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5 AD: concordance model

see also Tonrv et al 2003, Barris et al 2004)
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(Known) systematic effects
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SN brightness evolution
Shape-brightness relation » Astrophysics of supernovae
K-corrections and SN colors )

Non-Type Ia contamination

ol - Selection effects,contamination
Malmquist bias J

Host galaxy dust properties s,
Intergalactic dust

i ) — Line of sight effects
Gravitational lensing

Exotica: axion-photon oscillations, etc__

Measurement
- Iissues

Instrumental corrections
Absolute calibration

1_|
|
|
Lightcurve fitting technique/host galaxy subtraction )
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Exploring the "Standard Candle”

Studies of Near-by Supernovae
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Ongoing European SNIa Network: up to
now 15 near-by SNe: e.g SNO3du
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Infrared spectra between
-13 and +30 days

Optical spectra between
-13 and +376 days

C+aniichev e+ Al 2005

Page 8/114

N
'/H“\',.| o

.

0



Spectral diversity: could be used to
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SNIa subgroups?
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Mavbe the SNIa Hubble diagram
could be made significantelv sharper if
it were made of “like to like”™ SNe vs
redshift.

SN community is trving to find a
spectroscopic parameter that identifies
different luminosity subclasses.
Understanding subgroups offers also
important clues for predictions on
brightness evolution of SNe

Benetti et al 04
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Asyvmmetries linked to spectral
diversity? e
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Asvmmetries linked to spectral i
diversity? e

D.Kasen

FLUX SPECTRUM

'Iﬁ' — Moo
5 ' —_ :nlEiE!aJi
0L

4.3

00 000 w111} EDD TOOO i111] =000
oveiangth (A4

Q—POLARIZATION SPECTRUM

inverted P—Cygni

£ g-pol

EDD OO0 i111] =000
opsiangth [AA)

300D <000 5004

Pirsa: 05100047 Page 12/114

10



Asvmmetries linked to spectral o
diversity? }‘*
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Asvmmetries linked to spectral
diversity? e
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Asvmmetries linked to spectral
diversity? e

D.Kasen
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Asvmmetries linked to spectral
diversity? e
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Interaction with companion star?
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Interaction with companion star?
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Interaction with companion star?
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Interaction with companion star?

| W '-..'__,.

. T
4 I'll: %
IT = ;_;
5. 5

{ "I i jk 1

irsa: 05100047 Mar’ IE‘I'"'G eT CII ] 2 OOO Page 22/114

11



Interaction with companion star? a3
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Ongoing high-statistics low-z projects ?‘

* Supernova Factory: search + optical spectrophotometry of a
few hundred SNe. (Search at Palomar, IFU follow-up at
UH2.2m)

* Carnegie Supernova Project: high precision optical and NIR
lightcurves of ~200 SNe (z<0.07). Already > 70 SNe, about -
Ia’s.
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First SN-factory results

Target Fedshift Epochs
20044 0.020 27
2004=c 0.031 16+1
2004ef 0.031 11+1
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20051 0070 T+
2004z k 0.000 ]
2005b1 0024 8
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Carnegie Supernova Project ?;

sn2004fx sn2004gq sn2004gt

sn2005A sn2005M sn2005P sn2005Q
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Supernovae at z~0.5

New data-sets
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Large ongoing 0.2<z<1 SNIa projects ?;

« ESSENCE at CTIO 4-m: to collect ~200 SNla

« CFHT (3.7-m) SuperNova Legacy Survey: S vear "rolling
search”in (u)griz. Up to ~1000 spectroscopically confirmed
SNIa.
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CFHT: 40 CCDs, 4 times bigger!
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The Supernova Legacy Survey: Measurement of 2y, 2, and w
from the First Year Data Set *

P. Astier', J. Guy', N. Regnault', R. Pain', E Aubourg™ . D. Balam®, S. Basa’. R.G. Carlberg®. S. Fabbro’,
D. Fouchez®. LM. Hook’, D_A. Howell®. H. Lafoux”’. J.D. Neill*. N. Palanque-Delabrouille’ . K. Perett®,
C.J. Pritchet*, J. Rich’, M. Sullivan®, R_ Taillet-!°, G. Alderine!!, P Antilogus'. V. Arsenijevic’. C. Balland'~,
S. Baumont'-!%, J. Bronder®, H. Courtois’®, A. Darbon'*, R S. Hllis'>, M. Flliol°. A. Goobar'®. D. Guide',

D. Hardin®. V. Lusset’, C. Lidman'?, R McMahon'?, M. Mouchet'**. A. Mourao’. S. Perimutter'! . P. Ripoche®.

C. Tao®. N. Walton"

astro-ph 0510447
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Ist Year Hubble diagram
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SNLS 1-yr + BAO prior:
w=-1.02+0.09 (stat)=0.054 (S}'St) (Astier et al . 2005)
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Fig_ 6 Contours at 68.3%. 95.5% and 99.7% confidence levels for the
fit to a flat { Oy, w) cosmology. from the SNLS Hubble diagram alone.
from the SDSS barvon acoustic oscillations alone ( Eisenstemn et al.
2005). and the joint confidence contours.

Page 38/114

26



L

Feg | Omwrrwed laght cermrs of §wr 576 B3 SNES-MDE 8 . P i T = TEnerved higs cmrees oo
Sz, 3}inig Wit e R o e model sdescnbed 6 B2 BN Sechiln of 0] raa of (e Seisiied pasetaich L 8 D
Mok e Sl et of B bl e Bl By s
ol ey Sanwiion gt The hghi-cirves: Somsls 1 [l wSsillans-

=

sl ¥

L A 3 T 3 color P Ty Widh 3 5N edieft | el ofeetvad 8 ryg ¢
B fiwr Beonised Suns-hasdds ler o e winvciotgts fapge of |~ PeaeRpl of ekl 4 -

a ¥y
""\.
F,
L
TR YY)

20 2450008

Y (RERTRCRT | PO SR ramen, o v of e photomrey =

e Lgittcarye maiel, e By el Crasae £ o Bk =

Pirsa: 05100047

P Asteeren ol SNLS Collsbor

vonef h RS =t M As
E 4] oo #l ooesr
10
E | Tk
100-:- I % = 4 l
= I {
a P % I 11.
o i o >, b
T3 [ [T ) 1] T8
[ — Pl g
| 4 Ams
el - 7 aowo
[ [ 1
el £l
T3 [ G171
[Tl

Feg. 3 The cabbwatesg sisioshs — g (b feudesds anoing e Sxean
magmmmde of aach DEEP feld tertary stangdand— oo the bands fu. P,
i il o 08 all T 2l Nekls. sl did ¢ Bl fed A sl epoch

The dipersion s bebowr 1% 0 g, o o iy, oo bt 1 9% @,

S 5% N3 SNLS-GECNSEy 3 reil W

= Peren gl ipe of i by Sadel depnod B
o i hapds, and 2y Semrdony vend @ S 5L Now S el geal-

Number par 0.1 simtch bin

Humber per 0.1 colcar bin

15

10

15

1

12

I-’hgtf/ll4



mag vs stretch and mag vs color
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SNLS 1-year
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Gravitational leakage into X-dimension

* Use SNLS (Astier et al 2005) + Barvon
oscillations (Eisenstein et al 2005) to
examine 35D extenction of Friedmann
eqn suggested by Dvali,
Gabadadge,Porrati 2000 Deffavet,
Dvali. Gabadadze 2001.

