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COSMOLOGY WITH TYPE la SUPERNOVAE

Hubble Plots

Preliminary Analysis Ly
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DARK ENERGY?

THE UNIVERSE
WILL NOT LOOK THE SAME AGAIN
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COSMOLOGY WITH TYPE la SUPERNOVAE
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COSMOLOGY WITH TYPE la SUPERNOVAE
SN la PROGENITORS
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=L I B N B L B L L B B Y L B T T 1 LI R N N L
—a1 = Sumer —%wnii{mkhn =
20 —

. EENII la—-TSH I ; E

2 I E

—18 Frsl —

E Een—-like declinera 7

- SHe [= 7
kb —— E
W

E —18 —

= F % »%‘ 3

—-15 [ } E
E fo—wich E

£ Haormal SNe Ia from freriwincria E
—14 Hicken oL al. 200G 3
E —— Phillips relation 3

E | oiT—tike Pllag - bikr SN 200Res A GN 2002 SHlw Tax E
—13 EH 15E1T & EN 13HEG 4 SN 20DEEL BN 2odlGek 8N 200=Eox ]
E C8d 186 7br SN 1501hg W PMFP MHops JIEN BO1DE O SH 2Cdgg 3

E S8 15Gdnh & SN 188 Yen 5N 201dlp Super—Ch £ 8H 200Sce 3

F AN 1588ea TSN 15880p HIFTE ldetg il SN g TEN 2085hk 3]

E @l 156fan A 5H 1098de Ta-wrich m SN SOidpn +EH 200¥gd 3
=12 | fimm 15e980g AL 1R8Ny &N BO0AE A S EOOBgE SN 2008A —
E CIEM EOOCX & 5v 1EE8an HEN 2007ke T S B0 0 E5N 200Ens 3

E EENF ZO0TOSEE 8 SN 2003gm & PYF Ofidaw e oER ]

E EEHF BMITOBOE @ E5M EOO5ml rEN B0100L ALEN 2012an @ EN 20108 3

E AENF BNOTORIE  E SN 25k 4LEH B01Ehn EHe ka—CHW 5N 201lay ]

=11 | | FS§F an0esEm A BN ZO06LF Fack SN - ENM 20028 55N B092L —
E < ENF 2BITE Ees—hke TEH 18BGA = 5N 2005 3

E FLLSQ 12g 5N 19906h DOER 19298 A BN 00BN E
Y Y T W T T T S T T O o

0.0 0.8 1.0 1.5 2.0 2.5 4.0 a.5

amafB)

Taubenberger '17



COSMOLOGY WITH TYPE la SUPERNOVAE
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COSMOLOGY WITH TYPE la SUPERNOVAE

Table 8.

Analvsis | Model Th - Ca

SN-stat ACDM 0.284 = 0,012 0.716 = (.01

SN-stat ol DM U.3ds = 0.040 0827 £ (.06

SN-stat wCDM —1.251 £ 0.144  0.350 £ 0.035

SN ACDM 0.298 = 0,022 0.702 £ (.02

SN ol DM 0319 = 0,070 0.733 = (.11

SN wOCDM —1.090 £+ 0220 0.316 £ 0.072
ACDM model: flat, w = —1, 4k =0 Pantheon Sample: 1048 SNe 0.03<z<2.3
oCDM model: flat, w = —1, (2} varies Scolnic et al, 2018

wCDM model: flat, w, varies, w, = 0
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COSMOLOGY WITH TYPE la SUPERNOVAE
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wCDM model: flat, w, varies, w, = 0
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COSMOLOGY WITH TYPE la SUPERNOVAE
SYSTEMATICS IN SN COSMOLOGY

- Progenitor properties:  mass, metallicity

- Explosion model: double/single degenerate
asymmetries in the explosion

- Dust

Ana Mourédo, E@S 2019



SYSTEMATICS IN SN COSMOLOGY

INTEGRAL FIELD
SPECTROSCOPY

* Local versus global host
properties

 Progenitor properties from
metallicity of gas and stellar
populations
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POLARIMETRY

* Dust
- Explosion models



INTEGRAL FIELD SPECTROSCOPY

(Schematic view)

Spectra

Optical Grating
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INDIRECT STUDIES OF SN PROGENITORS

INTEGRAL FIELD SPECTROSCOPY

One image: data cube
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Photometry

Slit spectroscopy
Fiber

IFS: SNIFS
FoV 575"
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. IFS @ CAHA (PPAK)

Stanishey,
Mourao
Rodrigues
Flores, 2012
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IFS @ CAHA

Stanishey,
Mourao
Rodrigues
Flores, 2012

Ana Mourédo, E@S 2019



INDIRECT STUDIES OF SN PROGENITORS

INTEGRAL FIELD SPECTROSCOPY
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INDIRECT STUDIES OF SN PROGENITORS

INTEGRAL FIELD SPECTROSCOPY
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INDIRECT STUDIES OF SN PROGENITORS

GAS METALLICITY
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INDIRECT STUDIES OF SN PROGENITORS

GAS METALLICITY
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INDIRECT STUDIES OF SN PROGENITORS

GAS METALLICITY
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10 30 100 Nnm radius

a-C:H/a-C

core / mantle

a-Silge/a-C

core / mantle

Jones+ 2014

Ana Mourao, E@S 2019



Ana Mourédo, E@S 2019

B
A

. S - \ W .
Aligned grains '?? ' 4

EllB

Polarization of
background
star light

Lazarian '08



Ana Mourédo, E@S 2019

Aligned grains

f Polarization of

; background
*,AQ- L s light
! @
LY "J"'\L
- |
J". w \1., A
o
? \ ’ \'\_,“ll {%f
: e S NG /%
! & Vo) -5?/‘;; "}_?e
0 G,
l “f\\ E
W
W

