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DEFLECTION OF LIGHT RAYS CROSSING THE UNIVERSE, EMITTED BY DISTANT GALAXIES

SMULATION: COURTESY NIC GROUP, 5. COLOMBL 1P,
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Gravitational lensing does not produce B-modes:



Dark matter properties with cosmic shear

(Blandford el al 1991, Miralda-Escudé 1991, Kaiser 1992, 1998, Bernardeau et al 1997,
Jain & Seljak 1997, Schneider et al 1998)

Top-hat shear variance at scale 0, Assuming a single lens-plane and P(k) oc ™

Aperture mass (Map) variance at scale 6, :
sy GG

Shear correlation function at separation 0:
(k) Jo(k0)

Convergence (projected mass) power spectrum:
=902 k. .
B((A)—4QO J;) dz . PSD(DL(Z) ,Z) c F[Z,Zsouu,e]l

Flarc min.]




Cosmic shear surveys and dark energy:
the goal is P(k) and P(k,z)

,| Virmos-Descart
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Cosmic
wvariance??

Non-linear evolution:
* Peacock & Dodds?? -
« Smith et al ?? -

ACDM
ACDM
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Cosmic shear SUrveys. < y?> Consistency between the teams
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Theoretical expectations:

CDM + gravitational
instability paradigm
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HST/STIS

« More than 150 deg?

* More than 200 uncorelated
fields

*0.1<z,<1.2

* More than 11 instruments 0.0000 —

3 Space, rest from ground Updated from Bacon et al 2002
6 (arcmin)

Van Waerbeke et al 2000, 2001, 2002, 2004; Wittman et al 2000; Bacon et al 2000, 2003; Kaiser et al
2000; Maoli et al 2001; Reéfrégier et al 2002; Hoekstra et al 2002, Haemmerle et al 2001, Rhodes et al 2001,
2004, Brown et al 2002, Hamana et al 2002, Jarvis et al 2002, Massey et al 2004.
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Peacock & Dodds Smith et ol.

van Waerbeke, Mellier, Hoekstra 2004

Virmos-Descart + RCS:
Q.=0.30 +/-0.10
0g= 0.85 +/- 0.10 (99.5%)

Hoekstra, Yee, Gladders, 2002
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Summary of the most recent results
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Q -5 degeneracy with higher order statistics:
Skewness of the convergence

FETTT )

- Te = )
i L Al I"' o e [
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.....

Assuming a single lens-plane and P(k) o< k™:

_ nt2
(lS( 6 ) "2 0.7

Ideg. s

~ 0.01 O'SQ

p
Bernardeau, van Waerbeke, Mellier 1997,

o (r (9))
° 83 (H,) ~ 40 Q_O'S 2_1-35 Jain & Seljak 1997

S Need mass maps for skewness

* Distribution increasingly skewed by gravity that will produce non-linear
structures (clusters, groups, galaxies):

* S;(«) will provide a statistical description of these non-linear systems



. fo MASS MAP Skewness of the convergence measured in VIRMOS-Descart data
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Breaking degeneracies with the skewness of the convergence

" YE | - T 7
| - - .

Smith et al. _ WMAP normalised

0.2 0.4 0.6
Van Waerbeke, Mellier, Hoekstra 2004 (y

Uncertainties
» Mass reconstruction in a Swiss cheese image
* N(z) and source/lens clustering (Hamana et al 2000) *




Van Waerbeke et al 2004 + Pen et al 2003
. — — :

Smith et al.

0.2 0.4

Contaldi et al 2003

TR e

Joint analyses

/.5 normalised

WMAP

WMAP+CBI+New VIRMOS-Descart
(van Waerbeke, Mellier, Hoekstra, 2004)

+ RCS (Hoektra et al 2002) :

5,=0.85 +/- 0.06
Q,=0.30 +/- 0.07




3D dark matter reconstruction

3D inversion from 2D spectra (galaxies & DM), using broad bands estimates (M)

dark matter
Wavelength A [h-! Mpe]
1000 100

P

T T 1II1I!| T T ][I!IIl =] 104

f]lA:0.73 = 3 T
- Q=0.27 7 g
| 5,=0.9
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——

® Cosmic Microwave Backgro
° VIRMOS—-DESCART |
* CMB =
* RC3

¥ Cluster abundance

Current power spectrum P(k) [(h-' Mpc)3]

e
r ! ! 7 E ® Weak lensing
i ;74 i C A Lyman Alpha Forest
i | E i s abinl il T S | |
1 1 1 11 1 1 1 11 1 11

