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Type la Supernova:
1. SNe la as a Standardizable Candl#éassical Picture
2. SNe la In Distance Laddérnding Demo
3. Assessingysetematics New SurveysModern Picture

A What is a Type la supernova?

A How does it help cosmology?

A Where does the data come from?

A How can | use data for my own analysis?

A Outlookc a new generation of supernova cosmology



Type la SupernovaA Standardizable Candle

Part |: Observational Facts
t F NI LLY {bS LI REEGIFY FTNRY
Part Ill: Major SNe la surveys/dataset



Y Whsure expansion history of the universe



Y Whsure expansion history of the universe
with Standard Gtandardizableandles
- Known, Fixed Luminosity

- Available at a wide range of redshifts
- Variation can be corrected from additional observables
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FIGURE 1
Velocity-Distance Relation among Extra-Galactic Nebulae.



SN 2011fe

Type la supernovaal la):

extremely bright standardizable candle

- Known, Fixed Luminosity
- Available at a wide range of redshifts
- Variation can be corrected from additional observables

A One of the most successful standardizable candles



Q: Why do we need SNe la?
Designing the experiment:
Peculiar velocity

Cepheids availabllity
(Perhost noise vs. Statistics
SNe la availability
(PerSN noise vs. Statistics)
Model-dependent
systematics

redshift z
102

Cepheid Availability

SNe la Availability

Cepheids —» SNe la

SNe la = Hj

| '1(;2
Luminosity distance (Mpc)

Image: YM



Type la supernova (SN la)
Extrabright New Star

Fig. 1: Nova the cat

Observation:

- A sudden (~two weeks) appearance of a new star
- As bright as the entire galaxy

- No progenitor has been observed

Theory says:

- A thermonuclear explosion of White Dwarf

- Mass transfer from binary companion (MS, WD, etc.) or
merger causes explosion




Thermonuclear Supernoyae

I +yd09en
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Type la

St # Type la supernova (SN la)

s s L No Hydrogen, Strong Silicon + Sulfur
2 Fig. 1: Nova the cat
Type Ic Observation:
) - A sudden (~two weeks) appearance of a new star
Type Ib - As bright as the entire galaxy
- No progenitor has been observed
Theory says:

A thermonuclear explosion of White Dwarf
Mass transfer from binary companion (MS, WD, etc.) or

merger causes explosion

5000 6aao0 7000 8a0a 2000
Wayelengih (Angstroms)

Credit: Dan Kasen




Type la supernova (SN la)
Extrabright New Star

Fig. 1: Nova the cat
Brightness is relatively tight (~0.4 mag)
Textbook explanation:

A White Dwarf (degenerate electrons) supported by
Femi pressure loses to self gravity at Chandrasekhar
mass Mch) near 1.4Msun, ignites carbon

A Slowly approachellchby accreting mass from binary
companion

More accurate explanation (example):
A Carbon ignites at the temperature nelich
A Outer He shell flash + shock wave starts carbon burn
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Brightness

Mpg - 5 log(h/65)

16—

F
¢ Calan/Tololo SNe la

A56_
20

0

as measured

Light Curve provides:
A Overall brightness
A Decline rate

A Color
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SN 2011fe

Type la supernova (SN la): a standardizable can

Time Since B-Maximum Brightness is relatively tight (~0.4 mag):

Mostly determined by:
+ StretchLuminosity relation (Ni mass)
+ ColorLuminosity relation (intrinsic + dust)

Monochromatic Luminosity (ergs/s/A)

Kasen&Wooslef2006

' 300 4000 5000 6000 7000 8000 9000
Wavelength (Angstroms)
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Type la supernova (SN la): a standardizable cant

Light Curve provides:
A Overall brightness
A Decline rate

A Color

Residual (mag)
Residual (mag)

Brightness

-0.1 0.0
SALT3 c

SALT3 x1

Fasta declineA slow Bluea colorA Red
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SN 2011fe

M -5 log(h/65)

-16

- Calan/Tololo SNe la

15 L P 1
-20 0

Type la supernova (SN la): a standardizable can

~0.4 mag error per SN ~0.10- 0.15 mag error per SN

sited 3 light-curve timescale
m - . [Ty o - . | R - ~
as measure f stretch-factor™ corrected

Mpg =5 log(h/65)

Kim, et al. (1997)
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SN 2011fe

Type la supernova (SN la): a standardizable can

0.3

Distance modulus i (mag)
SALT3 color ¢
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SN 2011fe
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SN 2011fe
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SN 2011fe

Distance modulus u (mag)
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Characterizing the light curve:-Band magnitudens, Stretchgamis/x.,Color ¢

How can we capture SED evolution through broadband photometry?
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Characterizing the light curve:-Band magnitudens, Stretchgamis/x:,Color ¢

