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Dark Energy :  1998-2015 ... 17 years !
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(Perlmutter et al 1999)
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Yy
'@ :  No Big Bang ]

Evidence in 1998 that o
distant Type la have lower
recession velocity than
expected

Smoking gun that the

5 7 . % ] Photo: U. Montan Photo: U Montan Photo: U. Montan
eXpanSIOn IS acceleratl ng . TGO’ Saul Perimutter Brian P. Schmidt Adam G. Riess
o The Nobel Prize in Physics 2011 was divided, one half awarded to Saul
d Dark Energy IS at Work ' '1 B ) ‘%[ 7] Perimutter, the other half jointly to Brian P. Schmidt and Adam G. Riess "for the

%q? discovery of the accelerating expansion of the Universe through observations of
0 distant supernovae".
L1l [
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0 ; 5 3 Nobel 2011
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Dark Energy :  1998-2015 ... 17 years and still there

CMB, BAO : scale parameter
evolution
sensitive to Q,

Supernovae : senstive to expansion
rate evolution dark energy

equation of state

Betoule 2014 + power spectrum, polarization ...

14 L IR I L. R A LT RE N LR, TN P L I L S T [P )
s P : j Planck 2015
I:J_E- ; 3 61}00:—""'“" i S
sc-nof-
Lt 2 = 4000 |
<] k: :
- :;1 3000 £
a 2000 F
- LA . :
0z B Planci+ WP .
N Flanck+WE=BAD ] '
- Ci1
()| EPEPETEPI BRI EMEPEF BRI BRI RPN EPE R 0
0.0 0.1 02 0.3 0.4 0.5 0.6 0.7 0.6 600
Q,, £ S00F
Equation of state P=wp = [wo +wa(l—a)lp § _°F
0.8 F -600 |
: 71.2
70.4
0.0 |
69.6
- Structure growth -
£ o8 6.0 sensitive to Q& GR
-"'f‘-_".'f 67.2 3
, 4| B — Concordance model flat-ACDM quite
I robust ... so far ?

-1.2 -1.0 -0.8 -0.6

wo Planck 2015



... Energie Noire 2¢?? Le point de vue des théoriciens

Une constante cosmologique ( le terme « standard » de I’équation d’Einstein )

Peut-on ignhorer le reste du XX ieme siecle ? : Energie du Vide ... Plu
grandeur a pomper !

120 ordres de

Le principe anthropique
Le « dégrippant » de la physique théorique : quay ce » un peu de principe
anthropique et ca repart ...

Quintessence

Un bon vieux champ scalaire » de la physique théorique , ou comment « fixer »
un probléme .... Méthode

Extra dimension ...
&nt de Relativité Générale ...penser a vérifier les fusibles ...

Relativité généra
A chaque c

Back Reaction ( pas de nouvelle physique) : La formation de structure induit une accélération
moyenne apparente (densité non uniforme )

C’est ce qu’il faut étudier aujourd’hui... si si ... hum ... non... Quelle amplitude au fait ?

Le couteau suisse de 'observateur : w0, wa / FLRW



The cosmological probes

Dark Energy
Accelerated Expansion

Dark Ages Development of
Galaxies

Inflation

1st Stars

Universe Expansion

13.7 billion years

CMB :

NASA/WMAP

Anderson 2014

Bétoule 2014
46 T T
R uf "
Pk
by ¥ ] .05
+ a0
6
T af ]
Tl ]
-E:c]ﬁ; _: 0.95

T
CMASS
DR11 post=recon

M
i

=}
a

BOSS power spectrum BAO

M= facom

: . i A
102 ! 1" 0es

la Supernovae

- Microwave range
- Sensitive to whole Universe history

- Inflation
- Recombination
- Forgrounds

Wea
Lensing

22/10/15 Emmanuel Gangler — CS IN2P3

- Fixes nuisance parameters for Dark Energy
Recent univers probes :

- Visible and IR range

- Powerful with CMB (lever arm)

- Dark Energy parameters and GR tests

+ Clusters,

Wl Redshitt distorsions,
AP effect,

HO,

5/32
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CMB angular power spectra

