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T Messages to remember

E. Spitoni’s talks

L. Colzi's talk

« Stellar yields are a rc’/rucial source of uncertainty for Galactic Chemical Evolution (GCE) of
eléments and isotdpes.

* Uncertainties vs errorbars: why stellar yields are not provided with errorbars? It is really
hard to provide comprehensive errors for stellar yields!

* Integrated yields of Core-Collapse Supernovae are not safe to be used for GCE
studies in the form they are usually provided. But the CCSNe models and the
ejected yields are ok.

A good example: [Mg/Si] vs [C/O] in the solar neighbourhood & Si isotopes in presolar
SiC grains.

p

E. Delgago Mena’s talk
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/ 2) Inhomogeneous approach: evolution of a large number
of gas volumes
Complementary GCE approaches: [, d
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' 1) Homogeneous approach: assumption of | o e A |
Instantaneous gas mixing . /
} | 3) 3D Chemodynamical Models: “self-consistent” treatment “
s e T of the chemical and dynamical evolution of a system.
[Fe/H]  kohayashi+ 2020, ApJ 900 N
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Stellar yields and GCE

Timmes+ 1995 ApJS 98, Gibson+ 1997 MNRAS 290, Chiappini+ 2005 A&AL 27 ...

A&A 522, A32(2010) Astro nomy
DOI: 10.1051/0004-6361/201014483 R ————
©ESO 2010 Astrophysms

Quantifying the uncertainties of chemical evolution studies

Il. Stellar yields

D. Romano!-2, A. I. Karakas®, M. TosiZ, and F. Matteucci*?

L

ROYAL ASTRONOMICAL SOCIETY S
MNRAS 451, 3693-3708 (2015) doi: 10.1093/mnras/stv 1102

Galactic chemical evolution: stellar yields and the initial mass function

Mercedes Molla,'-2* Oscar Cavichia,?** Marta Gavilan* and Brad K. Gibson’

... to Prantzos+ 2018 MNRAS 476, Gronow+ 2021 A&A 656, ....



Approach:

produce GCE models using different
existing stellar yields sets, to evaluate the
impact of their variations on GCE
predictions.
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[Na/Fe]

[Al/Fe]

[K/Fe]

When trying to reproduce the elements (well.. the [element/Fe]):
* The yield sets allowing to fit better the observations for

an element may not work for another element (e.g., Na vs Al).
* For some elements, there are no yields configuration

to use for GCE that are consistent with observations (e.g., K).

Romano+ 2010 A&A 522



8

Impact of

nuclear reaction rates

Even with ~20% ———

uncertainty, still strong
non-linear variations
between models are possible
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[x/Fe]

State-of-the-art: _
GCE vsobs. =

Always an issue

[X/Fe]

Dispersion at low Z

[%/Fe]

Issue using some £ o
yields, or often = _05|
for some Z
1 =
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Prantzos+ 2018 [Fe jH]
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Preliminary: No statistics yet!

— AIll Sources

— Massive Stars

— SN1A
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Reifarth+ 2000 ApJ 528
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Pignatari+ 2016, ApJS 225
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of the
ROYAL ASTRONOMICAL SOCIETY

MNRAS 524, 6295-6330 (2023) https://doi.org/10.1093/mnras/stad2167
Advance Access publication 2023 July 21

The chemical evolution of the solar neighbourhood for planet-hosting stars

Marco Pignatari,>*#3* Thomas C. L. Trueman,'** Kate A. Womack ~',* Brad K. Gibson.*?

Benoit Coté,'*>¢ Diego Turrini,”®? Christopher Sneden,!” Stephen J. Mojzsis,">!! Richard
{ ] -
J. Stancliffe,*!? Paul Fong,** Thomas V. Lawson “.3413[James D. Keegans,*!# Kate Pilkington, 3

Jean-Claude Passy.'® Timothy C. Beers>!” and Maria Lugaro!->!%!?

Experimental Astronomyy (2022) 53:225-278
https://doi.org/10.1007/510686-021-09754-4

ORIGINAL ARTICLE

16 authors
5 PhD/young PDRA

Target communities:
nuclear astrophysics &
planet formation/modeling

Check far
undates

Exploring the link between star and planet formation
with Ariel

Diego Turrini'2 @ . Claudio Codella? . Camilla Danielski* ® . Davide Fedele®> .
Sergio Fonte!. Antonio Garufi® - Mario Giuseppe Guarcello® - Ravit Helled® .
Masahiro lkoma’ . Mihkel Kama®® . Tadahiro Kimura? .