More on this later!
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DEBASS DRO.5:
Sherman+2025

orange

ZTF DR2:
Rigault+2025

Normalized flux

TITAN DR2:
2020-Aug Murakami+ in prej et frame phase &)
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Type la supernova (SN la): SED (Spectral Energy Distribution) Modeling

StretchLuminosity Trained SED Model

A Phillips 1993 A SALT2 (Guy+2007) Nearly all of them quantify:

A SCP Stretch A SALT3 (Kenworthy+2021)

(Perlmutter+1997) B-band magnitudemg

Hierarchical Bayesian — Stretch: X, N"M 5, S

Multi-color template A BayeSNMandel+2022) Color:c, E(BV)

A MLCS (Riess+1996)

A MLCSK2 (Jha+2007) Spectroscopic (with some exceptions)

A SNooPyBurns+2011) A SUGAR (Léget+2020)

*You may have heard of UNITY or BBC: they are more related to cosmological analysis than light curve fitting
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Initial Mg Component
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Integrate across wavelength at every phase

5 10 15
Phase (Days)

Realize model covariance

5 10
Phase (Days)

SALT3
Kenworthy+21



4000

Initial Mg Component

5000 6000 7000
A(A)

Add M, scaled by x;

LY
WS

5000 6000 7000
AA)

Multiply by exp(c - CL(A))

5000 6000 7000
AMA)

8000

9000

9000

4000 5000 6000 7000 8000
A(A)

Integrate across wavelength at every phase

5 10 15
Phase (Days)

Realize model covariance

5 10
Phase (Days)

SALT3
Kenworthy+21



OZes—like

SNe la

—— Phillips relation
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Type la supernova (SN la):
not everything Is suited for cosmology

Names relevant for cosmology:
Aénormag {bS LIY
A perfect for cosmology
A follows tight stretchluminosity relation

A €91Tlike¢e {bS LIY
A Hotter, more Ni mass
A OK for cosmology, still on stretdliminosity relation

A ®lbglike¢ {bS LIY
A Cooler, less Ni mass
A Generally excluded from cosmology

Taubenberger 2017
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Type la SupernovaA Standardizable Candle

Part |: Observational Facts
t F NI LLY {bS LI REEGIFY FTNRY
Part Ill: Major SNe la surveys/dataset



A Detection

A Followup observations

A Photometry

A Photometric Calibration

A Spectroscopic classification
A Host galaxy association

A Host galaxy spectroscopy

-~

e o .-.l
i A

SN 2011fe




Reference Image

Detection

~ollowup observations
Photometry

Photometric Calibration

A Spectroscopic classificatio
A Host galaxy association

A Host galaxy spectroscopy

To T To I
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Type la supernova (SN la): from Observatiomti®

Reduced Image Reference Image Difference Image

Detection
~ollowup ol
Photometry
Photometrig
A Spectroscoy
A Host galaxy
A Host galaxy ®

To T To I

ATLAS/TITA&Murakami et al. in prep.



Detection
~ollowup obse
Photometry
Photometric C
A Spectroscopic
A Host galaxy ag
A Host galaxy sf

To T o o

RA/DEC (2000) Type  Redshift
02:01:59.930 +21:06:23.44 SNla 0.030298
30.499708 +21.106511

& Discovery Report & Classification Report

Reporting Group  Discovering Data Source  Discovery Date TNS AT Public Discovery Mag
ATLAS ATLAS 2022-07-15 13:21:10.368 Y Y 17.739

Filter
orange-ATLAS

Reporter/s

J. Tonry, L. Denneau, H. Weiland (IfA, University of Hawaii), N. Erasmus, W. Koorts (South African
Astronomical Observatory), J. Anderson (ESO), A. Jordan, V. Suc (UAI, Obstech), K. W. Smith, S.
Srivastayv, D. R. Young, S. J. Smartt, J. Gillanders, M. Fulton, M. McCollum, T. Moore (Queen's
University Belfast), L. Shingles (GSI/QUB), A. Rest (STScl), T.-W. Chen (Stockholm), M. Nicholl
(Birmingham), D. Pacheco (PUC), C. Stubbs (Harvard)
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A Detection ;
A Followup observations |

AP
AP
AS

A Host galaxy association':

notometry
notometric Calibration

nectroscopic cIaSS|flca

A Host galaxy spectroscor \ Ll
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20220vq

Detection

~ollowup observations
Photometry
Photometric Calibratio
A Spectroscopic classificationPhotometry methods for SNe la vary

A Host galaxy association Difference Image Photometry:

A Host galaxy spectroscopy A Aperture photometry_(classic, no longer common)
A PSF photometry (maistream, Pantheon+, DES, etc.)

59780 59800 59820
MJD

o T o T

Forward Modeling Method.:
A Scene Modelling Photometry (difficult, negén)



Type la supernova (SN la): from Observatiomti®

DetectorO 2 dzy (i & butcoud® dizk.