HFi oo

4 T T
3 observables: T,E,B i) ' ' :
o™ Température :
i ok ~100uK RMS
—E=z) — E=0 |
/ | . //
b W A &
A e
[ vl E
o
N L
B Modes: g
Not generated by scalar modes 7 0% .. _
“Smoking gun” of tensorial < j Mode B :
perturbations < 300nK RMS
At best 300 times weakerthanT |  .-===-=«
fluctuations &
- 107 -
caseT/S=r=01(cffigh ™ I ...
E,~=2 x 105 GeV (GUT). : - /S = 107 102 10°° 107
B mode Spectrum peaks at | 10 N SF R W ST
<200, i.e.0>1deg 1 10 100 1000
I
(0=180/1)

Francois R. Bouchet, "Planck 2015 CMB Cosmology”

Rencontres du Vietnam, Quy Nhon, Aug 16th 2015
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(ﬁ CMB angular power spectra 0 (m'

HFI P w' .'.

esa- - G T nw E R A Bes _F G _*} s S i W G I O ST ST W U T T E L TN ™

Angular scale

m 3observables: T,E,B

00° 1° 0.2° 0.1° 0.04°
;' e | | '
N 3 - a .Q'..M
M | ,-f"# / \ 103 g_-a.'__',_.“ » CME. TT —g
—/E{n\— = E:-ﬂ/| . El(?“c"
I I
T 10| Rteo
. ‘ P 3
/ E<D / \ B>0 \ i BICEP2/Keck /Planck Jﬂ ]
[ 10! | # hw. .
| . : ]
. B MOdes ﬁ i I (}4\%'?’ -I' F * ™ ~ x d i
Not generated by scalar r - = . v ‘i ;
“Smoking gun” of tensori [ ' = e ]
perturbations e 3 [ ! F i S E
= At best 300 times weaker F - L4 -1 B “w o
fluctuations SR tf.ﬂ - i e .
case T/S =r = 0.1 (cf. fig), i i [ ttl' & S, ]
E, =2 x 10 GeV (GUT). W0=E o, i P w ¥ i g
m B mode Spectrum peal 10 °L |

2 180 500 1500 3000 5000

<200, i.e.0>1deg

(6=180/1)

- @ G- E R T W [ & a3 Wl G . Il 4T . W T T ey T EE W 4 B B . - |

Frangois R. Bouchet, "Planck 2015 CMB Cosmology" Rencontres du Vietnam, Quy Nhon, Aug 16th 2015 39
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CMB Cosmological fit :
flat-ACDM

w0l
BGE ™ — T L e ] ;
[ ] & 70 :
5000 F TE g il
. 4000 & 70}
R [ i
"E. SDDD :_ '140 :I I L L L | i 1 1
.:H__‘- : 100 i ¥ Ll T J I 1 T T
S 2000 Wl
[ i
1000 £ FE f
Di—i;::n:li it v v 0§ 5§ 5 0 4 a1 3 a3 5 ¥ 5 5 5 i 1 iz
2 10 30 500 1000 1500 2000 2500 :
E e —————r———— -
30 500 1000 1500 2000
¢ Planck 2015
Parameter [1] Planck TT+lowP
- 6-parameter fit
Quh” ... 0.02222 + 0.00023 Baryon density
Qh* . ......... 0.1197 £ 0.0022 %
1000pc .o 1.04085 + 0.00047 - Cold Dark Matter density
¢ (P 0.078 +£0.019 .
(0T 3089 £ 0.036 ﬁ(éﬂsg%gﬁogepth
Pls ov oo i e oo . 0.9655 + 0.0062 &
Hy ........... 67.31 + 0.96 - Amplitude of primordial fluctuation
Qn oo 0.315 +0.013 S l d f . d Iﬂ .
Ogn oo 0.829 + 0.014 - dpectral index of primordial tfluctuations
T0Ae 7 ...... 1.880 £ 0.014 Many degeneracies

22/10/15 Emmanuel Gangler — CS IN2P3 8/32



Tensor-to-scalar ratio (ro.o02)

CMB : inflation

0.25

0.10 0.15 0.20

0.05

(.00

0.94

(.96
Primordial tilt (ny)

(L.O8

Planck TT+lowP
B Planck TT-+lowP+BKP
BN Planck TT-+lowP+BKP-BAO
B Natural inflation
Hilltop quartic model
o attractors
4| = - Power-law inflation
— Low scale SB SUSY
—  R? inflation

Vox o

— V x (;')'.’.

— V x¢l/?
Vo

\ — Vx¢?3

h o N,=50

N,=60

Primordial Gravitational Waves
- Visible in B modes at large scale
- n <1 : prédiction générique

- Constraining models
- No detection ... yet !

