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Why Host Galaxy?

. host redshift = SN redshift f S / Classification of SNe

‘Measuring Host Properties:
» Mass and SKFR of host galaxy _
' (Whlch have a correlatlon Wlth SN Ia lum1n0s1ty) '
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Why Host Galaxy?

‘Measuring Host Properties:
» Mass and SKFR of host galaxy _
' (Whlch have a correlatlon Wlth SN Ia lum1n0s1ty) i

Investigation of host galaxy is crucial for the SN cosmology!
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'Measuring Host Properties:
\ Mass and SKFR of host galaxy .
' (Whlch have a correlatlon Wlth SN Ia lum1n0s1ty) |

Investigation of host galaxy is crucial for the SN cosmology!
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HO Tension (Mickael’s Talk)

Riess et al. 2019
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SN la Luminosity and the Accelerating Expansion

Distance
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SN la Luminosity and the Accelerating Expansion
of the Universe

i
" High-redshift 'SNe Ia are observed to be dimmer than | g

. expected in an empty universe (i.e., Q) = 0) with no cosmo- }
{ logical constant. A cosmological explanation for this obser-
| vation is that a positive vacuum energy density accelerates
the expansion. Mass density in the universe exacerbates this |

= 1.0 —
(43 [
, £ osE
Hubble Residual = : 0.2 ma
_ L 0.0 e ~U.
(HR = HUsN — Mz) % - g
-0.5F
-1.0 — 3
“6‘.61 .. ‘“6..110 .. ““1‘.230
z Riess+1998; Perlmutter+1999
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Luminosity Evolution?

Early Hosts |

Riess+1998
L e LA AHR = 0.04 £ 0.07 mag
2 vate Hosts. between Early (old; N=8) & Late (young; N=19) type hosts.
E | : > |This difference is consistent with zero.

all Hosts > No Evolution.

5 log(z) — (m-M) + C

F1G. 3—Residual of SN Ia distances from RPK96 plotted as a function

of galaxy type. The offset between the early-type and late-type galaxies is
0.006 + 0.07 mag.

Schmidt+1998
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Current Status
of Environmental Dependence Studies

