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[Lucchesi et al., 2024]

Pop 111 Supernovae Pop 11 , The closest old and metal-poor environments:
N 7? — ;ﬁi; ;?gpﬁz‘j‘m = Milky Way (MW) stellar halo
Bilfg ¥ dSphs compilation = Dwarf galaxy satellites of the MW
-8 84% confidence level « Dwarf spheroidal galaxies (dSphs)
« Ultra faint dwarf galaxies (UFDs)
10 Mg? S M,< 1000 Mg? 0.1 Mg < M, S 100 Mg

S
o

M, <08Mgy —t> 14 Gyr Carbon-Enhanced Metal-Poor stars not enriched in

n-capture elements (CEMP-no) are believed to be direct
descendants of Pop III faint SNe. However, their

population in dSphs seems to be very different than in
UFDs and in the MW.

The first stars (Pop III) likely had very high masses due to their pristine composition. Their
supernovae (SNe) distributed the first metals in the Universe. However, these massive stars
had short lifetimes, making Pop III unobservable today.

Second-generation stars had lower masses, and those with M, < 0.8 M have survived until
today. We can observe these old, metal-poor stars in the local Universe and measure their
chemical abundances, which they inherited directly from the first stars.

\ le.g., Hirano et al., 2014, Frebel and Norris, 2015, Rossi et al., 2021] J | - j
/ DR20080 — A unique star 1n Sculptor \

CEMP fraction
o
>

2N

Are Pop III properties dependant on
the formation environment?

DR20080 is a recently discovered [Skuladéttir et al., 2024]

Sculptor - @ Members CEMP-no star in the Sculptor dSph (left figure), and, by far, the
: . % [Fe/H]=-3.0 most metal-poor among the two CEMP-no stars identified in this
IR 1 galaxy so far. 1.00
We performed a high-resolution (R ~ 35,000) follow-up of DR20080 ol
O through the VLI/UVES spectrograph, collecting 8 hours of g 0.75
S -33.5 exposure across 3 spectral bands (3700 A — 6625 A). 0 '
et The main goals: —
@) . C : i 20.50
W ompare the abundance pattern with other CEMP-no stars and =
a metal-poor stars; g
= Derive the properties of its Pop III progenitors (mass, MpopIIl 0.25 ——
and explosion energy, Eqy) - |Fe/H]|yi7r = —3.08 [Ba/Felyirg = —1.25 No Carbon
- N 0.00¢ [ |C/Fel orr = +1.42 [Eu/Fe] < +0.3 } —— Best Fit
The only extreme.ly metal-poor 47280 2790 2300 23710
. CEMP-no star in Sculptor! y Wavelength [A]
Comparison with other stars Pop III progenitor(s)

[Adapted from Vanni et al., 2024]

o o : —————————— (=3 PISN
Thanks o these Bigh-quaity spectra, we were abe 0 0| oo | POP 1 4OM. e popil s When comparing with SN yield models,
easure the abundances o 1,.7 SGIENE) YD e L Y | dSphs DR20080 lies in a chemical space sparsely
;1, Ba(;1 %r)) and the upper limits of 4 elements (including ol . eos | P ¢ + Other Poplll SNe sopelitiedl Ty Cheersdesl gelds (el
1 and Lu). el : ficure). Only Pop III models provide a
g . . D | plausible match.
One of the most detailed and precise 1of°
abundance patterns ever obtained for a osl " DR20080 very likely to be a )
- - !
CEMP-no star in a dwarf galaxy! 0.0 descendant of Pop III stars!
\ J
DR20080 stands out as an outlier in Sculptor (see right —0.5r e
figure), more closely resembling the [C/Fe] of metal-poor _10l g Gae ol ENmeeiey it of

DR20080 with models considering Pop II and
Pop III progenitors, assuming either one or
two progenitors (see figure below), favours a
pure Pop III enrichment, with the two-

~1.00-0.75-0.50—-0.25 0.00 0.25 0.50 0.75 1.00 ) progenitor scenario providing the best fit.
[C/O]

stars from UFDs or the MW stellar Halo. ~4.0 —3.8 3.6 —3.4 —3.2 —3.0 2.8 2.6
However, if we compare it with MW CEMP-no stars... [Fe/H]

" C N O F NeNaMg Al Si P S Cl Ar K CaSc Ti V Cr MnFe Co Ni CuZn "

} { VERY HIGH
OXYGEN!

F N'eN'aIVIIgAI Si P S Cl Ar K CaScTi V Cr MnFe Co Ni Cu Zn

¢

, } -
//\//\( I*

—— 1 Poplll prog.; X; pes = 4.54

LOW FE-PEAK
$ DR20080 ELEMENTS!

MW CEMP-no stars

6 7 8 9 101112131415161718192021222324252627 2829 30
Atomic Number

—— 2 Poplll prog.; X; pest = 2.17

...clear differences appear, showing once again that CEMP-no stars in dSphs show peculiar 6 7 8 9 101112 13 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30

characteristics relative to those belonging to other environments. Atomic Number
The properties of CEMP-no stars (and thus of their Pop III progenitors) may depend on the
formation environment, although larger samples are needed to confirm this trend. £ . N

Two Pop III progenitors:
* 95% faint SN: Mp,,111 = 43 Mg ; Egy = 0.6 10 erg

* 5% hypernova: Mpg,11 = 19.4 Mg ; Egy = 10°% erg

[ DR20080: a CEMP-no star with unique properties! ]
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	Diapositiva 1


  10    M ⊙ ?   ≲ M ⋆ ≲ 1000    M ⊙


  0 . 1    M ⊙   ≲ M ⋆ ≲ 100    M ⊙


   M ⋆ ≤ 0 . 8    M ⊙   ⟶ t > 14   Gyr


   𝑴 ⋆ ≤ 𝟎 . 𝟖    M ⊙


  𝑹 ∼ 𝟑 𝟓 , 𝟎 𝟎 𝟎


  3700   Å − 6625   Å


   M  PopIII


   E  SN


     [ Fe/H ]  𝑵 𝑳 𝑻 𝑬 = − 𝟑 . 𝟎 𝟖


     [ C/Fe ]  𝒄 𝒐 𝒓 𝒓 = + 𝟏 . 𝟒 𝟐


     [ Ba/Fe ]  𝑵 𝑳 𝑻 𝑬 = − 𝟏 . 𝟐 𝟓


  [ Eu/Fe ] < + 𝟎 . 𝟑


  [ C/Fe ]


   M  PopIII = 𝟒 𝟑    M ⊙     ;      E  SN = 𝟎 . 𝟔 ⋅   𝟏 𝟎  𝟓 𝟏   erg


   M  PopIII = 𝟏 𝟗 . 𝟒    M ⊙     ;      E  SN =   𝟏 𝟎  𝟓 𝟐   erg