22/10/15

flocal = 0.8 + 5.0, fo

Emmanuel Gangler — CS IN2P3

INFLATIoN (N CoSMoLo6Y

owly folls o5 =
: Swly down ¢ oscillates at end op Tnglation
1 ! /
e il
St el NG

RE-HEATING of UMVERSE

N
—+¢ £= 10 years

T
[nitiad patch o Uni form temperature
o, f S T30k

Smoot h

i 2%

Temperat Te 07 ®

Non-gaussianities :

- Prediction from inflation
- Higher order statistics
- No detection

200 300 400

100

—4 + 43 and fo™° = -26 + 21 (68 % CL statistical)
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0g

CMB : Foregrounds

- Sensitive to structure of matter
- Correlation with foregrounds observations (clusters, galaxies...)

Additional cosmological constraints

—

n+Ve
z ~ 1090 0.1 ;iz< 5 O
CMB Lensing : sensitive to total mass SZ effect : sensitive to clusters
- Temperature and polarisation signal - compton scatering by hot e” gaz
406 detection - 439 clusters detected
- Background for inflation B modes - Bottleneck is mass calibration
1
Ienslng—kBAO y S - CMB
lensing+BAO—+6mc ol — SZsLensing PS
Planck TT+lowP o B CMB+BAO
g - [ SZa+BAO (WIG)
i [ SZa+BAO (CCCP)
- s0 =1 [ SZa+BAO (CMBlens)
o
[Ts]
- 72 Sy ro‘- -
— L=] E
Sl - = 64 O‘ i
Rae, VMR - 8 Effe.ct of mass,
07 L s - VO . calibration
-+ et TiEw ‘.:.5..-,:,_‘, 3|
T, AR S
.:’:“ ; 48 I L I L I I
e 025 030 035 040 045 050 055
D‘ﬁ 1 L | 1 40 Q"f
0.2 0.3 0.4 0.5 0.6

Qm 3 10/32



CMB : The future

B modes : Gravitational waves SZ projects

d + polarization capabilities
Polarbear /

Simons Array

= IN2P3 :
e S APC, LAL,
# AN LPSC

22/10/15 Emmanuel Gangler — CS IN2P3 11/32



Satellites ?

Cosmic Origins Explorer+

Bock et al., 2008 André et al., 2014

22/10/15 Emmanuel Gangler — CS IN2P3 12/32



The Recent
Universe Probes

22/10/15 Emmanuel Gangler — CS IN2P3



Projects Timeline

2003. | 2005 2007, +2009 - 2041 2013

SDSS Stage Il
SNL’S |
S‘NF 1 Dark Energy Experiments: 2013 - 2031
| | —
fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff Boss () | Lo bt o
Mlﬂﬂiﬂﬁfﬂ}
e )
T e
oemtstsan sy ) seage |
""""""" v p— smgerv)

Blu= = imaging
Red = spectroscopy

Extracted from the US P5 planning exercise
22/10/15 Emmanuel Gangler — CS IN2P3 14/32



Projects @ IN2P3

2001 2007, ..12009 - |2011< 2013

2003 | 2005

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, GlUSTeES o T o 5 e
SDSS ARG G ALPNHEMPSC
(+INSU,CEA)

Dark Energy Experiments: 2013 - 2031

Supernova :
CPPM, IPNL,

LPC, LPNHE
(+CEA)
BAO :
APC, CPPM, LAL, LPNHE, LPSC
(+INSU,CEA)

Blu= = imaging

Red = spectroscopy

Extracted from the US P5 planning exercise
22/10/15

Emmanuel Gangler — CS IN2P3 15/32



Projects evolution

r.. (AB, 50, 2" aperture)

Photometry Spectroscopy

J_'Ill | | Ifllfll LI |||f|'|| L IIIIIf'l LI ||f|||| I T TT]
- HSC.“UD (Iﬁﬁ;; optical imaging surveys 4
- . -
= - | T ' - - —
E B 0.014} — BOSS
- SXDS isst BAO| | — eBoss
o . wide) ] i — DESI
F COSMOS F&gj_. = ] 0012 —  Euclid (50 mil.)
= . —
- CFHT HSC-Wide . 2 o.010}
s (deep) ) = = =
lE_ NDWFS f:}-ﬂ.éb) W _E g o.008k
d m @
= UF‘% _]"d"-i Eu;:in:l ] 2 oosh
2 (SN-shallow) (rde) iy '::' - [
B n L] " =] |
: BCS PS2 E 0.004
i . 1 s
3 Stripe82 m 3 ‘O
- RCS2 PS1 3 '8
- - _':'5.”}5 A e 05 1.0 15 2.0 2.5 3.0 35
C Iuture o ] Z .
= QT _ SkyM 21 7]
E  ongoing YET-atLagm CHINRDREL Redshift
- completed SDSS 3
;Jll - |l||ll|. I J]lll]l L1 IIIIIlJ - ||l]||| (- II:r

1 10! 10° 103 104

Area [deg?]



