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1-The First Stars

™

Cosmic ErPocCHS i e

after the Big Bang _Aediction era

- ~300,000

RS 4 ~400 million years: Stars
and nascent galaxies form

~1 billion years: Dark ages end

~9.2 hillion years: Sun, Earth, and solar system have formed

~13.7 billion years: Present



1-The First Stars ;
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C O S M| C E P O C H S Galaxy A1689-zD1:

~700 million years
after the Big Bang
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y ot ~400 million years: Stars
Sty and nascent galaxies form
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~1 billion years: Dark ages end
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1-The First Stars
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1-The First Stars

low mass stars
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1-The First Stars

low mass stars
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2-Pair Instability SuperNova (PISN)

¢ W
Mass range: 140-260 Mo
Pair production

Released E: ~10/53 erg

No remnhant

Peculiar pattern
Heger & Woosley 2002



2-Pair Instability SuperNova (PISN)

J0018-0939 a MS with
Teff=4600 R
[FelH]=-2.5 2

C O Ne Mg Si S Ar Ca Ti Cr Fe Ni 2Zn

Low a-elements!
Hegel & Hoosley 2002
Ohkubo et al. 2008

15 20
Atomic Number




2-Pair Instability SuperNova (PISN)

C 0 Ne Mg Si S Ar Ca Ti Cr Fe Ni Zn

BD80°245 a Sub-G with:,
Teff=5225 R
[FelH]=-2.1 )

Low a-elements
Killing elements Cu and Zn!

Hegel & Woosley 2002
Salvadori et al. 2019

N F Na Al P Cl K Sc V Mn Co Cu

Element

Element



3- How to find them?

C 0 Ne Mg Si S Ar Ca Ti Cr Fe Ni Zn
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3- How to find them?

ey

Normalized Flux

1=5525 K logg=3.6

]
U

Normalized Flux

e JT A
A

3889 3933
Wavelength [A] Wavelength [A]
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3- How to find them?

According to Salvadori et al.“'2019

)

.
252 models with PISN Vield predictions
Spaning: .

Percentage of Poplll:
Fraction of SF and gas dilution: \\
Mass of the progenitor:

.
+ fitting with:
Powell’s truncated Newton Algorithm
quadratic interpolation.



FERRE fit

Poplli:
Fs/Fd:
Mass:

Mg Si

Al

P

S Ar Ca Ti

Cl K Sc

Element

v

Cr

Fe

Mn Co

Ni

Cu

Zn

BD80245
logChi= 0.52

FERRE fit

Poplil:
FsiFd:
Mass:

Popll=50.0%  Fs/Fd=10~—2.0
[Fe/H]=—2.09 Teff=5225K

20
Atomic Number

Mass=213.8Mg
Logg=3.00




3- How to find them?
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C,N, O, Néﬁ‘l\cll
K, Ca, Ti, VACr, Mn, Fe, Co,

Ni, Cu

GALAH: 500k " Gaia-ESO Survey 10k
-



3- How to find them?

BEST FITS & Cu, Zn: 40

2 101300438-6812334 Popli=547% Fs/Fd=10-2.1 Moss=140.0M, < 102302061,7120247 Poplli=B8.0%  Fs/Fd=10--2.0 Mass=140.0M,
¢chi2=0.1 [Fe/H]=-1.16 Telf=4276K Logg=1.01 chi2=0, 1 [Fe/H]=-1.05 Teff=5042.K Logg=3.53

< (03565891 42439151 Poplll=69.6% Fs/Fd=10~-2.1 Maoss=140.0Mg < [03573898+1804234 Poplll=68.2% Fs/Fd=10~-2.0 Mass=140.0Mg
chi2=0.1 [Fe/H])=-1.65 Telf=4992.K Logg=2.60 chis2= [Fe/H]=-1.02 Teff=6063.K Logg=4.03




3- How to find them?

BEST FITS & Cu, Zn & Mass > 140M. : 60

Moss=167.1Mg

Fs/Fd=10~-2.1
Logg=3.53

Moss=167.0Mg 2 100502100+0517537  Poplil=50.0%
chix2=0, [Fe/H]==1.05 Teli=5042.K

[00322834-5853165 Poplli=50.0% Fs/Fd=10~-2.1
F [Fe/H]==1.16 Teff=4276.K Logg=1.01

chix2=

Co T Cr Fe Ni Zn
0 25 30

C O Ne Mg Si S Ar
10 15

Atomic Number

10022647-2839045 Poplli=50.0% Fs/Fd=10r-2.0 Mass=219.0Mg
[Fe/H]=-2.05 Teli=4579.K Logg=1.20

Fs/Fd=10~-2.0 Moss=211.5Mg hh320.16
chi2=0,

Z 151030357-7056074 Poplli=50.2%
ch2=0.19 [Fe/H)=-1.85 Telf=4992.K Logg=2.60

GALAH: 500k----->58k

Atomic Numbe




4- A very promising candidate

APQGEE-2

C,N, O, Na, Mg, Al, SI, P, S,
K,Ca, T, V, Cr, Mn, Fe, Co
Ni, Cu

LI ><

o Ne Mg Si S Ar Ca Ti Cr Fe Ni Zn
10 15 20 29 50




4- A very promising candidate

ape@es

C, N, O, Na, Mg, Al, Si, P, S, |
K, Ca, Ti, V, Cr, Mn, Fe, Co, =
Ni, Cu

\?_ R o {\le Mg S‘i1

l' S Ar do y C[_VILF‘e Ni Zln




4- A very promising candidate

C! | Ol | Mg’ AI! Si! Ca! | )
| Cr! Mn! Fe! ) Ni! | | | |
. Ba, La, Ce, and



4- A very promising candidate

DDT proposal ID: 108.23N5
\ 4 y, [internalld 2108.B-5031] e

Recibidos

Silvia Cristiani 9:48 & ees
para mi v

Dear Dr Aguado,

We are pleased to inform you that your DDT
proposal 2108.B-5031 with the title “A Unique
Descendant of the First Very Massive Stars™ was
approved by the ESO Director for Science on behalf
of the Director General in rank class A, and time
was allocated to it as requested:

1 hr with UVES

You will soon receive a message from the User
Support Department containing details about the

= preparation of your observations for this DDT
C1 y 01 ’ Mgs AI; S|1 Ca’ y ’ programme.
1 Cr’ M n’ Fe’ ! N I’ ’ 1 1 1 In case of questions, the User Support Department

y y y Ce, and can be contacted by submitting a ticket under the
URL: https://support.eso.org.




4- A very promising candidate




4- A very promising candidate




4- A very promising candidate




Thanks for your attention!

Y X M /

UNIVERSITA
DEGLI STUDI

FIRENZE
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