. it &=t
H-ir= 3 2, ~ 0

&

Fy

Hz) = H; {m(l +z)' + (Jﬂ:+\/m + Qa1+ z)’)j}.
We can compare this equation with the conventional Friedmann equation:

HP(z) = H2 { (1 + 2% + Qae(1 + 2)* + Qx(1 + z0+=x1}

o
o
%]
s
I
-
(8 )]
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SNLS 1-year
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SNLS 1-yr + BAO prior:
w=-1.02+0.09 (stz:lt):l:0.0S-l (IS}'St) (Astier et al , 2005)
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Fig. 6 Contours at 68.3%. 95.5% and 99.7% confidence levels for the
fit 1o a flat { Oy, w) cosmology. from the SNLS Hubble diagram alone.
from the SDSS barvon acoustic oscillations alone ( Eisenstein et al.
2005). and the joint confidence contours.
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Systematics about ¥ than earlier SCP results
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Gravitational leakage into X-dimension

WS 7
1]
4 i yk

* Use SNLS (Astier et al 2005) + Barvon
oscillations (Eisenstein et al 2003) to
examine SD extenction of Friedmann
eqn suggested by Dvali,
Gabadadge,Porrati 2000 Deffavet,
Dvali. Gabadadze 2001.

, H 8xG
Hdirz 3 p :.:ﬁ

&

Hz) = H; {m(l +z)' + (V/IL_1+\/!L¢ + Qa1+ z)’)j}.
We can compare this equation with the conventional Friedmann equation:

HP(z) = H2 { (1 + 2% + Qae(1 + 2)* + Qx(1 + 250+=x1}

0.0L L1
0.0 0.2 0.4 0.6
+-I-H
Page 47/114
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Gravitational leakage into X-dimension

& W,
) e &
( P, ) %% 3
. f'.-_.-:l H ‘-‘_x;-h-\
* Consider more general corrections to
Friedmann eqn (as in Dvali & Turner. 1.0[ ]
2003) r ]
(4 4 —r B - T
s &l SIxCs i ~
- = £ [
-z 3 -~ L M|
- ]
Fit SNLS data + barvon oscillations I 1
AND flat universe _1o0kE ]
(Malcolm Fairbairn & AG, work in I 1
progress) i b
0 D.2 0.3 0.5
Q,,
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SDSS II: intermediate-z SNe o s,

A #

g 0

= W >

= —

T e
L | .;_\I"

* Three vear project started in
September 2005,

* Aiming at filling in the “gap” left by 527
eg SNLS and ESSENCE with 200 well b o7 5 [ !
II]E:].SI.II'E{L ﬂCClll’ﬂtE‘lV 'L‘ﬂ]jbl'ﬂtf'd. _1.__ e R EEEE— —

- = 1‘ - I T
multicolor LCs ; ]
£ e — _
— !
= 1 ]
- - 1
o s =
— - _ = -
— - * Simulated Data ]
=) [ — Cosmology 1
[ . | — l
o= L |
- 1 ]
~ I _'/ ........................................................................... ]
0.0 0.z 04 al 0 10 I 1 1
48 | 4
Prafirmirary first-year SNLS Hubbie diagram 1
Fr R SNLS SNe | £ 3 ; A 05
3
@ 2
2
=1
3
o I F 1
L.
g m—
:.E — —
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First batch of (int-z) SDSS-II SNe! o o,

T

=9

£~ y
Wiy o 5T

SUPEENOY AE 2005¢h and 2005ex-2005gj
AII";S-;MW CBET 229, J. Bareniine, Apache Point Observatory .

. Bassett, University of Porismouih (UF); A Becker, Universitr of SN Discow. REA OWB0}Derd Aar z Fxiimaed Peak
Washingion; M. Bremer, Universiiy of Brisiol: Il Brewd APO; Dawx i
F.De.]ngh,Femiah;J.DemhicﬁAPD;D.LDernﬁhl 2005ex Sep. 3 1415124 -05135.00 Aug. I3 19.0
University (OSUX; B. Dilday, University of Chirago (UC): M. Doi, 2005ey Sep. 3 1170558 +01549.08 Sep. 14 18.5
Aivan Avtronamaeal Obtoratory (SAAO): J. Frioroan, Formitah and ME Sl 1393608 |0 453158 5520 703

; s = g —— e
e e e BES S aMece mee i Roe s s
P. Garnawich, University of Noire Dame; A. Gesbar, Sinckholm 212 5 z ep. 2
University; M. Harvanek, APO: J. Holtzman, New Mexico Stae 20055 Sep. 10 21351176 +00947.16 223 2 2711
e = Syt 5%
J. Erzesinski, AP'Q; D. Lamenti, San Francisce Stae Universiiy; L = - '-: P -
Cnnestty ot Tolye: b "LPO; 1 Morm b T :l‘.iﬁg;.“ :.:;;;g 1 _'llzéﬁ'."! 'Llfa sﬁg iﬁ
;I E = | =3 IFEr) + = -
e e S 0058 Sep. 11 0075859 +038 IT.45 224 Sep. 23 L1

USU;]]E%IENH]I:I,EPG;J.NIBIH]H.UM ity of Barcelona (TB); B ﬁﬂhll 21112885 -0 154330 0.2 Sep. T 02
Nichol, UP; K. Pan, APO: J. L Priets, OSU; M. Ric Rochester Sep. I2 2115 19.83 - 0 22 58.62 Aug 3 204
Institue of Tec - A Riess, Telescope Science Instituwe; MY%.B na21ee _115113% 216 Aug. 29 211
. Romani, Stanford University (S0): K. Romer. University of Swsex: 2005fm Sep. 13 2048 10.37 -1 0 I7.11 205 Sep. 20 100
P. Ruiz-Lapuente, UB: ML Sako, SU: D. Schneider, Pe i Simie 20056 Sep. 13 20485305 +0112802 189 Sep. 1 18.7
University; M. Smith, UP; 5. Snedden, APO; M. Subbarae, UC and 20056 Sep. 13 21554640 +03536.71 207 Sep. 19 L5
= e Sl IBLe ouE A e
Plane tarium; N. Takanashi. University of Tokvo; K. van der He 5 -
= N e S inne aew e B 1 o
and . Yas Umiversity of To on hehalf of the Slean Digi : 2045 =
Sunreyﬂc:%]-minmtrj;plﬂﬂm iscovery of 32 supeTnovie on Sk 20056t Sep. 14 2420498 -0 32 25.92 B A5
Boathe Poini Obseriatois by the SDSS observine bam. Speehesop MR Sep 15 3052243 L9051 D Sp 23 193

i i} ing ean. : =
e —— - - Mt Sep. 15 TS 1141 Me Sp. 23 100
biained with the William Herschel ®lescope. the Hobby Fhe 2005Fx 35 4334 +02403.92
Tekscope, = e ¥ Eherly 2055 So 15 3202170 053 08.09 S 1 20

