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Observational cosmology

Observing around us

and build models to explain what
we perceive

Fres H:f.'_".'-].'-n
Aned Helism

The universe is the
object of study

Diark Enargy

LU




Measuring distances

white chwarf
supernovae

lumirsily

radar ranging

parallax

main-sequence :
fitling relation

distant
standards




Measuring
velocilties

M W& -
. &
. .:é‘i *

Redshift

“run away” velocity

Source atrest Source in motion



The further the galaxies are

Hubble Law
recession speed = Hj = distance

Distance




Hubble Law
recession speed = Hj = distance

Distance




Hubble Law
recession speed = Hj = distance

Distance




The further the galaxies are

Hubble Law
recession speed = Hj = distance

Distance




So, we are at the Center...




... and yet, maybe not P o

[ ]
]
Hubble's Law: v = Hd
®
f.:%:w—- : 8
d=0 250 miles 500 miles
V= 25 mph- 50 mph—+

Maybe the Universe is expanding



The Model we chose:

Assuming the Cosmological Principle :

d52 - B dx ™ dx"

~2d? + a*(t) [1ff:r2 +r? (d6? + sinzﬁdqf;-z)]

—cdt? + a°(t) dlify, (_/
Now throw in some physics (GR) :

energy density curvature

(

H2 _ (E ) 2 -II - k L_E 3

5 3 .
a o+ 30 /)

critical density pressure / E.O.S. parameter

V4 4
Define pe = 3H§J,f8?rG, treat everything as an ideal flud p= w x p:

HE

s - Z Q;a—.?r{:l f WJ'::I + Qka—Q
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Going further with SNe la

Byrne Obsdg

Very bright objects

FULTON

Mell miplet
451

4000

Fell
4923 50

5000

Very standard
objects

magnitudes

Dispersion=0.41

6000

Wavelength (Angstroms)

7000

8000

Objects easy to
recognize




So, why Is that hard 7

No acceleration

Acceleration —~

-02 0 02 04 06 08 1




Finding SNe Ia

Sky ain't no small

1 SN la per galaxy per millenium

 Diameter of the full Moon

A

G Hs

" : -.‘\. Fir

B 2 gl o
19242 pixels ¥

CFHTLS Deep Field #1 3

One square degree field of view

500,000 galaxies
Image by CFHT & Terapix




Telescope size matters...

... as well as the observed volume

Large volume
faint SNe




Comparing images

Reference Image New Image Difference

Supernova SNLS-03D4ag



Many candidates, few interesting targets




So, what's so hard ?

1) Finding the SNe la




I d e n t i fyi n g S N e I a And redshift measurement
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So, what's so hard ?

1) Finding the SNe la

2) ldentifying the SNe la




Observing SNe la

L

Ard]
Optical filters to integrate _. i (i)
the light ' °610  10pc
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Q,=1.0 02, =0.0

Redshift

L
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[nstrument Rotator

Top Frame
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Six Actuators

Masmyth Focus
Prime Focus (optical)

Masmyth Focus
(infrared) Filter Exchanger
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o
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N
%,

- . . . Cassegrain Focus o T
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Accounting for CCD “features”




Extracting the flux of the
SN la

The fitted model M for image i at position p is given by :

Mf._p/f/{i fi X f SF(Xp — Xsn) + galrer ] ® K 1

Sky variation

PSF variation



Calibrating the flux

NGC/918 2007 08 23. 687 2009 10 11.689 Mag 17.2

Flux calibration



HST observations and DA White Dwarf models
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Most of the time no absolute
standard in the field
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The SN la is redshifted

But we need it restframe

" redshift z=0.2 TP 550

SN PTF09fox
CSP B filter
CSP V filter

-
o

o
oo

o
i

Flux in arbitrary units / Filter throughput
o
o

14 .'IE =]

3000 4000 5000 000 70OO 8000 9000 10000 1100C
A [A]

2000 5000 60D 7000 8000 9000 10000
ol gt ot e 0 A spectral model

avelength

*'hl, "

Dispersion=0.41

. We need to know how much light would have
| ended in the

magnitudes corrigées




S(A, @) = zg Sp(Ao) [1 +x2151(Ng)]| exp|—c CL(A)] A spectral model

Time evolution .

A

Color measurement

— S&TZZ

Plain lines = Light curve fit

Forward fitting approach of a
deconvolution problem

1 =F
Yle dS X1 and C 100 4000 5000 €000 BO0DD 10000 3200 4000 5000 6000
Rt Frame Wanvelangth .41 Rt Frams Wateelang @Al




So, what's so hard?

1) Finding the SNe la

2) ldentifying the SNe la

3) Measuring and calibrating
SNe la fluxes



Best measurement of w

At least, we are done ! o Planck + SN: w = —1.018 + 0.057
@ Planck + BAO: w = —1.01 +0.08
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Mobs = Mo + Mo + C}f‘ﬂ?‘|‘ @ C + U

C 3 3(Liw) ~1/2 Fittéd together with
d(z) = 1+ 2) [ dz (A1 + 2+ Q1 +2°0+) the cosmology

0

LoH? is a nuisance parameter for SN cosmology

... But for one gquestion: what is a type la supernova?




What can we learn from imaging ?

radioactively powered light curves * ¢ v AR

’ »
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What can we learn from the spectra ?
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Thermonuclear explosion of one... or two White Dwarves

Very difficult to model

stellar evolution (>10° years)

p(r), T(r), A(r) at ignition/collapse

explosion (seconds/hours) neutrinos
hydrodynamics, equation of state e grav. waves
nuclear burning, neutrino transport X-rays, y-rays

plxyz), viuyz), T (cyz) Alxyz)

in free expansion

expanding ejecta (months)
photon transport
AT ApAciLy optical spectra

‘THIS...

WHITE DWARF GROWS IN MASS

AAAAAAAA

EEEEEE

vee OR THls? nnnnnnnnnnnnnn

ORBITING WHITE DWARFS

c [ ﬁ .
thermodynamics light curves

radioactive decay

Excitation Energy (eV)

Local

line interactions
~[/2 GB atomic data
Thermodynamic Equilibrium (LTE)

n;/n; = g; exp(—AE/KT)

non-equilibrium (NLTE)
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%;;@ (n;Rji —niRij)

> i2i(MiGji — niGij)

on; / ot =

Ve (nJ Ji nﬁC@J)

nxn matrix, where n = number
of atomic levels (sparsity depends
on number of transitions included)




Thermonuclear explosion of one... or two White Dwarves

Only qualitative agreement between models and
data woimramamen
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Some “hints” that the environment matters:
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Distance residual
correlated with host mass
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Host metallicity correlated
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& & Binned HR

wae depolor Model
Calar=F Trend
Frompt Fraction
Linear Trend
Step+Gaussian Model

Could those depend on z ?

This will matter for next

Mobs — Mg i e B Ml [3) C generation surveys



Besides, SNe la don't explode in a Void

| 4. Ve
| ,/ / - -

- -- -' - " E ] . d . = N
® Austr%m AE'.Iquﬂn’lical Observatory®

Dust average properties can
depend on z

Mobs = Mo +po+azHBclHpu “And SNe la in dust



Next generation of SNe la cosmological
surveys

More

Spectroscopic surveys to
understand the object

SNLS 5: 500 high redshift SNe la
vs 200 Nearby SNe la

Nearby SNe la might become
the bottleneck
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