Lazarian '08

\ B
i
‘ Polarization of
/ @J thermal radiation
& g
>
- |
P = ['
& [ die | ; = ™
Aligned grains N » 1—'_____{%— < ¥
. 1L
f Fog, ~—~——17
T ff?dc:?f?gﬁd | e
e".r;.:-;, " E
1 A
ELB




BVRI imaging polarimetric studies of the galaxy NGC 5128 253

NGC 5128
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279 SERKOWSKI, MATHEWSON, AND FORD
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Fig. 3.—The normalized wavelength dependence of interstellar linear polarization derived from the observations with the
Siding Spring multichannel polarimeter-photometer. The solid line is calculated from eq. (4) for K = 1.15. Every open circle is
based on 20 stars, while each dot represents the observations of an individual star with a particular filter.
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Nagao+ '18, '19: polarimetry of SNe to infer the presence of CSM

Zelaya+ '13; 18: Sodium lines and spectropolarimetry of SNla
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ESO-VLT
FORS2 - Focal Reducer and
low dispersion Spectrograph

Polarimetric modes

Imaging Polarimetry mode (IPOL)
Spectro Polarimetry mode

FoV: 6.8x6.8

0.25"/pixel



In progress: Goal

First statistical study of Map the wavelength of the polarization
multi-band optical polarimetry |

of supernova host galaxies Infer dust properties

@ESO FORS2

with

Pl. S. Gonzalez-Gaitan (CENTRA)
F. Patat, J. Andersen (ESO)
A. Cikota (LBNL)
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POLARIMETRY of SN HOST GALAXIES
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WOLLASTON PRISM

#2 H2 #A HA #6 #6 #3 #S

MOS stripes

polarisation
optics

split stripe into
- e-ray and o-ray

stripe pairs
on the CCD

Schematic representation of a dual-beam polarimeter

initial light ray with two polarization states (shown in blue and red)
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WOLLASTON PRISM
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WOLLASTON PRISM
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WOLLASTON PRISM: check for systematics

Ana Mourédo, E@S 2019
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Retarder plate

fuwp = 0° HWP

ouT
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Gonzalez-Gaitan '19 in preparation

Plots by J. Lopes
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estimation of the instrumental polarization in FORS2, including

* Aradial dependence of the instrumental polarization was confirmed
* Extra properties of the detector that must be considered in polarimetry

fundamental step towards precision polarimetry with FORS2
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Filter B
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The Future of SN la Cosmology at a Glance 4.2 [0.1-2-1]

-  Discovery + Imaging: >300,000 photometric, 6,000 spectroscopic from
Low-z [2<0.1] SDSS, SNLS, PS1, DES, LSST, WFIRST

§ * Discovery: ~2000/yr from ASASSN, PS, ATLAS, ZTF, LSST » Spectroscopic Follow-up: multi-object spec. on 4-8m telescopes
1 ¢ Imaging Follow-up: 1500 SN - Foundation, full LSST/ZTF
100000 o * Spectroscopic Follow-up: (on 2m telescopes) High-z [Z>1]
3 Confirmation: single-object spectroscopy » Discovery + Imaging: ~6,000 photometric, 1,000 spectroscopic
1 Twinning: integral field spectroscopy from HST, JWST, WFIRST
c% 10000 4 * Spectroscopic Follow-up: JWST, WFIRST, 8m+, ELTs
Y— ]
0O ]
® l i
2 1000 3 Constraints on w(z) from
£ the SNIa Hubble diagram
< 100 Top Systematics for measuring w:
8 * Calibration across wavelength range
2 ¢ Intrinsic scatter, Population Drifts

¢ (Classification

10
1 os via Weak Lensing
« Limited by max redshift of survey
» Signal goes with ~0.05z
. « Top systematics: population drift,
Other Redshift selection effects
Avenues: | ;.o H, fos via Peculiar Velocities ~ Strong Lensing Time FV T —
« Limited by low-z SNla Rate « Limited by SNIa Rate and intrinsic ~~ Delay Cosmography include isotropy tests
« ~1 SN/ yr in distance-calibrated galaxy at z<0.01  dispersion of SN luminosity (0.08  « Limited by lensed SN discovery rates and follow-up and galaxy survey
» Top systematics: cross-matching cepheid and twin/NIR, -0.15 optical mag) » Dedicated follow-up necessary correlations
Hubble flow host galaxy properties » Top systematics: MW extinction « Top systematics: microlensing, lens model systematics

Scolnic+ 18



CONCLUSIONS

INTEGRAL FIELD SPECTROSCOPY

IMAGING AND SPECTROPOLARIMETRY

UNDERSTAND SUPERNOVAE IMPACT ON COSMOLOGY
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