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|. Cosmology with Type la Supernovae
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Cosmology
Hubble diagram
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Cosmology
Standard candle T S, = dnd?
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Type la Supernovae (SNe 1a)

Lightcurve
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Type la Supernovae (SNe 1a)

Lightcurve fitting

Flux of the SN:

SALT2.4 - Guy et al (2007)
SALT3 - Kenworthy et al (2021)
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Type la Supernovae (SNe 1a)

Spectrum
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Cosmology with SNe la

Supernovae standardisation
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Cosmology with

Standardisation
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Cosmology with SNe la
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Cosmology with SNe la
Anchoring the Hubble dlagram

Magnitude
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Hubble tension

Supernovae measurement
/ Local Universe

Riess et al. (2019)
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Evolving dark energy?
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Il. ZTF SN la DR2
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SEDmachine

Zwicky Transient Facility

L ow resolution

Large FoV ~1h exposures

Short exposures
3 bands (g, 1, i)
Depth of 20.5 mag inr

(SNe laat z ~ 0.1)
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ZTF SN la DR2
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2z =0.3, Deep field
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Environmental properties
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ZTF SN la DR2
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ZTF SN la DR2

Volume limited sample
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lll. SNe la standardisation with the ZTF DR2
volume-limited sample
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Two population model
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Hobs + M = Mops — ﬁC T ax1+py
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Hobs + M = Mops — ,Bc+ax1 + pY

Stretch

Non linearity of the stretch-residuals relation
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Systematic w uncertainty budget
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Hobs + M = Mops — ﬁC+C¥X1 + pY
Colour

Colour distribution

Intrinsic Dust
colour reddening

Full sample (938 SNe)
—— Intrinsic colour + dust fit
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Hobs + M = Mops — ﬁc+ax1 + pY

Colour

Dependence on environment . Dustless » oxample < Non dustless » example
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Colour

Hobs + M = mobs_ﬁc T X1 + pY

Linearity of the colour-residuals relation

M — Hcosmo + QX1 + YP

2.5

@ Llineara

(O Broken-a

— Linear 8

-—-—- Broken 8

2.0 -

1.5 1

1.0 -

0.5 -

0.0 -

—0.51

—1.0 -

Intrinsic colour dominated

+-—>

-,
-,
~

,/
“
,/
“

Dust dominated

—0.2

0.0

0.2
Colour c

0.4

0.6

0.8

30

LPCA - 24th January 2025

Madeleine GINOLIN



Colour

f evolution with environment
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Environmental step
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- /’tobs_l_M:mobs_:BC_l_axl_l_py
Environmental step
Origin of the step

Two population interpretation Dust interpretation
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- /’tobs_l_M:mobs_ﬁC_l_axl_l_py
Environmental step

Colour-dependence of the step
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IV. Next steps
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Redshift evolution

Fraction of old progenitor SNe la:
(2) : 3
Z _— = 0.3 -
v K(1+2?+1 >
Rigault et al (2020) o

Tasca et al (20195) 00 02 04 06 08 1.0 12 1.4
Mannucci et al (2005)

36 LPCA - 24th January 2025 Madeleine GINOLIN



Redshift evolution

a evolution [ evolution Impact of the
environmental step
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Next steps

Include these effects in simulations

skysurvey.readthedocs.io

skysurvey

What is in the sky to observe

How you observe the sky

import skysurvey
nia = skysurvey.SNelIa()
data = snia.draw(10 000, zmax=0.1,
tstart="2018-06-01",
tstop="2021-06-01")

import skysurvey
ztf = skysurvey.ZTF.from logs()

dataset
The data you collect

import skysurvey
dset = skysurvey.DataSet.from targets_and survey(snia, ztf)

Investigate the redshift evolution with
high-z data

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

Uptoz~ 1.1
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http://skysurvey.readthedocs.io

Type la Supernovae properties

Conclusion

Full sample (9 —2ocar > 1 (9 —2)ocar <1
N + N Full sample (938 SNe)

—— Intrinsic colour + dust fit

Dustless sample (197 SNe)

Non dustless sample (741 SNe)

— — Intrisic colour + dust fit
B T T
a Stretch x;

volume-limited sample

949 SNe la
Homogenous

Standardisation dependency on environment
High cadence + spectroscopic
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