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Chemical evolution of galaxies
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- Equations of Chemical Evolution
My i(5) = = [wOX (D X 4A@) — XOW() + R(0) '

: ORate «F Whlch chemlcal elements are '

' subtracted by the ISM to be 1ncluded in star |
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Neutron capture elements ‘ nucle()synthesis
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neutron capture

NUMBERS

~ s-process: the unstable nuclide created by
-neutron capture will decay 1n a stable

nuchide before it has time to capture

there 1s timé for multiple
neutron captures before the first f-decay

OCCUTrS



Neutron capture elements nucleosynthesis

CC-SNe

Progenitor(~ 15M,)
Lifetime: ~2 x 107 years
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Standard supernovae cannot produce elements'beyond
the second r-process peak: the eject 1s often proton rich
with some small clumps of slightly neutron-rich materal

30,000-60,000km s

MRD-SNe
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Magnetic field strength [G]

credits: M.Obergaulinger

In contrast to “typical” neutrino-driven CC-SNe, where matter 1s
processedby neutrinos and therefore neutrons can react to
protons, MRD-SNe may eject matter that 1s dominantly driven by
magnetic pressure and therefore conserve neutron rich conditions



Neutron capture elements ‘ nucle()synthesis

MNS | Freiburghaus+99

NS +
He-star

He-star @
Case BB

RLO

101 123 144 165 186 208 R239 250

Massnumber A

Ultra- -
stripped From the spectra of the kilonova AT2017gto Watson

SN |
et al. 2019 measure the yield of Sr: (1 —5) x 107°M,,

I
o=
A

recycled +
young NS

DNS Consisting mainly out of material from the neutron star itself and being
MRl located far away from the colliding neutron stars, the tidally ejected and

unshocked matter is to a minimum processed by neutrinos, therefore it
Tauris+17 |

1s very neutron rich and an ideal host of the r-process



Heavy Elements Nucleosynthesis
From the spectra of the kilonova AT2017gto Watson et al. 2019 measure the yield of Sr: (1 —5) x 107°M,,
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The Rate of Merging Neutron Stars

' - min(t,z,) - | ’ S
Ryns(?) =kaj - ayns(DWY(E = T)fyns(7) d7

l

$ a. the fraction of stars which gives rise té a merging event (Molero etﬁal, 2021a, /WNRAS) .
® f,.s(7) the delay time distribution (DTD) (Simonett[ et al. 2019, INRAS)

® 1 =1,+17,, the delay time
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- Classical dwarf éphefoidal calaxies (dSphs): . Somms

- Sextans A

the least luminous and most dark matter -

dominated galaxies which are observed today | g
1n the Universe. Classified as early-type since "o
: & ; - . 20l - Canes Dwarf
they are observed to posses very low £as mass o e
at the present time and their stars are very -
; : _ . 3 | | , Sextans Dwarf - Ursa Major Il '
1ron poor compared to the Sun L e oo+ v cicto
| e ' A ‘ ' e i »., Large Magellanic Cloud - .
S %’ w*g;' Small Magellanic Cloud A v
2 g Carra Dol ~Sagittarius Dwarf
R . : G _ - Sculptor Dwarf ke * NGC 147
i AR _ _ o : : ' ' Snnic - Fornax Dwarf
~ Ultra-faint dwart spheroidal galaxies (UFDs): o Y soctomeca Gy 3
dwarf galaxies orbiting around the Milky | Tenmeiey ooy 8 gy
Way with physical properties very similar to oD bt
dSph galaxies but average surface . N
brightnesses and effective radu even much Tucana Dvr A
_ X

smaller



Sculptor dSph - the time delay model

observational data: Reichert+20

CC-SNe:

® Main producers of a-elements

® 1/3 of Fe producers

Ao o Fr()m massive stars (Short hfetlme) '

SNe la:
® Main producers of Fe

® I'rom low-mass stars (long hifetime)
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[Fe/H]

[X/H] = log(X/H) — log(X/H)



Sculptor dSph - the [Eu/Fe] vs [Fe/H]
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Sculptor dSph - the [Eu/Fe] vs [Fe/H]
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observational data: Reichert+20 [Fe/H] observational data: SAGA database
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Sculptor dSph - the [Eu/Fe] vs [Fe/H]
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observational data: Reichert+20 [Fe/H]




Sculptor dSph - the [Eu/Fe] vs [Fe/H]
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Sculptor dSph - the [Eu/Fe] vs [Fe/H]

MRD-SNe
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Sculptor dSph - the [Eu/Fe]
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observational data: Reichert+20 [FG/H]




