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Supernovae la and Dark Energy

homogeneous & isotropic Universe in expansion :
d '« expansion factor a(t)

Hubble factor : H = a/a

when observing a luminous source,
we measure :
= redshiftz: 1+z="A

5 aO /a(temlssmn.)

/A

receptlon émission - -

= luminosity distance : DL = (L / 4w F)1/2
measuring the flux F, provided the
Luminosity L is known

Di(z) = ao (1 + z),c (i T _d¥ )

ag Jo H(z')

Friedman-Lemaitre equations relates H(z) to Universe contents :

87G K
s(t) ma 02

Friedmann Equation

H(t)* =

[ &=
DL(Z) - EO .fD(z; Qs QDE, w)

< matter Q_=p.o/Pairo With today s critical density p o= 3 Hy%/(87G)
+ Dark Energy? |
Defining w = p/rho

w = Equation of state parameter.



=Sn la are-believed to be result of an
explosion of a white dwarf accreting
matter and reaching Chandrasekhar
MGISS. ==

«Supemovoe type | Iock H emission or
obsorp’non lines. Type la shows a clear Si-
absorption line o’r 6700 angstroms.

My- S kgihiss)

JDL—(L/47|:F)”2 :
- If L= cste, then we can measure
relative dls’rcnces”wﬁhou’r knowing L.

My =5 kg(hes)
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By fitting for one parameter, the “stretch™ (Perlmutter 1997; Perlmutter et al
1997; Goldhaber et al. 2001), the observed vanation in Type Ia SNe can be reduced to
oar — 0.15.

o T Supernova
== Costnology
Project
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Calao/Tololo
(Hammuy ef 2l
A J.1996)

Sne la exhibit remarkable homogeneous Iigh"r CUrves..:
when corrected for the stretch factor parameter.

Enabling them fo be used as standard candles.
L= cste, at 16%.
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SNe la as Lensing Tool

Lensing affects the SNe bngh’mess

----- Gaussian with ¢,=.183

dISTrIbUTIOﬂ ' -—— - plu) [ACDM, 0,=.3, z=1.4)

Gaussian convolved with p(u)

» Longer non- GOUSSlon TOII at the
bright end

 Shift of the peak Towards fqm’r
end :

an with ¢,=.193

But we will be studying the e b (oM 0 2e2)
magnification of the SNe by ' o someled vt v
underlying dark matter haloes of
the foreground galaxies along the
line of sight of the Sne. |




Image credit: Serge Brunier 1998

| T bitp wwwofht awaii.edu/SNLS o T R
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Supernovaela El

Supernova Cosmology Project -
Perlmutter et al. (1998)

No Big Bang 99%

LY
42 Supernovae

ACCELERATING
atly UNIVERSE

Breakthrough of the Year

(cosmological constant)

=
wn
[
D

el
>
(@]
S
[
[
(<]
e
=
=
(&}
(<
>

mass density




2 SNLS : ceicus

Measuring w at precision better than 0.1 i :
systematics control is fundamental to'the design of SNLS

: Deep CFHT Legacy Survey 4-square degrees
- 40 nights /year during 5 years (end 08/2009)

. de’rec’non & follow-up with 1 instrument :
3.6-m telescope @ Hawaii (Mauna Kea, 4200m),

- Megacam (CEA/IRFU), 36 CCDs, 3.4 108 pixels, 1 sq. degree ‘
- calibration at < 1%
> deep survey

- spectroscopic follow-up : ~ 450 SNe o (SNLS5)
. 10-m class telescopes @ Hawaii, Chile
4 filters griz : - mg af = z,-B-V.or U-B colors for all SNe

- rolling search : repeated observations of 4 fields
detection & follow-up at the same time
> well sampled & well measured lightcurve : mg, stretch & color
> deep SN-free images : photometric study of SNe host galaxies
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Gravitational Magnification

Computation
: SNLS-3 : Lensing Anoleis ~ SNLS-5: Lensing Analysis
Qlet = - Get_magnification
Rdy fracing algorithm - - Weak Lensing

Gunnarsson et al. 2003 3 _ ap proximo’rio n

Ray fracing vs weak approx.
: — . Deviation in value < 5%
Multiple lens-plane method ([OI’)SSOI"IGT.OI. 2010 )




Halo

Halo modeling

e AR R i e R O e e i - S - " ..,....‘..--.- .
o o S A R U S IR T TR He i A L i G
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o aee ealinag e o ey SIS Lo
o M?ﬁelled chs |de|g f gGS
ol e T in.thermal equilibrium
- Navarro et.al.1997 ‘rrc:pped in grovﬁohonol
ey R | ‘potential .

| e L NCW praties
8.0 are better suited for.

