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The Ion Guide Isotope Separator On-Line facility (IGISOL)
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Penning trap and MR-TOF mass spectrometer at IGISOL

I T. Eronen et al., EPJA 48 (2012) 46
A. Kankainen et al., Hyperfine Interactions (2020) 241:43
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Novel technique advance

* The hot cavity project (Ver 1.) at IGISOL started in 2007.

Inductively Heated Hot Cavity Cather Laser Ion Source

* A target ion source system for fusion-evaporation products

Efficient: 10 % for Ag (most recent test)

- First iterations were primary-beam heated catchers ~ Fast: <20 ms for Ag, less than 90 ms for Pd

M. Reponen et al., Eur. Phys. J. A 42, 509-515 (2009)

M. Reponen et al., Rev. Sci. Instrum 86 (2015) 123501

M. Reponen et al., Nat. Comm. 12 (2021)

Z. Ge, M. Reponenet al., Phys. Rev. Lett. 133, 132503 (2024)

Version 6.
«r, /

High Sensitivity: 7>Ag at a rate of ~1/10 minutes

Selectivity: provides high elemental and isotopic selectivity
from contaminants.
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.
@ Coupling of cleaning methods with PI-ICR method for cleaning
Z. Ge, T. Eronen, A. de Roubin et al., Phys. Rev. C 108, 045502 (202

Angle between cyclotron and magnetron
motion phases with respect to the center spot:
o, = o_+ oy

Hot cavity ion source

Laser ionization in source

Identification/measurement with PI-ICR cyclotron frequency:

o, + 2mn
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Purification trap resolving power M/dM: 10°; Precision Trap M /dM : > 10°

:V:‘/‘ _
I

Z. Ge, T. Eronen, A. de Roubin et al., Phys. Rev. C 108, 045502 (2023)

Z. Ge, M. Reponen, T. Eronen et al., PHYSICAL REVIEW LETTERS 133, 132503 (2024) N OVG| tec h n iq ue a dva nces
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Conatminant-free ion sample preparation (especially pure isomeric ion species, half-life of 10s ms with E*=10 keV):
Coupling of
Ramsey cleaning&Buffer gas cleaning&laser ionisation frequency scan

and PI-ICR method
for unambiguous cleaning and identification 2025/7/17
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24-97 Ag mass measurements at IGISOL

y .
% Uncertainty of around 1 keV with Penning Trap, unprecedented precision (1078) Penning trap
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» Refined the reactio
» Reproducing burst

» Influence on the final abundance of the burst ash composition 5 A 10-1]

» Impact on neutron

Impacts on the X-ray burst
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Identification of nuclear isomer of 9mAg, “astromer”

understanding of the nuclear structure at N=50 shell

improve effectiveness in astrophysical processes
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94Ag(21%) 2p/p decay puzzle----in process (V. Virtanen, M. Reponen et al.)
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Benchmark theoretical models and isomer as “astromer”

Theory: ab initio,
configuration-interaction shell-model (CISM)
density functional theory (DFT)

Z. Ge, M. Reponen, T. Eronen et al., PRL 133, 132503 (2024)
G.W. Misch et al., Eur. Phys. J. Spec. Top. 233, 1075 (2024).
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About this topic:
see Miikka Winter’s poster
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Ml N~Z mass measurements outlook
T with hot cavity/HIGISOL/MNT gas cells + Penning Trap & MR-TOF

% Mass measurements with hot cavity + MR-TOF

v' Mass measurements of ground states and isomers of other N=Z nuclei by fusion evaporation

reactions at IGISOL with MR-TOF

v Mass measurements of %3Pd: : p-decay daughter of %Ag (Measured also at FRS ion catcher | ¥ Recent

@ GSI/Germany within our collaboration) campaigns

v' Mass measurements of 74Ag 21+ and 7+ isomeric states
v' Mass of 22Pd (N=Z=46)
“» Mass measurements with HIGISOL gas cell + MR-TOF

v Masses of N~Z A=80-84 Area

% Mass measurements with HIGISOL/MNT gas cell + Penning Trap, approved proposals
* Other collaboration efforts: FRS ion catcher @ GSI and Rare Rl Ring @ RIKEN/Japan I Plans

¢ Further combine the measurements to study the Influence of masses on rp-process and vp-process

JYU SINCE 1863. 17.7.2025
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