Supernova state of the art :

7’ 46 T T T T T T T T T T LI
Bétoule 2014 : 720 SNila : ' ]
Joint Light-Curve Analysis (SDSS+SNLS) &

| [
— 42
L B B G e B B b‘é [
' ' + aof
u.s_ g -
E 38
- I L
¢ S 2 *Emsﬁg
S I
0.4 ~ 3
" [ ] G
B Flanck+ WP ™ 5 0.2
N Planck+WPBAD 2 00
=
-« = C1 ] -2 I
Y S T S Y Y RS % A - 2,1 il
nm 102

Flat-: ACDM model with SN alone: ~ This is (already) precision cosmology !

uncertainties on Qy : 0.034 Future improvements :

Stat: 0.018 - Statistics (granted by new projects)
Calibration: 0.020 - Calibration (under scrutiny)
Other syst: 0.012 - Standardization (0.08 mag difficult to beat)

- Astrophysical biasses
- Transient methodology

22/10/15 Emmanuel Gangler — CS IN2P3 17/32



This is under scrutiny by ongoing projects !

. .
. . 3 gutomgteq transient  yem—G
DES14Efanf DES1aX2de  DES14E2bu |dent|flcat|0n N the 1M transient/season
» » dark energy survey Goal : 3000 SN in 5 years

y (1504.02936)

DES14E2ar DES14E2ag DES14C30h

danny goldstein

» - .

DES14Cles DES14S2bnq DES14C2apq for the DES su pernova
working group

.’ \ » Isst desc sn telecon
june 3, 2015

DES14C3pc DES14C3cwp DES14X2eei

And an opportunity of interdisciplinary research with INS2I

22/10/15 Emmanuel Gangler — CS IN2P3 18/32



Flux

SN 40002 z=0.3866

T SN in LSS
u.-z’; g"‘-uu.--...... SN 40006 z=0.8065 I n L T
= « 10 000 well sampled SN/season
o} T H""""'""" o r M"H';‘*“L—S‘—-
P =1 /™  Systematics dominated (short in IR)
L I e i IE : ’;I i .\‘b."""*ﬁ—l'—--—
S & P N * No spectroscopy (for now...)
u--j £ “"“m ED_),I'; z .“"*-ﬁwtu—
AP B~  Redshift from external measurement
N jf v e Mot i b ,ﬁ 4'}{:{‘1’% +++*+ ’
ey S AL S | Huge improvement still !
A
2 =
TR R LSST 50 000 SN
=« Gt [ PlanckWPsLA - LSST 10 000 SN
[ Planch+ WP === Planc+\WP:BA0
(115 I IU.|ZUI II r[‘.I.llﬂI g IU.;[]I i IE].!55I E IU.L{JI = IU.LS
0, Emmanuel Gangler — CS IN2P3 19/32



Massive SN set :

e 10°-6 supernovae

spatial repartition

 Homogeneity, isotropy

22/10/15

9MASS Sky

Emmanuel Gangler — CS IN2P3

 BAO with SNla

T ]
With Planck
— — 8N BAQ —

- SN D,

N ]

\ —

\ —

y ~_]

oy )

{ £ Without Planck . S % ]

- —— BAO+D, . A .

