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Context: Type la supernova

What is exploding?

CO white dwarf (WD) in a binary system
single/double/core degenerate

How is it exploding?

Merging/compression/He layer burn/collision
Detonation/deflagration/double-detonation
Chandrasekhar/sub-Chandrasekhar mass

Most probably a mixture of scenarios
and explosion mechanisms

SNIa are the most precise extragalactic //l(Z) — m(z) - M
distance indicators (uncert. ~5%) No evolution: SNIaiow ~ SNarign

Same populations:  p(SNlaiow) ~ p(SNlanig)
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Context: Type la supernova parametrization
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Méontext: SNla cosmology

Hubble diagram and residual
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Context: SNIa environments

Dependences of the SN parameters on host galaxy properties
As they evolve with redshift, such dependences would impact the cosmological parameters

Hamuy et al. (1996)
Hamuy et al. (2000)
Gallagher et al. (2005)
Sullivan et al. (2006)
Gallagher et al. (2008)
Hicken et al. (2009)
Howell et al. (2009)
Neill et al. (2009)
Cooper et al. (2009)
Brandt et al. (2010)
Sullivan et al. (2010)
Kelly et al. (2010)
Lampeitl et al. (2010)
D’Andrea et al. (2011)
Gupta et al. (2011)
Konishi et al. (2011)
Galbany et al. (2012)
Childress et al. (2013)
Johansson et al. (2013)
Rigault et al. (2013)
Pan et al. (2014)

Bright events occur preferentially in young stellar environments.

Luminous SNe are produced in metal-poor neighborhoods

high-metallicity galaxies host SNe la with negative HR (after LC-corr)
Brighter events are found in systems with ongoing star-formation

Progenitor age primarily determines the peak luminosity

SN lain hosts are intrinsically fainter (after LC-corr)

more massive progenitors give rise to less luminous explosions

Older hosts produce less-extincted SNe la

SNIla are more luminous or more numerous in metal-poor galaxies

Luminous SNe associated with recent star-formation and young prog.

SNIla are brighter in massive hosts (metal-rich) and with low SFR (after LC-corr)
SN la in physically , more massive hosts are ~10% brighter

introduce the stellar mass of the host in the parametrization

SNe are 0.1 mag brighter in high-metallicity hosts after corr.

older galaxies host SNe la that are brighter

SNe la in host galaxies with a higher star formation rate show brighter events
SNe that explode are less extinguished, and have lower metallicity
correlation between SN la intrinsic color and host metallicity

more luminous SNe la appear in younger stellar progenitor systems

SNe la with local Ha emission are redder and drives the HR-mass relation
fainter, faster declining SNe la are hosted by older/massive/metal-rich galaxies



%ntext: SNIa Hubble diagram

EXTRAGALACTIC ASTROPHYSICS
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u=m-M +axl +f c +y M.

Scolnic+18, Pantheon+
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Context: Systematics

u=m—-M +axl +f c +y M.
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SNIla in the NIR

Uniform light-curves
(Elias+81, Elias&Frogel83)

Distinction betweenla/ Ib
(Elias+85)
double-peak (Fe recomb.)

Better distance indicators
(Miekle+00)

The light curves of the six similar supernovae can be represented
fairly consistently with a single light curve in each of the three bands. In all three IR bands
the dispersion in absolute magnitude is about 0.15 mag, and this can be accounted for within
the uncertainties of the individual light curves. No significant variation of absolute IR
magnitude with B-band light curve decline rate, Am;s(B), is seen over the range 0.87 <
Am;5(B) < 1.31. However, the data are insufficient to allow us to decide whether or not the

decline rate relation is weaker in the IR than in the optical region. IR light curves of type la
supernovae should eventually provide cosmological distance estimates that are of equal, or
even superior, quality to those obtained in optical studies.




The promise of the NIR

LC corrections in the NIR considerably
smaller than in the optical

Absolute magnitude

Extinction is much reduced in the NIR:
An/Av ~ 0.19 (Cardelli+89)
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Ho with SNe la in the NIR
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LG, de Jaeger, Riess, et al. 2023A&A...679A..95G

HO with SNe la in the NIR - an update

Increase sample: from SHOES R16 (19 cal.) to R22 (42 cal. in 38 gal.)

literature search of 57 SNe la in the Hubble flow
Include H-band

S-corrected photometry to the common CSP system
No template fitting, GP or simple spline (best chi2)
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https://ui.adsabs.harvard.edu/#abs/2023A%26A...679A..95G/abstract
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Hubble flow
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Ho detemination

Calibrator and Hubble flow samples

combined to determine Ho, aX, and ¢;,,

Mx +5ax + 25
With the likelihood
1 « log(2nal, ) + (Mca,i — Mx)*
logL = _E : 5
i OCal,i
1 log(27rofIF’i) + (Myg,; — Mx + 51og(Hy/70))?
2 Z O-PZIF i

) 2 2 _ 2 2
Tcali = "My Tint OHF,i = My T Tint

HJ — 72.31+1.42 km s~! Mpc~!