0001 | Fi 111 LLLL
0.01 01 0.01 0.1

k (h Mpe-1) Wavenumber k [h/Mpc]

Pen, Lu, van Waerbeke, Mellier 2003 Tegmark & Zaldarriaga (2002)
Still in a early phase, but
* Very promising for next generation surveys

 Evolution with photo-z +spectro-z likely feasible
(see also, Heavens 2003, Taylor et al 2003)




Biasing : Galaxy light vs. (dark) matter

Characterization of the relation between galaxies and matter?
» Mean biasing (<n>=b . <6>)
 Deviation to linearity
» Scatter
» Time evolution

Schneider 1998, van Waerbeke 1998

<N, M, >N<N>.<M,?>= f,(2,:1) . r

<M, 2 >I<Nj?>= [,(2,:1). [2,/b]?
‘ Foreground

If and only if linear and deterministic biasing:: r =1

Linear + deterministic biasing : r=1; <n>=b . <6>
*Non linear + deterministic: 1/r
sLinear + Stochastics: o, = b . (1-r?)"2



VIRMOS-DESCART+RSC: Total : 11 + 40 deg?

Hoekstra, van Waerbeke, Yee, Mellier, Gladders 2002
effective scale [h;} Mpc] r =1 : good correlation between
10 c
e mass and light on small scales...
a . c
=yd Luminous galaxies are
surrounded by massive halos.

b =0.7 : matter more strongly
clustered than galaxies

6,, [arcmin]

*Strength : direct measurement of biasing, mass/DM correlation

*\WWeakness: non-linearity/ stochasticity degeneracy;
hard to interpret without high res. simulations




Cosmic shear and cosmology

GOOD:

e fiz,z, 0 0,0, Q, Oy Q4 Q) : cosmological parameters
* P(k,2):
« amplitude, shape, distortion, evolution;
» direct description of the non-linear matter power spectrum;

* halos properties (mass, profile, typical scale) : galaxies (galaxy-galaxy lensing), clusters
of galaxies (mass maps; strong+weak lensing)

* Mass and light: properties of biasing as function of scale and redshift
 Poisson equation: test of gravity properties far beyond solar system scale

* B-mode analysis can be used to estimate systematic residual (non lensing
signal)
BAD:

» Very weak signal on large scale: measuring very small changes in galaxy
ellipticity is technicallly challenging (systematic residuals critical)

* Degeneracies: geometry x power spectrum

* Sensitive to redshift distribution of lenses/sources

« Signal higher on small scales, but non linear DM power spectrum unknown
» Contaminated by intrinsic correlation of elleipticities



Errors in oy

Redshift of sources badly
estimated (photo-z, too
deep for spectroscopy)

Ellipticity badly measured
(PSF anisotropy corrections,
shape measurement)

<eZ> — <y2> ~ 0.01 682 Q'].G ZS1.4 9-(n+2)/2

Shear is contaminated by Non-linear evolution of dark matter
non-lensing signal (instrinsic power spectrum unknown ,
alignment of galaxies) extrapolation on small scales wrong

Most critical: PSF anisotropy correction (B-mode analysis) + redshift of sources



The next challenges

- Dark matter power spectrum:
» On larger scales (linear regime)
» With better accuracy
* As function of z
- Biasing of galaxies:
* As function of scales
* As function of local density/environment
* As function of redshift

* New specifications
* Poisson noise: depth
* Multi-lens plane: depth, good z
 Larger sky coverage
» Better shape measurements: better image quality
 Full B-mode suppression



Expectations
CFHT-LS 200 deg.? n=20 gal/arcmin?, z,=0.85 | from CosmiC

VIRMOS-DESCART 10 deg.? n=20 gal/arcmin? z,=0.85 | Shear

surveys

[0,_=03, 0,=0.9, n.=—1]

Lower shear limit (3 ¢ limit)

Maximum amplitude

of systematics(*) VIRMOS-DESCART

| ) I 1 i I T ' L
1 ) Sl 0.2°< 0 < 5.5°

log(8) [arcmin.]

(*) Assuming the shear measured on the largest VIRMOS-DESCART scale is an upper limit of systematics

2 12 gy | AT 1T [T n Tl
<) >pima=1-2% [1 d692] % [ 0.4 ] % 20 gal /arcmin? 8 10/

n42
N - ()
7(9)2 S1/24 19 o8 Q??;TE’ 22.8 (173)




Canada-France-Hawaii Telescope Legacy Survey: Canada-France collaboration
3 fields of 50 deg?, 4 deep fields of 1 deg?

