 500,000 

T. Eronen et al., NIM B 266 (2008) 4527 



New technique at JYFL 

Purification trap Precision trap from RFQ 

extraction 

DIPOLE RAMSEY CLEANING FOR ISOMERIC PURIFICATION 
T. Eronen et al., NIM. B 266 (2008) 4527 

For example 
10 ms – 40 ms – 10 ms 

(On - Off - On) 

VRF 

m/∆m≈106 can 
be achieved ! 

set ν+ here 

Recipe: 
• Small increase of radius 
• Time-separated oscillatory 

field  reduced linewidth 
• Additional cooling and 

centering in the purification 
trap 

• Back to precision trap 



Example: 123Cd and 123mCd 
≈140 keV 



11/2- isomers in odd-N isotopes 

NUBASE 2003 
 values 

JYFLTRAP agrees with 
the literature values of 

the well-known isomers 
in 

121Cd, 130Sn and 134Sb. 

82 

50 

1h11/2 
3s1/2 
2d3/2 
2d5/2 
1g7/2 

Odd neutron in the 
1h11/2 shell 

SYSTEMATICS of the 11/2- state 

JYFLTRAP values similar trend as for Te isotopes 

A. Kankainen et al., PRC 87 (2013) 024307 



1/2- isomers in In isotopes 

1f5/2 

In (Z=49) 
proton-hole in the 

2p1/2 shell 

50 

28 

1g9/2 
2p1/2 

2p3/2 

Old values based on beta-
decay energy differences 

Excitation energy increases from N=78 to N=80  

A. Kankainen et al., PRC 87 (2013) 024307 



Trap-assisted spectroscopy 



Example: Purification in A=115 



IGISOL experiment 
292.8 keV gamma line 
t1/2=740(80) ms ??  

1992 2007 2010 2011 

Trap-assisted test 
experiment 
First simple beta-
decay scheme 

Trap-assisted half-life 
measurement 
-t1/2(g.s)=318(19) ms 
-t1/2(i.s)=76(6) ms 

Trap-assisted beta-
decay experiment 
Extended beta-decay 
scheme 

IGISOL only 
 
 
 

IGISOL+JYFLTRAP 
 
 
 

New 
isomer 

J. Äystö et al., PRL 69, 1167 (1992) J. Kurpeta et al., EPJ A 31, 263 (2007) J. Kurpeta et al., PRC 82, 064318 (2010) J. Rissanen et al., EPJ A 47, 97 (2011) 

 Impact of  the trap: 115Ru 



Total absorption spectroscopy 
”Reactor decay heat studies” 
PRL 105 (2010) 202501 

Collaboration: 
 CIEMAT (Madrid) – IFIC (Valencia) – Inst. Nucl. Res. 
(Debrecen) – LPC (Caen) – PNPI (St. Petersburg) – Univ. 
Jyväskylä (Jyvaskyla) – UPC (Barcelona) – Univ. Surrey 
(Surrey) 

Beta-delayed neutron decay                   
Nuclear data (Valencia-JYFL) 

88,91Br, 94,95Rb, 137,138I,85,86Ge, 85As  

Trap combined with other setups … 

http://research.jyu.fi/igisol/photos/2009-11-12_spanish_neutron_detector/dsc_0224.jpg


Nuclear astrophysics 
Capture rates depend 
exponentially on Q-values Need accurate masses 

novae 

rp process 

νp process 

r process 

Reaction paths, 
Abundances, … 



Reaction rate of  25Al(p,γ)26Si 

T. Eronen et al., PRC 79, 032802(R) (2009) 

Important reaction to bypass 26Al production in 
MgAl cycle. Resonant proton captures to excites 
states above proton threshold 
 
Need to know: 
•  Energies of the final states 
•  Width of the initial and final state 
•  Proton separation energy Sp=5513.7(5) keV 

(a)  J. C. Hardy et al., Phys. Rev. C 9, 252 (1974) 
(b)  A. Parikh et al., Phys. Rev. C 71, 055804 (2005) 
(c)  JYFLTRAP 

Er = Ex - Sp 



Network of  mass measurements at A~56 

Production: 
3He/p on 54Fe/58Ni 
20Ne on Ca 
 
Analysis network: 
13 nuclides 
17 links 
 
Results: 
Sp of 57Cu directly ! 
JYFLTRAP: 689.7(5) keV 
AME03:        695(19) keV 



rp-process waiting point 56Ni 

x-ray burst timescales: 10-100 s 
T1/2 (56Ni)= 6.075 d ! 

 

rate of 56Ni(p,γ)57Cu important! 

rp process must proceed  
via proton captures on 56Ni 

rp-process path for steady-state burning 

A. Kankainen et al., PRC 82 (2010) 034311 



Reaction rate of  56Ni(p,γ)57Cu 
A. Kankainen et al., PRC 82 (2010) 034311 

JYFLTRAP: 
Q(p,γ)=689.7(5) keV 

AME03:  
Q(p,γ)= 695(19) keV 

Rates slightly higher but 
uncertainties much 

smaller 

vs 



Sr (38) 

Zr (40) 

35 36 37 38 39 40 41 42 43 44 45 46 N 47 48 49 50 51 52 53 54 55 56 57 58 59 

Y (39) 

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) 

JYFLTRAP 2007 (58Ni + 58Ni) 
V.-V. Elomaa et al., PRL 102 (2009) 252501 

T1/2 > 10 ms, ∆m > 10 keV 

stable nucleus 

JYFLTRAP 2006 (40Ca + 58Ni) 
C. Weber et al., PRC 78 (2008) 054310 
A. Kankainen et al., PRL 101 (2008) 142503  

JYFLTRAP 2005 (32S + 58Ni) 
A. Kankainen et al., EPJ A 29 (2006) 271 

T1/2 > 10 ms, 
Unknown mass 

JYFLTRAP 2006 (p/3He + natRu/106Cd) 
V.V Elomaa et al., EPJ A 40 (2009) 1 

Rp- and νp-process studies 



New era: IGISOL 4 

MCC30 
p/d cyclotron 

K130 beam line 

IGISOL front-end 

Test ion sources 

Dipole magnet 
RFQ 

Laser line 

JYFLTRAP 



New era: IGISOL 4 

MCC30 
p/d cyclotron 

K130 beam line 

IGISOL front-end 

Test ion sources 

Dipole magnet 
RFQ 

Laser line 

JYFLTRAP 

Laser hut Penning traps 

RFQ-buncher 



IGISOL and JYFLTRAP operates @ MCC30 & 
K130 cyclotrons.  
Laser and trap lines commissioned.  

Laser hut Penning traps 

RFQ-buncher 

Status 

63Cu cyclotron resonance 
5.3.2013 ~18.15 

89Mo laser resonance 
4.2.2013 16:30 

63Cu TOF-ICR 
16.4.2013 evening 



Summary 

• Successful JYFLTRAP & IGISOL 3 period 
 

• A rich program of decay studies and 
measurements of ground state properties 
(JYFLTRAP and lasers) 

• Shell evolution 
• Shape changes, new regions of deformation 
• Pairing 
• CVC hypothesis and the unitarity of CKM 
• Rare decays (Xth-forbidden beta decays, ββ, 

ECEC,) 
• Nuclear astrophysics 
• Applications 

 
• Next phase (IGISOL-IV): 

• Intensity and instrumentation upgrade 
• Flexible scheduling 
• Development and  testing time 
• New production methods, … 
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http://research.jyu.fi/igisol/JYFLTRAP_masses/ 

Searching for students, graduate students and post docs  (traps, spectroscopy, lasers) 
Contact ari.jokinen@jyu.fi  
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