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Outline of the talk

* Intro on SNla cosmology

* Problem
 Approach A

* Current work on A
 Approach B

e Current work on B

(~10 min)

Only PhD students

(~5 min)
(~15 min)
(~10 min)
(~5 min)
(~10 min)

Full audience



What is exploding?

CO white dwarf (WD) in a binary system
single/double degenerate

How is it exploding?

Merging/compression/He layer burn/collision
Detonation/deflagration/double-detonation
Chandrasekhar/sub-Chandrasekhar mass

Most probably a mixture of
scenarios and explosion
mechanisms
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SNIa are the most precise extragalactic
distance indicators (uncert. 5%)

Two empirical correlations:

peak brightness vs brightness decay
peak brightness vs color

Standardized peak brightness
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SNla cosmology
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Recent (>2010) cosmological analysis found a dependence
between the and properties of the SN host galaxy



SNla rates and delay time 5 |
distribution (DTD) models are 2 z)
consistent with two populations: K |
prompt/delayed. !
Continuous, though. of| 2 Bt e
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This is consistent with a young (~1 Gyr)
and an old distinct SNIa populations.

Their ratio would evolve with redshift
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FRACTION OF TOTAL SNe
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Outline of the talk
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Only PhD students
‘ Full audience
* Problem (~5 min)
 Approach A (~15 min)
e Current work on A (~10 min)
* Approach B (~5 min)

e Current work on B (~10 min)



Problem

Hubble tension

Ezquiaga & Zumalacarregui 2018
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Distance ladder
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Systematics (Cepheids)

Wesenheit magnitudes measured as
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Systematics (Cepheids)
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Systematics (SNe la)

m)céi?]r — mX’i,j + 0()61 — ﬂC + y(MhOSt)

mT = My + 5 1og,(d,/10pc)

)i/’z dz
Ho Jo /Qu(1+ 2)3 +Qp(a+ 2)30+w)

dp(z) = (1+2

(see e.g. Brout+21)



Systematics (SNe la)

Ly =g B

mT = My + 5 1og,(d,/10pc)

dz

dp(z) = (1 + 75)?0/0 \/QM(l +2)3 + Qp(a + 2)30+w)

(see e.g. Brout+21)



Systematics (SNe la)

cCorr __ (
corr

dz

dp(z) = (1 + Z>F0/0 \/QM(l +2)3 + Qp(a + 2)30+w)

(see e.g. Brout+21)
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Reddening and extinction

L o nh g wavelength

(redder light)

f.-/ \""1 f.-""‘*\ N i less intensity

! ! \ . ; N\ ™
! "\... ",u' Il". / ! | / '\,_\ // ll'. _}Q"_)_
A \_/ —acie ” 4 "\_\v J_,-"} "-\___ / \

IMost of the long wavelength
light makes it through. The
original lightis ““de-blued.””

short wavelength
(bluer light)

IMost of the short wavelength
lightis scattered away from
its original direction.



Extinction/reddening law

A (A) A (A)
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Extinction/reddening law

The extinction law is determined by physical properties like composition

fgs

0.9 t

(graphite and silicate grains) and size distribution
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Smaller Rv is associated with smaller grain size!



Extinction/reddening law

The extinction law is determined by physical properties like composition
(graphite and silicate grains) and size distribution

Nozawa+16
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Common SNIla color laws

u(z)sy = m(z) — M = (meps +axl _BC — Avw + Ky y)

If 3 Is assumed to be a general
description of the reddening law, then
the inferred extinction law is not
common:; R~2

The magnitude-color relation of SNe in

reality comes probably from two effects:

1. intrinsic (temperature, ionization
evolution)
2. extrinsic (dust in the ISM)

SN (B-V) - bx(s—-1)

— M

Conley+08
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Multiple SNla color laws

Although properly modeling colors reveals that most SNe are consistent with a normal Rv=3.1 reddening
law (Chotard+11,Scolnic+14), there is diversity in SNe with different brightness-color relations.

Forster+13 Folatelli+10
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«Either SN intrinsic colors are more complicated that can be described with

. : . Conley+07
a single light-curve shape parameter or dust around SN is very unusual» oer



Individual SNIla color laws

Gutierrez+16 Foley+14 Folatelli+10
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Extremely peculiar extinction laws found towards some SNe!



Individual SNIla color laws

Mandel+11 Burns+14 Conley+11
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Other dust indicators

Gutierrez+16

B Host
- Galaxy
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. Way
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Phillips+13
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[ | @ This paper
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993)

® This paper

Other spectroscopic indicators of
cold gas arise when the SN
lonizes neutral atoms (like Na | D,
Ca |l H&K, DIBs) which later
recombines and narrow
absorption lines are seen.



Host galaxy reddening

Leja+17
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(Past) Approach

Correcting Reddening Intelligently for SN cosmological probes

4-year Portuguese nationally funded project (Pl: A. M. Mourao)

PTDC/FIS-AST/31546/2017

1/09/2018 - 31/08/2022

Ana Mourao

-——

Alberto Krone-Martins

Santiago Gonzalez

Ana Sofia Afonso

Lluis Galbany

Antonia Morales

Claudia Gutiérrez

Thomas de Jaege



https://github.com/HOSTFLOWS
https://github.com/HOSTFLOWS

(Current) Approach () nttos/aithub.com/HOSTFLOWS
The HOSTFLOWS project @ https://hostflows.qgithub.io/

3-year Spanish nationally funded project (Pl Galbany; PID2020-115253GA-I100)
1/09/2021 - 31/08/2024

Cristina Jiménez

* A- HO systematics: SN/Cepheid phot/spec/pol 5hD student | |
and host galaxy IFU/pol to study extinction, 4
environment and improve standardization.