Table 9
Comparison of Hubble residual differences between previous studies
Study SN Data Nsn Redshift HR Difference LC Fitter
Range (mag)
Mass
This Work YONSEI 648 0.01 < z < 0.85 0.057 £0.014 (4.10) SALT2
This Work YONSEI 504 0.01 < z<0.85 0.065+0.015 (4.30) MLCS2k2 (Ryv = 2.2) Morphology
Kelly et al. (2010) CfA 62 0.015 < z < 0.08 0.094 £+ 0.045 (2.10) SALT2
Kelly et al. (2010) CfA 60 0.015 < z < 0.08 0.083 +0.046 (1.80) MLCS2k2 This Work YONSEI 243 0.01<z<0.2 0.003+0.027 (0.10) SALT?2
Lampeitl et al. (2010) SDSS 162 0.05 < z < 0.21 0.100 + 0.025 (4.00) SALT2 This Work YONSEI 193 0.01 <z<0.2 0.020+£0.028 (0.707) MLCS2k2 (Rv = 2.2)
Sullivan et al. (2010) SNLS 195 0.01 < z < 0.85 0.080 & 0.020 (4.00) SALT2+SiFTO Hicken et al. (2009b) CfA 97 001 <z<0.1 0.144=£0.070 (2.10) SALT2+MLCS2k2
Gupta et al. (2011) SDSS 206 0.01 < z < 0.42 0.096 & 0.028 (3.40) SALT?2 Suzuki et al. (2012) Union2.1 28 09<z<15 0.180+0.090 (2.00) SALT2
Childress et al. (2013) SNf 115 0.03 < z < 0.08 0.085 £ 0.028 (3.00) SALT2 Local Envi
Rigault et al. (2013) SNf 82 0.03 < z < 0.08 0.098 +0.031 (3.20) SALT?2 ocal Emvironments
Betoule et al. (2014) JLA 740 0.0l1<z<14 0.061+0.012 (5.10) SALT2 This Work YONSEI 281 0.01 <z<0.85 0.072+0.018 (4.00) MLCS2k2 (Ry = 2.2)
Pan et al. (2014) PTF 50 0.01 < z<0.09 0.085+0.047 (1.80) SiFTO Rigault et al. (2013) SNf 82 0.03 <z<0.08 0.094+0.031 (4.50) SALT2
Scolnic et al. (2014) PS 110 0.03 < z < 0.65 0.019 4 0.025 (0.80) SALT2 Jones et al. (2015) CfA+CSP+CT+SDSS+SNLS+PS1 179 0.01 < z < 0.1 0.000 £ 0.018 (0.00) SALT?2
Campbell et al. (2016) SDSS 581“ 0.05 < z < 0.55 0.091 £ 0.045 (2.00) SALT2 Jones et al. (2015) CfA+CSP+CT+SDSS+SNLS+PS1 156 0.01 < z< 0.1 0.029 £0.027 (1.106) MLCS2k2 (Ry = 2.5)
Wolf et al. (2016) SDSS 144 0.05 < z<0.3 0.082+0.030 (2.70) SALT2 Rigault et al. (2015) CfA 77 0.023 < z < 0.1 0.094 +0.037 (2.50) SALT?2
Uddin et al. (2017) CfA+CSP+SDSS+SNLS 1338° 0.01 < z < 1.1 0.050 4 0.009 (5.60) SALT2 Rigault et al. (2015) CfA 81 0.023 < 2z<0.1 0.155+0.041 (3.80) MLCS2k2 (Ry = 2.5)
Jones et al. (2018a) CfA+CSP+PS 1369° 0.01 < z < 0.7 0.092 4 0.021 (4.40) SALT2 with Aj; and A Jones et al. (2018b) Pantheon+Foundation 195 0.01 <2z<0.1 0.040 £ 0.020 (2.00) SALT2 with Ag?
Jones et al. (2018b) Pantheon-+Foundation 216 0.01<z<0.1 0.049 £0.018 (2.70) SALT?2 with Ap*® Kim et al. (2018) YONSEI 368 0.01 < z<0.85 0.081+0.018 (4.50) SALT2
Rigault et al. (2018) SNf 141 0.02 < 2 < 0.08 0.119 £ 0.026 (4.60) SALT2 Rigault et al. (2018) SNf 141 0.02 < z < 0.08 0.163 £+ 0.029 (5.60) SALT2
Roman et al. (2018) CfA+CSP+SDSS+SNLS 666 0.01 <z < 0.8 0.070 £0.013 (5.40) SALT2 Roman et al. (2018) CfA+CSP+SDSS+SNLS 666 0.01 < z< 0.8 0.091+0.013 (7.00) SALT?2
Scolnic et al. (2018) Pantheon 1023 0.01 < z < 2.3 0.053 +0.009 (5.90) SALT2 with Aj; and A
a. 581 photometrically classified SNe Ia.
Global sSFR b. 755 photometrically classified SNe Ia are included in their SDSS and SNLS samples.
. c. 1035 photometrically classified SNe Ia are included in their PS sample.
%zi: wg;t gggggi ggg 88} 2 ; 2 82? gg;g iggiz 8 ?Zg MLCS;{?I(JE?/ —229) gs.tiﬁ J;;ei(‘is zocftsﬁc:uigz;ezgiglzﬁﬁ on the host mass and Ap is another distance correction based on the predicted selection bias
Lampeitl et al. (2010) SDSS 162 0.05 < z < 0.21 0.100 £ 0.040 (2.50) SALT2 '
Sullivan et al. (2010) SNLS 195 0.01 < z<0.85 0.080 £ 0.031 (2.60) SALT24-SiFTO
D’Andrea et al. (2011) SDSS 55 z < 0.15 0.100 + 0.033 (3.00) SALT?2
Childress et al. (2013) SNf 115 0.03 < z < 0.08 0.050 £ 0.029 (1.70) SALT2
Pan et al. (2014) PTF 48 0.01 < z2<0.09 0.070 £0.041 (1.70) SiFTO
Wolf et al. (2016) SDSS 144 0.05<2z<0.3 0.013 £0.031 (0.50) SALT2
Uddin et al. (2017) CfA+CSP+SDSS+SNLS 1338¢ 0.01 <z < 1.1 0.030+0.014 (2.10) SALT2

Kim+2019
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Well-Established Empirical Correlation
between Host Stellar Mass and SN |la Luminosity
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SNe Ia in more massive hosts are brighter by ~0.08 mag (4.06)!
(Kelly+2010 (low-z); Lampeitl+2010 (intermediate-z; SDSS); Sullivan+2010 (high-z; SNLS))
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Local Environments in SN la Study
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Local Environments in SN la Study

Mean
Group N Residual Error
(mag) (mag)
'’ I __ Locally Passive 194 —0.043 0.013
ocal ™™ | ocally Star-forming 174 0.038 0.013
Diff. 0.081 0.018
Globally Passive 194 —0.043 0.013
Globally Star-forming 455 0.008
Global Diff. 0.015
High-mass (log M ejjar > 10) 464 0.008
Low-mass (log Mepar < 10) 184 0.012
Diff. 0.014

Kim+2018
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Local Environments Study is GOING ON!

