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・ The process of metal production and accumulation,
include C,O,and Fe,through cycles of stellar birth and
supernova.

◎Chemical evolution

Method

Conclusion and Future plan

◎Calculation code
・An improved version of the population synthesis code

SSE & BSE (Hurley et al.(2000), (2002)[1][2]).
Ø Features
・It is based on fitting formulae obtained from detailed
    computational codes, so star populations can be derived quickly.
・The calculation accuracy is low because fitting formulas are used.

ex)𝑀 𝑡 ,𝑀c(𝑡)

◎Conclusion
・Consistent with previous theoretical results,but shows

discrepancy with observations.
◎Future plan
・Modeling gas inflow and outflow process.
・Refinement of distribution and introduction of time evolution.
・Better modeling consistent with the latest observations.

・Calculating the time evolution of the mean metallicity 𝑍!
   in the universe as a method to understand cosmic history.

◎Research Objective

𝑀rem, 𝑡delay

◎The number of  stars
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Ø Star Formation Rate Density(SFRD) 𝝆̇(𝒕)
 ・Madau et al.,(2014)
Ø Multiplicity frequency 𝑴𝑭 𝑴
 ・The ratio of single stars to binary stars is 1:1 & 0:1
Ø Initial mass function(IMF) 𝝍IMF 𝑴
 ・Chabrier IMF
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Ø Period,Mass ratio, and Eccentricity 𝑷 𝒑 ,𝑸 𝒒 , 𝑬 𝒆
 ・Period 𝑃 3~3×102	days,∆ log 𝑃 = 0.025(log flat)
 ・Mass ratio 𝑞 0.0125~1, Δ𝑞 = 0.0125(flat) 
 ・Eccentricity 𝑒 = 0.0,0.5,0.6,0.7,0.8,0.9,0.95(flat) 
Ø Metallicity evolution 𝒁(𝒛)
 ・𝑍 𝑧 = 10"../23𝑍⨀(Langer et al.,(2006)[3])

n Methodology of Previous Study
𝜌metals = 𝑦𝜌⋆

𝜌⋆ = 1 − 𝑅 P 𝜌̇ 𝑡 𝑑𝑡
Previous study:Neglecting Delay Time
My study:Accounting for Delay Time

Ø Comparison with Observations
・Calculated values are systematically lower than observations.
n Yüksel SFRD
・A distribution of more active SFRD
⇨Increase in Metallicity 𝒁𝒃
n Top-heavy IMF
・Pouteau IMF
𝜓IMF ∝ 𝑀"..62

・Fukushima & Yajima
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ØBetter Modeling
・gas inflow and outflow
・Improvement of calculation code.
  ex)Mass Transfer in binary system.
◎Delay Time Distribution

gas-regulated model
(Lilly et al.,(2013)[4]) 

n Code characteristic
・ Overestimate the number of stellar mergers.
⇨Possibility of deviations from actual stellar evolutionary paths.

Ø Comparison with Previous Study
・Similar results in the local universe 𝑧 ≈ 0 .
・Previous study shows a gradual increase,whereas my study shows

 a steep increase.

・Supernova triggered by the interaction of low mass stars.
・A long time before the supernova(0.1~10 billion years). 
  ⇨     Delay Time

𝑡delay = 𝑡SN − 𝑡.(𝑡delay = 0 for CCSNe)

◎Type Ia supernova

Metallicity 𝑍!
𝑍! ≡

𝜌metals
𝜌!