« B- Cosmography of Laniakea: NIR SNIa
survey to measure peculiar velocities and map
dark matter in our supercluster

K s ¥
\.\\ ," 5 ¥
g omas Muller



https://github.com/HOSTFLOWS
https://github.com/HOSTFLOWS
https://hostflows.github.io/
https://hostflows.github.io/

(Current) Approach

The HOSTFLOWS project A- HO systematics

IFS data of SN/Cph host galaxies phot/spec Host polarimetry
L5 Burns+14
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Integral Field Spectroscopy
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Image slice at a single
infrared wavelength

Integral Field Spectroscopy

Spectral slice showing the
spectra across the entire

galactic nucleus
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Image slice at a single
infrared wavelength

Integral Field Spectroscopy
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Integral Field Spectroscopy data

PMAS

Fleld of view 70"x70"
Spectral Resolution R~500-1200
Number of spectra  ~5,000 sp
Spatial Resolution 17/spaxel

Wavelength coverage 3/700-/7500

A :

Sy Ca*l'a'izﬁjtp 3.5m

MUSE

00"x60"
R~1700-3500
~90,000 sp
0.27/spaxel
4650-9300

. ;,’;:2;" :/ W s gty i i /
Paranal 8.2rf



Integral Field Spectroscopy data

PMAS MUSE
Field of view 70"%70" 60"%60" wvlore than
Spectral Resolution R~500-1200  R~1700-3500 1000 SNia
Number of spectra  ~5,000 sp ~90,000 sp host
Spatial Resolution 17/spaxel 0.2"/spaxel galaxies
Wavelength coverage 3/700-/7500 40650-9300 available
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Cepheids calibration

Declination (J2000)

Sara Munoz-Torres in prep.
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Cepheids calibration

Sara Munoz-Torres in prep.
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Cepheids calibration

33°34'00"

33°33°45"

IFS data of all 19 SHOES hosts

33'30" - 30"

Measuring O abundance : -
at Cepheids location
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Cepheids calibration
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Mass systematics

A.S.Afonso+21
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Mass systematics

A.S.Afonso+21

SSP synthesis on
low-z MUSE cubes

Dimming

Best fits used for
constructing artificial
high-z galaxies
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Mass systematics

0.1

SSP synthesis on
low-z MUSE cubes

Best fits used for
constructing artificial
high-z galaxies
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Mass systematics

0.1

SSP synthesis on
low-z MUSE cubes

Best fits used for
constructing artificial
high-z galaxies

Remeasure mass
and look for biases

Effect: -0.6% in w
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Multiple SN luminosity - color relations

Gonzalez-Gaitan+21

45 | . . - Test cosmological fits with varying beta

232 mock distributions:
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Multiple SN luminosity - color relations

Gonzalez-Gaitan+21
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Multiple SN luminosity - color relations

Gonzalez-Gaitan+21
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(Current) Approach

The HOSTFLOWS project B- Cosmography of Laniakea

Tully+14
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(Current) Approach

The HOSTFLOWS project B- Cosmography of Laniakea

Tully+14
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Why SNla over TF/FP

Tully-Fischer (TF) and Fundamental
Plane (FP) method distances are not
precise beyond z=0.03 (~400 Mly)

SN la Systematics are minimized
compared to TF and FP

Goal: Achieve a peculiar velocity
measurement of 300 km/s w.r.t. the
Hubble Flow at 1200 Mly (i.e. 3% in
distance) by observing a few 1000 SN
la & making use of 1/sqgrt(N)

Velocity (km/s)

Residual (km/s)

250001

Burns et al in prep.

Cosmicflow-3 N
O CSPI H OOO O
O CSPIIH o® )

0

500 1000 1500
Distance in Mly




Approach

The HOSTFLOWS project B- Cosmography of Laniakea
Rigault priv. comm.
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Approach

The HOSTFLOWS project B- Cosmography of Laniakea
Rigault priv. comm.
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(Current) Approach

The HOSTFLOWS project B- Cosmography of Laniakea

NIR SNIla survey
gr light-curves from ZTF
+ single JH epoch

NOT-2.5m NOTCam
CAHA-3.5m Omega2000
NTT-3.5m SOFI
CMO-2.5m NIRCam
VLT-8.Tm HAWKI

~400 SNe already observed (goal 1000)



Approach

The HOSTFLOWS project

Transient Survey (ZTF)

HOSTFLOWS SNia @ z=0.034
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FLOWS simulation with CSP

SN2007a
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FLOWS simulation with CSP

magnitude
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FLOWS simulation with CSP
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FLOWS simulation with CSP

magnitude
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FLOWS simulation with CSP
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FLOWS simulation with CSP
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Pipeline and webpage

Name ¢ ZTF ¢ RA (hours) Dec ¢ Redshift# dD;:;:overg Quicklook ¢ Actions ¢
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Target Catalog: 2021tmf
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Inserted 2021-07-23 22:04:28
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Catalog downloaded?

Reference stars
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Pipeline and webp
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Summary and conclusions

* Tension in HO could be due to either new physics or systematics (Early/Late)

 SNla and Cepheid calibrations can be improved with current data (IFS/pol)
and current (and new) methods

 CRISP studied the extinction towards SNe la from different approaches

« HOSTFLOWS aims to continue this effort, extend to Cepheids, and focus on
determining HO with improved standardisation

* |n addition, a new survey of SNla in the NIR will map the DM. In the local
supercluster and provide an independent estimation of HO and og
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