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Type la Supernovae and Hubble diagram

Type la supernovae are exploding white dwarfs!



Type la Supernovae and Hubble diagram

Type la supernovae are standard candles!




Type la Supernovae and Hubble diagram

<
WL @

47 I &>




Type la Supernovae and Hubble diagram




Type la Supernovae and Hubble diagram

Flat «wCDM LOWZ CfA3K

SDSS LOSS2 CfAdpl

SNLS SOUSA CiA4p2

CSpP LOSS1 HST

DES CfAl SNAP

PSIMD CfA2 CANDELS
CNIa0.02 CfA3S FOUNDATION

i (mag)

Distanée

Redshift

—
)
~
av}
—
—
—_
~—
—_—
=
=]
=
<
-_
<

10-3

Brout et al. 2022




Type la Supernovae and Hubble diagram

Distance modulus:
pn = 5log (dr, /10 pc) = m — M
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Type la Supernovae and Hubble diagram
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What is the impact of PVs on the Hubble diagram?

PVs add scatter to the Hubble diagram!

]. + Zobs — (]_ + ZCOS)(]' + Zp), Zp ~ 'Up/C — Hmodel(Zobs)
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What is the impact of PVs on the Hubble diagram?

PVs add scatter to the Hubble diagram!

]. + Zobs — (]_ + ZCOS)(]' + Zp), Zp ~ 'Up/C — Hmodel(Zobs)

Scatter from peculiar velocties is important at low-z:

By B 1n510 22 > 0.1 mag at z < 0.02

This noise is correlated on large scales and can impact
cosmology (Davis et al. 2011, Peterson et al. 2022,
Carreres et al. 2024)




Correcting PVs at different scales

1+ zobs = (1 + zcos)(l + Zp)

1 — Cosmological Motion

g Target Galaxy

Peterson et al. 2022

2 — Total Radial
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Correcting PVs at different scales
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Correcting PVs at different scales

1+ -p = (]- + Zobs. Vel.)(l + Zvirial)(]- + Zcoh.)(l + Zext.coh.)

A - Corrected with CMB dipole

- B - Corrected by averaging redshift of
galaxy group members

A — Our Motion Relative
to CMB Rest Frame

C - Intermediate-Scale
Coherent-Flows

\ (& .
\ G _

B - Small-Scale Motion

\ = w




Correcting PVs at different scales

1+ -p = (]- + Zobs. Vel.)(l + Zvirial)(]- + Zcoh.)(l + Zext.coh.)

A — Our Motion Relative B - Small-Scale Motion
to CMB Rest Frame

A - Corrected with CMB dipole

- B - Corrected by averaging redshift of
galaxy group members C - Intermediate-Scale

- C & D - Corrected using PV field
reconstruction (e. g. 2M++ - Carrick et i, e
al. 2015, Cf3 - Tully et al. 2016) @)




Correcting PVs at different scales

Zvirial @nd Zcon. corrections tested in Peterson et al. 2022 for the Pantheon+ analysis
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Correcting PVs at different scales

Zvirial @nd Zcon. corrections tested in Peterson et al. 2022 for the Pantheon+ analysis

A - Corrected with CMB dipole

- C & D - Corrected using PV field
reconstruction (e. g. 2M++ - Carrick et
al. 2015, Cf3 - Tully et al. 2016)
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Correcting PVs at different scales

Group-averaged redshifts of ~ 30% of the SN la sample (identified in Tully et al. 2015) already results in an
Improvement in terms of the X2 of the Pantheon+ Hubble diagram !