J. M. Diederik Kruijssen'? . Jesus Maldonado® - Yamila Miguel!-12

Sergio Molinari! - Athanasia Nikolaou'*'* . Fabrizio Oliva' - Olja Pani¢'® .
Marco Pignatari'®1718 . Linda Podio® . Hans Rickman'? . Eugenio Schisano! -
Sho Shibata” . Allona Vazan?? . Paulina Wolkenberg'
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Effect of stellar yields & the Mg puzzle

» 6 stellar yield sets

» the solar [C/O] is obtained using 4 sets
* by using 2 other sets we get closer to the 0.6}
solar [Mg/Si], but none of them show enough Mg

Mg puzzle!

mmm oKO6nO

mmm OR18n0 |
oR18dno |

s oR18HN0
oKlOno |
olL18no

Old problem, identified first from
using WW95 CCSNe yields
(e.g., Gibson+ 1997 MNRAS 290
and several works following)

0.4
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The zoo of solar normalizations

0.4 S18: Suarez-Andres et al. 2018
RO3,RO6 R03,R06: Reddy et al. 2003, 2006
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Nuclear astrophysics point of view:

It should not be that difficult..

: Si-, O-..

* C: product of 3o - *C reaction Ij
(preSN partial He-burning) 0 C He H  envelope

* O: product of the **C(a,y)*O ) f
reaction (preSN He-burning)

* Mg: product of the - —
Ne(a,y)**Mg reaction (preSN —ea|
C/Ne-burning) - —

* Si: product of 0+1°0 - . : , : ]
(eXPIOSive O'burning) Mass coordinate Msun

M=15Msun, Z=0.02
Ritter+2018 MNRAS 480
MESA progenitor
Fryer+12 explosion
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Work in progress: comparison with stellar archaeology data - Pignatari+ in prep.

A Frevel 2010

GCE &
BN 06 yields at Z=0.0001

o 12Msun Z=0.0001

) 15Msun Z=0.0001 1D CCSN

- 20Msun Z=0.0001 A : :
20Msun Z=0.0001 B In_tegrated yields
25Msun Z=0.0001 Ritter+ 2018

_I2 _Il 0 ]I. é
[Mg/Si]
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A Frevel 2010

GCE &
B K06 yields at Z=0.0001

12Msun Z=0.0001
15Msun Z=0.0001
20Msun Z=0.0001 A
20Msun Z=0.0001 B
25Msun Z=0.0001

[C/O]

[Mg/5i]

>

10° 5
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1072 7

103

107 -

1o 1L

H-1
He-4
C-12
0-16
Mg-24
Si-28

3 4 5
Mass coordinate Msun

-

Work in progress: comparison with stellar archaeology data - Pignatari+ in prep.
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The presolar grain journey from stars to us

uperncva
5 Core-collapse supernovae

Electron-capture supernovae (?)
Red Giant

CWLeo
(IRC+10216)

Turthill+2000
Keck Tel.

AGB stars
Post-AGB stars

Novae

Nova Cygni 1992 (HST)

:> A@g

L. Nittler
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Working with presolar grains

* Study of nucleosynthesis isotopic anomalies
in bulk grains and single grains

e Study of meteoritic anomalies, carried by
different types of presolar grains

e Study of isotopic signatures not modified
by intrinsic nucleosynthesis in the parent
star (GCE study for stars that we cannot
observe anymore, died “shortly” before
the formation of the Sun)

104

100 — -
10° 101 102
120;‘1 SC
Zinner 2014, Treat. Geochem 1.4
https://presolar.physics.wustl.edu/presolar-grain-database/

T T T TTTT] T T T T m Mainstream ~93% o AB grains 4-5%

i v C grains A Xgrans ~1%
¢ Y grains ~1% = Z grains ~1%
#® Nova grains

| J stars? e % solar
| Post AGB? . Terrestrial_ ]
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L e 11l

103

- [
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Time GCE window provided by grains

< 0.3 Gyrin the ISM
(Heck+ 2020, PNAS 117)

E::2>

T A
iy

3Gyr>1>0.5Gyr
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Nittler+ 2005 ApJ 618
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B Starting Composition
#  SiC Grains Average (corr.)

1004 ® SN Average

2504

998ix1.5

T ¥ T T T T
-250 -2iM) -150) -1X0 =50 ]

81888
Lugaro+ 1999 ApJ 527

T
50

T
10

T
1500

200

Scenarios to explain the Si isotopic ratios measured:

Clayton 1997 ApJ 484: stars diffused outward from

more metal-rich part of the disks (the Sun was born
at 6.6 kpc), i.e., giving higher Si29 and Si30 with
respect to Si28;
Alexander & Nittler 1999 ApJ 526: CI97 may work,
but other processes may be at play;
Lugaro+ 1999 ApJ 527: effect of heterogeneous GCE
from CCSNe contribution ...
... and moving further using the isotopes from
two elements (Nittler 2005 ApJ 618) ;
Clayton 2003 ApJ 598: mixing line due to a merger
between a metal-poor dwarf galaxy and the Milky Way
disk 5-6 Gyr ago;
Lewis+ 2013 ApJL 768, reviewing the problem and
supporting the role of migration in shaping the observed
scatter.




