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Age of the Universe
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‘ Creation of Heavy Elements
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Possible Nuclear Processes

@ Astrophysical models of nucleosynthesis
treat an extreme environment

@ Suffer from large uncertainties
» Astrophysical site unknown
» Theoretical predictions cannot rely on
experimental data
@ Precise masses needed to constrain models
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‘ Storage and Cooling Techniques

Penning trap Storage ring

Particles nearly at rest Relativistic particles

® lons can be cooled and stored for very long times
® Single-ion sensitivity
® High accuracy achievable
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Storage-Ring Spectrometry

Schottky mass spectrometry Isochronous mass spectrometry
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Penning-Trap Spectrometry

@ Particle stored by superposition of ® From frequency to mass using
strong homogeneous magnetic field in z time-of-flight ion-cylotron
direction and weak, electrostatic resonance technique
potential for axial confinement B'[ N
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Excitation frequency - 389563.376 / Hz




The ISOLTRAP Setup
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RP-Process above Z=32

@ Precise masses used to calculate possible rp-process path using nuclear
reaction networks
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‘ Mass Measurements at CSRe

NUCLEAR ASTROPHYSICS

Star bursts pinned down

One of the main uncertainties in the burn-up of X-ray bursts from neutron stars has been removed with the
weighing of a key nucleus, ®°As, at a new ion storage ring.
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Neutron Stars — Birthplace of Heavy Elements?
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827n Mass and Half-Life
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» Special measurement cycle at ISOLTRAP 80Zn 4 keV 27 ms
» UCx target with quartz transfer line 817n 4 keV 26 ms
» neutron converter 827n 6 keV 70 ms

» RILIS (tune every 15 min.)
S. George et al., Phys. Rev. Lett. 98, 162501 (2007)
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Depth profiling of a Neutron Star
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Depth profiling of a Neutron Star

A NEUTRON STAR: SURFACE and INTERIOR
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R-Process Above A=200

® Focus: Precision mass measurements of nuclei with N>1.5Zand t,, in ms range
» Uncertainties of 10 needed to impact modelling

> Beta-decay half-lives offer information about stellar evolution
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and At also from storage-ring
spectrometry at GSI.

L. Chen et al., Nucl. Phys. A 882, 71 (2012)
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What Comes Next?
LETTER

A two-solar-mass neutron star measured using
Shapiro delay

P. B. Demorest', T. Pennucci®, S. M. Ransom', M. S. E. Roberts® & J. W. T. Hessels*®

doi:10.1038/nature09466

® Heaviest neutron star with 1.97+0.04M,,

® Direct measurement of neutron-

_ star mass from increase in signal-
Neutron star and companion travel time near companion

® Heavy constraint on equation of
state and thus model space of
stellar nucleosynthesis

» Impact of 3N-forces on neutron
matter (group of A. Schwenk)




‘ Measurement Possibilities
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Summary

@ Current ISOLTRAP setup and highlights presented
» Mass database: www.cern.ch/isoltrap/database/isodb.asp
» Successfully comissioned MR-TOF with online data (similar work at GSI)
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» First successful tests with in-source laser spectroscopy o Bradbu
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® Comprehensive understanding of stellar processes requires precise mass values
but also progress in theory. Recent examples:
» A. Estradé et al., PRL 107, 172503 (2011)
» A.Arcones and G. F. Bertsch, PRL 108, 151101 (2012)

Surface

® The mass of 82Zn is the most exotic yet measured for /°C
modelling neutron stars B o

Core:

@ The very neutron-rich N=82 nuclei will play a big role /\
in the modelling of neutron stars s Supertid neirons

protons
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Thanks...
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