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1. Introduction:
nuclear masses in
the r process
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Nuclear masses in the r process %
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Nuclear masses play an essential role in the r process %

Classicalwaiting-point approximation: B euron apture [ separaton enersy [l p-cecey I 7,
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With massmodels, also:

fission barriers of r-processnuclei
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Sensitivity studies: masses and the r process %
i) fixed astrophysical conditions, vary masses |

Hot trajectory
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200

220

A Root-mean-squared (RMS)
uncertainties in the massmodels
typically ~0.5-1 MeV

A Propagateto calculated r-process
abundances

A Much more accurate massvalues
and models needed

15TH NORDIC MEETING ON NUCLEAR PHYSICS



Sensitivity studies: masses and the r process %
ii) mass models fixed, vary astrophysical conditions |

NS-NS merger: 528 astrophys. trajectories
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mass number, A

mass number, A

J.J.Mendoza-Temiset al., PRC 92, 055805 (2015)
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Production of radioactive species:

Ion Guide Isotope Separator On-Line (IGISOL) %
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PENNING
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TARGET CHAMBER: Fast and universal ion guide technigue

J. Arije, J. Aysté et al., PRL 54 (1985) 99
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IGISOL facility
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Penning trap mass spectrometry %

Currently the most precise method to determine
atomic masses

Penning trap: =, Total motion

Strong magnetic field J\ Axial motion

Weak quadrupolar electrostatic potential Projection of the radial motion:

Three eigenmotions O Trap cyclotron
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Phase-Imaging Ion Cyclotron Resonance (PI-ICR) 2
technique |

—— —— , where% % %o phase difference MX° C X X « -«Z7 3JT OJK 2
the spot positions), 6 = phase accumulation time and¢ = number of revolutions

Position-sensitive | Image of the ions’
radial motions

Ion Production Preparation Trap Measurement Trap .= \Mcp detector

IGISOL target chamber

- @
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Offline Ion Source

é‘ﬁ ¢ Homogeneous magnetic field 7 T

PI-ICR:S. Eliseev et al., PRL 110, 082501 (2013), Appl. Phys. B (2014) 114:1@1.28.
PI-ICR at JYFLTRAPD.A. Nesterenko et al., Eur. Phys. J. A 54, 154 (2018); Eur. Phys. J. A 57, 302 (2021).
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JYFLTRAP mass measurements
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More than 460 atomic masses
measuredwith JYFLTRAP

Includes more than 70 iIsomeric states
Pl-ICRtechnique:

Higher massresolving power
A low-energy (E<100 keV) isomers

More exotic speciesasevery ion
counts
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3. Results and discussion
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3.1 Neutron-rich
rare-earth isotopes
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Formation of the rare-earth abundance peak? %

Fissioncycling with doubly Deformation funneling the flow
asymmetric fission model (SPY)? toward stability?
Goriely et al.,, PRL 111 (2013) 242502 Surman et al., PRL 79 (1997) 1809; Mumpower et al.,
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JYFLTRAP measurements in the rare-earth region %

Measurement campaignsat JYFLTRAP

M. Vilen et al., PRL 120, 262701 (2018) 23 g

M. Vilen et al., PRC 101, 034312 (2020) 65 -

A. Jaries et al., PRC 110, 045809 (2024) i 63 -

A. Jarieset al., PRL 134, 042501 (2025) 611

59

Altogether: 2
42 massesmeasured 221

19 for the first time
Around 12 with much better precision
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Sensitivity studies

Sensitivity studies indicate that massesin this region relevant for the r process
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Results from the first two campaigns
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Purple: AME16+FRDM12

Green: AME16+JYFLO1S8
Assumed: Red: AME16 + JYFLO618+JY]|
Merger with two 1.35M ,,,, heutron stars 107 (@)

Y, = 0.016, initial s’lk; D 8
Changesup to 25% observed

Y(A)

Mainly due to revised neutron-capture
rates calculated using TALYS

change (%)

Better agreement with the observed
abundanceswith the new massvalues i
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M. Vilen et al., PRC 101, 034312 (2020)
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Results from the 2023 measurements: Tb, Dy and Ho
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Astrophysical impact %
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Results from the 2023 measurements:; %

strong bump in two-neutron separation energies of La |
A. Jarieset al., PRL 134, 042501 (2025)
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None of the models can predict the bump (the sameis true also for the N=90 bump)
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Here also strong changes in neutron-capture rates %

Changesup to 25% as compared to AME20 values observed
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3.2 Resolving
isomers, correcting
mass values
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Resolve low-lying states: new states discovered and %
more accurate mass values |

A new isomeric state
discovered in 114Rh

Previously considered ground state
turns out to be the isomer of 76Cu

Previously considered ground state
turns out to be the isomer in 11°Pd

number of n — T T 3 12
omcysabiions - Cyclotron; o .
20 —— 2 207 Motion] ) 20 Pd "
il G : ] S 9= 105
» i e - i - 10 sk 2
104 10 i 114m2R’h2+ . 1 2 E /’, ‘s‘\ 8 %
5 centar F -/ - by 8 ’é‘ ; \ _8
— Y 12 o o 1 i \
z proy = T PR ‘- [ E O S 6 5
£ 0 i . 0 .-_.?1'-; i © - ©
> e . o~ e 4 N L - e ‘, — \‘\ 25 /I, 4 %
5 : [ A y N -10] -l g
-10 " = _ : -\‘-‘h- “’J 1 o : E
> -, -7_ ground 4 10 i oo = o] m 2 2
-15 isomaric 5 o i " 114m1 Rh2+ g —201 ' Eﬂi}ilig;ron
state L - . = : : : : : 0
S i sy smmn, 1 | to -20} 3) -20 -10 0 10 20
20 <15 .10 -5 0 5 10 15 20 . 0 X (mm)
X (mm) —-20 -10 0 10 20
X (mm) _
L. Canete et al., M. Stryjczyk et al., A. Jarieset al.

Phys. Lett. B 853 (2024) 138663
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Phys. Lett. B 862 (2025) 139359

Phys. Rev. C 110 (2024) 034326
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3.3 Neutron-rich
refractory elements
- testing the models
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Refractory elements: impact on the BSkG models %

Odd-even staggeringin binding energies (neutron pairing gap)

-250 keV

Ru Rh Pd

M. Hukkanen, W. Ryssens et al., PRC 107, 014306 (2023)

Interaction between the unpaired proton and neutron in odd-odd nuclel

A additional binding energy missing in BSKG1A updated to later versions
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