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“Basics of Precision Nuclear and
Atomic Mass Measurements for
Fundamental Studies — Part 3”
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Nuclear masses for astrophysics

Nuclear astrophysics studies

Why is iron so much abundant than.heavier
elements such as
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Why are there heavy elements at all and
how did they come into existence?

CPT, CSRe, ESR, ISOLTRAP, JYFLTRAP, LEBIT, SHIPTRAP, TITAN
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Nuclear masses (binding energies)
determine the paths of the processes.
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Crust Process
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excitation frequency v_-1107794.28 / Hz

80 ions in 35 minutes!
om/m = 4108

R. Wolf et al., Phys. Rev. Lett., 110, 041101 (2013)




Compare calculated abundance to observation

t:0.00e+00s / T:10.96 GK / o : 8.71e+12 g/cm?
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- Need nuclear physics
experiments & theory
. Summeq abundar:lces fOI’ predICtlonS'
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rapid neutron
capture

50 100 150 200
. Mass number, A

z

neutron number, N

seed N
H. Schatz et al. (y,n) photo- equilibrium favours
disintegration  “waiting point”

A. Arcones et al.,2012
MNRAS.426.1940




Test of
CPT symmetry
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CERN, GSI, Mainz, MPIK, RIKEN

MAT FLANCK CESLLBGHAFT




Compare charge-to-mass ratios R
of p and p: { BARYONS
E Antihydrogen

(Q/m)p—/ (CI/m)p = 1000 OOO OOO 001 (69) : ]tmppedhydrogen(lS/ZS)

| hydrogen maser

S. Ulmer et al., Nature 524, 196 (2015)
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Future trap/ring/laser facilities at FAIR
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More to come with
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Dedicated =Y MATS
storage rings X ’ Penning traps




Precision masses provide detailed information and
Insights into nuclear structure properties!

Tools: Penning traps and storage rings
Observables: masses, binding energy, (half-lives)

Nuclear structure / astrophysics / fund. studies:
- Halos and separation energies

- Magic numbers and shell evolution

- Nucleosynthesis studies

- Fundamental symmetry tests

- Nuclear masses for neutrino physics
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Thanks a lot for the invitation
and your attention!

Email: klaus.blaum@mpi-hd.mpg.de
WWW: www.mpi-hd.mpg.de/blaum/

®
EMMI
Helmholtz Alliance (HA216)

NAV

gt -‘-:'.Tt'-.“-' Nuclear Astrophysics Virtual Institute
Adv. Grant MEFUCO (#290870) Helmholtz Association (VH-VI-417)
Member of EuroGENESIS / MASCHE.
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