The ZTF SN la DR2 and beyond

On behalf of the ZTF-Cosmo collaboration

LYo

Madeleine GINOLIN - 7th November 2025 a I  NUCLEAIRE

oot OF B %w” & PARTICULES

CAMBRIDGE




Type la Supernovae

g « ZTF g band
« ZTF r band
ZTF i band
@
0]
o0 o
o ®
@
] *? ¢
]
X ® @
E 4 | N W )
® @]
4 ®
) J @
@
@ o0
o? o ° 34 o ©
@ °®e® ! 6o ® ® {®
- 0o- ® °
: @
; 15 Juln 15 ijl 15 ALIJg 15 sép 15
\ Time 2019-Sep
. " SN 2011fe
’

B.J. Fulton/LCOGT/Caltech ; : SALT2 - Guy+07

SALT2.4 - Guy+10, Betoule+14
SALT3 - Kenworthy+21

Action Dark Energy @ LUPM - 7th November 2024 Madeleine GINOLIN


https://ui.adsabs.harvard.edu/abs/2007A&A...466...11G/abstract
https://ui.adsabs.harvard.edu/abs/2010A&A...523A...7G/abstract
https://ui.adsabs.harvard.edu/abs/2014A&A...568A..22B/abstract
https://ui.adsabs.harvard.edu/abs/2021ApJ...923..265K/abstract

Type la Supernovae

Lightcurve
« ZTF g band
« ZTF r band
4 ZTF i band
Cc 1.
‘?é‘o\.
O\
o\
/N
O
x O ® o
u;—_)R / 9 ©
I X NI
r 1 \) .\o
N\
\' ' .\ o0
® ® o ® o
!' \.\0'0' o .00 '; ®
: 0 o
. O
; 15 Jun 15 Jul 15 Al'Jg 15 Sép 15
\ Time 2019-Sep
. " SN 2011fe
B.J. Fulton/LCOGT/Caltech ; : SALT2 - Guy+07

SALT2.4 - Guy+10, Betoule+14
SALT3 - Kenworthy+21

Action Dark Energy @ LUPM - 7th November 2024 Madeleine GINOLIN


https://ui.adsabs.harvard.edu/abs/2007A&A...466...11G/abstract
https://ui.adsabs.harvard.edu/abs/2010A&A...523A...7G/abstract
https://ui.adsabs.harvard.edu/abs/2014A&A...568A..22B/abstract
https://ui.adsabs.harvard.edu/abs/2021ApJ...923..265K/abstract

Type la Supernovae
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Type la Supernovae
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Type la Supernovae
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Type la Supernovae

Standardisation
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Type la Supernovae
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Cosmology

Current issues

Hubble tension

SN la measurement

Riess et al. (2019)
Anchored In local Universe

N
N
I

Ho [kms 'Mpc 1]
&

CMB measurement
Primordial Universe

60 - ACDM
Planck TT,TE,EE+IowE
| | | |
0.24 0.28 0.32 0.36 0.40
O

Planck Collaboration 2018

Action Dark Energy @ LUPM - 7th November 2024 Madeleine GINOLIN


https://ui.adsabs.harvard.edu/abs/2020A&A...641A...6P/abstract

Cosmology
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Evolving dark energy

Hubble tension A
T —
. i B DESI+CMB-+Pantheon+
76 - : i DESI+CMB-+Union3
Riess et al. (2019) + SN la measurement i BN DESI+CMB-DESY5
— : Anchored In local Universe i - -~ DESI+CMB
72 o i — 1 - : \\
8 : : \\:\\
> : s i S \\\\
T 68 - \ ] i \\\\\\ \\\\\\
0p) . [ & & \\
E i : \\\\ \\\\
é: ' —2 i \\:\ \\\\
£ 64 -  CMB measurement ; NERON
: Primordial Universe i \‘\\\ \\\
: | \\\‘:\ AN
1 : N ~yd \
60 planck TT TE,EE+IonE : ACDM g | | | LN .\\
| | T | —1.0 —0.8 —0.6 —04 —0.2 0.0
0.24 0.28 0.32 0.36 0.40 Wy
o DES| DR2
Planck Collaboration 2018 DESI Collaboration 2025