| 1 | L 1 1 I 1 | 1 -l-l.ll h 1 ]
-1.4 =1.2 -1 -0.8 -0.6

Wo
e + SN I,
20/32



Cosmology with BAO

Standard ruler approach

fe] —— | . !
7000 F L . ! ! Reconstructed
e E Py Planck TT spectrum : + CMASS DR9 Ty
f, 6000 F o : — best—fit model 8.4
3 E 5 ﬂ : ¥=61.1 / 59 . % 90
MRLE s s 5 -
5 s of Matter: |
~. 4000 [ P CM B w * ' ' “
o : j ! & f : 1 80
= 3000 [ 1 & : SpeCtl‘U m
3+ - 4t % A [ : ! =
— L f 3 4
< 2000 F > -
I 1000 ] £t 2 i 70
) i BT gg 1 =
. . 5 | e ~N
S0k ' 4 200 2 rg g
— E e
VU oesof ‘ - :'__'—100 ';" m'ﬁﬂ
2 o amoais b 0| e 3
Y —250 [ } g _igo = Es 1 L ]
@ : - 0.1 0.2 03
500 f . Kl v . . 1 —200 X / b Mpe-!
2 5 10 20 500 1000 1500 2000 2500 i IR
-15

Multipole {

Compute the correlation function

- Of galaxies

- Quasar's Ly-a forest
First détection 2005
Ongoing effort since !

Difficulties :

Redshift determination (spectro/photo)
not really an issue

Statistics
210/15 Tacer of matter density

—0.6

IOgiﬂAkoq§£§On201‘§-5 o

wCDM

=0.7
—0.8
-0.9

— BAQO+Planck
— SN+Planck
— BAO+SN+Planck

S -1.0
—~1.1}
—-1.2}
~13}
=14

Emmanuel Gangler — CS IN.

0.22 0.24 0.26 0.28 0.30 0.32 0.34 0.36 0.38

sl Aubourg 2014



Spectroscopic BAO

BOSS : 1000 fibers (150/deg)

- 1.5 M Galaxies z<0.7

- 160 k Ly-a forest 2.2 <z< 3
eBOSS

- 635 kGalaxies 0.6 <z< 1.0

- 740 Quasars 0.9 <z< 3.5
DESI : 5000 fibers (2800/deg)

- 32 M Galaxies

- 2.4 M Quasars

- (10 M Milky Way's stars)
Euclid :

- 50M Galaxies

40 60 80 100 120 140 160 180
r [h_l‘\[p(} DeIUbaC 2015

22/10/15 Emmanuel Gangler — CS IN2P3 22152



Redshift distortion

mi;alllrng virkalizad cc;:'lerent 150
alaxies :
& motions \ o
- I 1003
[ - 7] ____"“-i\
%]
(=%
=
7. © 50
J=
. )
e =
7] =
& =
° ©° - 0
= o
° =
2 —
Lo =
T -0
b
i |
Q
[}
' -20 ] 20 —-100
Obser‘vet‘ Projected offset / h! Mpc
Image: Chris Blake —150 S g e

Fingers of god

Coherent flow

* Sensitive to cosmological parameters

22/10/15

= central part of clusters

100

50

—-100

100 -50 0 50

Emmanuel Gangler — CS IN2P3

100

5¢

Samushia 2014

- 10—2
o
0 50 100
r, (b "Mpe)
1,=0.25 0,=0.02 n,=1
150
100
50
0
50
100
150
"°Gdztahadga 2008™
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Redshift distortions:

Samushia 2014
infalling virkalizad coherent 150
1 T geiaxies motions flows
\l I 100
. b N E— —
g
= 5
g ZC“ 110
B © - s
E =
io =
z T -50
o i ~100 S
o~ observer Projected offset / h™' Mpc
& E B S —— e
I"i?:'_d Image: Chris Blake -1 . s quaniababio: TR) T
; - GR 1
Fingers of god = central part of clusters s 5
100
Coherent flow
o0 5 50
* Sensitive to cosmological parameters
* Test of General Relativity .
« Tomography growth of structures 50
~100 E
Da Ll | ol ., .1 ol ] DS o
o 0.2 0.4 0.6 0.8 1
100 redshift e
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Galaxy clustering in DESI & Euclid

85
S 80
a
2 75 ]
§70
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=60
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T 55
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[V -]

H(z)/(

w

|
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DESI Hubble diagram
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BOSS power spectrum BAQ
o
&

Anderson 201{1

T
CMASS

DR11 post=recon

DR11 post—recon

=
= e e T I e e e S L
E Euclid slitless: 0.9<z<1.1
~an [ +
X O | .
Ter
~ I\ y
g°r Z
n.a'g : ]
aQ [ ]
ti' |
o B
- PEETIR DTS TR (S TR R [
0.05 0.1 0.15 0.2
k / h Mpe™!