Sub , the ARC 3.5-m telescope, and the MDM 2.4 20056 Sep.21 22034121 +034 1031 208 25 204
r— i L = oee 22 1074538 1022250 S35 301
showi irty of them to be of type Ea and six to be probahle Ia 2005zh Sep.22 1151258 +0473101 194 Sep. 30 18.7
events (3l 2005ex, 2005z, 2005th. 20051y, 2005gh, and 2005ge i SN 20052 Sep.22 12137.52 -05838.03 Sep. 30 20.4
2005k is 3 type-Tbe hypernova, 5 Eﬂ%&i}pe-ﬂmm:ﬂ SM 2005=d E?-E _!;5’!‘1:‘41:1!23 I:Egﬂ %22! EII'-EI-
2005gj i hahle type-Iin itudes tahulazed 20052 Sep. 22 2
A Bl 2Rka NgNn e s
are all i unless followed by an asterklk, in which case the == -
arer'rigni i'tl:tomn—dnt-ct‘-yh 'nl'ﬂr:k:livc-er_yd:.t. Tﬂ %5@‘3 20303635 -0211475 218 Sep. 25 ILT
spectroscopic redshifis in the column labelled z. The pesk magnitudes 2005z Sep. 24 035535158 ~0 31T 188 Sep. 25 18.7
and 2005z) Sep.25 3011195 -03313.99 185 Oct 1 IT8
dates (all 2005) are estimated from fiis 1o the Ezhi curves.
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C-T/CfA low-z, SDSS 1-run + SNLS 1-yr

4 898

8

SNe

tH = n o - @O0
T T R S R

-
T
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First batch of (int-z) SDSS-II SNe! <,

¥ £ s®

SUPERNOVAE 2005eh and 2005ex 2005z
AII:'S.:I':tEr to CBET 229, J. Barentine, Apache Point Observatory ;
. Bassett, University of Portsmouth (UP); A.Beclmr,l}lnentty-f SN _Discor. RAC000)Decl Mag z Estimaied Peak
Washingion; M. Bremer, Universiiy -.metll.H.B Deaze i
F.DeJnlgh,Femi:ah J Demhmky,APD D. I...De 2005ex Sep. 3 1415124 -05135.00 Awg I3 1040
University (OST): B. Dilhy Ummt_ynfﬂl-:agu M.Du. 2005ey Sep. 3 1170550 +01549.08 Sep. 14 125
(i b S P B s nhie i BES s 3
Afric L‘.ﬂmmmlﬂbmto S.&&D,J.F Femiﬂaﬂ
- g er b SR NIAR e 6 e
P. Garnawich, Uniwersi qunm:Ihle;ﬂ.Gubu,Sh:klﬂl - | £p-
L1} Harrane 0; L Dew Mexico Staie 20056 Il 2135107 +0@ 4706 223 ) 2 211
= e Syt BSb
J. Krzesinski, APO; I, Lamenti, San Francisco Staie University: H 3 = = '-: ' - =
Lampeiil, Fermilab; E. Kessler, UC: B.Ketmiukirﬂ.PD K Konishi. 20058 Sep. 10 2238 -2 :Ls Sep. 13 216
e 0056h Sep. 18 23 172971 +02545.79 198 |RI2| Sep. 18 19.1
Mastall 20055 Sep. 11 0075859 +038 1745 224 |028|Sep. 3 211
0S1; B Mchfillan, APO; J. Mendez, Unive umelm:a(]]'B);R. ﬁghll 21112885 -0 254330 0.2 Sep. T 02
Nlchu],ﬁP K APU J.L.P'I'mi, 051; Ruhstfr Sep. I2 -115“]_!]3 -0 22 5862 Ang. 3 204
Institwie of Tec Rless, Teh-mq-e Science 2oesd 13 29472109 11511089 Aug. 28 2L1
E. Eomani, Stanford Romer, T nfS“I; 2005 fm I} 0481037 -1 10 17.11 s Sep. 28 129
T T i B el RsgE uan nEee )
= eE STl SRR Vo B e it
let:mm M. T I fT E der He: = 3
e T S S=S S imam s ae RS be
and M. ¥as Imiversiiy of To -nbehﬂf:fﬂr&t‘ : S==n <
Sunmy]lc%nﬂnmtrj;plﬂﬂm -fi]!?smpm:-wunnlmq!r 2005 Sep. 14 2420498 0322590 B A5

wliple 17 sad i nlen wih e SDSS 25 e o WE Sep 15 3082243 <951 1 Sen 23 198

t b} Eam. - =

BP” 5 - e . Wi Sep. IS 3B 1141715 09 Sep- 13 199
]Jia.ulﬂ ith the William Herschel eles the Hobbw Fhe 20056 4834 0240302
o — o T T 20055 Sb 15 3202170 0530809 216 S 1 20
Suh . the ARC 3.5-m telescope, and the MDA 2.4 20058 21 22034121 +03410.31 208 = 4
wescope. A 2 HEE 116 1258 ~0.47 3101 194 %g 17
5 hoowi irty of them to he of ha.mlsmibeprlllblt h £ 2 / i
evemis (SNe 2005ex. 2005ez. 200, 20051y, 2005z, and 2005ge): SN 2005sc Sep.22 1213762 -058 3803 Sep. 30 20.4
20051k is a type-Ibc hypernava, S Sgi_h:iype ]Is‘q-em:ﬂ SN 005 Sep. 22 }!!:-I.I:i +038 .21 %Z! 204
2005gj is apmbﬁh iype-IIn supernova. magnitudes tabulated 2005ze Sep. 2l 1181471 +047 4741 2 Ilz
b mE =z ghenigan LSS

all nless followed b h i
e o 25 Aans wlits e s O

redshifis in the col lah The = 2 55288 + ep-
?ﬁ“mm TS B Pﬂkm 20052j Sep.2s 3011195 -03313.99 185 [0B8|Oct 1 178
dates (all 2005) are estimated from fiis 1o the Ezhi curves. :
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C-T/CfA low-z, SDSS 1-run + SNLS 1-yr

4 888

B

SNe
W s B NEOD
r T R

-
T
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The highest redshifts

Working at z>1
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1o bands at each

0.8
0.6
0.4
0.2

A

'I'I'I'|III|'[[[

e
< C
- =
L =
0.6 &
0.4
oy

Pirsa: 05100047

& Perlmutter 95

;o

;_‘ll i;_'ll

& =

&

s

K 'l"l'l"l'l' 1'|'T 1'I"|"I'I' T

[ ]

Q T T

'I"'I'ITl'l'T'

P

-~ £
-.- ---'-,

QT T

T

-

[ -] | R -]

1=U. UL Mag

o L

[ ]

=

Statistical uncertainty:
Redshift de endence
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| Statistical uncertainty:
Redshift de endence

P

1o bands at each redst r Am=0.02 mag

IIIII : 05100047

AG & Perlmutter 95 |

=M
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SNe discovered at Subaru (1°) O-

i Hﬁsf'gﬁiﬁxy

3 M\«-M“*;

wosor OUD@ru search 2002,
~2)renAdidatee ) =233 _4
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Very-high Z supernovae from ACS/HST <%
(Riess et al 2004) k