Coherent-Flow (N = 584)

@® Zhe = Gal + T15 Group Avg —@— z<0.08 (N=584)
O  Zpe = Gal --A- z<0.5(N=1384)
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Galaxy groups in Pantheon+ data

In Peterson et al. 2022, only ~ 30% of SN la hosts assigned to a group
In this work we added 30 groups using data from the Anglo-Australian Telescope (AAT)
Groups are found using the modified FoF algorithm used in Lambert et al. 2020 and we defined them for Ng; > 2

New Galaxy Groups (n=30) Existing Galaxy Groups (n=143)
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Galaxy groups and SN la hosts in the Uchuu simulations

Uchuu UniverseMachine N-body simulation (/shiyama et
al. 2021, Aung et al. 2023).
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Uchuu UniverseMachine N-body simulation (/shiyama et
al. 2021, Aung et al. 2023).

o 2Gpc h1 side-length box at z = 0, split into 64
sub-boxes of volumes equivalent to zj;;, ~ 0.085
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Uchuu UniverseMachine N-body simulation (/shiyama et
al. 2021, Aung et al. 2023).

e 2 Gpc h ™! side-length box at z = 0, split into 64
sub-boxes of volumes equivalent to zj;;, ~ 0.085

o Galaxies are grouped using a FoF algorithm with a
linking length I = 0.3 Mpc A1
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Galaxy groups and SN la hosts in the Uchuu simulations

B Sim SN hosts
Sim all gal.
1 Data

Uchuu UniverseMachine N-body simulation (/shiyama et
al. 2021, Aung et al. 2023).

e 2 Gpc h ™! side-length box at z = 0, split into 64
sub-boxes of volumes equivalent to zj;;, ~ 0.085

o Galaxies are grouped using a FoF algorithm with a
linking length I = 0.3 Mpc A1

e We draw 500 000 galaxies as SN la hosts following
Wiseman et al. 2021 mass distribution
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l0g10 M/IM ¢




Results: Proportion of SN la hosts in galaxy groups

From our data we found that > 90% of SN la host galaxies are in groups and 73% from
the simulation.

—— SN hosts Table 2. Percent of galaxies found to be in groups for dif-
ferent works

All gal. _
Work % in groups Notes

o
o

Crook et al. (2007) 3% All gal., 2MRS
(data) (Huchra et al. 2005a)

o
o

Tully (2015) 58% All gal., 2MRS
(data) (Huchra et al. 2012)

o
»

Peterson et al. (2022)  30% SN hosts, Pantheon+
(data)

of at least N members

This work (sims) 47% All gal., Uchuu
simulations
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This work (sims) 73% SN hosts, Uchuu
simulations

This work (data) 91% Targeted SN hosts
on the AAT




Results: Improvements on Hubble residuals

Group-averaged redshifts can lead to large improvements of the Hubble diagram
residuals
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Results: Improvements on Hubble residuals

We quantified the improvement in HD residuals scatters using 6 = \/STD?ndiv. — STD;rp

Simulations: maximum improvement of  ~ 0.120 mag for larger group (/N > 6) at lower redshift (z < 0.018)

2 =N<6,z<0.018 2 =N<6,2z=0.018

[ indiv (STD: 0.266) 0 [ indiv (STD: 0.092) =5
group (STD: 0.261) group (STD: 0.090)
6:0.054 6:0.020

[ indiv (STD: 0.279) [ indiv (STD: 0.099)
group (STD: 0.252) m group (STD: 0.089)
6:0.120 6:0.043
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Results: Improvements on Hubble residuals

We quantified the improvement in HD residuals scatters using 6 = \/STD?ndiv. — STD;rp

Data: maximum improvement of 6 ~ 0.312 mag for the same bin

2 =N<6,2z<0.018 2 =N<6,z=0.018

[ indiv (STD: 0.299) [ indiv (STD: 0.190)
group (STD: 0.293) group (STD: 0.186)
6: 0.060 (n=46) 6: 0.040 (n=42)
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6: 0.312 (n=39) 6: 0.049 (n=46)
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Conclusion

- Group-averaged redshifts results in improvements of the Hubble diagram residuals,
especially for the larger ones

. Largest improvements come from large groups (/V > 6) at low redshift (z < 0.018)

Group-averaged redshifts will be usefull to increase statistical power of low-z SN la
sample in the incoming new generation of surveys such as the Rubin-LSST
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Thanks for your attention !
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