Open-source GCE codes OMEGA
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http://nugrid.github.io/NuPyCEE
. . | | https://github.com/becot85/JINAPYCEE
007 LCIR (W =10 km'g) = RI&mod 7
N13 R18+N13 |
_ —_— R SiC M
£ / -
5 Results affected by
% - A ) nuclear uncertainties,
~500+ A 1
s - among others by the
; ' 30Si(n,y)*Si rate
5000 s00 1000 100 2000 2500 3000
ri:nhh.” (%a)

Fok, H.K.+ 2024, ApJL accepted

+ Comment

keV with norm. energy dependence from endfb71. Note that

Rec. value is from GKD03. MACS vs. KT table from GKDO03, but extended above kT3
F value from GKD03. A further investigation is required!!!

there is discrepancy between the activation measurement from BSR02b and th

Last review: August 2014

w List of all available values
original  renorm.  year type Comment Ref
1.82£0.33 2003 c Linac, TOF, Au: Sat.; DC component is 0.438 (30) mb; no res. at 2.235 keV found GKDO3
3.51 £ 0.15 3.24 £0.14 2002,2015 ¢ VdG, Act., Au:RaK88 corrected by 632 mb/586 mb= 1.0785; DC component at kT= 30 keV is 0.36 mb BSR02b

kT= 25 keV
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: N13 R18+N13
— R 3 SiIC M
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GCE of radioactive heat-source Isotopes

Monthly Notices

Azt

MNRAS 516, 37863801 (2022)

https:/fdoi.org/10. 1093/ mnras/stac2361
Advance Access publication 2022 August 25

Enrichment of the Galactic disc with neutron-capture elements: Gd, Dy,
and Th

T. Mishenina,'* M. Pignatari,>**3*{ T. Gorbaneva,' B. Coté © 25} A. Yagiie L6pez.>”}

F.-K. Thielemann®® and C. Soubiran'’

Talk by E. Delgado Mena
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Relative Flux

[Eu/Fe]

1.0 |

' Blend with Co, Fe, Ni, Mn lines!
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[Fe/H]
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)/

What is the [Th/Eu] trend in the MW disk? /5 3

=
0.4 E T . T ' T T T Y T : T ‘
GOCE models with k = 2:
03F |—r=0301T, = &Gy -
—Tr=0251T = O Gyr
samsns [*E 0 l£1T' Tn = 12 Gl!.r
02 F | wmren £ =0.199; T, = 15 Gyr -
-ﬂ'.3 2 | 5 1 L 1 1 | L 1 L | i
1.0 4.8 0.6 0.4 4.2 0.0 0.2 0.4
[FelH]
del Peloso+ 2005 A&A 434 See also Frank+ 2014 Icar 243,

Unterborn+ 2015 ApJ 806,
Botelho+ 2019 MNRAS 482
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A& A 663, ATO (2022)

[ scenarios ] [interpretationfsuggested categnrg]

(a) core-collapse SN (Y.in~ 0.5)

;

(b) quark-deconfinement SN (Yo~ 0.5)
s

[ _ 1 (c) magneto-rotational SN (Ycir~ 0.5)

l~E:-i_] collapsars (Y.~ 0.5)

NSBH
%} comp. binary mergers (Yin~ ﬂ.ﬂy

BH+torus
NSM
mMNS-+Horus 3

Farouqi+ 2022 A&A 663

r

“actinide boost” (?7)

L

Y

J

-~

.

“r-process enriched”

o

[category 0 ]

[-:al:e gory 1 ]

[categm‘y 11 ]

[categm}f III.b]

[catc gory IH.a]
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CS 22892-052

" (r-1l star)

HE 1523-0901
" (r-1 star)
Mishenina+ 2024 A&A 687
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Messages to remember

Stellar yields are a crucial source of uncertainty for Galactic Chemical Evolution (GCE) of
elements and isotopes.

Uncertainties vs errorbars: why stellar yields are not provided with errorbars? It is really
hard to provide comprehensive errors for stellar yields!

Integrated yields of Core-Collapse Supernovae are not safe to be used for GCE
studies in the form they are usually provided. But the CCSNe models and the
ejected yields are ok.

A good example: [Mg/Si] vs [C/O] in the solar neighbourhood & Si isotopes in presolar
SiC grains.



ANNOUNCING:
" GEOASTRONOMY

A NEW ERC Synergy project, starting in 2025
and running for 6 years!

geuastmhmﬁy »

A cPl. Steve } 4 Pl. Fabrice Gaillard | ' Pl Kevin Heng

1 5 i

. Mojzsis (CSFK, (CNRS, France) : (LMU, Germany) %
Hungary) : :

TRANSLATE PERFORM LAB INTERPRET SPECTRA OF %
COMPOSITION OF STARS EXPERIMENTS OF EXOPLANET ATMOSPHERESH™
TO PLANETS EXOPLANET MAGMAS il Theory of exoplanet

Planetary geochemistry Laboratory experiments of atmospheres

and nuclear astrophysics outgassing from planetary : i

of exoplanets. interiors

e

Exoplanetary systems can be markedly different from our own
A non-Earth-centric view is REQUIRED to make progress s
We are recruiting Junlor and Senior Staff Research Assomates and Ph. D studen :
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