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[ntroduction: chemical evolution

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

Mo (R, 0,1) = — w(R, 0, DX(R, 0, 1) + X; JA(R, 6, 1) — XR, 0, )W(R, 6, 7) — X,(R, 6, )M g1, (R, 6, 1) + R(R, 6, 1)
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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
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Homogeneous models:

Stochastic models:
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['ne |Eu/Fel|vs. |Fe/H

[Eu/Fe] = log(Eu/Fe) — log(Eu/Fe)

the observed metal abundances of
stars today measures the composition
of the ISM when the star was formed

[Eu/Fe]

Stars are the fossil records of
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T'he |[Eu/Fe] vs. |[Fe/H]

[Eu/Fe] = log(Eu/Fe) — log(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 rate of neutron star mergers ongetal o7
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'he |Eu/Fe|vs. |Fe/H]|

[Eu/Fe] = log(Eu/Fe) — log(Eu/Fe)

Either NS all merge on short timescales or
they cannot be the major producers of Eu
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MRD-SNe

[Eu/Fe]

The |Eu/Fe|vs. |Fe
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Homogeneous model tor the disk

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

Solar s-, r- and p-

- Components _
—~ 3 E 5™ EEe
N - o [~ e
|l = 30
I 1E ERS
z 0F L b
5 —1F Els
T n 1O
_2 :_l L1 1 1 I L1 1 1 | 1 1 1 1 | L 1 1 1 I I 1 1 1 | | I I | | L1 1 1 | | 1 1 1 | 1 1 l>l<| L1 1 1 I | 1 1 1 | L1 1 1 | 1 1 l_:
30 35 40 45 50 55 60 65 70 75 80 85 90
ATOMIC NUMBER Z
o
E
o (Gaia-ESO survey data from the 6th data release:
1. field stars (3975)
2. Open clusters (OCs, 62)

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

oo
S O

I
©ooo
A N ON

oo
S O

I
©Sooo
A N O N

°© o
S O

I
©ooo
A N O N

°© o
S O

I
©cooo
A N ON

°© o
S O

I
©cooo
A N ON

Viscasillas Vazguez et al. (2022)
[ [ | :

——— N )
: % ° o E—
_ é o@%é%ogﬁg% § é‘ii } (?T% %__ 5 - 'n]6 ¢) =0 Ja %;6) é[n&v —
; o outer e solar e inner | E
_ Zr 7 | I |

: : Dg%ségé%?p% R T



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

Abundance patterns

R-process

QUICK

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

DELAYED
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Molero et al. (2023)

Abundance patterns T 4]

S-Process
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i) rate fine-tuned with observations
[Fe/H]
— 150 km/s
zz crua, % |
DELAYED 1 R T
i K . T‘. $ eeees 300 km/s
| 9 |
- AGB stars: i) large (108 progenitors) vield grid from FRUITY _ T
Iy
©
|,
13

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


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

Molero et al. (2023)
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Abundance patterns

Prantzos et al. (2018)
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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)
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Abundance gradients

Molero in prep.
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Palla et al. (2020)
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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
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- Are NSM the dominant source of r-process in the Galaxy? Frequency? Delay?

- Do we need a second source? How can we calibrate it? Is the r-process still robust?

- Homogenous models can explain the average trend neutron-capture elements? Gradients?
- Open gquestions still remain...
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[ntroduction: chemical evolution

[Mg/Fe] = log(Mg/Fe) — log(Mg/Fe)

1.5
—]— Reichert et al. 2020
1.0 - the observed metal abundances of
- stars today measures the composition
3 _ of the ISM when the star was formead
‘O LILTF “ﬂl ’% o)
— 1 _ihu O
~. || LA ©)
@)} .il ‘!” |‘l S
— . 3 T, .
= 0.0- El Al 5 1 §

I “|| A 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]

22

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


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

D)

Y-

[Or NeUtron star mergers
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df(z,,) = dfiA, M) = g(AYh(M)dAdM

] g(A) x A’
l h(M) « const.

For a complete derivation see Simonetti et al. (2019); Greggio et al. (2021)
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Or Neutron star mergers
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- First portion: formation of the first DNS system.

- Second portion: systems which merge soon after
formation of DNS system.

- Third portion: distribution of gravitational delay times.

For a complete derivation see Simonetti et al. (2019); Greggio et al. (2021)
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['wo-infall model for the disk

Mgas,i(ta R) — = l/j(ta R)Xl(ta R) XZ,AA(ta R) Rl(ta R)

l

A(t, R) — Cle_t/TDl + e(t . tmax)cze_(t—tmax)/TDz

— 375 Gyr Pallaetal (2020)

? tmax

Spitoni et al. (2019;2020;2021)
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['ne effect of rotation

1. 12C synthesized in the He core diffuses up to the base of the H-burning shell
2. 12C is converted into CNO nuclei, enhancing their abundance (14N in particular)

3. CNO and some He are brought back to the centre orimary neutron source

4. 14N in the centre is converted into 22Ne first and then into 25,26Mg 22Ne(a,n)25Mg

H-rich radiative zone

12C+p —— CNO (14N, 13C, 15N, 170)

AHe —12C

He convective core
1AN— 22Ne —n
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