A Detection .
A :ollowup observations Two levels of calibration:
A B ’]otometry ;er—night calibratio?] (e.g., Tonry+18): i i
- - - State of atmosp ere, temperature, etc. c anges the
3 V4 Ve ~ V4 V4
APhotometric Calibration LINPLI2NIA2YFEAGE O2yaGlyd o
A Spectroscopic classification A Determine ZP using stars with known catalog brightness

AHost galaxy association Perdetector calibration (e.g., Scolnic+15, Brou+21):

AHost galaxy spectroscopy A Each telescope uses their own catalog

A Exact calibration methods may differ
A Use HST CALSPEC data to @raldsrate ZPs across

telescopes and detectors



A Spectroscopic classificatic
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Type la supernova (SN la): from Observatiomti®

Crosscorrelate spectra with known templates
(Blondin&Tonry2011,Stoppa&Smart2026)
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Normalized, flattened flux density

Rest-frame Wavelength (A)

ATLAS/TITA&Murakami+ in prep.



Type la supernova (SN la): from Observatiomti®
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ATLAS/TITA&Murakami+ in prep.




Type la supernova (SN la): from Observatiomti®

Reduced Image =
A Detection it
— : Normal SN la!
A Followup observations ot it e pshton
A Photometry o |:| ol
A Photometric Calibration '
A Spectroscopic classification |y » & . |
A Host galaxy association
A Host galaxy spectroscopy [id e - .

PanStarrs DR1 color
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2022crt

Detection

~ollowup observations iy
Photometry Fo e |
Photometric Calibration T .

A Spectroscopic classifica it T %
A Host galaxy association

A Host galaxy spectroscof

o T o T

!()” B Eeohat T s e e a1 800
96.85° 196.87° 196.89 266.29°  266.31 266.33°
RA [deg] RA [deg]

Directional Light Radius

& SN spectroscopic redshift and host redshift should roughly mattfS/TITANTweddle+ in prep.
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A Host galaxy spectrosco ik A

Murakami+25

Provides spectroscopic redshift of the host galaxy
(host speez)



A Host galaxy spectroscopy

Q: Why not spez from SN spectra?

Murakami+23

dispersion A mean flux density™*

Normalized mean flux density”
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5000

Wavelength [4]

5500

6000

6500

Phase [d]



Q: Why not spez from SN spectra?

A: You can roughly estimate,
but the uncertainty is large
(SN spe)

— binned data
template
(best x?)

Flux density f, [10"® ergs™* cm™2 A~1]

©
w

" 73000 3500 4000 4500 5000 5500
Wavelength A eq [A]



Type la supernova (SN la): from Observatiomi®

M.

10 F| ‘\

(used here)

PEGASE+SAM

Original, emitted wavelength (um)
01 015 02 025 03 035 04

Spectral Break

Last resort:
Photometric estimation of redshift

(photo-z)
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Redshifted, observed wavelength (um) Redshift

Top: Brammer+08
. Photometry gives us the average fiux through each filter, The redshift probability distribution
Bottom M |Cae|a Bagle a single data point covering 0.3 um to >1 um extends fromz < 7toz > 11



A Detection

A Followtup observations
A Photometry

A Photometric Calibration
A Spectroscopic classificati
A Host galaxy association
A Host galaxy spectroscop

Reduced Image

Reference Image

Difference Image

20220vq

Flux (o-band)

Flux density f; [10"*® ergs™*cm™2 A~

50800
MJD

50780

0o

Lof\Wf\

Normalized, flattened flux density
|

500 5000
Wavelength A ee [A]

Mg Il

%

N

I
L 7\ N AT /ﬁd\‘».\
/I Nan/ S T N

Si il

FeII

/!

W

oy
U\.,AT,

}
v
"'--\v\‘/.“‘\f

f\

Fe ll

,f "."r‘-\
ey’

A

CII

S 11w

{h\ | a4

Mo "Vvﬂ\

,‘

W

wﬁ/\/\ PAA_ /\/

Fe

a
2024gy +0d

‘JJ\ '.V,\MN‘W\ Gr—,

/\ 02cx-like la
f\

po 2022ywf +3d

91T-like la
2021vcz -1d

g,

D
Rest- frame Wavelength (A)




Type la SupernovaA Standardizable Candle

Part |: Observational Facts
t F NI LLY {bS LI REEGIFY FTNRY
Part Ill: Major SNe la surveys/dataset



Surveys
A A dedicated science program, one or a few telescopes ¢
A Specific redshift rangeQ: why?

Compilations
A Combine different surveys to achieve cosmological anal %

A This is what you hear more often
A Most of the work goes into crosslibration & systematics

Unique choices for each dataseti This is what matters!
A Targeted? Untargeted?

A Smalifield? Widefield?

A Speeconfirmed SNe la?

A Host speez? SNz? or host photez?






