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» Atmospheric abundances preserve
the chemical environment at birth

abundance yields

Stellar l Supernova

» Metal-poor stars are local
equivalent to the high-redshift
Universe




Inversion

Abundance Fitting :

First Stars 2nd-Gen./EMP Stars

Metal-free: Z = 0 Abundance Pattern
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cosmic ray fission

Pop Il SNe before zinc

big bang fusion
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SN Il produces
LIGHT elements
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SN Il produces Pop |l SNe before zinc

LIGHT elements

1 . . | |
Sk

3 4 . . |
merging neutron stars exploding massive sta
dying low mass stars exploding white dwarf{:

19 20 21 22 23 24 20 26 27 208 29 30
K Ca Sc Ti \Y Cr Mn | Fe Co NI Cu Zn

Other filters 1. Hard to measure (e.g. potassium)
Large discrepancies between obs. and theory

(scandium & chromium)

Element a-clement: carbon, magnesium, silicon, calcium and titanium
considered Odd element: sodium, aluminum
lron group: manganese, iron, cobalt and nickel




SN Il produces Pop |l SNe before zinc

LIGHT elements

1 . . | |

3 4 , . |
merging neutron stars exploding massive sta
dying low mass stars exploding white dwarf?

19 20 21 22 23 24 25 20 27 208 29 30
K Ca Sc Ti \Y Cr Mn | Fe Co NI Cu Zn

Other filters 1. Hard to measure (e.g. potassium)
2. Large discrepancies between obs. and theory

(scandium & chromium)

Element a-clement: carbon, magnesium, silicon, calcium and titanium
considered Odd element: sodium, aluminum
lron group: manganese, iron, cobalt and nickel



D ata SO u rce First Stars (Cayrel et al. 2004) o Most Metal-poor Stars (Norris et al. 2013)

e
o  First Stars (Bonifacio et al. 2009) A VMP 400 (L1 et al. 2022)

SAGA database
5455 VMP

LAMOST/Subaru

385 VMP

Selection 5 To o %
[Fe/H] Ceiling
Fe/H]

CCSN: —3.0

Abundance Distribution of Homogeneous Subsamples



Traditional Inversion: Point Estimation
Easy & fast by y* minimum

Seriously attected by uncertainties (model & obs)
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Explosion Energy B

Bayesian statistics:

p(Bly) x 7(y|0)p(O) 6 progenitor property; y abundance pattern

Two-dimensional distribution of EMP progenitor properties
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Bayesian statistics:

p(Bly) x 7(y|0)p(O) 6 progenitor property; y abundance pattern

Two-dimensional distribution of EMP progenitor properties
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How about using Monte Carlo method?

W4Bayesian and uncertainties considered

XSlow, hard to converge in an acceptance iterations
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Influence of individual elements

o

o

Sensitivity (M, / 0.1 dex)

First Stars (Cayrel et al. 2004)

First Stars (Bonifacio et al. 2009)
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Influence of individual elements
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Pop Ill SNe Mass-Energy Distribution (MER):
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Population lll Initial Mass Function

Comparison against diff. SN models

- KEPLER: Power-law distribution
Jiang et al. 2024 (transparent orange)

Jiang 1n prep. (solid orange)

- HOSHI: Log-normal distribution
Ishigaki et al. 2018 (transparent blue)

Normalizing model resolution with

Bayesian Inference

A general POWER-LAW distribution 1s consistent

Large discrepancy at ~ 25 M,

Probability Density
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First Stars

EMP Stars

Fitting IMF & EDF with explodability

1. Modified IMF & EDF
p(M) o< S(M)YM ™%

2. Explodability (M),

two concentrated intervals

{1, (9.6,15) U (30,35)

0, (15,30) U (35,100)

3. Uncertainty broadening with
Gaussian kernel in log space

p(log M) * G(log M, Olog )

Cumulative Density Function
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Further test for a, & o, with MER M « E*

Transformation of probability:
pM)dM = p(E) dE
M™% dM « M~*%+t1 dM

- am+1=2ae

Using best-fit parameters:
a,+1=176=%0.16
200, = 1.88 +£0.32

Cumulative Density Function
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Inversion: Progenitor Derivation

Metal-enrich
First Stars: Z = 0 EMP Abundance Pattern

(a) Pop III IMF: explodability-modifying POWER-LAW (a = 0.76)
(b) First SNe Mass-Energy Relation: M « E*
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(a) Pop III IMF with different SN models (b) Mass-Energy distribution of first supernova
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