\.4\‘1'-'5,.1;
'll'l”“ o

L7y L5t

3 | T
| wn v ¢ I
45 _ e % r
r W = : q-\‘.h}
- h & - B —
. .W';-:r g '_' .
40 [ -
= L qﬁ‘? | o~ .
L 7L P,
L P,
35 - F— A
» HST Discoverad I
o (zround Discoverad
30 =
il

‘ Iﬂ:5 | Tiﬂ 1.I5 ‘ 2.0
*By now >40 SNe

discovered from space,
up to z=1.7

‘Reported CL-regions
due to sratistical errors
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,

WFPC2 1995 WFPC2+ACS 2002

. S

Supemova SN2002dd in the Hubble Deep Field
Hubble Space Telescope - WFPC2 = ACS

Pirsa: 0510004

MNASA and J. Blakesles (Johns Hopkins University) = STScl-PRC03-12
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Lensing (de)magnification vl
* : ° ".A' /9

* The photometric redshift catalogue for GOODS used to study the line-
of-sight properties of the SNIa in the Riess et al 2004 sample
(see Gunnarsson et al astro-ph/ 0506764 and Jonsson et al astro-ph/ 0506765)

* Faber-Jackson & Tully Fischer relations used for M/L

* Galaxy halos modelled as truncated SIS or NFW

* Self-consistency loop: mass density in galaxies + unresolved matter=_£),

Pirsa: 05100047 Page 60/114
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Magnification probability )

7=1 .27 «  We find evidence for magnified and
demagnified supernovae (L=1)

L]

Uncertamty computed by error progation
10 F | ] from:

Finite field size error

Redshift and pesition errors

Scatter in FJ&TF relations

Y Y Y Y

Survev magnitnde limit (incompleteness)

PDF built up by randomizing the
contributions above according to their
SN 1997FF individual uncertainties.

L

«  Estimate of magnificationin SN19971f
smaller than in Benitez et al 2002, Riess et
al 2004. This is understood. both these
authors do now agree with us.

Pirsa: 05100047 18 4.9 1.0 ' z S 1.4 Page 61/114
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Lensing PDFs for GOODS SN-sample A
5 - |
1.3 % a ] B
12F |02
2 | } Hooig
e :
E il;‘-#*{—l—-*-_}_; il
f:-E;_E JL4 EL: 0.8 . 2 - 6 8 : | | |
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Cosmological parameters

$i7e

N

< il

¥

/r ;”H :IL'I

¥ 25t

i'}.'n
[

T let

0.0 0.1

w.a

J ff)nl}-' GOODS SNe corrected fo

Loy

]

We found NO evidence for selection
effects due to lensing in the GOODS SN
sample.

Lensing distributions compatible with
simulations. e.g SNOC.

JDENMI: statistical uncertainty due to
weak lening can be reduce by about
S0%s by including Io-s galaxy (and
LSS) information measured with same
instrument.

Possible lensing bias on SNLS results is
small: |8€),, ~0.01 in (), O, plane.
Added uncertainty on wy (after prior on
barvon oscillations) is ¢ ~0.014
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: i
. E » Sumlee -
\ Extinction corrections
i Mean 0.1807 * Dust in SN host galaxy (or along line
os B RMS 0.2619 | of sight)
- * Correction assumes some reddening
os b SNOC law. tvpically Galactic tvpe dust ]
simulation * Can only be estimated with
“B a) accurate multi-wavelength data
os I b) good knowledge of intrinsic “color”
of SNe
°2 - » Extinction probabilty in a given
- cgalaxy depends on where the SN
=B explosion happens
T T —————
Host galaxy extinction Ay
Pirsa: 05100047 Page 64/114
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KI'il_”“ﬂn

Milky Way dust S

* Wavelength dependence parametrized

by R..
- = | Rﬂ

o Fimi o iy |+ BDss6 524 278 o
* Average value R_3.1 * HD 48099 152

5 2 Herschel 36

* R, -1 - Ravleigh scattering , A,=kA*

* R.»3-> “Grey’ dust, weak
wavelength dependence (especially in
UV and optical)

A,/ Ay
=
1

L | - |

ﬂ; I_:ﬂ i; 20 25
Cardell, Clavton & Mathis, 1989 /A (um*)

Fic. 3 —Companson between the mean optical/ NIR R, <dependent extine-
tion [aw from egs. (2) and (3) and three bnes of sight with largely separated R,
values The wavelength position of the vanous broad-band filters from winch
the data were obtained are labeled (see Tabie 31 The ~error™ bars represemt
the computed standard deviabion of the data about the best fit of Al AIV) vs.

Pirsa: 05100047 R, " with aix) + MxWR, where x = i " The effect of varying R, omPthe 65/114

shape of the extincnon curves s quic apparent. particularly at the shormer
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Extinction m UV

Pirsa: 05100047

BD+56 =24
—— Computed R=27S
-——------ (Observed 7

/A (pm)

Fic. 4—Same as Fig 3 except for the UV portion of the mean
R -dependent extmction lzw from eq. (4L The data at U_ B. and V from Fig 3
arc also plotted. Agam, the “error ™ bars i the lower inset represent the com-
puted standard dewiation of the data about the best fit of 4LV} vs R, ™"
with ax) + bixiyR,. The open symbols i the insel represent the difference
between A(A)/A(V) from =g (4) and the aversge curve of Seatom (1979) for
R, = 32 Theoniy serious deviation occurs for x > 7 pm ™ (see textl
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Extinction corrections
Riess et al 2004 (gold sample)
*  zZ-dependence in reported A ?
F 5 | * Problems with K-corrections assumed
os - Sl SR N RS T S intrinsic colors im UV part of the
. i SNIa spectrum?
os —_ e o T * Changing dust properties ?
< b e »  Selection effects?
3 E = ; - | » Watch out for priors on A;! Riess et al
: ; it i S e O TS S assume P(A_y-exp(-A)
- o .
i 0 i e 0.4 0.8 0.8 1 1.2 1.4 1.8 1.8
Redshift /
SN97ff:
assumed
extinction-
free, E-host .-

rdfeertainties ?
18



wa-'t‘_

Extinction corrections

WERST
H“
13
N
4 T jk

AN

Riess et al 2004 (gold sample)

12
o - | * z-dependence in reported A ?
2 ; * Problems with K-corrections assumed
P Mg S0 SN (N SR | intrinsic colors im UV part of the
. i SNIa spectrum?
- —_ * : * Changing dust properties ?
{“ v = ! *  Selection effects?
| i £ 3 o * Watch out for priors on A;! Riess et al
0.2 g -_;;" . ‘ ‘A .t- sy Assime PE:\.\.}'--EI]]{—:\T}
= s areEEEE NEEESE Gee ©usEEEs seeses

A :
T - T
LS Wb
t o
by
-
L]
w

- o T 0.4 0.8 0.8 1 12 1.4 1.8 1.8 PR REE . :
Redshift /
SN97ff:
assumed
extinction-
free, E-host S

rfeertainties ?
18



AN

Extinction corrections

Riess et al 2004 (gold sample)

1.2
5 qj_.
os | Moot 1
s i i
0.6 _: ——
£ E ~
A i
_-El H
h - -
0z g _;;' . .
- g 7
= 0 oz 0.4 0.8 03. 1 1.2 1.4 1.8 1.5
Redshift /
SN97ff:
assumed
extinction-

rdfeertainties ?

free, E-host

z-dependence in reported A7

Changing dust properties ?
Selection effects?

