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History of Search for Pop. llI
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Carbon-Enhanced Metal-Poor (CEMP) Stars
and Hyper/Ultra Metal-Poor Stars

- HMP stars as the candidates of the first stars
. related to low-mass star (~0.8M@) formation
- What is the minimum metallicity to form low-mass stars?
- CEMP stars are common among Extremely Metal-Poor (EMP)

stars (CEMP/EMP ~ 0.2).
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Proposed Scenarios for the Origins of CEMP Stars

- Star formation from the gas influenced by SNe in the very ¢ 84 .
A ~ 8.2 35 :.',
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Binary Scenario for the Origin of CEMP Stars

TS+Fujimoto 0, see also Fujimoto+00
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'_It IS expécted that the typical mass of stars
are more massive than that expected from the
present day IMF (Komiya+07, Lucatello+06).
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He-Flash Driven Deep Mixing: H-ingestion into the He-flash convective zone
Fujimoto+90, Hollowell+90, Cassisi+96, Fujimoto+00, Schlattl+02, Suda+04, Iwamoto
+04, Picardi+04, Herwig+05, Campbell+Lattanzio+08, Lau+09, Cristallo+09,
Iwamoto09, Campbell+09, Suda+Fujimoto |0, Cruz+13




Stellar Evolution & Binary Evolution

C, N, s-elements

Roche Lobe overflow or Wind accretion?
-> depends on separation and mass ratio.

The fraction of CEMP (or NEMP) stars can be estimated by assuming

w Initial mass function
w distribution function of binary mass ratio
w distribution function of binary period



Binary Population Models and Comparisons
with Observed CEMP Fractions
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CNO, 83k, PEFHRETRDEIR
Hydrogen Ingestion Into the He-Flash Convective Zone
2Me), [Fe/H]=-4
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CNO, B3R, PHEFHETROEIR
Nucleosynthesis models

- One zone approximation during the He shell flashes (Fujimoto+99,
Aikawa+01)
. p-, a-, B-, n-reactions up to s4Po are included in nuclear network

(Aikawa+01, Nishimura+08, Yamada+, in prep.).
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CNO, 83, PEFHRIETRDEIR
Comparisons of Models with Observations

Case: HE 0107-5240
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w He-FDDMI(C &3 Na, Mg, AIDOAERL(TS+04)
w low- or intermediate-mass AGB stars



[X/H]

CNO, #T3R, PIEFHRETRDICIR

Comparisor

s of Models with Observations

Case: HE 1327-2326
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CNO, 83, PEFHRIETRDEIR
Comparisons of Models with Observations

Case: SMSS JO0313-6708
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Hierarchical clustering scenario
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w|IGM: inter-galactic medium, SN ejecta can pollute other mini-halos
wISM: inter-stellar medium, SN ejecta can pollute other stars within
the mini-halo



KB ITTRDIC)R
Pollution and Accretion

SN ejecta pollute the IGM and potentially :
,pollute other mini-halos.

SN ejecta pollute the ISM and the stellar
envelopes with metals.

Ingredients for galaxy/star formation/evolution

w Extended Press-Schechter theory v Chemical evolution
w High-mass IMF w. const. SF rate w semi-closed boxes in each mini-halo

log (m1/10M)? \ v« Accretion of SN ejecta
£ (logmy) ocexp | — SOV ; : ,
x 0. w Bondi-Hoyle accretion
v Binary evolution w Accretion onto binaries
e tiOh w IGM pollution/accretion
v« period distribution w outflow from proto-galaxies
Yy mass transfer w evolution of the Galactic wind

w pre-enrichment of proto-galaxies
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Pre-enrichment of host halo due to pollution by

external SN eJecta
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Open Questions: CEMP-no/CEMP-s ratio

- CEMP-s A [Fe/H] < -3.5C/E®!? [C/H] ~ 0 at [Fe/H] > -3.
- CEMP-no (&[Fe/H] = -3.5H\51&00 - [C/H] <~ -1 at [Fe/H] < -3.5.
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DEEZBDNEY
[C/Fe] and [C/H] ¥ with [Fe/H] ¥
_IIll|ll|l||III]IIII[IIIl]IIII]]IIIIIIII_ 2.0 r Q' T
"28+-9% below [Fe/H]=-3.1 » - CEMP s A .
= N 4 10 I CEMP-s —e—
- | C=rich — ] CEMP-no
E CEMP~-s, r/s & r / CEMFE-S 0.0 r
S F | 10 } o0
-_8 - binarity unlikely f\ \3 _ A+<3( =
QO n /'.' ‘ "; = 20 F
o - for CEMP-no I\, X S)
T / A~ 0 o
. CEI\/IPano 3 40 | ol ! "
4/5 for UMP/HMR / - l
. 5.0 |
KMM\L 1111111111111111111111“ ‘0 ﬁt:[C/HJ=0.876[Ee/H]-0.|ZS . .
-9 -4 -3 6.0 5.0 4.0 3.0 2.0 1.0 0.0

[Fe/H] Norris+13 [Fe/H] TS+ |



[Ba/C]
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s-process efficiency dependent on metallicity?
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