Action Dark Energy @ LUPM - 7th November 2024 Madeleine GINOLIN


https://ui.adsabs.harvard.edu/abs/2020A&A...641A...6P/abstract
https://ui.adsabs.harvard.edu/abs/2025arXiv250314738D/abstract

Distance modulus u

Residuals from
best fit FlatwCDM

Cosmology

EVOIVi ng dark energy SN distance modulus p: DESY5 SN distance modulus g: Union3

0 DESYs I " [0 Union3
i ACDM: DESY5 ] i ACDM: Union3 ]
0.10 = = wCDM: DESI+CMB+DESY5 - 0.10 wCDM: DESI+CMB+Union3 -
[ == = wow,CDM: DESI4+DESY5 ] wowe CDM: DESI4Union3
1 O L == = ow,CDM: DESI+CMB-+DESY5 - s wowge CDM: DESI+CMB-+Union3 -
. T 0.05f - 0.05 % -
44 71 CfA/CSP + Foundation sample (194 SNe Ia) h ; %
- 3 i . i — i
1 DES-SN (1635 SNe Ia) 0.00 ' : : : 0.00 === *ﬁ-" g —F :
42 0.8 - ] - = -
1 . Median p uncertainty i ] : :
] = on a single SN —0.05 : —0.05 .
40 ] g -IIIIIIII | | | | | I I | | ] -IIIIIIII | | | | | I I | | ]
: é 0.02 0.1 0.5 1 3 0.02 0.1 0.5 1 3
i 0.6 E Redshift Redshift
38 B - é’q
. i n SN distance modulus p: Pantheon+
_— | E i I Ibl I I:IPIantheO;l+ I I I I | I R | |
36 - — 04 é = ACDM: Pantheon+ i
- 0 S 0.10 = m wCDM: DESI4+CMB+Pantheon+ -
y y g et} i Q’: [ === wowaCDM: DESI+Pantheon+ 1
01 _ - L === ow, CDM: DESI+CMB+Pantheon+
: ; i 0.05
0.0 — 0.2
: ___________ i - /
i 0.00 g - —
—0.1 = DES-SN5YR DES-SN5YR Planck 2020 a ;
. (best-fit FlatACDM) (best-fit Flatwow,CDM) - (best-fit FlatACDM) _0.05F 4
i 0.0 e
I I I I I I I I I I I I I I I I I . I LIl iiill | | | | | I I | | ]
0.03 0.1 1 0.02 0.1 0.5 1 3
RedShlft Redshift
DES-SN5Y DESI DR2

Action Dark Energy @ LUPM - 7th November 2024 Madeleine GINOLIN


https://ui.adsabs.harvard.edu/abs/2024ApJ...973L..14D/abstract
https://ui.adsabs.harvard.edu/abs/2025arXiv250314738D/abstract

Z1F

Action Dark Energy @ LUPM - 7th November 2024 Madeleine GINOLIN



Z1F

Zwicky Transient Facility
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Z1F
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ZTF SN la DR2 - Data
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ZTF SN la DR2 - Data
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ZTF SN la DR2 - Data
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Rigault+25a: ZTF SN la DR2 overview

Table 1. ZTF cosmology science working group DR2 sample statistics.

Cuts n targets Removed % Removed
Master list 3795 — —
+ ZTF light curve 3778 17 0.4
+ a spectrum 3668 110 2.9
+ confirmed “Ia” 3628 40 1.1
Basic cuts

Good light curve sampling 2960 668 18.4
x1 € [-3, +3] 2899 61 2.1
c € [-0.2,0.8] 2861 38 1.4
oy <1 2836 25 0.9
Oy <1 2822 14 0.5
o.<0.1 2809 13 0.4
“fitprob”> 10~ 2667 142 5.1
Subsample examples

Volume limited (z < 0.06) 994 1673 62.7
Non-peculiar SNe Ia 2629 38 1.4

Data available at ztfcosmo.in2p3.fr
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ZTF SN la DR2 - Data
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ZTF SN la DR2 - Data
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ZTF SN la DR2 - Data
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ZTF SN la DR2 - Data
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ZTF SN la DR2 - Data
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ZTF SN la DR2 - Data
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ZTF SN la DR2 - Data
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ZTF SN la DR2 - Results

Stretch distribution
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ZTF SN la DR2 - Results

Stretch distribution
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ZTF SN la DR2 - Results