A careful study of extinction
correction svstematics for z-0.9 SNe
(as done in Knop et al for z-0.9) is still
missing.

Problems with K-corrections assumed
intrinsic colors im UV part of the
SNIa spectrum?

Watch out for priors on A;! Riess et al
assume P(A_y-exp(-A,)
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Extinction corrections

Riess et al 2004 (gold sample)

> Elliptical hosts

a
o8 —- —i—
[ ]
4 =
F .
il —
— - - . T - =
0T r = - - = ?r .
:.E e .
g ’ - - T 2 - -
’J - '..
Y /
0 az 0.4 0.8 0.8 1 1.2 1.4 1.6 1.8
Redshift

SN97ff:
assumed

extinction-
Pirsa: 05100047 f ree E_hﬂs,_r Page 70/114
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My fitted colors on ACS-gold SNe (i.e. : 4
no prior, "SCP-style”

Name A stretch EB-ViEl} FB V) E(U-B) host

sn2002fw 1.30 0.949 +0.038 0.030:0075| -0.065£0071 J0.127 +0.030 Late

sn200Zhp 1.305 0.8368 £0.028 0.10110.113% 0.003:0.09¢ 10.135 0136 Early

sn2002hr 0.526 1.199 +0.056 0.348 +0.08§ 0381 £0.082 | 0.26210.0892 Late

sn2002kd 0.735 0955 +0.015 0.264 +0.054 0.043 =0.051 | 0461+ 0.0583 Late
sn2002ki 1.141 1.102+0.130 0.375 £0.13§ 0.319+-0.138 Late

sn2003ak 1.551 1.078+0.003 0.308 +0.08Q 03092 0076 |0.261+=0.085 Late

sn2003az 1.27 1.066 +£0.057 0.104+0.061 0.033 +0.062 ]0.106+0.070 Early
sn2003bd 0.67 0.957 £0.028 0.127+0.113 0.112+0.097 | 0.137+0.142 Late

sn2003be 0.64 0.929+0.023 0.012+0.114 0.053 0095 1-0.081+0.152 Late

sn2003dy 1.34  1.093 +0.041 -0.033£0.090 -0.028 £ 0.090 Late

sn2003eb 0.899 1.002+ 0.023 0.002:0.041] 0043 £0.03THL.049+ 0.045 Late

sn2003eq 0.539 0.987 £0.038 0.136 £0.04% 0.135 =0.036 |0.031+0.050 Late

sn2003es 0.954 0.856 £0.040 -0.21710.139 -0 342 +0.135 H0.062+0.144 Eardy

sn2003lv 0.935 0.865 £0.053 0.027:0.090 0.008 =0.076 | 0.000+:0.113 Early

Pirsa: 05100047 Page 71/114
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How the ellipses move due to extinction

& Wf.ﬁ:
related uncertainties
Knop et al 03

51



N

< simulated (-1,0) data-set vs ACS

irsa:

Extinction corrections:

f
)

SJERSS
S
(1]
s
oY

Linder & Miquel

05100047

(6rey) Riess et al 2004
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Extinction and dust properties A

*

I

E-“

d

Pirsa: 05100047

Extinction corrections of SNe brightness rely on:

Good color measurements

Good understanding of intrinsic colors and K -corrections
Assumptions on dust properties of host galaxies

"Conventional” assumption, Galactic tvpe dust: R.=3.1 (not true for
e.g. SAL'T/SNLS analysis)

However, measured colors of (mostly) low-z SNe suggest lower
values, R.~0-2 (R;=R.+1)

Joeveer(1982) Rg=1.8; Tammann(1987) Ry=1;Cappaccioli et al (1990)
Ry=1.7; Miller&Branch(1990) Ry_1.3£0.2;Branch& Tammann(1992)
Rp=0.7£0.1; della Valle & Panagia(1992) Rg=3.35 £0.25;

Riess, Press&Kirshner(1996) R;=3.55+0.3 ;Parodi et al(2000) Rg=2.46+0.46;
Reindl et al (2005) Ry =3.65+£0.16; Gay et al (2005) R =1.19+0.33

Page 74/114

53



< i 5.

"Irr“

Extinction and dust properties

5
1]
(1]

ff T Yl

X

** Measured SN color variations may not only be related to
host galaxy dust, but include an intrinsic color-
brightness correlation (see e.g Tripp 1998). or be due to
circumstellar dust (see e.g. Branch& Tammann 1992)

** Independent measurements of dust properties in other
galaxies needed

** Redshift dependence on R.?

Pirsa: 05100047
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Dust properties: R, £

=
‘:-r:’l
¥ ¥ - o
+  Falco et al (1999) analvsed (lensed) e e -
multiple images of QSO’s and found : 17 SDSS DR3
--ei: -=::- ...' ; 3
i, 50719 QSOs
- Critigue: - \\ :
. Results robust if one of lines of sight are }rL \
lust iree. but not otherwise g £ 1
g g F |
.  Lensing picks heavy FG objects. i.e. hard - . \
to measure R on spiral galaxie I* .
[ ensing galaxies “half-wav™ t mee. Le e F
1ard to study dust on low-z galaxie 7 e
4. Time variability of QSO affect e e
MESTTTOrTme COlOr INGEx
interpretation
. T'I]E'Eﬂlﬂ with L.Ostman & E.Martsell
have looked at QSO colors when galaxies
along line of sight: can QSO colors be nsed
to study dust properties in_foregronnd
galaxies? (astro-ph 0509904)
+  Spectral template of QSOs from SDSS
extended with HST to shorter wavelengths.
+«  Usingit to K-correct SDSS QSO sample to
restframe colors vields
~4.2 mags intrinsic color
Pirsa: 05100047 Page 76/114
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Looking at QSOs through galaxies fe
+ 180 QSO-galaxy pairs found in SDSS e o

+NYU value added galaxy catalog, with of B |

impact parameter < 30 kpc. =) {CCM extinction-law

* * analvsis performed on ugriz
photometry comparing QSO-galaxy !
pairs with controll sample of QSO at e
same redshift but without (resolved) FG EEE Sl
galaxy. : ' | 0.073 |

» Three systems. z.0.08, likely to be u‘
affected, R, consistent with MW wvalue, Ry 1
but uncertainties are large! ) ]
Spectroscopic absorption features not Pt ]
seell. :

=y

TS SO T I IIS0S0 T

0.008 ]

& o

el

Pl Oy iviwii = fr thee owoeiihS glaoes come-
Pirsa: 05100047 pomsng © | o (Hxk sy 58 % (dak bive megom) and 0% (pale Page 77/114
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- - . o el
R, for z~1.5 galaxies
?’f g .-_j"
« .J. Wang et al (Apj 2004) found evidence c s e e 3
for 2175 A dust feature at z.—1.5 (i.e. E 3
redshifted to the optical range) in QSO
spectra at higher redshifts, consistent i 3
with absorption by intevening galaxy. e 3
* Two of these svstems give a best fit for - :
veryv low, R 2. but uncertainties are _ 3
large! E E
CCM extmction law i : ; :

Pirsa: 05100047
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Evidence for evolution of dust

properties? Selection/systematic effects?

