Carbon-enhanced metal-poor stars
as a consequence of
iInhomogeneous metal mixing
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Carbon-enhanced metal-poor stars
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Are faint SNe the progenitors of CEMP stars?

 fiducial Pop Il SN =——+— 3 . |
faint Pop ITT SN, Chen+17 X Semi-analytical models:

faint Pop 111 Tsylﬁg‘ﬁhi%i%%éi‘ 50-80% faint (Ji+15, de
% SNTypela - - - - Bennassutti+ 16, Hartwig+18a)
Fitting 200 observed EMP stars
with theoretical SN yields:
CEMP stars:  10% faint (Ishigaki+18)
[C/Fel>0.7 SN rate is only half the SFR:
~50% faint? (Horiuchi+11)
» 11 CEMP-no stars in binaries
(Arentsen+18)

Pop III progenitor mass [M;]

Hartwig+ 18
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Is iron well mixed with alpha-elements?

225G Joggerst+10

- Probability that ejected elements
M 7 are corporated into second-
S8\ / generation star (Sluder+16)
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After Poplll SN: several clumps may form
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Carbon-enhanced metal-poor stars as a consequence of
inhomogeneous mixing of metals in the interstellar medium?
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Characteristic Timescales

_ M, \*( R, \7'/ L. \
Kelvin-Helmholtz: tKH=0-1Myr(10M®) (5,3R®) (5750L@)

LW dissociation: |, _ oy ( Mawmp \7P_n \¥3( D
fais = 0.2 Myr (1000 M@) (103 cm-3) (10 pC

CO"apse time: ol = maX(tff,tcool)

Cooling Rate: — <" = 4.8x1072 (2 )Qexp (_%> x 10[C/H]

erg cm—3 s~ 1 103 ecm—3 T

Condition: tcont + tkH + tdiss < tcoll2

A[C/H] > [C/H] + 3.6+
2/3

13000 + 2 x 10°d2yn>> + 1.5 x 10%n; '/
10810 1.7 x 106 "
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Characteristic Timescales, illustrated
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Required Inhomogeneity
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Comparison to Observations
AICHI[
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. . 0-22% of CEMP-no stars can
=P be explained for A[C/H]~1

‘ Up to 89% for A[C/H]~2
Follow-up simulations with
Arepo

General importance of
iInhomogeneous mixing for
interpretation of EMP stars
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A novel formation scenario for
carbon-enhanced metal-poor stars

» 0-89% of CEMP-no stars could have formed by inhomogeneous metal mixing

» Caveats: only carbon (no dust or oxygen), simplistic analytical treatment

» Next step: 3D simulations

» Inhomogeneous metal mixing: general importance for interpreting stellar
abundance patterns
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