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I. Cosmology with Type Ia Supernovae
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Cosmology
 modelΛCDM
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Credits: HAP / A. Chantelauze
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Cosmology
Hubble diagram
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Hubble (1929)
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Cosmology
Standard candle
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Type Ia Supernovae (SNe Ia)
Lightcurve

7

Credits: B.J. Fulton/
LCOGT/Caltech
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Type Ia Supernovae (SNe Ia)
Lightcurve fitting
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x 0 x1

c

Parameters relative to 
the observation 

: phase of the 
observation

: wavelength

p

λ

Parameters relative to 
the SN 

: amplitude

: stretch

: colour


: time of the peak

x0
x1
c

t0

Flux of the SN:

F(SN, ) = x0 [M0( )+x1M1(p λ, p λ,p λ, )]exp(cCL( ))λ

SALT2.4 - Guy et al (2007)

SALT3 - Kenworthy et al (2021)
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Type Ia Supernovae (SNe Ia)
Spectrum
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Spectroscopic 
typing

Silicon gap No H  lineα

Redshift 
information
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Cosmology with SNe Ia
Supernovae standardisation
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Dimmer

Brighter

μmodel

σresiduals ∼ 0.3 mag
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Cosmology with SNe Ia
Standardisation
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μobs + M = mobs − βc

Dimmer

Brighter
RedderBluer

β

SlowerFaster

α

Old

env


Young

env

γ

+αx1 +pγ
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Cosmology with SNe Ia
Standardisation
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(Tripp 1998)

μobs + M = mobs − βc + αx1 + pγ

σresiduals ∼ 0.15 mag



Madeleine GINOLINLPCA - 24th January 2025

Cosmology with SNe Ia
Anchoring the Hubble diagram
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SNe Ia
Geometry

Any standard candles

TRGB
Freedman et al (2019)

Scolnic et al (2023)

Cepheids Riess et al (2021)Phase
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Hubble tension
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Adapted from Planck collaboration (2020)

0.24 0.28 0.32 0.36 0.40
⌦m

60

64

68

72

76
H
0
[k
m
s
1
M
pc

1 ]

Riess et al. (2019)

Planck TT,TE,EE+lowE

0.24 0.28 0.32 0.36 0.40

�m

60

64

68

72

76
H

0
[k
m
s�

1
M
p
c�

1
]

Riess et al. (2019)

BAO+Pantheon+D/H BBN

BAO+Pantheon+D/H BBN+lensing

BAO+Pantheon+D/H BBN+�MC

Planck TT,TE,EE+lowE
ΛCDM

Supernovae measurement

Local Universe

CMB measurement

Primordial Universe



Madeleine GINOLINLPCA - 24th January 2025

Evolving dark energy?

15

36

38

40

42

44

D
is
ta
nc
e
m
od
ul
us

µ

CfA/CSP + Foundation sample (194 SNe Ia)

DES-SN (1635 SNe Ia)

Median µ uncertainty
on a single SN

0.0

0.2

0.4

0.6

0.8

1.0

P
Ia

fr
om

S
u
p
e
r
N
N
o
v
a

10°1 100
0

200

0.03 0.1 1

Redshift

°0.1

0.0

0.1

R
es
id
u
al
s
fr
om

b
es
t
fi
t
F
la
tw

C
D
M

Median µ uncertainty on a single SN

DES-SN5YR
(best-fit Flat§CDM)

DES-SN5YR
(best-fit Flatw0waCDM)

Planck 2020
(best-fit Flat§CDM) °1.0 °0.5 0.0

w0

°3

°2

°1

0

1

2

w
a

DESI BAO

DESI BAO + CMB

DESI BAO + PantheonPlus

DESI BAO + Union3

DESI BAO + DESY5

DESI 2024DES-SN5YR



Madeleine GINOLINLPCA - 24th January 2025

II. ZTF SN Ia DR2
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ZTF

17

P48

Large FoV

Short exposures

3 bands (g, r, i)


Depth of 20.5 mag in r

(SNe Ia at )
z ∼ 0.1

Zwicky Transient Facility

P60

Low resolution

~1h exposures


SEDmachine



Madeleine GINOLINLPCA - 24th January 2025

Cadence
ZTF SN Ia DR2

18

M
ed

ia
n 

de
la

y 
be

tw
ee

n 
tw

o 
co

ns
ec

ut
iv

e 
ex

po
su

re
s 

(d
ay

s)

