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Cosmology with type Ia supernovae
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Starting point of the analysis
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- HST Cluster Supernova Survey: search for SNe la in 25 distant galaxy clusters to maximize detection probability
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SNe la found in clusters
— Better constraints on w(z)

Question: Is there an impact of galaxy cluster environment on the light-curve parameters of SNe la found in clusters?
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Nicolas et al. 2021
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- Stretch distribution depends on star formation rate
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Direct impact on standardisation procedure (cosmology)

- Stretch distribution depends on host mass
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alaxy cluster environment

Large scale structures Galaxy cluster

NI O
L

IlustrisTNG Collaboration

Galaxies 3%

Structure
growth

CMB

lonized gas 12%

- Culmination of the large scale structure formation process
- Largest gravitationally bound structures in the Universe

- Formed through slow accretion of surrounding material (linear
and merger events / virialization / feedback processes (non-linear
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Galaxy cluster environment

Hierarchical formation process

Cluster formation in lllustrisTNG simulation

Gas temperature Galaxies

Stellar Column Density [log Msun kpc2)
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Galaxy cluster environment

Hierarchical formation process
Cluster formation in lllustrisTNG simulation
Gas temperature Galaxies
J Stellar Column Density [log Msun kpc2)
o i
Temperature [log K]
—-’ Old and massive galaxies in a high-temperature environment
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Galaxy cluster environment

Hierarchical formation process

Cluster formation in lllustrisTNG simulation

Gas temperature Galaxies

Stellar Column Density [log Msun kpc2)

Temperature [log K]

—-’ Old and massive galaxies in a high-temperature environment
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Galaxy cluster environment

Hierarchical formation process

Cluster formation in lllustrisTNG simulation

Gas temperature Galaxies

Stellar Column Density [log Msun

Temperature [log K]

—-’ Old and massive galaxies in a high-temperature environment
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Galaxy cluster environment

Hierarchical formation process

Cluster formation in lllustrisTNG simulation

Gas temperature Galaxies

Stellar Column Density [log Msun

4.1

Hot intracluster medium

O(10°) K . .
Massive galaxies
M. = 10" — 10'* M,
Temperature [log K]
—+ Old and massive galaxies in a high-temperature environment
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Cluster galaxies: age and star formation rate
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Sne la: ZTF catalog -- 1403 SNe laat0 < 7 < 0.07, =3 <x; < 3,and —0.3 < ¢ < 0.3

Clusters: MCXC -- detected in X-ray from the ROSAT All Sky Survey
Planck, SPT, ACT — detected in SZ from space and ground 7913 clusters at 7z < 0.1

WHL15 -- detected in optical/IR from 2MASS, WISE, and SuperCOSMOS

Redshift distributions

 (Galaxy clusters - ZTF SNe Ia
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Matching procedure:

- Find the nearest cluster for each ZTF SN
2D distance + member probability based on z :

1 J+Zd (2 — lzgy — Zcz])2
exp | —

P= 2 2 dz
\/ 27 (6 + 04) ] 2(ogy + o) 1

with z; = 3 X og_  (velocity dispersion at Rsy)

Keep matches with p > 90 %

- Normalize 2D distance by the
characteristic radius of the nearest cluster

- SNe la found at R/R5y, < 5 are inside clusters

SALT2 color ¢

I
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Matching procedure:

- Find the nearest cluster for each ZTF SN
2D distance + member probability based on z :

1 J+Zd (z — lzgy — 2c))°
exp | —

P= 2 2 dz
\/ 27 (6 + 04) ] 2(ogy + o) 1

with z; = 3 X og_  (velocity dispersion at Rsy)

Keep matches with p > 90 %

- Normalize 2D distance by the
characteristic radius of the nearest cluster

- SNe la found at R/R5y, < 5 are inside clusters

——
_ —_—

r’

E __

Stretch VS relative distance to nearest cluster

e T TR

0.8 - O O
@) © &O O o ©O
O o 9400 %
> 0.6 1 & o o
O e,
S 0.4 |
I(E 0.2 - O
U 0.0 - - _._._‘_‘_._1 N2 o
O I '. .—;‘\f"‘.
~0.2 - I
2 -
—
X
c 17
O
)
0 0-
O
N T
-1 _»]0O
< 2
¥p)
_3_
1077 101 10° 10t 102
R/R 500
Only 10% of SNe la found in clusters
o —— —— —

LSST-France 12-14-2023 14



e W I ..

