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Outline

• Neutron-rich nuclides for the r-process

• The IGISOL facility at the ACCLAB

• The JYFLTRAP Penning trap

• Recent mass measurements at JYLFTRAP

• Summary
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The rapid neutron-capture process
The origin of elements heavier than iron

Astrophysical process paths

➢ The r-process path proceeds far away from stability!

The r-process

▪ Half of the heavy elemental abundances
▪ Experimental evidence from the merger GW170817

➢ Unclear origin of the rare-earth peak
➢ Experimental data like nuclear masses are needed
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IGISOL facility 
JYFL Accelerator Laboratory
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Primary beam
(protons, deuterons, 
alphas, heavy ions)

❖ p,d induced fission/fusion evaporation on a thin target
❖ Fast and chemically non-selective

Dipole Magnet
(m/q separation)



IGISOL facility 
JYFL Accelerator Laboratory

Primary beam
(protons, deuterons, 
alphas, heavy ions)

Dipole Magnet
(m/q separation)

518.08.2025 Nuclear Masses in Astrophysics for the Next 25 Years Workshop

Atom trap line
(MOT)

Switchyard
(distributes the beam)

Spec line
(decay studies)

Central line
(experiments with bunched beams)

Target
chamber



IGISOL facility
JYFL Accelerator Laboratory

Primary beam
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Target
chamber

❖ Thermalized and confined beam
❖ Collected in a potential well
❖ Extracted as bunches

Dipole Magnet
(m/q separation)
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JYFLTRAP
Double Penning trap mass spectrometer

What we have

❖ Homogeneous 7T B field (back in business)

❖ 100V deep quadrupole potential

❖ Cylindrical geometry

What we want

❖ Free space cyclotron frequency :  ν𝒄=
𝒒𝑩

𝟐𝝅𝒎

❖ Manipulation of the in-trap eigenmotions

❖ Mass determination from the radial motion coupling
ν𝐜=ν++ν−
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IOI selection in the first trap
Example of neutron-rich radioactive 171Dy
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Trap injection Trapping and buffer gas cooling
Ions are centered

                        
                        

 

  

  

  

  

  

  

  

 
 
 
 
  

     

  
 

  
 

  
 
    

 
    

 

   
  

 

   
  

 

   
  

 

   
  

 

         

𝑹 =
𝑴

∆𝑴
> 𝟏𝟎𝟒

Exoticity

Dipolar excitation at ν−

Ions on a big ρ−

4. Quad. excitation at νc

Motion conversion
Mass selective

Cooling of ν+ amplitude
Converted ions centered

Transfer



PI-ICR technique in the second trap
Example of neutron-rich radioactive 171Dy

10Nuclear Masses in Astrophysics for the Next 25 Years Workshop

         
      

  

  

 

  

  

 
  
 
 
 

   

  
 

   

  
 

   

  
 

         

      

 

 

 

 

 

 

 
 
 
 
 
  
 
  
 
 
  

 
  

 
  
 
 
 p1p2

𝜑−

𝜑+

Motion projections

  
 
  
  

 
     

 
         

  
    

 
 

   

        
    
    

  
                

 

  
 
 
 
 
   
 

  
 
 

Determination of the 
cyclotron frequency

typical precision 
dm/m~𝟏𝟎−𝟖 − 𝟏𝟎−𝟗

Accumulation time
𝑛+ turns

Accumulation time
𝑛− turns

p1

p2
Extraction

at 30keV

Dipolar excitation at ν−

Ions are centered

A. Dipolar excitation at ν+

Ions on a big 𝝆+

B. Quadrupolar excitation at νc

1 Conversion from ν+ to ν−

B

BA

A

Run
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Mass measurements at JYFLTRAP
Summary of the latest 100+ masses measured with high-precision

• ~80 ground states

❖ 12 new masses

• ~40 long-lived isomeric states

❖ 14 new measurements/observation

❖ 5 resolved for the first time

➢ Various production methods
(fusion-evaporation, fission, hot cavity)

➢ For nuclear structure, neutrino physics and 
astrophysics
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Mass measurements at JYFLTRAP
Neutron-rich nuclides produced via fission
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• Masses around the 𝐔𝐧𝐚𝐭 fission peaks

• Masses of refractory elements

❖ Reaching exotic nuclei with 𝑇1/2< 200ms  
(  

104𝑌,  
106𝑍𝑟,  

109𝑁𝑏, 111,112𝑀𝑜)

A. Jaries et al., EPJA 60, 37 (2024)
O. Beliuskina et al., PRC 110, 034325 (2024)
M. Hukkanen et al., PLB 856, 138916 (2024)Sr-Y Y-Mo

Sb-I



Mass measurements at JYFLTRAP
Neutron-rich ground states and long-lived isomers in the 132Sn region
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• PI-ICR for high-precision mass measurements

❖ Information on the level structure of exotic nuclides

❖ Better nuclear data for the 2nd r-process peak

D.A. Nesterenko et al., PRC 108, 054301 (2023)
A. Jaries et al., PRC 108, 064302 (2023)
R.P. de Groote et al., PLB 848, 138352 (2024)
A. Jaries et al., PRC 110, 034326 (2024) 
J. Benito et al., PRC 110, 014328 (2024)
M. Hukkanen et al., PRC 107, 014306 (2023)
M. Hukkanen et al., PRC 108, 064315 (2023)
M. Stryjczyk et al. PLB 962, 139359 (2024)

Ranging
Mo-Sb



Mass measurements at JYFLTRAP
Neutron-rich ground states and long-lived isomers in the 132Sn region
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• PI-ICR for high-precision mass measurements