Euclid power spectrum
(1 bin)

Emmanuel Gangler — CS IN2P3

dinD / dlna

Growth rate

fiziorpiz)

-
[=]

=
(2]

o
~

0.5

General Relativity tests

=
0

=
o

fR) eo,

04

DESI

0 05 : 1 1.5

Redshift z

RTF T T LA B | T Tt T T T T T T T T T

Euclid

Euclid ]

1 1 1 1 1 1 1 1 1 1 1
os L 1.3 n
-

(EUCLID forecast, Majerotto et al. 2012)
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Photo/Spectro BAO sensitivity :

LSST:
- 10 B galaxies in 20000
- 4B in gold sample (i<25.3)

-Uptoz<25
DES
3 I I z ol I ! 2 ;
BAO
Clusters
2| ‘r'Ef_L
bornbmed
1_
<
A
¥
g\ﬂ
_1 -
-2 [=
g —|I.a : = Y
Wy

22/10/15 Emmanuel Gangler — CS IN2P3

|_T T_'_T_I'I—I_'I_TT_I!

e ... BAO complementary to

1.4 = i
- 23000 deg? ]
; 54 gal/arcmin?® ]
12 - P Oy = 0.04 1
= I :
n:E 1 : _il.l'. _"
& |. ® 2 =2.60 ]
> k [Hag8 '..I.'. ety
N 0 oL
0.8 _'_ *4‘*. .-...'l:'..-'—
S
as b §{ 0.84 =1
: 0.31 ]
l L L | L [ AL L A 'l l A
0 0.1 0.2
k (hMpe-)
LSST
- SBICS
z 1 DESI
| of N T-hetwl
) )
70.-1% LL L]
[— I
- 3 -0.5
W,

other probes !
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Cosmology with WL

Shear correlation sensitive to  6gQ.,°
And to distance/velocity relation

Galaxy-galaxy lensing calibrate bias - e
Galaxy Intrinsic alignements to be controlled 10° 0% 107 100
Y 8 k [h/Mpc]
1.1y . T T . | curved ACDM
'1\ “'.\\ 10 +—p—
TR 1 CFHTLenS
1.0- N . CFHTLenS @ 0.9 - WMAP9
9 \_h \‘*\k ] Planck
0.9 R N 0.8 - CFHTLenS+WMAPg
O U CMB ] Ol G -
é} \‘\x§~.~‘ \: -,‘:\.\\ C‘}U D? _ {Q
0.8 \\\ 'N"."a._‘ \\‘ \"‘_ | ]
~ a u.‘_':.. “\\ 05 ]
0:71- . g g = 0.5 -
Tension with CMB,! _
0 | | | . | - 0.4 : I . I : I ; T ;
&IU 0.15 0.20 {}.25_ 0.30 0.35 0.40 0.45 0.1 0.2 0.3 0.4 0.5 0.6
fhm O Fu 2014

MacCrann 2014 : ;
Expected to be most precise probe in

LSST/Euclid
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Y1+1)C/2m

Lensing with LSST / Euclid

Lensing is sensitive to all dark

matter components, including Euclid : PSF diffraction limited
neutrinos :

g
i

LSST : ~100 visits will reduce the
systematic shear correlations
below the shot noise

E L B B | L L R B |
. 5 redshift bin tomography
0,=20000 deg®,n, =50 arcmin”?,0,=0.22

1074}

...
S
(-]

— — -

"'133} / 2m )

L]

1078 4

i Al A b i A A i A d i i i A A " lll.n.l_l
10! 10° 10° 10*

diff (%)

1l Ak ilL%" i
100 1000

Wovenumber £



Cluster lensing

Cluster count is a powerful probe

Cluster mass relation is the bottleneck
WL provides an estimate of the mass
8% systematics now
To calibrate SZ and/or X relation
target a few % calibration

¢- —
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= ©) Clusters
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: @ SNla
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o | I I
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Kettula 2015
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Neutrino mass

Planck 2015
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Long-term prospects on

Dark Energy constraints

Sensitivity today : SN~BAO Sensitivity >2020 : WL>BAO>SN
Probe combination fixes nuisance parameters

/ St . IN2P3 strategy ?
precise determination of equation of state.
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Long-term prospects on
Dark Energy constraints

LSST projection

Euclid Projection
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- Errors will be
systematics dominated !
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 Key scientific questions to be answered by future projects

e |Inflation and Primordial Gravitational Waves

« Nature of Dark Energy
* Probes are complementary

« CMB, SN, BAO, WL, Clusters combined for concordance model
» Not only results, but also data can be complementary
- Visible/IR ; Photometry/Spectroscopy ; CMB Forgrounds
 Intermediate projects to target top-level results