N S — 0.00~0.04 mag vys. 0.07~0.16 mag
M IIILOAIE'.Illllll
' This Work _ | cal Environments
-This Work - _E,“S Vlvtggi ; )
—Kelly2010 = ga
—Jones2015 -
—Kelly2010 -
L 12010 B —Jones2015 .
ampcl -Rigault2015 -
—Sullivan2010 . Ri gaultZOl 5 _
~Gupta2011 ; —Jones2018b -
—Childress2013 - _Kim?2018 -
—Rigault2013 - —Rigault2018 -
—Betoule2014 — —Roman2018 -
-Pan2014 - S SEE——
_Scolnic2014 L e B -0.1 -0.05 0 0.95 0.1 0.15 0.2
-Campbell2016 _ AHubble residual (mag)
~Wolf2016 o Local Environments
—Uddin2017 - This Work YONSEI 281 0.01 < z < 0.85 0.072 +0.018 (4.00) MLCS2k2 (Ry = 2.2)
Jones2018a _ Rigault et al. (2013) SNf 82 0.03 < z<0.08 0.094+0.031 (4.50) SALT?2
Jones et al. (2015)  CfA+CSP+CT+SDSS+SNLS+PS1 179 0.0l < z < 0.1 0.000 = 0.018 (0.00) SALT?2
—Jones2018b n Jones et al. (2015)  CfA+CSP+CT+SDSS+SNLS+PS1 156 0.01 < z < 0.1 0.029 +0.027 (1.1c) MLCS2k2 (Ry = 2.5)
_ngaultz()lg _ Rigault et al. (2015) CfA 77 0.023 < z< 0.1 0.094 +0.037 (2.50) SALT?2
Rigault et al. (2015) CfA 81 0.023 <z <0.1 0.155+0.041 (3.80) MLCS2k2 (Ry = 2.5)
-Roman2018 - Jones et al. (2018b) Pantheon+Foundation 195 0.01<z<0.1 0.040 =+ 0.020 (2.00) SALT2 with Ap?
. a : _ Kim et al. (2018) YONSEI 368 0.01 < z < 0.85 0.081 & 0.018 (4.50) SALT?2
Kim+2019 S$01n1020118 | 1 | Rigault et al. (2018) SNf 141 0.02 < z < 0.08 0.163 +0.029 (5.60) SALT?2
‘ : : ' : Roman et al. (2018) CfA+CSP+SDSS+SNLS 666 0.01 <z <0.8 0.091+0.013 (7.00) SALT?2
0.05~0.10 mag

CoSyne,Paris Young-Lo KIM



Table 9
Comparison of Hubble residual differences between previous studies

Study SN Data Nsn Redshift HR Difference LC Fitter
Range (mag)

Mass

This Work YONSEI 648 0.01 < z < 0.85 0.057 £0.014 (4.10) SALT2

This Work YONSEI 504 0.01 < z<0.85 0.065+0.015 (4.30) MLCS2k2 (Ry = 2.2)

Kelly et al. (2010) CfA 62 0.015 < z < 0.08 0.094 % 0.045 (2.10) SALT2

Kelly et al. (2010) CfA 60 0.015 < z < 0.08 0.083 + 0.046 (1.80) MLCS2k2

Lampeitl et al. (2010) SDSS 162 0.05 < z < 0.21 0.100 =+ 0.025 (4.00) SALT2

Sullivan et al. (2010) SNLS 195 0.01 < z<0.85 0.080 £ 0.020 (4.00) SALT2+4SiFTO

Gupta et al. (2011) SDSS 206 0.01 < z<0.42 0.096 + 0.028 (3.40) SALT2

Childress et al. (2013) SNf 115 0.03 < z < 0.08 0.085 £ 0.028 (3.00) SALT?2

Rigault et al. (2013) SNf 82 0.03 < z<0.08 0.098 £+ 0.031 (3.20) SALT2

Betoule et al. (2014) JLA 740 0.01<z <14 0.061+0.012 (5.10) SALT2

Pan et al. (2014) PTF 50 0.0l <z<0.09 0.085+0.047 (1.80) SiFTO

Scolnic et al. (2014) PS 110 0.03 < z < 0.65 0.019 £ 0.025 (0.80) SALT?2

Campbell et al. (2016) SDSS 581% 0.05 < z < 0.55 0.091 £+ 0.045 (2.00) SALT2

Wolf et al. (2016) SDSS 144 0.05< z< 0.3 0.082+0.030 (2.70) SALT2

Uddin et al. (2017) CfA+CSP+SDSS+SNLS 1338° 0.0l <z < 1.1 0.050 £ 0.009 (5.60) SALT?2

Jones et al. (2018a) CfA+CSP+PS 1369° 0.01 < z < 0.7 0.092 4 0.021 (4.40) SALT2 with Aj; and A

Jones et al. (2018b) Pantheon+Foundation 216 0.01<z<0.1 0.049 £0.018 (2.70) SALT2 with Ag*?

