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[ntroduction: chemical evolution
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[ntroduction: chemical evolution

[Mg/Fe] = log(Mg/Fe) — log(Mg/Fe)
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—]— Reichert et al. 2020
1.0 - the observed metal abundances of
- stars today measures the composition

3 _ of the ISM when the star was formed
‘O LI T F “ﬂl ’% 5
L A s
~ || lhu |" % o
O\ .il| , |‘l g
= !' =
E 00- Elillln 3,;,- S

| i S Stars are the fossil records of

'|
I + past events:
-0.5 - ‘ -

Galactic Archeology

-1.0 T T 1 I I T 1 I
-45 -40 -35 -30 -25 -20 -15 -10 -0.5 0.0

[Fe/H]

martamolero@tu-darmstadt.de
marta molero@inaf it


mailto:marta.molero@tu-darmstadt.de
mailto:marta.molero@inaf.it

[ntroduction: chemical evolution

- The evolution of the mass of gas in the form of the chemical element |

M., (R,0.1) = —w(R,0,0)X(R, 0,1) + X, JA(R, 0, 1) — X,(R, 0, N)W(R, 0, 1) — X(R, 0, )M (R, 0, 1) + R(R, 6, 1)

gas,i
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[ntroduction: chemical evolution

- The evolution of the mass of gas in the form of the chemical element |
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[ntroduction: chemical evolution

- The evolution of the mass of gas in the form of the chemical element |
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gas,i
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Homogeneous models: Stochastic models:

-  One or multi-Zone system treated as a single - System divided into multiple zones: each evolves
homogeneous zone independently with stochastic sampling of stellar mass
>0 distribution
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Chemodynamical simulations:

- Integrate chemical evolution + dynamical processes
in a cosmological framework
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Homogeneous models:

Stochastic models:

-  One or multi-Zone system treated as a single - System divided into multiple zones: each evolves
homogeneous zone independently with stochastic sampling of stellar mass
>0 distribution
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Chemodynamical simulations:

Integrate chemical evolution + dynamical processes
in a cosmological framework
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T'he |[Eu/Fe] vs. |[Fe/H]

[Eu/Fe] = log(Eu/Fe) — log(Eu/Fe)

[Eu/Fe]
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T'he |Eu/Fe| vs. [Fe

[Eu/Fe] = log(Eu/Fe) — log(Eu/Fe)
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'he |[Eu/Fe|vs. |Fe/

[Eu/Fe] = log(Eu/Fe) — log(Eu/Fe)
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Massive stars... MR-SNe, collapsars... something quick
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Homogeneous model tor the disk

« NCelements: Y, Zr, Mo, Ba, La, Ce, Pr, Nd, Eu
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Abundance patterns

R-process

QUICK

- MR-SNe : i) with yield from Nishimura et al. (2017)
ii) low fraction of normal CC-SNe

DELAYED

. NSM: ) yield Yg, o< 107° M,
i) rate from LIGO/Virgo

martamolero@tu-darmstadt.de
marta molero@inaf it

[Eu/Fe]

150_ | | I ! T T T ]
[ | - field stars 1
1.25F ® outer OCs -
o @ localOCs |
1.00 ° @® inner OCs 7
0.75F ° .
[0 f
L. 0.50¢
~~
Lﬁ i
— 0.25}
0.00}
-0.25}
-0.50 | . | -
) | ] | ] ) ) ]
-2.0 -1.5 -1.0 -0.5 0.0 0.5
[Fe/H]
Molero et al. (2023)
1.50 ——————————————— I
: @ outer @ inner |
1.25F i |

1.00

12

10

Age (Gyr)


mailto:marta.molero@tu-darmstadt.de
mailto:marta.molero@inaf.it

Abundance patterns T
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Abundance patterns
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Abundance gradients

Molero et al. (2023)
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Abundance gradients

Molero et al. (2023)

0o .
: === R-150, variable v |

0.75} = R-150 MRD |
| —— R-150 MNS ;

0.50F = = R-150, constant v "

Pooes Observed:  [Eu/H] = = 0.019(0.003) x Rqc + 0.245(0.030)

| Model: —0.050(£0.003) dex kpc™!

~0.50}

—0.752—

B R | e 3 R 7 S T s

12

martamolero@tu-darmstadt.de
marta molero@inaf it


mailto:marta.molero@tu-darmstadt.de
mailto:marta.molero@inaf.it

Abundance gradients

Molero et al. (2023)
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Abundance gradients

Molero et al. (2023)
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Inside out Galaxy formation
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Abundance gradients

Molero in prep.
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Conclusions

- GCE models are powerful tools to understand the formation and distribution of chemical species

- Homogenous models are useful for parameter exploration (nucleosynthesis) and sensitivity analysis

Nucleosynthesis

[ — GCE models —_—> | =
orescriptions

: v Mishenina+01
nnnnnnnnn

| < Ishigaki+13
eeeeeeeeeeeee
H Li+22

- Are NSM the dominant source of r-process in the Galaxy? Frequency? Delay?
- Do we need a second source? How can we calibrate it?

- Homogenous models can explain the average trend neutron-capture elements? Gradients?
- Open gquestions still remain...
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