The Zwicky Transient Facility

SNIa Cosmology in 2022

Mathew Smith (IP21, Lyon) on behalf of the ZTF SNla WG
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SNIa Cosmology: 2028
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SNIa Cosmology: 2028
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Systematics limited
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SNIa Cosmology: 2028

Small volume:
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All sky; larger FoV
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SNIa Cosmology: 2028

Large statistics
Sub-1% calibration
Unbiased selection

wide area
one instrument
automation
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/Zwicky Transient Facility (ZTF)

3 filters (g, r, 1)
FoV: 47 deg? :

50 depth: 20.5 mag

LSST

/ZTF

CCD: 1pixel = 1arcsec

footprint: 15,000 deg ";'; ]

dedicated spectroscopy .

ZTF 1: 2018->2020 3 day (g+r) + some 1
ZTF 2: 2021->2023 2 day (g+r) + 5 day 1




Automated spectroscopy
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Peak Luminosity [Mv]

Z'TF Science Cases

Transient Astro. Multi-Messenger Supernova Cosmology
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Z.TF Today

ZTF: In reality

Raw numbers

>1 million images

>2 million alerts

likely 200,000 SNe

Supernovae

12,000 discoveries
(r < 19)

8,000 classifications

5,000 SNela
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Towards Cosmology: Introducing ZTF-DR2



Z.TF | Changing the scale of SN Cosmology
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Spectroscopic Follow-up

|356O

1 ZTF Cosmo DR2 Bl in BTS

Apo 111

Lick-3m [Jjif] 105
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DCT |20
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Completeness

Complete and unbiased to m=18.5
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Spatial Uniformity
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SALT2 Color (¢)

SALT?2 Stretch (x7)
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ing issues

Two outstand
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Photometry: ZTF-IN2P3 pipeline

Data uniformity Flux uniformity Survey uniformity (space & time)

IN2P3 Pipeline : Consistent reduction of all images Scene modeling : Same flux estimator for stars & transient Ubercal : anchored using multi-fields stars

Before:

Force-photo
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Working towards:

Scene-Model

AL
58280 58300 58320 58340 58360 58380 58400 58420

One integrated pipeline for all reduction steps Photometric uncertainties at < 1% self-consistent ZTF photometric system | no more PS1

Rosnet et al. in prep Lacroix et al. in prep Racine et al. in prep
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uantitying Biases

Simulation | Forward modelling to quantify selection

simsurvey | Amenouche et al. in prep

Selection function & cosmology | Carreres et al. in prep

Large ongoing effort starting in Berlin | AMPEL-based

BTS SNIa BTS SN BTS Saved SNIa DR2
Initial sample

BTS classified SNe Ia BTS classified SNe Transient saved to Spectroscopic DR2
(including 91T). (of any kind). SNIa sample.

Host spec z Mean photo z Marginal photo z

Confirmed SN z, Closest galaxy spec z Peak prob phot z

Marginalized phot z
from host or object. from Ampel DigestZ. from Ampel DigestZ. from Ampel DigestZ.

SALT2 SNIbc Parsnip

Lightcurve

SNCOSMO SALT2 SNCOSMO Deep learning
(SALT3? / SNEMO?) retrained on BTS

AMPEL | Townsend & Nordin et al. in prep
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Towards Cosmology



Hubble Constant (Ho) | Growth rate (os)

First measurement in:

ZTF Type la supernovae - redshift (z)

Dhawan et al. 2022  >°
. 38 - .
37 J
N 36 .
135 | A I
)
34 - o
>
33 -
TRGB —=» ZTF Type la supernovae
— A @® CDhawan et al. 2022 l«;y 3l4 3|6 3l8
'34.0{ ® Future: HST (Cycle 30+) o SN la: m - M (mag)
E Future: JWST 7
=S 335 o /‘\
7’
= 33.0 - 7/ : :
e " /4? ( 4 more distances available
=7 7 JWST to come
S 7
== 7’
= 515 % 100 events to target
T ¥
31.0 @ u
31 32 33 34
TRGB : m - M (mag)

0.25

redshift

0.10

/ZTF

coverage

fos @ 20%

(1000 SNe Ia)

SR A N

T
fos | (fos)sd

Carreres et al. in prep

22



Blinded
Residuals
i

Dark Energy

LTF-DR2 volume limited sample :

1000 SNela
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Credit : Madeleine Ginolin

Force-photometry light-curves
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Dark Energy : Elsewhere

DES5YR Sample : 1600 SNela

PRELIMINARY

Blinded
Residuals
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Redshift Vincenazi et al., in prep

Compilation of 300 Low-Z SNela

Oscatter = 0.12 Release date: 2023
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Blinded
Residuals

Dark Energy : Forthcoming

Z.TF x DES Cosmology Taskforce formed in July 2022

PI: M. Smith | Data and Expertise Sharing

PREDICTED | 3500 SNela : 0<z<1
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Harly 2023 | Full cosmological forecast

| O-.l
Redshift

1.0

Late 2023 | First estimates of w

LSST requirement | Dataset combination
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Progenitor physics in SN lightcurves

ZTF Cosmo Data Release 2 | 20 ongoing papers

SN In Clusters

I-band second bump analysis

fog from SNe Ia measurements

Impact of survey selection function on 1s8

SNe Ia Subclasses statistical study

Data Release

Hypergal

w-letter

Toward the 1 per mil calibration

Minimal metallicity SNe Ia

Host-less SNe Ia and Exotic Dark Matter

Z.TF DR2 sample simulation

Early and Late Lightcurve modelling

Search for Strongly lensed SNe Ia

SNe Ia Spectral properties

SN Astrophysical bias

two colour model and the mass step

Very reddened objects
SNe Ia Siblings

Release in early-2023
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IN2P3

Les deux Infinis

Credit: Philippe Rosnet