p(r) =




Scaling Laws

= Halo Types :NFW /SIS . Myg / Sigma

o = ' FoberJockson
« Galaxy type : Ellipfical / Red and Spiral / Blue o (TL%N F|sher)

e gl o) == (1561%31{111.5_1. 1010L A, 2\()+8 éé)

BL = 1.567 ¢ 04, '

Ve/ander et. a_/. 2013

Recent works: Scaling laws with stellar mass.(Velander et.al. 2013,van Uitert et.al.
2011




Previous results

Kronborg et. al. 2010
SNLS 3 sample analysis
171 SNe la selected out of 233 total SNe
Ray tracing algorithm used.
‘Detection of 30 lensing signal o’r 35% chance

Jonsson et.al. 2006
GOODS sample Sne
32 SNe analyzed
No strong signs , <u>=1]
Zero correlation within 68%

J OoNnsson ef a I 2 O O A . . we?é?\ted corrg:tion coeﬂ?igent

SNLS 3 sample analysis | Kronborg et.al. 2010
Application of weak lensing qpproxmc’non '

Result within 5% deviation with ray tracing algorithm




B Techniques



- Anlaysis Chain
','Th.e Iensing éOrﬁbufo’riOn chain is ready

R LRV O R
F ‘v I

Magrification’

: Score ctnd
f‘.‘{;moskmg @f Sne 1

bl

Pg.w .

Photo =%
E compu’rohon

: Mc:gni.ficoﬂon ‘
4 i . correcfion -

Includes los i
2 R
; ?&orre, ation coefficient’

selection & .
host + computation with the: |

. . . hubble res'ducﬂ
identification T ‘




~ Photometric redshift



- On Redshlf’r Gccurocy

' Pho’rome’rrlc redshift error

Total number of galaxies used i <24 : 3513

catastrophic errors at 0.1 : 5.84%

“catastrophic errors at :0.15 : 3.62%

orecision zp - 7 mean= 0.0035 sigma= 0.05515 >

5.5 % of précision on (zp -7) ' |
precision (zp - z)/(1+z) : mean = 0. 00329 sigma= 0. 03228 >

3.3% of orécision on (zp - z)/(1+z)



Plafid D2 fields: — = -

Photmetric redshift residuals iVega<24.0

Photmetric redshift residuals iVega<24.0

catastrophic error A z {1+2); 3.6 %

z
o
o

catastrophic error A z /(1+2): 2.8 %
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Hos’r GOLny De’rechon

Ve ‘. Various cu’r offs
.. . o * Broadly : _
D|s’rcnced \/(ax2+bxy+cy2)/I<RON facfor

“"" Redshift and pho’rome’rnc redshlf’r
' compcrlson .

. Bod cases due to pollu’red
image / DUbIOUS COSES

Isolo’rmg the est galaxy
~ from other galaxies as ’rhe
15* host ~




~ Latest Status

Tentative Detection resL.J_I’rs :

_ Number of SNe : 439" e A
SNewithhosts OK:392 =~ + -

SNo with-tio hosts - 29 - _ - e

SNe with bad images . 10

SNe wi’rh dubious hosts : 8




- NO- HOST

180 O4D2|u z—O 7oo ‘.;'_:_. :

Figure 58: Zoom on SN 04D2iu (z=0.700)

CFHTLS image -5 oy HSTimage



05D3mx

S 06D3mxz O 470 host is ’rhe pigle closes’r golaxy
e reduced elliptical dls’rance galaxy 1:d=1.63
. reduced elliptical distance gcalaxy Do -Al 63

Figure 64: Zoom on SN 05D3mx (z=0.470)

SN infos (database & and host dist.)

I I I type I I d.lst()Ildl onnzhzed - dist. | normalized ell. dist. to 2nd and 3d host
IE142209101 52130904 SNI qm0470 | 5.60 455 | 1.63 | 1.63,1.72




Z SN =0.470 = » |
LP-galaxy 1 :0.52 (expo) templates) ; 0.55 Coupon 2009
LP galaxy 2 : 0.46 {expo) templates) ; 0.46 Coupon 2009

05D3mx

* 06D3mx z=0.470 : host is the 2nd closest galaxy

For all hosts : comparison with TO004 photoz (Coupon et al. 2009)

PEGASE (age cstr)

C

| — e e S N 5
o5 [ wa1 | 0.5 [ S0 [[6303 1132000 [ 128 142208503 [ 52130439 [ 009 045 |




05D3km : dUbIOUS hos’r

| e O5D3I<m z=0. %O goloxy in fron’r o’r z~O 45




- Simulation



I\/\OgﬂlfICQTIOﬂ Normohzo’non

= Hokin mhomogeneous unlverse

= FIU_x in homogeneous universe

where,

with ~ the Juminosity distance in a homogeneous \
universe that fifs the cosmological dafa :

FLCDM model WITh

So that (mean over sphere at redshift 23k

But in our'cose we estimafte using : homogenous FLCDM 'unive(se + DI\_/\.
haloes around line-of-sight galaxies so that : |

-> need for normalization.