10
8
2 &
4
Z
a
0.
_\"
oS
a\
SO 10
'\\:\ "\
RS
N 2
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CCM

= ' 3
: 3
- =
E =
- 3
F E
| | 3
T B | =

0 0.5 1.0 1.5 2.0

Redshift
Fitzpatrick

- 3
=
- 1
:_Jr 3
—i -
F !

0 0.S 1.0 1.5 2.0

Redshift
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“Dustiree and decelerated” k

_.":';_5.."_' ’ e Ire
.. ?. r - NEDnoOwWT
E [ 3 ol
= : " i‘?‘
’*#_ B 3 Sl e 072 -
&_Jﬁir L e
: Redshift
Sullivan et al 2003 Mullis et al

* 219 HST ACS Orbits awarded (PI: Perlmutter) for rolling search for SNe on galaxy
clusters 0.9<z-1.4. First references beginnig of july!

* Clusters are rich on elliptical galaxies which (at low-z) onlv host SNIa (no
contamination) and extinction bv dust should be minimal.

* Expect-20SNe z-1. Verysharp Hubble diagram expected. With little or no dust,

ach SN worth -5 (or more?) in late tvpe host. N

Pirsa:0510004":-l
*  With some luck(!): use cluster as gravitational telescope to find SNe bevond cluster 50



“Dustfree and decelerated”

24 F fl EAarty
1t 13%% E
», ,‘.,'r - 1 *Unknows
AT i
gt r CExcluded
o | 1%
z o 1 5 il
= i 1 o Y
' ’?#_,..-"f — 072 at
- 3 EdS
3 B
-:'-.’v—
Redshift
Sullivan et al 2003 Mullis et al

* 219 HST ACS Orbits awarded (PI: Perlmutter) for rolling search for SNe on galaxy
clusters 0.9<z-1.4. First references beginnig of july!
*  Clusters are rich on elliptical galaxies which (at low-z) only host SNIa (no
contamination) and extinction by dust should be minimal
* Expect-20SNe z-1. Veryvsharp Hubble diagram expected. With little or no dust,
pirsa: 0510004 £ACH SN worth 5 (or more?) in late type host. .
+  With some luck(!): use cluster as gravitational telescope to find SNe bevond cluster 50



“Dustfree and decelerated” k

:;:‘-i . ate/Irr
" -\.'.- " - nEnownn
—f o B 3 o gl
s 3 = I
’*#.-'-'F — (=i} T2 ]
;*._..ﬁrf"""; . g
Redshift
Sullivan et al 2003 Mullis et al

* 219 HST ACS Orbits awarded (PI: Perlmutter) for rolling search for SNe on galaxy
clusters 0.9<z--1.4. First references beginnig of july!
*  Clusters are rich on elliptical galaxies which (at low-z) onlv host SNIa (no
contamination) and extinction by dust should be minimal.
* Expect-20SNe z-1. Veryvsharp Hubble diagram expected. With little or no dust,
pirsa: 0510004 £ACH SN worth 5 (or more?) in late type host. B
*  With some luck(!): use cluster as gravitational telescope to find SNe bevond cluster 50



Predicted hightcurve quality

irsa: 05100047

Rest frame B—band magnitude

Cbserver Days
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Frida, found in RCS0221-03

53580 53590 53600 53610 53620 53630 53640
JD (minus offset)

First cluster SN. We have three F850 epochs and
one NICMOS F110W observation. VLT and Subaru
spectral data - Host is elliptical at z=1.02

irsa: 05100047 Page 84/114
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X

NEW/SUB

Foreground SN discovered in reference image. Four F850
«@DOChS. Subaru spectral data 2 Host at z=0.2038u



Gabe, found in RCS0221-03 e

NEW/SUB REF

- T -'— -- ._.'- ‘.1 - - -'-
P e, SO
- ; e . 3
= o - :

;- jenw Y . -"l;_'liq.' ':;-'- L
' - - v =
- = I‘ -~ . ' e .-:- ;

K ] 3 !l- L s - -
E08 o T | - I
:;.h'. _ '*._ '.._E
"rlr.'- -I. "
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g g e T P Pl

il

N & - ‘-'.'.l':.".

A w

l.TJ; B -

-t . a—

--'i .
i3 i

3000 S000

Most recent SN. ToO NICMOS observatlon Subaru
spectral data - Host is elliptical at z=1.3! i.e
BEHIND cluster

Pirsa: 05100047 Page 86/114



Grey IG dust

SNOC

SuperNova Observation Calculator '“-'a .

* Large dust grains (weak wavelength
dependence) may exist in the IG-
medinm

* Evolution of dust density: two limiting

cases:

PausiO (1+2)° [Model A]
Paust (1+2)° for z-0.5 &

Piusd Z-70.5)= Paus(Z=0.5) [Model Bj

* Hard to rule out from SN-colors (c.f
Nobili et al, 2005)

*  X-ray point-sources at very high-z.
(e.g. Paerels et al) do not exclude e.g
Nodel B

[ )

Pirsa: 05100047

AG Bergstrom & Mortsell, A&A, 2002

26 .

. Concordance
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Grey IG dust

[ )

Large dust grains (weak wavelength
dependence) may exist in the IG-
medinm

Evolution of dust densitv: two limiting
cases:

PausiO (1+2)° [Model A]

Paust (1+2)° for z-0.5 &

Piausd Z-70.5)= Paus(Z=0.5) [Model Bj
Hard to rule out from SN-colors (c.f
Nobili et al, 2005)
X-rayv point-sources at very high-z.
(e.g. Paerels et al) do not exclude e.g
Nodel B

SDSS QSO colors (16000 objects.
Z=1) 0.1 mag extinction for SN1a at
z=1: faintness of SNe cannot be ondy
due to [G-dust

Pirsa: 05100047

AG Bergstrom & Mortsell, A&A, 2002

26 -

. - Concordance!
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Grey IG dust

* Large dust grains (weak wavelength
dependence) may exist in the IG-
medinm

* Evolution of dust density: two limiting

cases:

Pausi (1+2)° [Model A]
Paust (1+2) for z-0.5 &

Piausd Z70.5)= Paus(Z=0.5) [Model Bj

* Hard to rule out from SN-colors (c.f
Nobili et al, 2005)

*  X-ray point-sources at very high-z.
(e.g. Paerels et al) do not exclude e.g
MNodel B

[

I& Dust cannot explain observed
faintness of SNe - but is a serious
concern for precision cosmology

Pirsa: 05100047

26 .

AG Bergstrom & Mortsell, A&A, 2002

as | Concordance

e o)

Figare 11 The conficerce leveln crambinieg Aje — 1) sz Alr — i) ke the two dust
ﬂﬁuhﬂﬂﬁndlﬂn‘x:L.I&pﬂn@mhﬁuﬂ-ﬁlm
crefcesee el allowes bw the - tewt ase the < afber eghoes =obeste 3% G5F. ane
FiH. The sbewet boecscetal Lees sbow the S-base it fanE ir magER 1

by cont fowr n SNIn b oz = |

Mortsell & AG 2003
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"Theoretical ” SyStemMatICS  suwenor oservation corcuintor 7,1+

ppe = A+ A1z + Asx”, wherex = 1 + z.