« DES/HSC to investigate variable w in SN
« DESI is a competitive BAO project
» Growing interest for Cluster WL

... and to train next generation of cosmologists
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Planck 2014 XVII (Lensing)
* 20 sigma correlation with NVSS radio galaxies and quasars (z
* 10 sigma with SDSS Luminous Red Galaxies (z
* 7 sigma with the WISE satellite IR galaxies catalog (z

CMB : lensing

1.5 F

] Planck 2014

1— Planck 2013
- van Engelen et. al. 2012 7
—— Das et. al. 2013

Amplitude constrained to ~2.5%
(400 detection of lensing).

CMB Lensing :
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- Temperature and polarisation signal
- Polarization-only detection (50)

- Correlation with foregrounds

- Additional constraints to cosmology
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. Compton
effect on hot
electron gas

=+ CMB

WMAP Planck i = SZ+Lensing PS
B CMB+BAO

[ SZa+BAO (WIG)
I SZo+BAO (CCCP)
[ SZa+BAO (CMBlens) |

Tg
0.60 0.65 0.70 075 0.80 0.85 0.90

Effect of mass
calibration
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Planck discovered 439 clusters &

e
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CMB : The future
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CMB Polarization

Emmanuel Gangler — CS IN2P3

+ polarization capabilities
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Projects Timeline

Sloan Digital Sky Survey (SDSS), including the Baryon Oscillation
Spectroscopic Survey (BOSS) and e-BOSS, — Canada France Legacy
Survey (CFHTLS), including the SNLS — DEEP Il Redshift Survey - Virmos
VLT Deep Survey (VVDS) - Panoramic Survey Telescope and Rapid
Response System (Pann Starrs), 2 degrees Field (2DF) — 6 degree field
(6DF) - Palomar Transient Factory (PTF, then ZTF) — Dark Energy Survey
(DES) — VLT survey telescope (VST) — WiggleZ Dark Energy Survey
(WIGGLEZ) — Stromlo Southern Sky Survey (SkyMapper), Large Synoptic
Survey Telescope (LSST) — 2 MASS near IR survey — UKIRT, UKIDS
Survey - Visible and Infrared Survey Telescope for Astronomy (VISTA) —
Vista Hemisphere Survey (VHS) — Subaru HSC and PFS surveys — Dark
Energy Spectroscopic Instrument (DESI) — Euclid — Wide Field Infrared
Survey Telescpe (WFIRST), ...

+ Radio (21 cm) surveys such as the planned Square Km Array (SKA)

22/10/15 Emmanuel Gangler — CS IN2P3
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Probe comparison

Main requirements

Supernovae Also provides French Teams
(SN) Photometry :
- Calibration HO (with anchor) CPPM, IPNL,
Cadence Cepheids LPC, LPNHE
Spectr py : Maser (+CEA)
Confirmation Parallax
Hosts Lens Time Delay

Photometry :
Target selection

Photo-z APC, CPPM, LAL,
Spectr py : Redshift Distorsions LPNHE, LPSC
Redshift (+INSU,CEA)
I —— - R CliO
Weak Lensing
(WL) Photometry:: Cluster mass
.5 PSF Relation with SZ APC, LPSC
s Dense galaxy field or X (+ INSU, CEA)
Photo-z Cluster counts
Spectr py : Galaxy alignements

Training photo-z

22/10/15 Emmanuel Gangler — CS IN2P3 38/32



Type la Supernovae

=% W
' N R ) /apispersion around
= /dp?eak luminosity: 0.41

Luminosity distance (Standard candle):
SNIa are
- Luminous M_=-19.3
good detection up to z~1.4
- Transient object
Find and follow e
- Spectroscopic confirmation o~
- Photometry measurements =S

Mg

" Dispersion around
peak luminosity: 0.15

o
b 3
L] ] . -U F

- Empirical correction : 4y

- Stretch (intrinsic) % i Stretch+Color

- Color (dust + intrinsic) O A corrected

- Host Mass (astrophysics) N —
- Accuracy after standardization ~0.12 mag phase  SNF, Chotard 2011

- Fit distance/velocity relation
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r' Magnitude i" Magnitude

