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MOTIVATION

OPEN QUESTIONS AND METAL MIXING

Simulations predict metal yields

v

Abundance pattern: observational calibration

How metals mix with

Hydrogen?

» Origin of CEMP stars
» Nature of EMP stars

» Population Il properties (IMF, multiplicities, ...)



MOTIVATION

WHY SEMI-ANALYTICAL MODEL ?

» Semi-Analytical Model (Hartwig+15,+18, Magg+18): FAST
» Good for parameter exploration
» Can predict various quantities

» Analytical treatment requires physical understanding

SAM give us insights on early star formation !

But it needs to be calibrated




ABOUT SEMI-ANALYTICAL MODEL

PARAMETERS WE HAVE

Parameter Value
mass threshold for Pop III Eq. 1
. o o mass threshold with LW feedback Eq. 3
» Poorly constrained quantities  popmses i = 0.001
Pop 1II SFE i = 0.01
fraction of faint SNe Staint = 40%
. metal fallback fraction Srallback = 20%
} re Cove ry tl m e metal ejection fraction feject = 80%
Pop III SN wind velocity v=10km/s
lower IMF limit Mpin = 3 Mg
. . upper IMF limit Mmax = 150 Mg
» eject/fallback fraction recovery time beco = 100 My

mean of dilution distribution w=10"15
width of dilution distribution o = 0.75dex

Table 1. Parameter values in our fiducial model. This set of

(] (]
} dll“tlon fa Ctor parameters best reproduces observations at [Fe/H|< —3 as we

/\ show below.

> ... ( (Hydrogen gas mixed with metals) | Hartwig+18

(Hydrogen gas in the halo)

-

» Dilution factor can be inferred from cosmological
simulations



COSMOLOGICAL SIMULATION ANALYSIS

COSMOLOGICAL SIMULATION

» Enzo outputs at z=11,
13 15 Enriched

mass fraction |&

» "Enriched gas”: Z>107"Z,

» Enriched mass fraction

is correlated with Lo
stellar age, rather than 081
] Enriched
stellar mass (= Esn) o
fraction .44
» Determine dilution 021
factor by stellar age 7Y [—
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METHODOLOGY

CALIBRATION

» We fit "CEMP-no fraction” and
metallicity distribution function

» Best-fit parameters:

%) 1
» poplll IMFslope=1.0 & N
(linear-flat) 4 06
T o4l
» IMFmax = 150 Msun § 0.2 fiducial model
§ Placco+14 ——

fidulcial modelI

» faint SNe fraction = 20% 25 Yong+13 —— :
2 15} il
» Recovery time = 60Myr sl ]

[Fe/H]
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RESULTS

IMPLICATION FROM CALIBRATION dilution factor

1400

» High dilution factor = low [Fe/H]

5‘ 1000 A

» More Carbon-rich yield without S
. . . o

decreasing Fe is required g -

&
s)

» Carbon from PISNe around 150Msun ? =

» Top-heavy IMF ,

2 08|

» Other channels ? T ool
» Binary mass transfer (Arentsen+18) & oz fiuciaimoge
g 0 Placco+14
3 fiducial model
» Inhomogeneous mixing (Hartwig & , *;[ Yong+1

: . S 1s5f

Yoshida, submitted) = T
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FUTURE WORK

FUTURE WORK

» Confirm age-dilution factor
relation with a new
simulation - mass range,
time resolution

» Other model
improvements with hydro-

simulation AREPO

» Applications to other
galaxy physics ?

Width: 1.0 Mpc
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SUMMARY

SUMMARY

» “Dilution factor” can be estimated by stellar mean age

» High [C/Fe] SNe is favored by semi-analytical model

Enriched
mass fraction |
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BACKUP

PISNE METAL YIELD Hartwig+18

6 ———— —
” fiducial Pop III SN =——+—
faint Pop III SN, Chen+17 X
» PISNe around faint Pop T SN, Ishigaki+14 %

i SN Type II, Z=0.001 ~ -
150Msun produce 4 . xypeSNTypeIa
high C/Fe ratio X "
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Pop III progenitor mass [M )]



BACKUP

CORRELATION

Mhalo- 1 0.31 0.17 0.31 0.23 0.22 0.21 0.21 0.27 0.0083

0.37 0.37 0.24 0.17 0.16 0.16 0.16 -0.11

» Changing criterion e

has “ttle effect |n Mgas 0.26 0.1 0.064 -0.1 -0.081-0.065-0.055-0.061 0.042
Mst_Mhalo ; 0.26 0.22 -0.0037-0.036-0.035-0.025 0.088 -0.058

the range [-3, -6] 0
Wicvalictds 0.17 20375 0.1 1 0.33 -0.072 -0.12 -0.12 -0.11 -0.043-0.029
Wb y#lictde 0.31 0.37 0.064 0.22 0.33 0.3 0.083
W ralic-ldy 0.23 0.24 -0.1 -0.0037-0.072 0.95 0.92 0.9 | 0.69 [eH:E
I VA RieYtle 0.22 0.17 -0.081-0.036 -0.12 0.95 0.99 0.98 | 0.71 HeH0LE
Il hVANic-tle 0.21 0.16 -0.065-0.035 -0.12 0.92 0.99 (A 0.079
Gl VAl 0.21 0.16 -0.055-0.025 -0.11 0.9 0.98 0.69 [N
INCERIELR 0.27 0.16 -0.061 0.088 -0.043 0.3 : 0.71 0. , 0.043

j{EleJg0.0083 -0.11 0.042 -0.058-0.029 0.083 0.085 0.083 0.079 0.075 0.043

Mhalo
Mstars
Mgas
Mst_Mhalo
highz1frac
highz2frac
highz3frac
highz4frac
highz5frac
highz6frac
mean_age
flag -




BACKUP

HIGH-CARBON, LOW-IRON YIELD

» Ffaint = 100% figure

» MDF moves to the left:
Not enough iron

fraction CEMP-no stars

MDF (lin)

MDF (log)

fiducial model
. Placco+|1 4

fidlucial moldel
Yong+13
SchA{Jrck+09