——————————————

Terapix/Skywatcher : all data 03A-03B : 4200 Megacam images weormmgne ek guaahian



CFHTLS : Wide1 and Deep1 fields in |-band

Terapix: Skywatcher

——== Legand ==== —— Gatologue Legend ——

=== 9 ———  Store (mog <5)
e - Standard Sloan
=== r ——— Standard Loncalt
= (1] ———  Slandard Stetson

—— b ke

: =%,
2"z . - 2h21|_1 n

command line ; skywatcher —d prg —p AIT -3 presurvey+deep+wide —f | —H £ - 30 -5 0 —i -5 -m 25 -5 0 —x 64




First exploration of cosmic shear on CFHTLS Wide

CFHTLS-W1 :
- shear variance i-band,11 deg?

- Preliminary: data still in evaluation phase
- No-B modes at larger scales (most interesting)

A-CDM + z =0.8 (for illustration)

§ {arcmin)

The CFHTLS cosmic shear collaboration: Semboloni, Hoekstra, van Waerbeke,
Mellier, Tereno, et al...



| - CFHTLS
W IETIEREEN Decep ficld D1
i from Terapix:

preliminary
estimates for
quality assesments

f(arcmin) Good: Amplitude ratio
beween CFHTLS D1 and
Virmos-Descart agrees with
expectations from depth ratio
(source redshift ratio)

D1 = deg? dominated by

- ]{ﬁ%L 1l 7”( % ] cosmic variance

The CFHTLS cosmic shear
collaboration: Hoekstra,
Semboloni, van Waerbeke,
Mellier, Tereno, et al...

f(arcmin)




CFHTLS

goals in view of preliminary data

L |

o] AB1 Hae)
1.0, 0.7, .21, 0.6)
19 AT N2 )
2.7, 0.7, 0.21, Q.9)
51" 150t

Y A% A
U.r, \

CFHTLS

V[
Ik W

) y
0 A& AEN 107
).0, 0.5, 0.80, 1.9)

6 (arcmin) _
Mellier & van Waerbeke 2001

Shlla
P normalised

Q@/JAP

= Model of quintessence evolution
- (Benabed & van Waerbeke 2003):
L= Wo=Wotw, log(1+z) ; z<1

| = Wo=wotw,[log(2)-arctan(1)+arctan(z)] ; z>1

1 10
O[aremin]




Cosmic shear CFHTLS + CMB

7 parameters MCMC (Wb, We,h,ns,asAs 1) : CMB (WMAP + CBI) and Cosmic shear + CMB

(flatness imposed)

gaim
CI'HTLS CFHTLS+CME
.50 0.50 0.60
0.40 0.40 0.40 s 1.4
o 030 o 046 o 030
.20 0.20 0.20
.10 0.10 0.10 @ 3.6
040608101214 0.4 0608101214 0.4 0.6 0.8 1.0 1.2 1.4
Ta Ta Fa h 1 9
1.0 1.8
0.8 0.8 0.8 ns 17
E =
0.6 0.6 0.6
Ols |
0.4 0.4 0.4
040608 101814 040608101214 0.4 0.6 0.6 1.0 1.2 14
1, n, n, Os 25
Q. 2.8

gain = 10(CMB) / 1a(cosmic shear+CMB)

(see also Ishak et al 2004, which does a 1d
joint cosmic shear + CMB forecast)

Tereno et al 2004



Redshift distribution:

a crucial issue for next
generation surveys



Sensitivity to

Redshift distribution of sheared sources

3 2.\ 2, A
= exp [— | —
T () \a ,n

van Waerbeke et al 2001

redshift

of sources

VIRMOS-DESCART CFH survey

optimal z=0.8

0.2

6.5 deg®

z = 0.7+08+09

04 06 0.8 1.0

- 450, 000 galaxies - =24

- Open CDM - A=0, 1=0.21
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F02.all.summary

VVDS-FOZ

17.5 < I(AB ) 24
[8917 @ z>1.5]]

ZIT'IEEIH—
Ngal=9621

so=69

Nstar’ 1190

Redshift

The VIRMOS-
VVDS
spectroscopic

survey

Le Fevre et al 2004




Intrinsic ellipticities: critical for low-z
surveys

Crittenden et al 2001

See also : Mackey et al 2001; Catelan et al 2001; Croft & White 2001...