0 1 2 3 4 0 1 2 3 4 0 4 8 12 16

0 20 40 60 80 1000 400 600200 0 200 400 600 800 1000

g band r band i band
To

ta
l n

um
be

r o
f 

ex
po

su
re

s



Madeleine GINOLINLPCA - 24th January 2025

Lightcurves
ZTF SN Ia DR2

19

Worst

Average

Best

DES-SN5Y

Sanchez et al (2024)
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Environmental properties
ZTF SN Ia DR2
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Sullivan et al 2006, Gupta et al 2016 

r

R

dDLR =
R
r

2 kpc

Local  
Local 

log(M⋆/M⊙)
(g − z)

Global  
Global 

log(M⋆/M⊙)
(g − z)

Credits: B.J. Fulton/LCOGT/Caltech
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Numbers
ZTF SN Ia DR2
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2977 SNe 

with well-sampled lightcurves

3628 SNe 

Confirmed SNe Ia

2628 SNe 

usable for cosmology

2.5 years of data

Number of SN Mean redshift z

Mean SN colour Mean SN stretch
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Volume limited sample
ZTF SN Ia DR2
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Redshift cut at z < 0.06
➡ No selection biases

949 SNe

Magnitude limit



Madeleine GINOLINLPCA - 24th January 2025

III. SNe Ia standardisation with the ZTF DR2 
volume-limited sample
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Two population model
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Childress et al (2014)

Prompt SNe Ia Delayed SNe Ia

Mannucci et al (2005)
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Stretch distribution
Stretch
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Nicolas et al (2021)

SnFactory - 114 SNe

μobs + M = mobs − βc + αx1+pγ
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Non linearity of the stretch-residuals relation
Stretch
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Δα = − 0.188 ± 0.014 (13.4σ)

μobs + M = mobs − βc+αx1 + pγ



Madeleine GINOLINLPCA - 24th January 2025

Dust
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Circumstellar or 
interstellar dust

➡ Reddens the SNe Ia

➡ Dims the SNe
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Vincenzi et al (2024)
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Colour distribution
Colour
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Jha el al. (2007)

Mandel et al. (2011)


Brout & Scolnic (2021)

Intrinsic 
colour

Dust 
reddening

e−cτ

μobs + M = mobs − βc+αx1 + pγ

=
𝒩(c, cint, σc)
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Dependence on environment
Colour
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ZT
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ah
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« Dustless » example 

ZT
F1

8a
aq

fz
iz

« Non dustless » example 

μobs + M = mobs − βc+αx1 + pγ
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Linearity of the colour-residuals relation
Colour
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Dust dominatedIntrinsic colour dominated

μobs + M = mobs−βc + αx1 + pγ
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 evolution with environmentβ
Colour
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μobs + M = mobs−βc + αx1 + pγ
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Environmental step
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μobs + M = mobs − βc + αx1 + pγ
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Origin of the step
Environmental step

33

μobs + M = mobs − βc + αx1 + pγ

Figure 6. from It’s Dust: Solving the Mysteries of the Intrinsic Scatter and Host-galaxy Dependence of Standardized Type Ia Supernova
Brightnesses
null 2021 APJ 909 26 doi:10.3847/1538-4357/abd69b
https://dx.doi.org/10.3847/1538-4357/abd69b
© 2021. The American Astronomical Society. All rights reserved.

Brout & Scolnic (2021)Childress et al (2014)

Two population interpretation Dust interpretation
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Colour-dependence of the step
Environmental step
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μobs + M = mobs − βc + αx1 + pγ

Figure 6. from It’s Dust: Solving the Mysteries of the Intrinsic Scatter and Host-galaxy Dependence of Standardized Type Ia Supernova
Brightnesses
null 2021 APJ 909 26 doi:10.3847/1538-4357/abd69b
https://dx.doi.org/10.3847/1538-4357/abd69b
© 2021. The American Astronomical Society. All rights reserved.

Brout & Scolnic (2021)
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IV. Next steps
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Redshift evolution

36

ψ(z) =
1

K(1 + z)ϕ + 1

Fraction of old progenitor SNe Ia:

Rigault et al (2020)

Tasca et al (2015)


Mannucci et al (2005)
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Redshift evolution
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 evolutionα  evolutionβ Impact of the 
environmental step
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Next steps
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Include these effects in simulations Investigate the redshift evolution with 
high-z dataskysurvey.readthedocs.io

LSST @ Vera C. Rubin Observatory 
1M SNe Ia over 10 years


 Up to z ∼ 1.1

http://skysurvey.readthedocs.io
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Conclusion

39

ZTF SN Ia DR2 
volume-limited sample

Supernovae physical properties

949 SNe Ia

Homogenous


High cadence + spectroscopic

Type Ia Supernovae properties 

Standardisation dependency on environment
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