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Cosmology with type Ia supernovae
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Starting point of the analysis

Question: Is there an impact of galaxy cluster environment on the light-curve parameters of SNe Ia found in clusters?

Suzuki et al. 2012

HST Cluster Supernova Survey: search for SNe Ia in 25 distant galaxy clusters to maximize detection probability

SNe Ia found in clusters

               Better constraints on w(z)
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A&A proofs: manuscript no. Nicolas

Fig. 5. Main: SALT2.4 light-curve stretch (x1) as a function of the LsSFR for SNfactory SNe. The color corresponds to the probability, py, for the
SNe Ia to be young, i.e., to have log LsSFR � �10.82 (see Rigault et al. 2020). Right: py-weighted histogram of the SN stretches, as well as the
adjusted base model; contributions of the younger and older population are shown in purple and yellow, respectively.

Table 2. Best-fit values of the parameters for the base stretch distribution model when applied to the SNfactory dataset only (114 SNe Ia), the
fiducial 569 SN Ia sample, or the conservative sample (422).

Sample µ1 �1 µ2 �2 a

SNfactory 0.41 ± 0.08 0.55 ± 0.06 �1.38 ± 0.10 0.44 ± 0.08 0.48 ± 0.08
Fiducial 0.37 ± 0.05 0.61 ± 0.04 �1.22 ± 0.16 0.56 ± 0.10 0.51 ± 0.09
Conservative 0.38 ± 0.05 0.60 ± 0.04 �1.26 ± 0.13 0.53 ± 0.08 0.47 ± 0.09

appear to only exist in old local environments. This is our so-
called base model. However, to test di↵erent modeling choices,
we implemented a suite of alternative parameterizations that we
also adjusted to the data following the procedure described in
Section 3.2.2.

Howell et al. (2007) used a simpler unimodal model per age
category, assuming a single normal distribution for each of the
young and old populations. We thus considered a Howell+drift
model, with one single Gaussian per age group and the �(z) drift
from Eq. 1.

Alternatively, because we aim to probe the existence of an
evolution with redshift, we also tested constant models by re-
stricting the base and Howell models to use an assumed redshift-
independent fraction �(z) ⌘ f of young SNe; these models are
hereafter labeled base+constant and Howell+constant.

We also considered another intrinsically nondrifting model,
the functional form developed for beams with bias correction
(BBC, Scolnic & Kessler 2016; Kessler & Scolnic 2017), used
in recent SN cosmological analyses (e.g., Scolnic et al. 2018;
Abbott et al. 2019; Riess et al. 2016, 2019) to account for
Malmquist biases. The BBC formalism assumes sample-based
(hence intrinsically nondrifting) asymmetric Gaussian stretch
distributions: N

⇣
µ,��2 if x1 < µ, else �+2

⌘
. The idea behind

this sample-based approach is twofold: (1) Malmquist biases
are driven by survey properties, and (2) because current surveys
cover limited redshift ranges, having a sample-based approach
covers some potential redshift evolution information (Scolnic &
Kessler 2016; Scolnic et al. 2018). See a more detailed discus-
sion of BBC in Section 5. Finally, for the sake of completeness,

we also considered redshift-independent pure and asymmetric
Gaussian models.

4. Results

We adjusted each of the models described above on both the
fiducial and conservative samples (cf. Section 2). The results are
gathered in Table 3 and are illustrated in Fig. 7.

Because the various models have di↵erent degrees of free-
dom, we used the Akaike information criterion (AIC, e.g., Burn-
ham & Anderson 2004) to compare their ability to properly de-
scribe the observations. This estimator penalizes additional de-
grees of freedom to avoid overfitting the data and is defined as
follows:

AIC = �2 ln(L) + 2k, (5)

where �2 ln(L) is derived by minimizing Eq. (4), and k is the
number of free parameters to be adjusted. The reference model
has the smallest AIC; in comparison to this model, the models
with �AIC < 5 are coined acceptable, those with 5 < �AIC <
20 are not favored, and those with �AIC > 20 are deemed ex-
cluded. This roughly corresponds to 2, 3, and 5 � limits for a
Gaussian probability distribution.

The best model (with the smallest AIC) is the so-called base
model and thus is our reference model; this is true for the fiducial
and conservative samples. The base model also has the smallest
�2 ln(L), making it the most likely model even when the overfit-
ting issue that is accounted for by the AIC formalism is ignored.

Furthermore, we find that redshift-independent stretch distri-
butions are all excluded as suitable descriptions of the data rel-

Article number, page 6 of 10

Stretch distribution depends on environment

Direct impact on standardisation procedure (cosmology)

Stretch distribution depends on star formation rate

Ginolin et al. in prep.Nicolas et al. 2021

Stretch distribution depends on host mass
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Galaxy cluster environment

IllustrisTNG Collaboration

Galaxies 3%

Culmination of the large scale structure formation process

C
M

B

Large scale structures

Structure 
growth

Dark Matter 85%

Ionized gas 12%

Galaxy cluster

Largest gravitationally bound structures in the Universe

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



LSST-France 12-14-2023 6

Galaxy cluster environment

GalaxiesGas temperature

Old and massive galaxies in a high-temperature environment 

Cluster formation in IllustrisTNG simulation

Hierarchical formation process
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Galaxy cluster environment