Minimising intrinsic alignments with photo-z

King & Schneider 2002 (see also Heymans & Heavens 2002)

i WiW; Zi A (10; - 65]) (ei€})

J

£+ (0) N ()

2(7, %) =1—exp [_(M)E]

l')
202

B <z>=0.5

02,=0.1




Impact of source clustering

Hamana el al 2000
Hamana et al 2000

LOS 2 —— e ————r

SCDM
n el 41 model

. '354___59 ht - b(z)=(1+2)

Nonlineer prediction
Guazi—linear prediction
Thin lines: wilhoul soures: eluslering
Thick lines: with socurce clustering




(a)
n,(z): model Al
b(z)=(1+z2)

SCDM

I OCDM

L . ACDM

. Upper thin lines: No source-lens clustering

. Lower thick lines: With source-lens clustering

10
f[aremin]

Figure 4. Sensitivity of the convergence skewness to source-lens clustering. The top-left panel shows how the amplitude
of the skewness varies with source-lens clustering for three cosmological models. The lower plot gives the relative
variation. In all cases, the skewness decreases by a factor larger than 10%, a serious limitation to precision cosmology
with cosmic shear. To solve this issue, one needs to get the redshift of source-lenses. On the right panel, the width of the
source distribution is plotted as function of the averaged source-redshift. In order to minimize the clustering effect, the
source distances must be large as possible and spread over a narrow redshift range. Clearly, the accuracy of photometric
redshift must be better than 10%. This goal can be achieved if UBV RIJ and JHK band data are obtained for most
lensed galaxies, with a photometric accuracy of about 5%-10% in each filter.




Decoupling geometry and matter power spectrum

L, H
WoH2 [ dye , Pult i) = ( S J
Fyelt; f.0) = — I|' —— Wyl |||' dyn Wa ) 2

I alye) Illf.LlulIfn Wilxn)

| ) F '] i '} L "
J'-f!__.llr. Ye) Blxe — xo) (D) X Xe—XXe—X,

’ I|I =Py | X8 — ) By —x).
J alx? xn \r X

If small overlap between lensed
populations :

Signal can be scaled without regards on P(¢; £,b) — P(L; £, 0) et (0) ™1 = Y (b))~
power spectrum: ratio only sensitive to P F.0") — PG F0)  xer(b")—L — yer (b))~ 1
geometry

But need photo-z for at
least 3 source planes

Zhang, Hui, Stebbins 2003:
4000 deg?
Error photo-z: 0.01, 0.02, 0.05




Error improvement : 25 deg2
100

Breaking
degeneracies with
N(z)

OO O w T n_ T/S

3 lens planes

MAP+
- no lens plane

CFHTLS (Megacam+Wircam): intermediate: 200 deg?

* It must be done in both visible and NIR... Another challenge!!



S ——— Need for
redshift
information
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* Rough N(z): Az =0.05

* Give a photo-z to all galaxies (weight galaxies for wl and intrinsic correlations of
ellipticities): Az = 0.10

* Provide multi-lens planes information dark energy: Az = 0.10 sample 0.3/0.4/>0.5
« Partially constrain clustering: 3-pt function: Az = 0.05

» Redshifts of arcs and lensing clusters: Az =0.10

* Break power spectrum / geometry: Az = 0.05

* Biasing background / foreground: Az = 0.10 foreground z<0.2

* Biasing as function of redshift: 3 planes: Az = 0.10 sample: 0.2/0.4/>0.5



Wircam and cosmic shear with CFHTLS

*I[deal: Photo-z informations for all galaxies used for weak
lensing :

|, =24.: extended object 55, 80% completness of the |-band
sample: J=22.8 (1hr), H=21.8 (1hr), K=21.3 (1hr).

 FOV Megacam/Wircam: R= 9
*Covering the W1 field : Ct=time*1.2 (overlap between fields) :
72 (W1) x 9 (R) x 3 (filter)*1.2 (Ct) = 2333 hrs, 360 nights (65%
efficiency)
*Covering the 3 Wide fields: 850 nights
*Redshift survey cannot provide all z, but must be
used to calibrate photo-z and errors/systematic
*Suggestion:

*30% of W1 (110 nights) + 30% W3 (cosmic variarfg

*Or 30% 1=24 W1 + 70% 1=22.5 W1 (full W1)
*Cosmic shear also use Deep fields
*Priority to

* Deep D1

* Wide W1 and W3 (spectro z exist)
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