' Magnitude

9
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Hunting transients

From a refere_nce map, In LSST : ~1 000 000 alerts / night !
search detections by < 1/100 of them will be la

differential photometry. Most of la will be useless (cadence)
Reference ew Difference

Asteroids (Unknown)
75%

Hostless (r > 24)
18%

Stellar Variables
4%

Novae
7%
Asteroids (K ) -
roids (Known 21%
1 1 kx — Supernovae
54%
SEeeees b4 New 5 84
— use Rolling search
SNLS real-time light-curves Date
s0r May04 Jun04 Julo4 Aug04 Sep04 Oct04 Nov04 Dec04 Jan05 Feb05 ; : o :
21 i T . Futire=—="1°=  |n CHFTLS : spectroscopic identification
o, T / e N §§E No spectroscopy in DES or LSST
2af /] 1.0%J
255 / 1.2(—5
25 LSST expects/year
22, 045
23 f aSmas O.SE
2« 150 000 SNIa in wide
215‘. O'ZE 5 5
.¢ ¢ 10000 SNla in deep field
24F ‘\ o.eé&

Q
©

26F /

‘ g Statistics are not the limit.
Augo4 Sepgtﬂe Cct04 Nov04 Dec04 Jan05 Feb05 40/32



A combined Euclid/LSST SN
program : ey 1

Extending the supernova Hubble diagram to z ~ 1.5 with the Euclid
space mission

P. Astier!, C. Balland!, M. Brescia?, E. Cappellaro®, R. G. Carlberg?, S. Cavuoti®, M. Della Valle>°, E. Gangler’,
A. Goobar®, J. Guy!, D. Hardin', I. M. Hook” 1%, R. Kessler!!"12, A, Kim!3, E. Linder'?, G. Longo’, K. Maguire® 1>,
F. Mannucci'®, S. Mattila'”, R. Nichol!®, R. Pain!, N. Regnault!, S. Spiro®, M. Sullivan'?, C. Ta0?%2! | M. Turatto?,
X. F. Wang?!, and W. M. Wood-Vasey??

]
= low-z + LSST-DDF

0.5 +DESIRE
—— low-z + LSST-DDF

DESIRE survey :
2x 6-month seasons

45 visits / season ' \ FaCER0RsDrARF
Zmin  Zmax area duration events 0__
(deg?) (months)
DESIRE 0.75 1.55 10 2Xx6 1740
LSST-DDF | 0.15 0.95 50 4x6 8800 i
Low z 0.05 035 3000 6 8000 " 5'_ 1 o contours
12 A4 4 09 -0s
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Photometric BAO ¢

LSST requirements on 1+z Euclid
* 0.02 random error * Requires optical ground data !

e <0.003 bias
* <10% 3-c outliers

77—

3000 4000 3000 8000 7000 8000 9000 10000
Wavelength [Ang]

ugrizy o,

_ Elliptical Galoxy at z=0.4

7000 8000 9000 10000
Wowvelength [Ang]

3000 4000 2000 6000

__Elliptical Galoxy ot 2=00

7000 8000 3000 10000
Wavelength [Ang]

3000 4000 5000 6000
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Photometric BAO ¢

LSST requirements on 1+z Euclid

* 0.02 random error * Requires optical ground data !
 <0.003 bias

» <10% 3-c outliers

A few IR bands would clearly be of
some help for LSST !

Elliptical Galaxy at z=0.7
B g e

Fa

4 — — ———— =

3000 4000 5000 6000 7000 8OO0 9000 10000 : ugrizyJHK
Wavelength [Ang]

Elliptical Galaxy at z=0.4
S e A UMM T S

Fa

0.2 g iy
0.0 L . — i . F - o Lrenit 55 -
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i
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0.8':
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Probing dark matter

» LSST/WL provides

Stellar Mass M.

[Mg]

:
05— ’ =
_ ; Typical systematic error in stellar masses
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... and evolution with z

Similar prospects with Euclid

Leauthaud 2012
44/32



Treu 2013

Strong lensing time delays

LSST expects strong lensend
variable sources

e ~2500 quasars

« ~300 SN (100 Ia)
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Beyond w, w,

Example: 9-D stepwise constant w(a)

1

w(a) =-1+Aw(a)=-1+ iﬁij(af,am)
= 4

9 parameters are coefficients of the “top
hat functions” T(a,!a_ 1)
[ I+

Albrecht & Bernstein 20086
+ General models of Dark Energy
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