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Rapid Neutron-Capture Process (r-process)
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Galaxy Simulations to Recreate the Evolution of r-process Elements
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Galaxy Simulations to Recreate the Evolution of r-process Elements
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Number of Neutron Star Merger per Units of Stellar Mass Formed
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Galaxy Simulations and Gravitational Waves

Lookback time [Gyr]
0.0 5.0 7.5

10.0

- LIGO/Virgo (GW170817)

= = =
o o o
W A Ul

NS-NS merger rate [GpC_3 Yl”_l]
-
-

10t}

0.0 0.5 1.0
Coté, Fryer, Belzcynski, et al. (2018) z (redshift)

1.5

Chemical evolution
simulations for
r-process elements

Argast et al. (2004)
Matteucci et al. (2014)
Cescutti et al. (2015)
Hirai et al. (2015)
[shimaru et al. (2015)
Shen et al. (2015)
van de Voort et al. (2015)
Wehmeyer et al. (2015,|12019)
Komiya & Shigeyama (2016)
Cote et al. (2017,12019
Hotokezaka et al. (2018)
Naiman et al. (2018)
Safarzadeh et al. (2018)
Haynes & Kobayashi (2019)
Simonetti et al. (2019)




Galaxy Simulations and Gravitational lookback time (Gyr)
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Galaxy Simulations and Gravitational Waves
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Galaxy Simulations and Gravitational Waves
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Galaxy Simulations and Gravitational Waves
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Galaxy Simulations and Gravitational Waves
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Chemical Evolution in the Disk of our Milky Way Galaxy
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Chemical Evolution in the Disk of our Milky Way Galaxy
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Delay-Time Distribution (DTD) Function of Neutron Star Mergers
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Delay-Time Distribution (DTD) Function of Neutron Star Mergers
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Delay-Time Distribution Functions in Chemical Evolution Codes
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Delay-Time Distribution Functions in Chemical Evolution Codes

Q 0
© S
@i
O S
IS IS
= =
O o
IS S
nN )
(b
nfad
(4v]
. -
>

((b)
o ©
Q)
(/) Y
o ((b)
© O
re) QD
O —
a
. -
(@
O

Galactic age Galactic age



Delay-Time Distribution Functions in Chemical Evolution Codes
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Delay-Time Distribution Functions in Chemical Evolution Codes
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Delay-Time Distribution Functions in Chemical Evolution Codes
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Delay-Time Distribution Functions in Chemical Evolution Codes
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Delay-Time Distribution Functions in Chemical Evolution Codes
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Delay-Time Distribution Functions in Chemical Evolution Codes

9 o

© ©

S 5

-ICB’ -+

S =

2 O

I 5

% N

9

© :

N The Galactic merger rate at a
c% [ given time is the sum of the
a © contribution of all stellar
- 5 populations.

= %

e @

S = \\

5 .. ~~\\

o SN

Galactic age Galactic age



How Can we Fit the Decreasing Chemical Evolution Trend?

Cote, Eichler, Arcones, et al. (2019)
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How Can we Fit the Decreasing Chemical Evolution Trend?

Cote, Eichler, Arcones, et al. (2019)
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How Can we Fit the Decreasing Chemical Evolution Trend?
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How Can we Fit the Decreasing Chemical Evolution Trend?

Cote, Eichler, Arcones, et al. (2019)
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How Can we Fit the Decreasing Chemical Evolution Trend?

Cote, Eichler, Arcones, et al. (2019)
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Other Solutions for Fitting [Eu/Fe]

.. With neutron star mergers only

Steeper delay-time distribution function

for neutron star mergers?

Simonetti, Matteucci, Greggio & Cescutti (2019)
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Other Solutions for Fitting [Eu/Fe]

Cote, Eichler, Arcones, et al. (2019)

.. With neutron star mergers only

Steeper delay-time distribution function
for neutron star mergers?
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Other Solutions for Fitting [Eu/Fe] Metallicity-dependent
. with neutron star mergers only neutron star mergers rate?

Simonetti, Matteucci, Greggio & Cescutti (2019)
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Even More Potential Solutions

.. With neutron star mergers only

Mixing In the interstellar medium
Schonrich & Weinberg (2019)

' SAGA database

v = 190 Myrs, 0.25 cold
NM: 0.5 cold, ccSN 0.25 cold
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What it the neutron star merger ejecta does not
pollute the same gas phase than supernova
explosions?



Even More Potential Solutions

.. With neutron star mergers only

What if r-process ejecta (i.e., Eu) are more
retained inside galaxies than Fe?

Emerick, Bryan, Mac Low, Cote, et al. (2018)
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Take Away Message

Understand what is(are) the dominant r-process site(s) in the Universe
'S a multidisciplinary challenge.

Gravitational waves
Chemical evolution in galaxies
Nuclear physics and nucleosynthesis
Astrophysical hydrodynamic simulations (SNe, mergers)
Stellar spectroscopy
Binary population synthesis models
Short gamma-ray bursts
Interstellar medium mixing and galactic outflows
Meteorites and cosmochemistry
etc..

't Is not only about fitting chemical evolution, it is about combining all
pieces of evidences to build a coherent and consistent picture.
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