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SNe Ia in the NIR

SNe la are more homogeneous
— good for cosmology

Very prominent secondary peak in
the NIR — good for physics

NIR wavelengths are less affected by
dust — good for cosmology +
physics
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The physics behind the secondary NIR peak

There is limited theoretical work on SNe Ia at NIR
wavelengths:

e Hoflich et al. (1995)

e Pinto & Eastman (2000)

e Kasen (2006)

The secondary NIR peak is driven by a change in
ionisation of iron-group elements (e.g. Felll — Felr)
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The physics behind the secondary NIR peak
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The physics behind the secondary NIR peak

-19.0F N -19.0F
] 3
2 _1gsf 1 3 s
o o
3 2
o -180F ] o —18.0F
g ~17.5} I & -vsf
-17.0 / -17.0
-19.0F K 1 o -19.0
3 3
= -185F € ~18ar
S 3
b o —18.0F
) -18.0 5
2 [}
S 8 175}
2 175} <
<
-17.0 . . . . . .
-17.0 : : : : : . 0 20 40 60 1) 20 40 60 80
0 20 40 60 8D 20 40 60 80 Days Since Explosion Days Since Explosion
Days Since Explosion Days Since Explosion
Mre from electron capture elements: Metallicity on Mre: zero (solid black line) and 3
from 0.0Me (black) to 0.3Mo (green) times solar (dashed line)

ESO - Bruno 65 5




About this work
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SNe Ia NIR samples: Initial selection

“Normal” SNe Ia 200 - cor i)
- ey

Five NIR epochs on any bands £** S
5 s

Coverage from first to second

NIR peak 00’ e —

— Initial sample of 160 SNe Ia
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2008gp @ z = 0.03339

Rest-frame light curves ’
§§18
SNooPy (max_model; Burns+2011) "
is used for K-correction and MW = |
extinction correction s s s s

2020jjf @ z = 0.064268

PISCOLA (Muller-Bravo+2022a)is ,™
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corrected light curves o
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Light curves preprocessing

Most SNe have Spy in the [0.8, 1.2] range

The light curves are shifted to match, in time and mag, at B-band peak
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Principal Component
Analysis (PCA)
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PCA decomposition
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PCA decomposition

Po P 2!
=1 0 1 -15 -1.0 -05 00 0.5 1.0 15 -0.75 -0.50 -025 0.00 025 050 075
ks
% 025 —— Sample Mean
éﬂ 0.0 0.00
el 0.25
]
E 951 y-band 050
£ C(43.8%) 075, C2(10.1%)
4 -10 0 10 20 30 -10 0 10 20 30 -10 0 10 20 30
-15 -1.0 -05 0.0 0.5 1.0 15 -0.5 0.0 0.5
g ————— B
£00 0.0 0.0
g’:)0 5 0.5 0.5
go . ;
E 1.0 1.0 1.0
i
15
£ 151 C,(27.6%) 151 C,(8.2%)
4 -10 -10 0 10 20 30 -10 0 10 20 30
-0.5 0.0 0.5 -04 -0.2 0.0 0.2 04
< —— e — B
S -025 -02 -02
5’ 0.00
% 0.
> o4 0.0
g 025
2 0.2
Té, 0.50 H-band 0.2
g Co(55.6%) 0al C1(23.2%) C,(8.6%)
0.75 :
2 -10 0 10 20 30 -10 0 10 20 30 -10 0 10 20 30
Days since B-band peak Days since B-band peak Days since B-band peak

ESO - Bruno 65

Components
ignored due
to low
variance



PCA decomposition
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Towards a physical
interpretation
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PCA decomposition
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JH-Co & Y-Ci1
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JH-Co & Y-Ci1
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Y-Co & JH-C1
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Y-Co & JH-C1
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Comparison against light-curve parameters
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p: Pearson

NIR Mmax Y J H coefficient
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Colour-stretch, s BV
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Optical Mmax vs Co

Optical peak luminosity correlates | ©
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No correlations with host properties
(stellar mass and reddening)
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NIR colours decomposition
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PCA decomposition on co
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PCA decomposition on colour curves
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Hard to obtain a direct physical
interpretation
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Nothing of interest in the comparison with
light-curve parameters
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But some interesting correlations with host
properties!
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PCA coefficients vs host properties
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Y-band standardization
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Y-band Hubble Diagram
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Conclusions

SNe la develop a distinct secondary peak in the NIR, ideal for probing the physics

The sample of SNe la with well-sampled light curves in the NIR has increased in
recent years, but it is still limited - CSP is a great addition

Different PCA components may trace different physics (e.g. nickel mass,
metalicity). Some similarity between Y and H bands (due to spectral features?)

Possible standardization in the Y band (any real advantages?)
There is currently a lack of SNe Ia models at NIR wavelengths

Paper to be submitted to A&A and ArXiv this week!
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NIR Homogeneity

SNe Ia are pseudo-standard candles in the NIR, partially
because they are less affected by dust extinction

Light-curve data
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Carnegie Supernova Project
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