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Overview

The formation of the elements is
the result of different processes:

 Big Bang Nucleosynthesis
« Stellar burning
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Why is it a little bit suprising
that there are heavier isotopes?


https://commons.wikimedia.org/wiki/File:Binding_energy_curve_-_common_isotopes2.jpg

Binding energy per nucleon

Binding energy per nucleon

Proton number
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Important isotopes in
rare earth peak formation

Neutron number
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Nucleosynthesys beyond the iron peak
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S-process r-pProcess _
= Low neutron density ® High neutrtl)n density
1 22
(106 — 1012 Cm3) (> 10 Cm3)

= Along the valley of * Away from the stability
stability valley, near the neutron

= Slow (~10000 years) drip line
= Rapid (<159)



The r-process path
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https://eholmbeck.github.io/slides/ND_Seminar.html#/r-process-movie

Possible astophysical sites

Fingerprints of the r-process Successful r-process site characteristics:

nucleosynthesis: « very large neutron densities (> 1022 L 3>
= Metal poor stars cm

= Gravitational wave and « sufficiently high temperatures, but not too high (~ GK)
optical signals  rapid expansion time scales (~15s)

Cassiopeia A /

Cowan, J., Sneden, C., Nature 440, 1151 _ _
Ji. A. et al., Nature 531, 610 Artist’s impression of two neutron stars

Siege|, D.M.et al., Nature 569, 241 GW170817: Observation of Gravitational Waves from a

Binary Neutron Star Inspiral

D.Watson et al., Nature 577, 497
B. P. Abott et al., Phys Rev. Lett. 119, 161101



https://doi.org/10.1103/PhysRevLett.119.161101
https://www.nasa.gov/mission_pages/chandra/multimedia/exploring-cassiopeiaA.html

Rare earth peak format
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RIKEN Nishina Center-RIBF

AIDA and BRIKEN

_ detectors
Multi-stage : ;

accelerator
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primary beam energy:
345MeV/u

Physics Research, A 925
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Particle Identification Diagram (PID

BigRIPS o P :

Cocktail beam
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Simultaneous measurement
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AIDA and BRIKEN
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Determination of half life
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By detecting the electron emissions following -decay,
the implantation-beta histogram can be constructed.

Time (ms)

Decay series members appear together, the activity of

each nucleus is determined by solving a system of

differential equations: the Bateman formula (1910)
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Implantation-B-y fitting

160Pm y-spectrum:
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Determination of B, value
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