+  Alam. Shami.Saimi & Starobinski (2003) proposed
fitting SN data with uncated Tavior expanasion
Hence, in a flat universe: for dark enersy

H(z) = Ho(Quz® + Ao + Az + Aszd)3.

=0y + Ag+ A1 + Ao

(22 /3Wd(ln H) fdx — ]

wpE(I) = = ~
1 - lHq'q.'H}zll_th"
e wnpe = —1, .'!.1 - _'!.g ={)
4 ®lnE = _T .'l.'. = _'!.1 =1
2 :
- {[‘Dt — —% a_lﬁ — _—!2 = {

Pirsa: 05100047 Page 90/114
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“Theoretical ” SyStematiCS  suerovs orservation Carcuizeor 771

ppe = Ag+ Az + Apx”, wherex = 1 + z.

+  Alam. Sham Saimi & Starobinski (2003) proposed
fitting SN data with uncated Tavior expanasion
Hence, in a flat universe: for dark enersy

H(z) = Ha(Quz® + Ao + A1z + Aszd)3.

1=0u+ A+ A1+ Ao

)

.-ll-l Ll %a’ll-f T L:_'!-'_!l.f_]

Ag+ Az + Ao

wpelr) = —

®inpE = —1 .'!.1 = A5

|
o
|

4 ®UWpE = —3. Ag

*WnE — —3- :I.n — _'!.-1 =1

Pirsa: 05100047 Page 91/114
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"Theoretical

ppe = Ag + Az + Ay, wherez = 1 + z.

Hence, in a flat universe:

H(z) = Ho(Quz® + Ao + A1z + Aszd)3.

1=0u+ A+ A1+ Ao

)

.-ll-l Ll %.‘h.f T %.‘!-’_!l.f_]

Ag+ Az + A

wpelr) = —

L ] Wpe = —i_ .‘!.1 — _'!.'1
{ ®*wpe=—3, Ag =4, =0

2 :
®WnE = —3. .-I.n = A, =0

Pirsa: 05100047

systematics

SNOC -

SuperNova Observation Caiculator '“-'a

!
l:,]"u i "-I.Ill,l'I‘

Alam. Sham Saimi & Starobmski (2003) proposed
fitting SN data with uncated Tavior expanasion
for dark energy
Claim: signs for Metmmorphosis, crossing of the
Plumtom dvide”

Dianx from Knap ex ai

Page 92/114
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"Theoretical

systematics

SNOC -+

SuperNova Observation Calculator

ppe =Ag+ Az + Apr , wherez =1+ 2

Hence, in a flat universe:

H(z) = H,(ﬂu: + Ao+ Az + AP

— N

1=0u+ A+ A+ As
Ay —:=-’; I ——-’n,r—
L_:._i_— Ay + At

wpelx) =

e wne = —1, .'!.1 - _'!.g ={)

4 ®lWnE = _T .'l.] = _'!.1 = U
2 :

®WnE = —3. .'I.n —_ _'!.3 =

Seems like reasonable parametrization. however...
*Parts of parameter-space causes divergences

*As z Increases. limiting value of Wp—1
+In fact. parametrization forces Mefmmorphosis

Pirsa: 05100047

+  Alam. Shami Saini & Starobinski (2003) proposed
fitting SN data with uncated Tayvior expanasion
for dark energy

*  Claim: signs for Metmnorphesis, crossing of the

phamtom divide”
.
— ‘c_-:' 2 Dy from Knop ex al.
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"Theoretical™ systematics SNOC -

SuperNova Observation Cailculator

Test: simulate + fit 500 experiments , z-distribution and
uncertainties as in Tonry + Barris et al

5

\—cosmology

- l
0
- .fl
o Norconsistent with A wr 68% ¢l
¢ (Consistentwith A «@t68% cl.
=TS -6 4 i 0
Pirsa: 05100047

g ] ¥
2 P
A

4

Taneeaon AGS Amarniillabh Rerastram 20004
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"Theoretical” SyStemMatiCS  suwernows oservation corcutotor 77

Test: simulate + fit 500 experiments , z-distribution and
uncertainties as in Tonry + Barris et al

5

A—cosmology

.

f -
-

Metam orphosis
not required to
explain the fitsl

o Not consistent with A wr 68% c.L

I “Transition
i £ -4 =2 2 4 & 8
A) redshlfT sewlwby

Pirsa: 05100047

Taneceaon AGS Amarniillah Rerastram 20004
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"Theoretical” systematics SNOC -+

Test: simulate + fit 500 experiments , z-distribution and
uncertainties as in Tonry + Barris et al

A—cosmology

Metam orphosis
not needed to
explain the fitsl

o Not consistent with A wr 68% c.l
* Consistentwith A at68% c.i.

o = ZP R 0

1 - - “Transition
Pirsa: 05100047 "J‘ I i E

redshift” se@l%fby
Tineecon AG Amaniillabh RBerastram actro-nh/00404468 2 -



"Theoretical” SyStematiCS  suwenoe osservation Coscuiotor 771

Test: simulate + fit 500 experiments , z-distribution and
uncertainties as in Tonry + Barris et al

L\—cosmology

+F 1 |

0
Metamorphosis
N not needed to
: explain the fitsl
e Not consistent with A ut 68% ¢l
L — “Transition
A redshift"” seg'l“”/by

Taneeson AG Amariillabh RBerastram actro-nh/004044668 2 - 0
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What improvement in understanding of
dark energy can be expected in near
future from SNIa?
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What to expect from on-going efforts?

1577

S A
gt
§
Ay i %‘
O

\“-L

] s

* Data-sets in the making:

SNLS ~ 700 SNe (+ ESSENCE)
SDSS-II.  —~ 200 SNe
low-z ~ 100 SNe [

very high-z ~ 100 SNe ! “combo”

lr.}:'?
Total 1200 SNe : /

* Simulate a "combo™ data-set using the Uz';

same z-distributions as today. just i
L
scale up numbers : \ _l_[—l_'—|—
* Neglect svstematics — to begin with! _f | ':'5 ]
1 L :' /LJ.J_J.la.Al.l -..:...—:‘ I
o A 08 s 1 12 1.4 1.6
Redshift

Pirsa: 05100047 Page 99/114
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”Combo” MC data-set: w/o systematics

-

0.6

?‘"\\Sne + flat
—0.8 T"

‘\\1 .
24 L\ BAQ prior

.