Matching procedure:

- Find the nearest cluster for each ZTF SN
2D distance + member probability based on z :

1 J+Zd (2 — lzgy — Zcz])2
exp | —

P= 2 2 dz
\/ 27 (6 + 04) ] 2(ogy + o) 1

with z; = 3 X og_  (velocity dispersion at Rsy)

Keep matches with p > 90 %

- Normalize 2D distance by the
characteristic radius of the nearest cluster

- SNe la found at R/R5y, < 5 are inside clusters

——
_ —_—

r’

E __

Stretch VS relative distance to nearest cluster

e T TR

0.8 - O O
O = &O O o OO
O ® 0~ 00 o o
> 0.6 1 & o o
O s,
O — X |
= 0.4
N
. 7 O 0
5 0.2 R
V0.0 - O 00000 U
O Y, W "'w:f‘,_q’:' ,. ’,:’;‘(‘\"
~0.2 - I
2 -
—
<
c 17
o
-
0 0-
7
N
—1 2 O
<
N
_3_
1072 101 10° 101 102
RIR 500

Potential effect of splashback radius

T — T S —
LSST-France 12-14-2023 15



Stretch distribution model

Model: double Gaussian distribution with amplitude ratio varying with distance to nearest cluster

)

R R , -
X,(z|=—— M) = &(z,—) X N (u;(M+), 07) + (1 g;g@/

) X [a X N (M), 07) + (1 — @) X N (4y(M2), 03)]
Rs _ Rs00

500

_

-

young

R R
with &(z, R—) =1 -BX(lH B )~") X 6(z) using same 6(z) as in previous works (Rigault+20, Nicolas+21)
500 500

and p,(M:) and pu,(M.) are linear relations depending on host mass (Ginolin+24 in prep.)

i
Method: maximise Hx{(zi | P M) taking into account measurement uncertainties on each data point Ax{
: 500 |
. o l o
(In practice, maximise Z log[x;(z" | ——, M,)])
. Ry
l

use MCMC analysis to find best-fit values and uncertainties of the 7 free parameters (i, 6, 15, 65, a, B, y)
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Results of the fitting procedure

N _

- MCMC convergence ensured from Gelmen-Rubin test + autocorrelation time
- Only select independent samples after 20% burn-in cut-off

Marginalised distributions of Conditional stretch distributions
the free parameters for given R/R5, values
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Running mean of the stretch distribution

3r ZTF SNe Ia
SNe in clusters
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Variation of the fraction of quenched galaxies

Method: - assume that the stretch distribution in the core of clusters corresponds to g = 1
(BCGs are all red and dead) and that it corresponds to gg. 4 far from clusters

R
- compute g(R/Rs) from amplitude ratios of the two Gaussian components at each
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Conclusions

- First analysis of the continuous evolution of SN Ila stretch distribution with cluster-centric radius

- Significant evolution of the amplitude ratio of the two modes in the stretch distribution with R/Rs,

- Yet another analysis showing that the age of the host galaxy is the main parameter defining the stretch distribution

- Almost all SNe la found at R < 0.1 Rs are a realization of the low-stretch mode

- New estimator of the evolution of the fraction of quenched galaxies with cluster-centric radius

- May affect cosmology if SNe la detected through targeted observations of clusters are included in the Hubble diagram
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Magnification du flux des SNe Ia par les amas

Obijectif : Meilleures contraintes sur 08 =¥ Tensions cosmologiques ?

- Magnification du flux des SNe la par les amas =¥ nouvelle méthode pour estimer la masse des amas

- Minimiser effets systématiques du lensing des galaxies (méthode standard LSST / Euclid)

Amas

Ruppin & Rigault, in prep. (2022b)
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