Simulation

Total 12000 SNe
With 12 bins divided into

redshift

« Random SNeposi’rionsf
« True galaxy catalog



I\/\_ognificoﬁon Normalizc’rioh orocedure

~ Mean magnification computation
~in 12 redshift (zs) bins

Polynomiol Fitting (3@ order) in zs

All SNe magnification values
corrected .



(mu_c_corr) { 0.9<=z<1.0}

htemp
Entries 7992
Mean 0.9998
RMS 0.02956

. . . . . l

S|mulo’red do’ra 0. 9 < ZS < 1 O
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Signal Detection

Hubble residual: r = y (SN) - u (z; cosmologie), u; (SN}
estimated with SN mags and SN host 3rd variable.-

correlation bétween the magniﬁcatio'n .= -2.5log, (n) & r

Tentative detection:(Jonsson2007) 'wiAth 27 SNe from GOODs
survey : evidence of a positive correlation at 91% o R

— gt

=correlation coefficient : 0.18 for SNLS3 Kronborg 2010
e r=(0.65 = 0.30) x u_,

~ weak signal
magniﬁcation (-2. 5qu o(“»



" TowardsSNLS5



Correlation computation

Correlation coefficient signal is being compared
~ between the: previous magnification value ond
the new residuals (JLA) -

The new line of sight magnification values and the
new JLA residuals - |

Magnification Correlation




With SNLS3 magnification values -

Around 20 Sne are missing |
in the JLA so the signal
was found-with 155-:Snhe
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0=0.180, 2.12-¢

1 | 1
. 06 -04 -02 2 4 6 } 1 '0-2
weighted correlation coefficient (p) -2.5 log10(magnification)




With SNLS3 new los
‘magnification values using
approximation formula
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-~ Presepkdid

future works :

' Scoring of full spectroscopic SNLSS som’ple e

Scoring of photometric sample :

Need for a new mask 2 To be ch
star catalogue |

Maybe Apply new cuts 2 Like

Distance of Sne

Masking not so
good as old one

to be dc_me




Score

Different scores are given to the Supernova based
—on some characteristics on idenftification, |

| " example : presence/absence of host, masking not

proper, host galaxy blocked by foreground galaxy -
or whether to be eliminated. ,

Some statistics after scoring of the final
speciroscopic sample: -
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304

Score Stat

st

% Total Sne

Confirmed la
score |

“No Hosts 4
“ new masking 5

foreground 3
“eliminate 2
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18

Score Statistics D1

100

% Total Sne 80
score |
No Hosts 4 60
‘new masking 5
% foreground 3 40
% eliminate 2

20

108

2]

Score Statistics D2

= Total Sne
score |
No Hosts 4
new masking 5

“ foreground 3

% eliminate 2
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40
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121

2

TUSGISA RN SIS TRAIN

Score Statistics D3

% Total Sne
score |
No Hosts 4
new masking 5

“ foreground 3

% eliminate 2

22

Score Statistics D4

% Total Sne
score |
No Hosts 4
new masking 5

“ foreground 3

# eliminate 2



Expected Results (Kronborg 2010)

Kronborg et.al. 2010

0.1
weighted correlation coefficient

- 02 03 04 05

~More the data(more SNe)

better the lensing signal
detection chances.

= -More high-z SNe.

= Hubble diagram I’eSIdUO|
sco’r’rer

<A 3 o signalis expected-in
the final sample of the
survey. Which is 5 years of
SNLS data consisting of
around 500 SNe.
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Plots on difference of quT 2lales
e = ‘ ge’rmog

This is the business part
and 15" order 4
approximation is loosing -
out on some higher orders
which maftters.: :
Higher correlation is
obtained here
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The result of Jonsson ef.al
2010 ie deviation in value <
| 5% is good in “weak lensing
Lol regime

log10(mu_glet-1)




Plots on d

Log10( | mag-maga |}

fference of glet and
getmag

Log10(magg-1)



With SNLS3 new Line of sight
magnification values
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08 06 04 02 0 02 04 '0-2 0
weighted correlation coefficient (p) -2.5 log10(magnification)




~Masking : it is the process of identifying and masking the regions
-~ with excessive brightness/flux that otherwise affect the ‘
= surroundings. For example : secluding regions with very bright stars -

0

SN 03D4cy (z = 0.927 )