Rigault et al. (2018) SNf 141 0.02 < z < 0.08 0.119 +0.026 (4.65) SALT2

Roman et al. (2018) CfA+CSP+SDSS+SNLS 666 0.01 <z < 0.8 0.070+0.013 (5.40) SALT?2

Scolnic et al. (2018) Pantheon 1023 0.01 < z < 2.3 0.053 £0.009 (5.90) SALT2 with Ay and Ag*?

Global sSFR

This Work YONSEI 649 0.01 < z < 0.85 0.049 £ 0.015 (3.30) SALT2

This Work YONSEI 506 0.01 <z < 0.85 0.033 £0.016 (2.10) MLCS2k2 (Ry = 2.2)

Lampeitl et al. (2010) SDSS 162 0.05 < z < 0.21 0.100 % 0.040 (2.50) SALT?2

Sullivan et al. (2010) SNLS 195 0.01 < z<0.85 0.080 £ 0.031 (2.60) SALT2+SiFTO

D’Andrea et al. (2011) SDSS 55 z<0.15 0.100 + 0.033 (3.00) SALT2

Childress et al. (2013) SNf 115 0.03 < z < 0.08 0.050 £ 0.029 (1.70) SALT2

Pan et al. (2014) PTF 48 0.01 < 2 < 0.09 0.070 £ 0.041 (1.70) SiFTO

Wolf et al. (2016) SDSS 144 0.05<z<0.3 0.013+0.031 (0.50) SALT?2

Uddin et al. (2017) CfA+CSP+SDSS+SNLS 1338¢ 0.01 <z < 1.1 0.030+0.014 (2.10) SALT2

CoSyne,Paris

Morphology

This Work YONSEI 243 0.01 <z<0.2 0.003+0.027 (0.10) SALT2

This Work YONSEI 193 0.01<2z<0.2 0.020£0.028 (0.70) MLCS2k2 (Ry = 2.2)
Hicken et al. (2009b) CfA 97 0.01<z<0.1 0.144 £0.070 (2.10) SALT2+MLCS2k2
Suzuki et al. (2012) Union2.1 288 09<z<15 0.180+£0.090 (2.00) SALT2

Local Environments

This Work YONSEI 281 0.0l < z < 0.85 0.072+0.018 (4.00) MLCS2k2 (Ry = 2.2)
Rigault et al. (2013) SNf 82  0.03 < z<0.08 0.094+0.031 (4.50) SALT2

Jones et al. (2015) CfA+CSP+CT+SDSS+SNLS+PS1 179 0.01 < 2 < 0.1 0.000 £ 0.018 (0.00) SALT2

Jones et al. (2015) CfA+CSP+CT+SDSS+SNLS+PS1 156 0.01 < z< 0.1 0.029 £0.027 (1.106) MLCS2k2 (Ry = 2.5)
Rigault et al. (2015) CfA 77 0.023 <z < 0.1 0.094 +0.037 (2.50) SALT?2
Rigault et al. (2015) CfA 81 0.023<2z<0.1 0.155+0.041 (3.80) MLCS2k2 (Rv = 2.5)
Jones et al. (2018b) Pantheon+Foundation 195 0.01<2z<0.1 0.040 £ 0.020 (2.00) SALT2 with Ap?
Kim et al. (2018) YONSEI 368 0.01 < z < 0.85 0.081 =+ 0.018 (4.50) SALT?2
Rigault et al. (2018) SNf 141 0.02 < 2 < 0.08 0.163 £0.029 (5.60) SALT2
Roman et al. (2018) CfA+CSP+SDSS+SNLS 666 0.01 <z < 0.8 0.091+0.013 (7.00) SALT2

. 581 photometrically classified SNe Ia.

. 1035 photometrically classified SNe Ia are included in their PS sample.

a
b. 755 photometrically classified SNe Ia are included in their SDSS and SNLS samples.
c
d

. Ajps is a distance correction based on the host mass and Ap is another distance correction based on the predicted selection bias

estimated from SN survey simulations.

