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Log relative abundance (Si = 10°)
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The solar system abundance pattern

FEFITTETY

L
n
g
N
k
|
K
]
n

|

|

|
'7 ‘ ]
-~ |
|
h
|
] |

Alpha elements
Iron peak

NN
($08)

0 20 40 60 80 100 120 140 160 180 200 220

Atomic mass number A
J. Lippuner (2018)

* The lightest elements were
created in the Big Bang and
fusion Iin stars predominantly
creates alpha elements.

 The iron peak is made in core-
collapse and type la supernovae.

* Elements beyond the iron peak
are synthesised by the slow (s)
and rapid (r) neutron capture
Processes



Neutron capture processes
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The origin nf the three peak structure

What causes these abundance
peaks?

Nuclear structure!

We will focus on the creation

of the first r-process peak



Modelling the r-process

Modelling of
astrophysical
environments

Nuclear data

theory and experiment
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C J Horowitz et al. (2019), - JJ Cowan et al. (2019)



Modelling the r-process

Sets the neutron/seed ratio | |
Sets the structure responsible for the heaviest Provides observations

of the abundance elements that can be for mear)ingful
pattern. created. comparisons.

Modelling of
astrophysical
environments

Nuclear data

theory and experiment

Masses
Half-lives : Entropy

Neutron capture rates . Electron fraction Y.
« Expansion time scale

C J Horowitz et al. (2019), - JJ Cowan et al. (2019)



Multi-messenger observations

The observation of GW170817 followed by the AT2017gfo transient matching the
predictions of kilonova

Kilonova is the strong electromagnetic radiation emission due to the radioactive
decay of heavy r-process nuclei that are produced and ejected during the merger

Process.
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What did we learn?

The EM transient matches the kilonova predictions.

The colour evolution of the emission signals presence at least 2 different emission
channels one of which produces lanthanides free ejecta.

The presence of Sr provides direct evidence of the creation of light r-process
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Modelling of the astrophysical environment

Three quantities are responsible for setting the neutron to seed ratio:

Entropy (S) Electron fraction (Ye) expansion timescale (1)
n

o % —tlt f S 3 ,

S ~ T3/p Ye — 0 = Poe 3 T

ny, D6 (3—t> (> 31

Typical values in mergers polar ejecta:

S =10 - 30 ke/baryon Ye=0.25-0.50 T~ms
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Why nuclear masses are so important?
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Nuclear Network calculations

Nuclear reaction
network

Nuclear data




Exploring the astrophysical conditions

In the explored conditions first r-process peak is created together with a peak at A~55
for a short Ye and S range such that:
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Exploring the astrophysical conditions

In the explored conditions first r-process peak is created together with a peak at A~55
for a short Ye and S range such that:
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Origin of the A~55 peak
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Origin of the A~55 peak
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Origin of the A~55 peak
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Abundances for a uniform Ye distribution
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Sensitivity to nuclear masses
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The case of Ga

Species ti Mass Excess tian Mass Excess aveis+ Difference (keV)
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Heating - connection to the kilonova
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Summary

The recent observation of blue kilonova established the creation of light r-process
elements in the aftermath of neutron star mergers

We explored a set of astrophysical conditions realized in binary neutron star
mergers and determined that it is possible to creates parts of the first r-process
peak In such a scenario

We presented a sensitivity study for the most important masses affecting the
creation of the abundance pattern under such conditions.

We listed the nuclel responsible for the heating production powering the kilonova
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