❖ Resolving potential mixture of states

➢ 3 states resolved in 118In using 𝛼 − Cdnat reaction

D.A. Nesterenko et al., PRC 108, 054301 (2023)
A. Jaries et al., PRC 108, 064302 (2023)
R.P. de Groote et al., PLB 848, 138352 (2024)
A. Jaries et al., PRC 110, 034326 (2024) 
J. Benito et al., PRC 110, 014328 (2024)
M. Hukkanen et al., PRC 107, 014306 (2023)
M. Hukkanen et al., PRC 108, 064315 (2023)
M. Stryjczyk et al. PLB 962, 139359 (2024)

Ranging
Mo-Sb



Mass measurements at JYFLTRAP
Neutron-rich ground states and long-lived isomers in the 132Sn region
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• PI-ICR for high-precision mass measurements

❖ First observation of long-lived isomers

➢ 2 excited states separated by 22keV using in-trap decay

D.A. Nesterenko et al., PRC 108, 054301 (2023)
A. Jaries et al., PRC 108, 064302 (2023)
R.P. de Groote et al., PLB 848, 138352 (2024)
A. Jaries et al., PRC 110, 034326 (2024) 
J. Benito et al., PRC 110, 014328 (2024)
M. Hukkanen et al., PRC 107, 014306 (2023)
M. Hukkanen et al., PRC 108, 064315 (2023)
M. Stryjczyk et al. PLB 962, 139359 (2024)

Ranging
Mo-Sb



Mass measurements at JYFLTRAP
Neutron-rich ground states and long-lived isomers in the 132Sn region
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➢ No hint of significant indicator of structural changes in neutron-rich Pd, Cd and In isotopic chains 
➢ High-precision mass measurement to determine smaller variations in the trends which can impact calculations



Mass measurements at JYFLTRAP
Neutron-rich rare-earth nuclides
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• Study of lanthanides produced by fission

❖ Precision increased up to a factor 100 on masses

❖ New nuclear data for the rare earth r-process peak

La-Ce

Tb-Dy-Ho

A. Jaries et al., PRC 110, 045809 (2024)
A. Jaries et al., PRL 134, 042501 (2025)

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.129901
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.129901


Mass measurements at JYFLTRAP
Neutron-rich rare-earth nuclides
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• Study of lanthanides produced by fission

❖ Determination of 5 new masses

❖ Reaching the neutron midshell at N=104

La-Ce

Tb-Dy-Ho

M. Vilen et al., PRL 120, 262701 (2018)
M. Vilen et al., PRC 101, 034312 (2020)
A. Jaries et al., PRC 110, 045809 (2024)
A. Jaries et al., PRL 134, 042501 (2025)

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.129901
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.129901
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.129901
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.129901


Mass measurements at JYFLTRAP
Neutron-rich rare-earth nuclides
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• Study of lanthanides produced by fission

❖ Smooth extended mass trends in the N=104 region

➢ Bump in the La chain at N=92-94

La-Ce

Tb-Dy-Ho

A. Jaries et al., PRC 110, 045809 (2024)
A. Jaries et al., PRL 134, 042501 (2025)

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.129901
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.129901


Mass measurements at JYFLTRAP
Improving the modeling of the rare earth r-process peak

Impact on (n,ϒ)  reaction rates

❖ Significant for reactions with new mass inputs

❖ Mass-related uncertainties greatly reduced

➢ Changes reflected on the solar r-process abundances 

Test and improve the models

➢ Predictions beyond the observational limits

➢ Better understanding of the origin of heavy elements 
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Summary and outlook
What has been done and what can be done with the JYFLTRAP
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❖ Broad range of accessible nuclei at IGISOL

❖ Various and non-chemically selective production methods

❖ High-precision mass spectrometry with PI-ICR for astrophysics

❖ Cross checks of existing experimental results

❖ Resolving low-lying isomeric states for mixtures and astromer candidates

❖ Pinning down better the mass trends to observe smaller variations

➢ Direct measurements of exotic nuclei to provide new and improved mass inputs

❖ Additional fun available 

❖ High resolution separation for post-trap decay and fission yield studies

❖ Mass measurements for nuclear structure, neutrino physics, …

❖ Commissioning of new setups and upgrades for mass spectrometry (MRTOF, RFQ developments, …)



Thank you!
On behalf of the past and present IGISOL group
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Original JYFLCOOL 

• RF: 600kHz, 300 Vpp (𝑟0 = 10mm)

• CW efficiency: 60-70%

• CW energy spread: <1eV

• Bunch temporal width:
5-15µs FWHM at the time focus

Mini-buncher for IGISOL’s MRTOF 

• RF: 3MHz, 1000 Vpp (𝑟0 = 3.5mm)

• Bunching efficiency: >20% 
(105 − 106 charges/bunch, 3ms cycle)

• Bunch temporal width:
40-80ns FWHM at the time focus

• Bunch energy spread: 10eV

RFQ cooler buncher at IGISOL
HIBISCUS for MATS-LaSpec at FAIR

V. A. Virtanen et al. NIMA 1072 (2025) p. 170186A. Nieminen et al. NIMA 469 (2001) p. 244-253

• RF: 500kHz, 1000 Vpp (𝑟0 = 20mm)

• CW efficiency: 80%

• CW energy spread: <1eV

• Bunch temporal width:
<1µs FWHM at the time focus

• Bunching efficiency: 50-70% 
(up to 108 charges/bunch, 3ms cycle)

A. Jaries et al. NIMA 1073 (2025) p. 170273
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