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The rapid neutron-capture process

The origin of elements heavier than iron
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» Unclear origin of the rare-earth peak
» The r-process path proceeds far away from stability! > Experimental data like nuclear masses are needed

[1] E.M. Burbridge et al., Rev. Mod. Phys 28, 86-92 (2022)
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IGISOL facility

JYFL Accelerator Laboratory
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+ p,dinduced fission/fusion evaporation on a thin target
++ Fast and chemically non-selective
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IGISOL facility

JYFL Accelerator Laboratory
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IGISOL facility

JYFL Accelerator Laboratory
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+* Thermalized and confined beam
+» Collected in a potential well
«» Extracted as bunches

Target
chamber

18.08.2025 Nuclear Masses in Astrophysics for the Next 25 Years Workshop



IGISOL facility

JYFL Accelerator Laboratory
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JYFLTRAP

Double Penning trap mass spectrometer

What we have

What we want
+» Homogeneous 7T B field (back in business)
¢ 100V deep quadrupole potential

B
¢ Free space cyclotron frequency : vc=q—
¢ Cylindrical geometry

2mm

+» Manipulation of the in-trap eigenmotions

(wuw) A

++ Mass determination from the radial motion coupling
18.08.2025
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|Ol selection in the first trap

Example of neutron-rich radioactive 171Dy
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Pl-ICR technigue in the second trap

Example of neutron-rich radioactive 171Dy
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Mass measurements at JYFLTRAP

Summary of the latest 100+ masses measured with high-precision

JYFLTRAP campaigns summary 2020-2024

Rare-earth campaign H
Isomeric states studies

Q-value measurements
Mass measurements
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* ~80 ground states

X/

% 12 new masses

* ~40 long-lived isomeric states

/

% 14 new measurements/observation

/

% 5resolved 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

JYFLTRAP campaigns summary 2020-2024
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Mass measurements at JYFLTRAP

Neutron-rich ground states and long-lived isomers in the 132Sn region

JYFLTRAP campaigns summary 2020-2024

: * PI-ICR for high-precision mass measurements
B Rare-earth campaign s
70_ B Isomeric states studies s u ° . . .
B Q-value measurements % Information on the level structure of exotic nuclides
B Mass measurements
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Mass measurements at JYFLTRAP

Neutron-rich ground states and long-lived isomers in the 132Sn region

JYFLTRAP campaigns summary 2020-2024

: * PI-ICR for high-precision mass measurements
B Rare-earth campaign s
70 | MW Isomeric states studies s u ° . . .
B Q-value measurements ** Resolving potential mixture of states
B Mass measurements
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Mass measurements at JYFLTRAP

Neutron-rich ground states and long-lived isomers in the 132Sn region

JYFLTRAP campaigns summary 2020-2024

* PI-ICR for high-precision mass measurements

B Rare-earth campaign s
70 | MW Isomeric states studies s u ° . . i .
B Q-value measurements ** First observation of long-lived isomers
MW Mass measurements
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Mass measurements at JYFLTRAP

Neutron-rich ground states and long-lived isomers in the 132Sn region

» 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
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Mass measurements at JYFLTRAP

Neutron-rich rare-earth nuclides

JYFLTRAP campaigns summary 2020-2024

: * Study of lanthanides produced by fission
B Rare-earth campaign s
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.129901
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Mass measurements at JYFLTRAP

Neutron-rich rare-earth nuclides

JYFLTRAP campaigns summary 2020-2024

: * Study of lanthanides produced by fission
B Rare-earth campaign |
70 | MW Isomeric states studies s u ° . .
B Q-value measurements %+ Determination of 5 new masses
M t . .
W Mass measurements ¢ Reaching the neutron midshell at N=104
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Mass measurements at JYFLTRAP

Neutron-rich rare-earth nuclides

JYFLTRAP campaigns summary 2020-2024

Rare-earth campaign H
Isomeric states studies H
Q-value measurements
Mass measurements

* Study of lanthanides produced by fission

70 1 % Smooth extended mass trends in the N=104 region

» Bumpinthe La chain at N=92-94
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Proton number Z

Mass measurements at JYFLTRAP

Improving the modeling of the rare earth r-process peak

Impacton (n,Y) reaction rates

Test and improve the models

s Significant for reactions with new mass inputs » Predictions beyond the observational limits
s Mass-related uncertainties greatly reduced » Better understanding of the origin of heavy elements
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» Changes reflected on the solar r-process abundances
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Experimental+theory

| Nuclear properties
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Summary and outlook
What has been done and what can be done with the JYFLTRAP

+* Broad range of accessible nuclei at IGISOL

X/

+* 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, ...)
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RFQ cooler buncher at IGISOL

Original JYFLCOOL

* RE:600kHz, 300 Vp, (rp = 10mm)
» CW efficiency: 60-70%

* CWenergy spread: <1eV

* Bunch temporal width:
5-15us FWHM at the time focus

A. Nieminen et al. NIMA 469 (2001) p. 244-253

Mini-buncher for IGISOL’s MRTOF

*  RE:3MHz, 1000 Vpy, (o = 3.5mm)

* Bunching efficiency: >20%

(10% — 10° charges/bunch, 3ms cycle)

* Bunch temporal width:

40-80ns FWHM at the time focus

* Bunch energy spread: 10eV

V. A. Virtanen et al. NIMA 1072 (2025) p. 170186

HIBISCUS for MATS-LaSpec at FAIR

* RFE:500kHz, 1000 Vy,, (r; = 20mm)

« CW efficiency: 80%

e CW energy spread: <1eV

* Bunch temporal width:
<1pys 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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