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Fast orientation: (i) Jyväskylä
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Jyväskylä
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Fast orientation: (ii) JYFL
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JYFL accelerator laboratory
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Fast orientation: (iii) JYFL-ACCLAB
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K-130 heavy ion cyclotron

MCC30 light ion cyclotron
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Fast orientation: (iv) IGISOL
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Ion guide technique
• Based on survival of primary ions from nuclear reaction in helium 

buffer gas
• Fast extraction of ions is required to prevent neutralisation
• Charge state concentration:  (0), +1, (+2)

• Ion production independent of chemistry
• Produces ions of any element
• Millisecond time scale
• Very small decay losses

Target
SPIG 
electrode

Beam

Extractor
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Fission ion guide technique

Target

SPIG 
electrode

Beam

Extractor

Based on survival of primary ions from nuclear reaction in helium buffer gas
Fast extraction of ions is required to prevent neutralisation
Charge state concentration:  (0), +1, (+2)
Produces ions of any element

All elements can be studied

Ions come directly from fission
Ion rate in the formed beam corresponds to the independent fission yield

Simulations show that the
fission product distribution
of the beam is not biased
due to the mass of the
fission products
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The fission ion guide preparation
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Dipole magnet allows resolving the mass numbers…
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…for finer resolution with the JYFLTRAP
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Resolving the isobars with a Penning trap
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Operation of the purification trap

13Helsinki, Finland 30-31 October 2019 

Charged particle in elecctric fipole magnetic field: three eigenmotions

1. Modified cyclotron motion (large loop in the figure)
3. Magnetron motion (tiny loop in the figure)
2. Transversal motion

1 and 3 can be changed to each other;  the change is mass selective
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How to properly extract your yields?
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Element-dependent
(chemical) effects in 
transmission same
for all isotopes of the
same element
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Fit results for Pd




= 0.36343
<A> = 114.8 ± 0.072003
W = 2.8086 ± 0.058443
Y = 100 ± 0.38865
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  Fit results for Br

 

  = 0.13871

 <A> = 86.829 ± 0.06904
  W = 2.7066 ± 0.11047
  Y = 100 ± 4.6643
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  Fit results for Rb
 


  = 3.7498

 <A> = 92.114 ± 0.046949
  W = 2.6151 ± 0.056959
  Y = 100 ± 4.6665
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  Fit results for Y

 

  = 1.5109

 <A> = 96.841 ± 0.082338
  W = 2.778 ± 0.085224
  Y = 100 ± 2.3414
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  Fit results for Pd

 

  = 0.36343

 <A> = 114.8 ± 0.072003
  W = 2.8086 ± 0.058443
  Y = 100 ± 0.38865
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  Fit results for Ru
 


  = 1.5816

 <A> = 109.59 ± 0.050538
  W = 2.5371 ± 0.050741
  Y = 100 ± 0.95159
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  Fit results for In
 


  = 0.30896

 <A> = 123.49 ± 0.077068
  W = 2.6972 ± 0.063651
  Y = 100 ± 1.3324

Independent isotopic FY measured
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From independent isotopic yields to independent FY
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Independent fission yields and mass yield market
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Neutron induced fission
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Neutron converter

Ion guide

Proton beam

SPIG electrode

A design of a large gas cell is in progress is in progress with the
support of European Commission (SANDA project)
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Isomeric yield ratios and separation of isomers
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Isomeric yield ratio measurements give a handle on the initial spin of fission fragments

O. Litaize and O. Serot,
PRC 82, (2010)
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Isomeric yield ratios and separation of isomers
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JYFLTRAP: PI-ICR, tacc = 42 msJYFLTRAP: 
Buffer-gas cooling technique

V. Rakopoulos et al., PRC 98, 024612 (2018)

Results (YIR) from both techniques are in a good agreement! 

Isomeric yield ratio measurements give a handle on the initial spin of fission fragments
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Principle of position imaging spectrometry
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Charged particles follow the field lines – the
field magnifies the distance or a released
particle from trap center

Magnetron motion velocity depends on ion
mass
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Separation of isomers
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127In+, tacc = 140 ms
119Cd+, tacc = 416 ms
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yield
ratios
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Conclusions
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A technique to determine independent fission yields with a Penning trap has been developed in JYFL 
accelerator laboratory in the University of Jyvaskyla.

The method determines relative independent isotopic fission yields.  If the mass yields and total fission 
cross section are known, the absolute independent fission yields can be extracted.

Method has been commissioned by proton induced fission of natU.  It has been utilised to proton induced
fission of natural thorium, deuterium induced fission of natural uranium, and fast neutron induced fission of 
natural uranium.

In addition, method has been applied to determine the isomeric yield ratios in fission. The recent PI-ICR 
(position imaging ion cyclotron resonance) technique that allows separating isomers with mass difference
as low as 50 keV has allowed systematic precision studies in this field.

Preparations to improve the yield of neutron induced fission products to study the neutron induced fission 
yields are underway, partly supported by European Commission. 
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In addition, a really marvellous proof of the true meaning of life was discovered during these studies, which this margin is too narrow to contain