Young-Lo KIM

Kim+2019
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Table 9

Comparison of Hubble residual differences between previous studies

Study SN Data Nsn Redshift HR Difference LC Fitter
Range (mag)
Mass
This Work YONSEI 648 0.01 < z < 0.85 0.057 £0.014 (4.10) SALT?2
This Work YONSEI 504 0.01 < z<0.85 0.065+0.015 (4.30) MLCS2k2 (Ry = 2.2)
Kelly et al. (2010) CfA 62 0.015 < z < 0.08 0.094 £+ 0.045 (2.10) SALT?2 Morphology
Kelly et al. (2010) CfA 60 0.015 < z < 0.08 0.083 £ 0.046 (1.80) MLCS2k2
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Lampeitl et al. (2010)
Sullivan et al. (2010)
D’Andrea et al. (2011)
Childress et al. (2013)
Pan et al. (2014)

Wolf et al. (2016)
Uddin et al. (2017)
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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!

P L £

SDSS
SNLS
SDSS
SNf
PTF
SDSS
CfA+CSP+SDSS+SNLS

(SRR S e T 2 S © P Rs LS 20 S S e A O O '\-....;.,v/

162 0.05 < z < 0.21 0.100 + 0.040 (2.50)
195 0.01 < z < 0.85 0.080 +0.031 (2.60)
55 2<0.15  0.100 +0.033 (3.00)
115 0.03 < z < 0.08 0.050 +0.029 (1.70)
48  0.01 <z <0.09 0.070 +0.041 (1.70)
144 0.05< z < 0.3 0.013 £ 0.031 (0.50)
1338° 0.0l < z< 1.1 0.030 +0.014 (2.10)

e So oy O P ot \< v

SALT2
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d. Ay is a distance correction based on the host mass and A B is another distance correction based on the predicted selection bias

SALT2+SiFTO estimated from SN survey simulations.
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SiFTO
SALT2
SALT?2

Kim+2019
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Luminosity Evolution?

Early Hosts |

Riess+1998
D e LA S LA AHR = 0.04 + 0.07 mag
% } e between Early (old; N=8) & Late (young; N=19) type hosts.
E | ; > |This difference is consistent with zero.

- all Hosts — > NO EVOl“tion.

5 log(z) — (m-M) + C

F1G. 3—Residual of SN Ia distances from RPK96 plotted as a function

of galaxy type. The offset between the early-type and late-type galaxies is
0.006 + 0.07 mag.

Schmidt+1998
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Luminosity Evolution?
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What is the Origin of Environmental Dependence
of SNe la Lum|n05|ty’?

Slnce the host mass and SFR cannot dlrectly affect SN lllanSlty,
many studies pointed out that this 1s 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 simulations: Timmes+2003; Kasen+2009; Childress+2014). ]

Fainter [ ‘ ' Fainter
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N
7~
S—
N

60 Early-type host galaxies

> determine host age from Lick indices with high-
3 | ; quality (S/N ~ 175) spectra

NG | — > SN Ia HR vs. host galaxy age.

Slope = -0.21 mag./10Gyr

0.0 0.0

Hubble Residual (mag)
Hubble Residual (mag)

#

Slope = -0.51 mag./10Gyr

Brighter 51 98989 (2.3 sigma) - Brighter o 51 99.87% (3.0 sigma)
0 5 10 15 0 5 10 15 20
Age (Gyr) Age (Gyr)
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What is the Origin of Environmental Dependence
of SNe la Luminosity?

-Unique mass scale of 1010 MO-
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What is the Origin of Environmental Dependence
of SNe la Luminosity?

-Unique mass scale of 1010 MO-
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Morphology, mass assembly history, and feedback are changing!
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HSC,

1.7 deg?

MegaCam,

1.0 deg?
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DES,  “HATH{F

2.5 deg? il

s

JF

Zwicky Transient Facility

PS1, 7 deg?
OO0 e

PTF/iPTF, 7.3 deg?

credit: Joel Johansson
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ZTF, 47 deg?
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LSST, 9.6 deg?
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Salim+2007
(~50, 000 galaxies at z~0.1)

CoSyne,Paris

log (SSFR)

ZTF SN la Host Sample

ZTF Year 1 Data: 394 hosts (z <0.15)
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Synergies

Measuring Host Properties:
| Mass and SEFR of host galaxy _
' (Whlch have a correlatlon Wlth SN Ia lumlnosny) |

CoSyne,Paris Young-Lo KIM

/ Classification of SNe
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Synergies

| host redshift = SN redshift_|

Measuring Host Properties:
| Mass and SEFR of host galaxy _
' (Whlch have a correlatlon Wlth SN Ia lumlnosny) |
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Synergies

| host redshift = SN redshift_|

Measuring Host Properties:
| Mass and SEFR of host galaxy _
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Thank you!
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