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Why Host Galaxy?

host redshift = SN redshift
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H0 Tension (Mickael’s Talk)
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Planck 2018 (updated)

Riess et al. 2019

Rigault et al. 2015, 2018, in prep

Planck 2018 (updated)

Riess et al. 2019
& Rigault et al. 2015, 2018

Preliminary

~2σ 
~5σ 



SN Ia Luminosity and the Accelerating Expansion 
of the Universe
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Hubble Residual 
(HR ≡ µSN – µz)

Distance 
(µSN)

~0.2 mag

fainter

brighter

Riess+1998; Perlmutter+1999
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Luminosity Evolution?
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Schmidt+1998

ΔHR = 0.04 ± 0.07 mag  
between Early (old; N=8) & Late (young; N=19) type hosts. 

> 

> No Evolution.

Riess+1998
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Current Status
of Environmental Dependence Studies
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Kim+2019



Well-Established Empirical Correlation
between Host Stellar Mass and SN Ia Luminosity
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Sullivan+2010

SNe Ia in more massive hosts are brighter by ~0.08 mag (4.0σ)! 
(Kelly+2010 (low-z); Lampeitl+2010 (intermediate-z; SDSS); Sullivan+2010 (high-z; SNLS))

fainter

brighter

high-masslow-mass



Local Environments in SN Ia Study
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Rigault+2013

1 kpc



Local Environments in SN Ia Study
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Kim+2018

Global

Local
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0.05~0.10 mag

Kim+2019

Local Environments Study is GOING ON!
0.07~0.16 mag0.00~0.04 mag vs.
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Kim+2019

SNe Ia in star-forming and low-mass hosts (~younger system) are fainter than 
SNe Ia in passive and high-mass hosts (~older system),  

after light-curve corrections! 



Luminosity Evolution?
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Luminosity Evolution?
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Childress+2014

Rigault+2018
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What is the Origin of Environmental Dependence 
of SNe Ia Luminosity?
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Since the host mass and SFR cannot directly affect SN luminosity, 
many studies pointed out that this is most likely due to the stellar population properties, 

such as age and metallicity, 
empirically (from host observations: Johansson+2013; Pan+2014;Graur+2015; Kang, Kim+2016, 2019) 

and  
theoretically (from progenitor simulations: Timmes+2003; Kasen+2009; Childress+2014).

Kang, Kim+2016, 2019: 
60 Early-type host galaxies  
> determine host age from Lick indices with high-
quality (S/N ~ 175) spectra 
> SN Ia HR vs. host galaxy age.



What is the Origin of Environmental Dependence 
of SNe Ia Luminosity?
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mass-step

1010 M⊙

Kim+2019

-Unique mass scale of 1010 M⊙-



What is the Origin of Environmental Dependence 
of SNe Ia Luminosity?

CoSyne,Paris Young-Lo KIM 16

Cappellari+2013

-Unique mass scale of 1010 M⊙-

Morphology, mass assembly history, and feedback are changing!



Zwicky Transient Facility

credit: Joel Johansson
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ZTF SN Ia Host Sample

Kim et al., 
in prep

Salim+2007 
(~50, 000 galaxies at z~0.1)

CoSyne,Paris

ZTF Year 1  Data: 394 hosts ( z < 0.15)
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(which have a correlation with SN Ia luminosity)
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statistical method

galaxy study

Synergies
stellar astrophysics

stellar astrophysics observational cosmology

theoretical cosmology
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Thank you!