Sculptor dSph - the [Eu/Fe] vs [Fe/H]

-2.50 -2.25 -2.00 -1.75 -1.50 -1.25 -1.00 -0.75
observational data: Reichert+20 [Fe/H]




Sculptor dSph - the [Eu/Fe]

MNS DTD
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Sculptor dSph - the [Eu/Fe] vs [Fe/H]

MNS DTD+MRD-SNe
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Conclusion

In order to reproduee the [Eu/ Fe] vs [Fe/H] 1n dwarf galames we need Fu to be produced by '

both a qulck source and a delayed one. In partlcular the qulck source can be represented by

MRD-SNe and the delayed one can be represented by MNS Wlth a DTD!

e :l'
‘x
b4 .

 Matteuccar et al. 2014, Simonetti et al. 2019, Cote et al. 2019, Skiladottir & Salvador: 2020, Molero et al. 2021, ..



Sculptor dSph - heavy elements
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Sculptor dSph - heavy elements
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Sculptor dSph - heavy elements
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Sculptor dSph - heavy elements

MNS+MRD-SNe
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Conclusion

In order to reproduce the [Eu/Fe] vs [Fe/H] in dwarf galaxies we need Eu to be produced by
both a quick source and a delayed one. In particular, the quick source can be represented by

MRD-SNe and the delayed one can be represented by MNS with a DTD'
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' If both a quick source and a delayed one are adopted for the production of r-process elements,
the [Eu/Fe] vs [Fe/H] 1s successtully reproduced. In particular, the quick source can be _
represented by MRD-SNe and the delayed one by MNS with a DTD. However, those model
itails'in reproducmg the low-metalhclty data of the [Ba/ Fe] VS [Fe/ H] | - ;



Reticulum II UFD
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Reticulum 11 UFD

MRD-SNe MNS DTD+MRD-SNe




Reticulum IT UFD

MRD-SNe
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— 21
Cescutti+06
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A'quick source for the production Qf both Eu and r-process Ba is neede’d in order to reproduce
both the [Eu/Fe] and the [Ba/Fe] vs [Fe/H]. This quick source can be represented either by
MNS with a short and constant delay time for merging or by MRD-SNe. However, yields -
must be 1-2 order of magnitude higher than those estimated for the other galaxies!

p g =

10_5 — 10_4 M In agreement with J1 et al. ®016

A




But... Hov 1s"p0881b1e_that the.same nucleosyntt etlc_'.ev'e_nt'pro._ _ucés different amounts-of _r-process
e i ear e o materid] inidifferent environments?. .



But... How 1t 1s p0551ble that the same nucleosynthetic event produces different amounts of r-process

materlal in different environments?

If we force the rate of MINS to be equal to 1 in the first Gyr:




Conclusion

If we force the rate of MNS to be equal to 1. yve_can adopt much more realistic ylelds of Eu/ Ba .
~similar to those adopted for the other dSphs/ n order to obta

_ set “MNS 1 namely we had to as sume a pr 0 ncnr RN <7 R




Discussion

® We modelled the chemical evolution of 7 dSph and 2 UFD galaxies and adopted new
nucleosynthesis preScriptiOns for the production of Eu and the r-process Ba produced in
MNS and tested different prescrlptlons for MRD-SNe r-process elements

® A possible scenario is one in which NS merge Wlth a DTD and produce Eu Wlth MRD—
SNe ' . Sk e
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e [Ba/ Fe] can be reproduced if only MNS with a DTD are producing thé r-process fraction
of Ba, if also MRD-SNe partecipate to this process the agreement 1s lost.
e A second source for the production of the “weak” s-process fraction could be included, such
“as rotating massive stars (Cescutti+13, Cescutti&Chiappini+14, Cescutti+15, Rizzuti+21).



Dlscuss1on

e

Conclusmns for Retlculum 11 are e different from those for the other galax1es, because of 1ts

peculiar r-/s- process elements pattern.

A scenario Whlch well reproduces the Eu and Ba is the one in which a qulck source pollutes '
the ISM really fast and Wlth large amount of r- process elements, larger than that adopted

for the other galames

. The asstlmptlon that the same nucleosynth’esients produce dlfferent total amount of r:
| process materlal 1n dlfferent env1ronments need further dlscuss1on.
' If e foree the rate of MINS to be equal to 1 in the ﬁrst Gyr of SF in Retlculum I1 then we
can adopt a more realist r-process yield, similar to that adopted for the other systems
In order to do that however we have to assume a probability of 100% of having a MNS

event.



More investigations..
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