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The mass of an atom

o

\Oj =N-Q +z- Q +z- ©

o — binding energy
© . -
Q Einstein E = mc?
mAtom = N.mneutron T Z.mproton T Z.melectron
2
) (Batom + Bnucleus)/C
&dm/m < 10-10 &m/m = 10°% - 108

electronic structure nuclear structure

May 12th, 2026 Masses for Astrophysics Workshop — Blaum 1 -\?iQ-



Precision progress: the proton mass
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Relative mass uncertainties

Credits to Wenjia Huang, IMP
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New masses measured since last AME2020

® New masses after AME2020 —
100 ® Stable nuclides
B Known masses in AME2020
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,0ld* mass spectrometry devices

Penning Trap Storage Ring
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,2New* trapping device

Multi-Reflection Time-of-Flight Spectrometer
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R. N. Wolf et al., NIM A 686, 82 (2012)
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particles at nearly rest in space

* “long“ storage time * single-ion sensitivity * time-of-flight
measurement =* high accuracy #* mass spectrometric capabilities
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mass-resolving power R
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Mass resolving power
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FAR  PI-ICR on 255M)r2* @ SHIPTRAP

Courtesy: O. Kaleja / M. Block
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FAIR  PI-ICR on 255mM)r2+ @ SHIPTRAP

Courtesy: O. Kaleja / M. Block
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FAIR  PI-ICR on 255M)r2+ @ SHIPTRAP

Courtesy: O. Kaleja / M. Block
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FAIR - PI-ICR on 255(m

Courtesy: O. Kaleja / M. Block
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Measurement principle at PENTATRAP

Mass Ratio determination — Polynomial Method
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A. Rischka et al., Phys. Rev. Lett. 124 (2020) 113001

May 12th, 2026 Masses for Astrophysics Workshop — Blaum 12 RS



The ECHo ('®3Ho) project

EC-Decay of 163Ho Metallic magnetlc Calorimetry
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Penning traps for mass measurements
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There is a high degree of complementarity !




Mass summary of all facilities
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The AME mass backbone
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Impact of precise nuclear masses

Investigation of the rare-earth abundance peak of the r-process

69 18 2018-20 campaigns - L 1] | | | | e YFLTRAP
67 - 2023 campaign Ho (Z=67) e=0.18 —— AME20
} [ R Orford et al. (2022) Dy (Z=66) g0.10 T solar
o | | l GdT?z(ZESS’ %T
631 H Eu (Z=63) =
N Sm (Z=62) e
61 - Pm (Z=61) =
Nd (Z=60) v
597 Pr (Z=59) = o5k
Ce (Z=58) 'é’ '
ST 5 La (Z=57) =
(@]
55 1 ] , ] , , < I
85 90 95 100 105 110 > III
N 0.01} (4) :
19 nuclides measured for the first time at JYFLTRAP a0F ; :
3 (b)
< 20
TALYS neutron-capture reaction rates: 2 A
© T Ty g W gy T ¥
changes up to 15% as compared to AME20 S o0l \J _

- Impact on abundances at A=169-171 150 155 160 165 170 175 180
Mass number A

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

May 12th, 2026 Masses for Astrophysics Workshop — Blaum 17




Mass spectrometry in nuclear astrophysics
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Thanks ...

to the entire mass spectrometry community...

and you for the invitation and your attention!
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The nucleosynthesis paths

Key incredient to determine the
reaction path: nuclear binding energies!

----
---------
---------

N
(2]
8 --------
3 I
o p-process
g S-process i
-g VP-process
: 126
= 5oN
rp-process .
o 7 r-process
82
O | | Stell
He —yidf— 0 - urnil Number of neutrons N
2 & e i r —

@ May 12th, 2026 Masses for Astrophysics Workshop — Blaum 21 '{{\P