GalaxiesGas temperature
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Galaxy cluster environment
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Galaxy cluster environment
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Galaxy cluster environment

GalaxiesGas temperature

Old and massive galaxies in a high-temperature environment 

Cluster formation in IllustrisTNG simulation

Hierarchical formation process

Hot intracluster medium 
𝒪(105) K Massive galaxies 

M* = 1011 − 1012 M⊙
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Cluster galaxies: age and star formation rate

Low star formation rate and old/massive galaxies in clusters w.r.t. field galaxies 

Simulation Data (SFR) Data (age)

Donnari et al. 2021

Kopylova & Kopylov et al. 2019 Pasquali et al. 2019

Based on SDSS data Targeted observations
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Sne Ia: ZTF catalog -- 1403 SNe Ia at , , and 0 < z < 0.07 −3 < x1 < 3 −0.3 < c < 0.3

Clusters: MCXC -- detected in X-ray from the ROSAT All Sky Survey

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

Selection of SNe Ia and clusters for our samples

Redshift distributions

Planck, SPT, ACT — detected in SZ from space and ground
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} 7913 clusters at z < 0.1
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Matching procedure:

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

- SNe Ia found at  are inside clustersR/R500 < 5

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

Stretch VS relative distance to nearest cluster

p =
1

2π (σ2
SN + σ2

Cl)
∫

+zd

−zd

exp [−
(z − [zSN − zCl])2

2(σ2
SN + σ2

Cl) ] dz

Keep matches with p > 90 %

with    (velocity dispersion at )zd = 3 × σR500
R500
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Matching procedure:

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

- SNe Ia found at  are inside clustersR/R500 < 5

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

Stretch VS relative distance to nearest cluster

p =
1

2π (σ2
SN + σ2

Cl)
∫

+zd

−zd

exp [−
(z − [zSN − zCl])2

2(σ2
SN + σ2

Cl) ] dz

Keep matches with p > 90 %

with    (velocity dispersion at )zd = 3 × σR500
R500

Only 10% of SNe Ia found in clusters
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Matching procedure:

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

- SNe Ia found at  are inside clustersR/R500 < 5

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

Stretch VS relative distance to nearest cluster

p =
1

2π (σ2
SN + σ2

Cl)
∫

+zd

−zd

exp [−
(z − [zSN − zCl])2

2(σ2
SN + σ2

Cl) ] dz

Keep matches with p > 90 %

with    (velocity dispersion at )zd = 3 × σR500
R500

Potential effect of splashback radius
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Stretch distribution model

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

X1(z |
R

R500
, M*) = ξ(z,

R
R500

) × 𝒩(μ1(M*), σ2
1) + (1 − ξ(z,

R
R500

)) × [a × 𝒩(μ1(M*), σ2
1) + (1 − a) × 𝒩(μ2(M*), σ2

2)]ξ(z,
R

R500
) × 𝒩(μ1(M*), σ2

1) (1 − ξ(z,
R

R500
)) × [a × 𝒩(μ1(M*), σ2

1) + (1 − a) × 𝒩(μ2(M*), σ2
2)]

young old
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with  using same  as in previous works (Rigault+20, Nicolas+21)ξ(z,

R
R500

) = (1 − B × (1 +
R

R500
)−γ) × δ(z) δ(z)

Method: maximise  taking into account measurement uncertainties on each data point  

               (In practice, maximise ) 

               use MCMC analysis to find best-fit values and uncertainties of the 7 free parameters ( )

∏
i

xi
1(z

i |
Ri

Ri
500

, Mi
*) Δxi

1

∑
i

log[xi
1(z

i |
Ri

Ri
500

, Mi
*)]

μ1, σ1, μ2, σ2, a, B, γ

and  and  are linear relations depending on host mass (Ginolin+24 in prep.)μ1(M*) μ2(M*)
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Results of the fitting procedure

Marginalised distributions of 
the free parameters

Conditional stretch distributions 
for given  valuesR/R500

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

Preliminary
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Running mean of the stretch distribution

Significant evolution of the stretch distribution of SNe Ia w.r.t to distance from the nearest cluster

Preliminary
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Variation of the fraction of quenched galaxies

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


               - compute  from amplitude ratios of the two Gaussian components at each 

q = 1
qfield

q(R/R500)
R

R500

Galaxy is quenched if 
log(sSFR[yr−1]) < − 10.75

We find results that are fully compatible with independent measurements of  based on H  line or  break fitsq(R/R500) α 4000 Å

Preliminary
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Conclusions

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

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

Significant evolution of the amplitude ratio of the two modes in the stretch distribution with R/R500

Almost all SNe Ia found at  are a realization of the low-stretch modeR < 0.1 R500

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

May affect cosmology if SNe Ia 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
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Magnification du flux des SNe Ia par les amas            nouvelle méthode pour estimer la masse des amas   

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

Meilleure estimation de la masse des amas
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AmasSN Ia

Matière noire 85%

 Ruppin & Rigault, in prep. (2022b) 

Objectif : Meilleures contraintes sur                  Tensions cosmologiques ?