Stretch standardisation
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ZTF SN la DR2 - Results
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ZTF SN la DR2 - Results

Colour distribution

Full sample (938 SNe)
—— Intrinsic colour + dust fit

Ginolin+25a
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ZTF SN la DR2 - Results

Colour distribution
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ZTF SN la DR2 - Results

Colour distribution
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ZTF SN la DR2 - Results

Colour distribution
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ZTF SN la DR2 - Results
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ZTF SN la DR2 - Results
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ZTF SN la DR2 - Results

Environmental step
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ZTF SN la DR2 - Results

Environmental step
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ZTF DR2.5

Photometry
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ZTF DR2.5

Photometry

Scene modelling
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ZTF DRZ. 5 In itu filter measurements

Photometry
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ZTF DR 2. 5 In situ filter measurements

Photometry

CCD13 (1, single-coated) vs CCD11 (2, double-coated)
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ZTF DR2.5

Distance ladder

Rigault+25a: ZTF SN la DR2 overview

—
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ZTF DR2.5

Distance ladder
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ZTF DR2.5

Distance ladder
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ZTF DR2.5
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ZTF DR2.5

Distance ladder
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ZTF DR2.5
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ZTF DR2.5
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ZTF DR2.5
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ZTF DR2.5

HO See Chloé’s talk
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ZTF DR2.5

2 4 6 8 10 12 14
Number of SNe la per field

Observed redshift

(What we have) \
(1+2) = (+2)(1 +—

C
Cosmology redshift/A

(from distance)

See Rafael and Pauline’s talks

Authors Dataset
This work —e— - ZTF SNIla (simulations)
Johnson et al. 2014 —— 6dFGSv
Huterer et al. 2017 == 6dFGSvV
Howlett et al. 2017 —_— 2MTF
Adams & Blake 2020 —— 6dFGSz, 6dFGSV
Lai et al. 2023 D SDSS-FP
Qin et al. 2019 ——— 6dFGSv, 2MTF
Nusser 2017 —— CF3, 2MRS
Dupuy et al. 2019 =0 CF3
Turner et al. 2023 — 00— 6dFGSz, 6dFGSV
Davis et al. 2011 | —@— 2MRS, SFI++
Carrick et al. 2015 SO= 2MRS, SFI++
Boruah et al. 2020 0= 2M++, 2MTF, SFI++, A2
Said et al. 2020 == 2M++, 6dFGSv, SDSS-FP
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Z1F DR3
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Z1F DR3

Full 5 year sample
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ZT F D R4 é&m &Wea

Photometric classification 0O
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- A&A special issue
Conclusion Fioait

= Simulation (Amenouche+)

= SNe in voids (Aubert+)

= Peculiar velocity impact (Carreres, Rosselli+]

= Stretch and steps standardisation (Ginolin+)

= Colour standardisation (Ginolin+)

= Photometry (Lacroix+)

= Colour evolution with redshift (Popovic+)

= Lightcurve residuals (Rigault+)

= SNe in clusters (Ruppin+)

Spectral diversity (Burgaz+, Johansson+)

Low mass hosts SNe la (Burgaz+)

Secondary maximum (Deckers+)

Siblings (Dhawan+)

Photometric diversity (Dimitriadis+)

High velocity features (Harvey+)

2 4 6 8 10 12 14
Number of SNe la per field

Lightcurve modeling (Kenworthy-+)

Bulge vs disk SNe (Senzel+)

ztfcosmo.in2p3.fr Late-time CSM interactions (Terwel+)
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https://ui.adsabs.harvard.edu/abs/2024arXiv240611680A/abstract
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https://ui.adsabs.harvard.edu/abs/2025A&A...695A.264H/abstract
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SNe la

Light curve fitting

ZTF g band
ZTF r band
ZTF | band

Flux of the SN;:

F(t =1y, 1) = xgI Mot — 15, )+ x M,(t — 15, 1)]exp(cCL(1))

Parameters relative to

Parameters relative to

the observation the SN
N~ .
== f: rest time of the Xo- amplitude
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https://ui.adsabs.harvard.edu/abs/2010A&A...523A...7G/abstract
https://ui.adsabs.harvard.edu/abs/2014A&A...568A..22B/abstract
https://ui.adsabs.harvard.edu/abs/2021ApJ...923..265K/abstract

Cosmology with SNe la

Distance ladder
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