£ —10f N
i \
- Current . il
121 SNLS T}
~ Current
—1.4 __ BAO
0.1 i . Q.3 2.4
Q,

irsa: 05100047
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- 5 L ] » _ - W.
Host galaxy extinction systematics
iy ;|+-11"-\f
L Mean 0.1807 | |
— RMS 0.2619 _ast |
0.6 = [ ]
o4 E— : . _‘\\:“t " !
0z E _1_._ ) : “w l ;
' Bias if no
"B ~ correction 1
¢ c:' NS o5 e 1 1B e T i s _GddEd
Host galaxy extinction Ay 0.2 r: 4
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“Wish-list” for future SN projects

* Large statistics — also to constrain svstematics: compare "like to like”
* Ideally, build entire Hubble diagram with e.2. only SNe on ellipticals (less
dust)
*  Multi-wavelength coverage (UV-NIR):
1) cover wider range of redshift
2) fit extinction law in host and line-of- sight
J) Find optimal match — minize Kk-correction uncertainty
4) Accurate photometric redshifts

*  Spectroscopic capability: hope to find a second parameter that sharpens the
"standarizable” candle, or else it seems unfeasible to reach below ¢ <0.2
with current techniques.

* Instrument should allow a varity of complementary techniques: weak-
lensing, barvon oscillations, cluster counting, strong lensing, other candles
like Type II Sne, GRBs(?), eftc.

Pirsa: 05100047 Page 103/114
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Projects for the next 5-10 years? a-

*  Pan-STARRS. four 1-8-m telescopes,
each with a 3 degrees FOV. First unit
in 2006 in Haleakala on MNaui (Hawaii) A
Pan-STARRS

* Dark Energy Camera: a new 1.2 deg.
FOV optical CCD camera on the 4-m
telescope at CTIO, Chile. Instrument
R&D and Construction 20052009,
Survey 2009-2014(?)

Pirsa: 05100047 Page 104/114
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”Big” Future Projects

* LSST: 8-meter class telescope with 10
sq.degrees FOV

* .JDEDMI: satellite mission:—2-meter class
telescope reaching NIR. Either
optical+-NIR imaging + spectrosocopyv
(SNAP) or NIR optical+-spectrsocopy
(JEDI) NIR grism (DESTINY)

* It’s all about minimizing the
svstematics and (hopefully!) sharpen
the standard candle by comparing
“like to like”

* Time scales ~10 vears from now!
Exact time for JDEM unknown but
highest priority among ~“Bevond
FEinstein Probes”

Pirsa: 05100047
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0.2

0.1

0.7 model

1
&
0

magnitude difference from a flat, £25
|
Q
—

—

B, G LRGeS EE

1 | I

] I I I I 1 1 I ]' I I L I ]' ] L] L] |
L 03 . ' -
L QN 4
L - Albrecht & Skordis potential
[ exponential tracker potential | —
- g two D3-Brane potential 2
] 1] T I 4
] . | ol |
B e Are
: double exponential potential  _
'T-._ pure exponential ( fine tuned)
= ‘-_- b a e — I
—\ = : o _
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L - S SUG p
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- tracker 1
— potential —
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Unlensed Lensed

Pirsa: 05100047 Page 108/114
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Cosmological Dependence of Lensing Deflections ®
/_* bd Ds |
We observe this deflection angle S_E W< ig :
{maore precisely, gradients of the facmgrs. |
deflection angle).
! Cosmology chamges ?
| growth rate of mass !
| structures in the Universe. %
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SNe + Weak Lensing

Bernstem. Huterer, Liu_cler. & Takada

T ; 1 ' ' ' .
. ‘s \VWith systematies {1« Comprehensive:
0.4 - \ 68% cl 1 no external priors
[ | required!
o fx s : | - Independent test of
k. N | flatness to 1-2%
AY, \ Y
H""\. B \ ~ —
e | \ |+ Complementary:
]
O - w,to 5%, w'to
I 1 0.11 (with
L osemm | systematics)
~0.2 —— SN+WL E
- - SN+WL+CMB ot T .
>~ ] +baryon ascillations?
WL=1000 deg® n_,=100, CCCy, PSBS(stat)
—Pilg-l-i&l 0047 . . . : - : ) ] . . : Page 110/114
=B -1 —Ed -0.6

o More in Eric’s talkl
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Summary

S17

NIER

Y, )

Lots of activities to increase the statistics of low and high-z supernovae
Emphasis on high-quality data — conftrol of svstemafics

First spectroscopic guantitative comparisons between nearbyv and distant SNIa
Extinction corrections remain problematic

Gravitational lensing ( de)magnification not a problem for high-z SNe
Concordance model in excellent shape

...50 far, A seems un-challenged by data

Current target: measure w’ with ¢__. ~0.2, but it is hard!

Complementary techniques: CMB, SNIa,barvon oscillations,weak lensing,

strong lensing, SZ,cluster counting, Tvpe II SNe, GRBs?? etc : we need them
all!

< Gl

'lfl”“ﬂ-
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Symbol -5 - mrusEEEcscAs =5
NSH2RSQTH LB FI-C- L@ Zazn~ -eof

Lots of activities to increase the statistics of low and high-z supernovae
Emphasis on high quality data — conirol of systematics

First spectroscopic guantifafive comparisons hetween nearby and distant SNIa
Extineti s : b] .

Gravitational lensing (de)magnification not a problem for high z SNe
Concordance model in excellent shape
--.50 far, A seems un-challenged by data

Cwrrent target: measure w° with o . ~0.2. but it is hard!

Complementary technigues: ChMB. SNIa.barvon oscillations.weak lensing,

sirong lensing, SZ.cluster counting, Type II SNe, GRBs7?.¢etic : we need them
all!
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45. Low-redshift cosmological constraints

In more general dark energy models. the Hs 3= measure-
ment will not measure Qi or wiz) by itself However. the
redshift of the LRG sample is low enouch that we can get
interesting constraints focusing on the path from = =0 to
z = 0.35 rather than : = 0.35 to : = 1089. We note that
the combination Dh-{0.35)y{),xh® has no dependence on
the Hubble constamt H;. since [h-(0.35) is proportional
to H,]_l (times a fonction of all the s and wiz)). Forta
itously, this combinsation is well constrained by our data.
as these contours lie along the long axis of our constraint
region. We measurs

0 7]

A= DruD.SEn%f: = (.469 - 0.01713.6% ). (1)
This value is robust against changes in the minirmm scale
of data used in the fit (0.471 £+ 0.021 for » > 18— Mpe).
the spectral tilt {0.483 = 0.018 for n = 0.90). and the
baryon density (0.468 + 0.017 for A% =0.030). As A =
independent of a dark energy model. we include its value
in Table 1.

If the LRG redshift were closer to 0. then 4 would sim-
ply be (1. At z = 0.35. A depends weakly on Qx and
on wi(z) over the range 0 < z < 0.35. In detail. for a flat
universe and constant w. which we denote as wg given the
low redshift. we have

4 | /3
_ . 1 e _a
A =R E{z;) 3 [Iﬁ —E-:i] i5)

. 71
where E(z) =H(z)/Hg = [ﬂm1_1—|— PR+ 01+ :13"'3“"'1

and z; = 0.35. The generalization to curved space-times
is straightforward. While treating w as a constant for all
times may be a poor model (Maor et al. 2004: Bassett ot
al. 2004), it is a reasonable approximation for so short an
interval. In detail. wy, is not the value at = = 0 but rather
some average out to r =0.35.
We therefore linearize the expression for 4 in 02, Qg
and wy to find
Oy =02734+0.123(1 +wp) +0.13T2xg = 0025 (6)
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