0 —1.42
J _ +0.017
Hy = 72336713 Gint - 0'125—0.015
H __ +1.33 -1 -1
003 H _ +0.016
i = 0.096757014
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Table 3. Results of MCMC posteriors for our baseline analysis and the 21 variations. T’g
Variation Nal O Nr  owr H, My “Sax T AH, 0.1
(mag) (mag) (kms™'Mpc™')  (mag) (mag) (mag) (%) 3
J-band =z
Baseline 19 0160 52 0149 72317142 —18.58700F 3 87700270 1257007
Vpec =350kms~! 19 0160 52 0149 7236:% —1s.57§§{§§ —2.87%{3% 0A117jg{gi§ 0.07 0.0
Vpee =150 km s~! 19 0160 52 0.149 72.26:;:5' —18.57i8;?;; —2.87_0;8§ 0.135j0;8, 3 -0.07 7 2 72 + 1 O 8 ] '
Vpec =0kms™! 19 0160 52 0.149 72.161&3 —18.58ﬁ8‘$ —2.87‘:‘&:82 0.145t§18}3 -0.21 . L . km s™' Mpc™ 0.4
Zemb 19 0160 52 0.152 71.5341% —18.57:00¢  —2.85%0%2 0124001 -1.08 .
Zeorr fomNED+C1S 19 0.160 52 0.161 71.96+14 —18.57+004 2 86+00 0A1251§1§'lg -0.48 g —— Baseline H
Zemb from NED 19 0160 52 0.145 71.62+1 —18.57j0-§ —2.851§:§§ 0.116*0%16 0,95 = - L
Zeorr from REF+CI5 19 0.160 52  0.165 72.05+1% —18.57+004  _p g+0.02 0.13210‘("?) -0.36 =0.31 Variations
Zemp from REF 19 0160 52 0.148 71.60:Hz -18.57* o —2.8518-'3% 0.121j8-'817 -0.99 Qv
E(B-V)<03 18 0162 44 0.141 72.721%{ 2 —18.58ﬁ§{84 —2.89§§{§§ 0.117j§{gg 0.56 £
HF z > 0.023 19 0160 24 0.136 72.995% -18.58*00¢  —2.89%) 0.132;)-‘0%8 0.94 72. 3 2 i 1 .08 km s™! Mpc~! 2
HF0.023<z<0.05 19 0160 22 0.128 734745 —18.58ﬁ°~_§ —2.91t‘é~_§g 0.131j§1§,(‘§ 1.61 = 0.2
no Chauvenet 19 0160 55 0.185 7137414 —18.574 000 —2.84*002 01577001 -1.31 =
only best fits 17 0167 42 0.151 71.82+12] —18.58*0:0¢ —2.86‘:0‘0% 0.133j8<°‘z —0.68 S
all gp 19 0170 50 0.152 72.90:%{33 —18.57j§{32 —2.88%{% 0.12613{% 0.82 'TE
myx from template 19 0170 49 0.144 73.94‘:817 —18.55':8:8; —2.90_8:8% 0.120':88” 225 E 0 1
removing subluminous 19 0.160 49  0.144  73.20*}3 -18.57*00%  —2.90+0:%2 0.116f0-‘05 1.22 nl
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only CfA 4 0062 22 0.145 73.53:%-'5‘)Z —18.53j8{8; —2.8618-82 0.060j8-'853 1.69 Z \
only CSP+CfA 11 0154 40 0.127 75.071?{2% —18.4813;‘;; —2.86‘:%% 0.100j§{gi§ 3.82 1 _08 km / S / M pc 0.0/ 4 ) -
only spirals in HF 19 0160 39 0.135 7343490 -18.57%0s  —2.90%0 0, 01157 0'%  1.54 : 67.5 70.0 72.5 75.0 77.5 80.0
SHOES selection 19 0160 18 0.117 74024170 -18.57+004  —2.92:003 1231%3%% 2.36 : : : : : :

Hy [kms™' Mpc™!]

(2) Distance scale anchor systematic from R22: 0.7% of HO, 0.51 km/s/Mpc
(3) Photometric zero-point systematic: 0.02 mag, 0.7 km/s/Mpc

(4) PV uncertainties correlations on large scales: 0.5%, 0.4 km/s/Mpc



NIR Standardization?

Explored applying typical optical stretch and
reddening corrections

M%7 = M; — a X (Amis,; — 1) M;?"" = M; — BX E(B - V)

Decreasing relation with stretch and reddening

Similar Ho and clear improvement in o;, ,

Variation Hy Mx —Sax Tint @ B
(kms™' Mpc™)  (mag) (mag) (mag)
J-band
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LG, de Jaeger, Riess, ...Leibundgut...et al.
2023A&A...679A..95G

Summary

Our final result of Ho is 72.31+2.02 km/s/Mpc in J (2.8%
uncertainty), and 72.34+1.96 km/s/Mpc in H (2.7% uncertainty),
both below the 3% precision

This independent analysis confirms that SNe la in the optical do
not introduce any bias in the Ho measurement due to systematic
uncertainties introduced in their standardization

To improve the precision in Ho we will need to:

(i) increase number of calibrators (JWST)

(i) increase number of well-observed Hubble-flow SNla (Roman)
(iii) further study the NIR standardization of SNe la

Future work:
* Explore 3rd correction: environment
* The Aarhus-Barcelona FLOWS project

 SAINTS: a NIR SNIla Pantheon-like

Miiller-Bravo & Galbany 2022
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https://ui.adsabs.harvard.edu/#abs/2023A%26A...679A..95G/abstract
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The Aarhus-Barcelona §E=5:2""=f project -
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E==-_-1 Simulation with CSP
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The Aarhus-Barcelona

E =55 "= f) project

Optical light-curves:
gr from ZTF, co from ATLAS, BVI from TJO

+ 1-3 JH epochs:  vL7-8.1m HAWKI
NTT-3.5m SOFI
CAHA-3.5m Omega2000
NOT-2.5m NOTCam
CMO-2.5m NIRCam
SPM-1.5m RATIR

757 SNe la already observed (goal 1000)



SAI NTS Erik Peterson  Joel Johansson  Tomas Mdiller Matt Grayling Suhail Dhawan Aaron Do
Systematic Analysis Investigating NIR Type la Supernovae
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1222 SNe la in the NIR up to z~0.7
Full systematic analysis from published LC (recalibration, fitting, hosts...)



The Hubble constant from near-infrared
observations of type la supernovae

Thanks!
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