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SNLS Collaboration v

* Toronto Group: Carlberg , Mark Sullivan, Andy Howell,
Kathy Perrett, Alex Conley

* Victoria Group: Chris Pritchet , Don Neill, Dave Ballam

* French Group: Reynald Pain, Pierre Astier, Julien
Guy, Nicolas Regnault, Jim Rich, Stephane Basa

* Follow-up Collaborators:
— Oxford: Isobel Hook (Gemini & VLT)
— LBL: Saul Perlmutter & Peter Nugent (Keck)
— Caltech: Richard Ellis (Keck)

— Carnegie: Wendy Freedman , Mark Phillips
WELEIER)

« PLUS many students and associates




Complementary Approaches

« CMB: P(k) in linear regime
« Gravitational lensing:
— P(k,a) nonlinear

« Ga
« Ga

axy (& other baryons) clustering: P(k)
axy Cluster counts: growth of P(k)

« Supernovae: pure distance
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H%(z) = H?[Qy(1+2)°
+ Qp(1+2)°
+ 0, (1 NI
with 1 = Qp+ Qo+ Q.
where (O’s are p’s ratioed to critical

Observable Distance (from flux)
r=|c/H(z) dz
Infer w.
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Supernova Distances

A white dwarf that accretes gas (from a
binary companion) will go over the
Chandresekhar mass and then collapse

Quickly burns most of its ~1.4 solar
masses to Iron Peak elements

Neutrino flux propels explosion

Ni® decay powers light curve
— About as bright as a typical galaxy for weeks
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Reiss etal
obtained an
Identical result

First reports In
1999.
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W

 Friedmann egn P/p =w

» For a cosmological constant w=-1.

« Big rip if w<-1.

« Various field models have -1<w<-0.7
« Original quintessence had w~-0.8.

10
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SNLS goals

« A measurement of w good to 5%

— Discriminates between current theories

— Comparable to complementary data ~2008
 Requires:

— More data (500+ supernova of type |a)

— Better data

* More colours
« Better sampling of rise and fall of supernova light

4 -3
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Found in about 100,000
galaxies
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2885=11-25.
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2005-11-25

Found in about 100,000
galaxies
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-

-
-
-

Found in about 100,000
galaxies







15






15



S coor+ O OO Orr O S o
I Bl B G | T T 1 | | |
£
|
e
== |
.C...
-_h_q..tlt Ly Hli.-_ -
" R Vo 4B B
L l_-._\ .-__._t. * i _I.\_ , . ]
o »EANR & N g o ot
g it AT P S SRS & E

...J...En ....{..._ “.L.-,HJ s -

L
0
on
= |
<
i |
3
c
= |
>
L)
=
6
<f
®
=
£
[1}]
LL
| =
L5
=]
o
> . p P
2 IR o ATK .
5 e .«.Em.# e
Bl el . w@rw L
on & A »
It AR o R
- ™ & .  avess wow & é
mm \h ....n*..-rh...#ﬁ. ._.-._.hﬂ....u;_...ﬂ - H)T =
M ., .,.....huﬂ.ﬂ.ﬂ., \. .“..h._b.."ﬂq A REL L
F Il Py
5 qom. ,....lm! oood
. dam i SR s
s . :
ﬁ \ﬂﬁ‘jﬂ..“‘t‘u _.u..‘ 3.‘ "l‘ .._ﬂ__-
L o E o .._.._H.- » ’ - ...1.'.._]__- r . s”
M * .4 M ey -0 $of B W
8 g N /
- | A -
m .w_ a P Wnn..ﬂ. "’
L3 AN e £
i - » i sl iy o, - v
2 @ PP +3.J $ L
RO L
T3 o s Aie | o
mm £ Rt p‘ : u..m._: g oS
Sm ...ﬂ. ...__“.ﬂ % P g w.“-n -
. ] .y - ¥
zs| ¢ AR { e
S l 4 ﬂn_..r L1l L8l h _ _3:._._ LK ___ ___ Ll

_1-_1.&3.4501 234
22?_2222222

apnuubew | apniubew . apmiubewn

24 E ﬂ
o 25:--\1'

25-"
22“
23*‘3-

_
_nU_ o
od oJ 2

= 0.¢

MayJun Jul AugSepOct NovDec Jan FebMar AprMayJun Jul AugSepOct NovDecJan FebMar AprMayJun Jul AugSep

65 &
rSa=060660020



V Band

as measured
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The supernova distance model

Peak B luminosity depends on:
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~
The supernova distance model

Peak B luminosity depends on:
» Colour, c: Bluer-brighter relation
— Hotter is more luminous at same size

» Rate of fading, s: Slower-brighter relation

— More luminous have more highly ionized, more
opaque atmospheres

* Mg =M_+ a(s-1)+Bc
» Fit 2 (or 3) cosmology parameters plus 3
supernova parameters: leaves chi? per dof about

2. X?=1 requires 0, = 0.14 magnitudes (i.e. last
14% jitter not yet understood)

4Q
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The Baryon Acoustic Oscillation scale

Data provides an angular
Bl scale which measures the
ratio of the distances to the

Rl SDSS galaxies at z=0.35
i and the CMB at z=1089

fl We use A=0.469+0.017

r »
A=) 4
[ Sy ¢ ' 39

Dy 1089)




Cosmology

SNLS 1¥ Year

02 04 06 08
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Sne la plus BAO
w =-1.02 + 0.09 (stat)

i-lll



With 3 year WMAP




~
Systematic Errors Checks

* No colour residual
— (there Is a relation at z>0.8)
— (very noisy photometry at z>0.8)

* No “stretch” residual, yet
* No significant malmquist bias
* Independent analyses confirm “clean” data

« But, upcoming data is much better.
— Better sampling in time and colour
— Lower noise for z band
— Calibration improvements

TI5



The Motivation for variable w

Widely used model for Dark Energy (and
inflation) is a quantum scalar field, @(x,t).

Energy density, p = 4 [do/dt]? + V(o).
Pressure, P = 14 [do/dt]? - V().
w = P/p Is near -1 for slowly varying @.

o IF i



Empirical fit for w(z)

 w(a) =w, +w, (1-a), a = 1/(1+2)
— Integrated in Friedmann equation

19



w= w, +w,(1-a) Linder
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.
Supernova themselves

 Many supernovae from young, small
galaxies:

— Linear model

— Rate = A * (Stellar Mass)
+ B * (Star formation rate)

— “B term” dominates beyond about z~0.5
— Suggests many high z |la.

an



Khalhlov pure defonabon limit

e s




Where do we go from here?

* Third year results should be prepared in

the early fall (data acquisition continues to
July)

« Better BAO constraints (next year)

— SDSS spectroscopy (x2)
— SDSS/2dF photometric (~x1)

» Future photometric surveys 2011 reports?
—Variable w 1 to ~0.3?

by |



Conclusions

« Current data consistent with constant DE
-w=-1.02+0.09

« Systematic errors are the challenge.
« New results coming: “3™ year” analysis

a9



