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Standard model ingredients

e Global parameters e (alaxy formation

DM halo Me‘r';er trees
Gas cooling

Star formation
Feedback
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GALAXY BIAS




A 10* M, , DM halo at z=0: a rich cluster of galaxies

Dark matter Galaxies




However, galaxies
and DM play a more
complex (and more
interesting) game
together...

Example of simulation in
ACDM standard model for
cosmology and structure
formation

Dominated by vacuum
energy and collisionless
dark matter

X .
.-

ACDM CR : z=2.4 SFR > 5 M@/h/yeor
Credits : Mathis, Lemson, Springel, Kauffmann, White and Dekel.
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Biasing in action: dependence of clustering on morphology/color: at z~0
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Direct evidence for biasing: clustering depends on galaxy luminosity

—2

-1

-M+M,
0

1

2

—M+M,
-2 -1 0 1 2

- m SGP
| O NGP

Illllllllllllllllllll

Illllllllllll

[ — Benson et al. 2001

IIIIIII,

1

! -+ @ 2dFGRS NGP+SGP

‘[ [ v Willmer et al. 1998 SSRS2 N
K e = A Willmer et al. 1998 SSRS2 N+8 —

r e

| I LI I L ] L I L - l L
. & _
[ Loveday et al. 1995 Stromlo

. (O Benoist et al. 1996 SSRS2 S -
A Willmer et al. 1998 SSRS2 S

| ¥ Guzzo et al. 2000 ESP

- —

lllllllllllllllllllll

-18 -19 -20 -21

M

bl—5log10

h

—22

~18 —19 —20 -21 -22
M,,—5log,oh



VVDS: luminous galaxies are clustered in a more “peaked” way at z=1 than
they are today
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Relative clustering of galaxies and clusters of galaxies

Spatial Wavelength (h-! Mpc)
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Statistical bias inevitable for rare systems

(Kaiser 1984)




Connecting theory to clustering observations

observed redshift-space galaxies might not trace
galaxy clustering power the mass: galaxy-halo
\ / scale dependent bias?

linear matter
power spectrum non-linear evolution due to gravitational
from theory collapse; clumps above a given mass are
more clustered than overall DM: ratio
P(k) ~ k" | T(k) |2 found by analytic descriptions (e.g. Kaiser
1984, Mo & White 1996) or by fitting
simulations

At large distances, redshift-space distortions
affect the power spectrum through:

Ps = Pr(1 4 Bp?)2(1 + k?p2o5/2) 1

redshift-space
distortions

Linear
infall

random
motions

Actual
shape

Apparent
shape from
below




CLUSTERS ARE THE CLOSEST OBSERVABLE REALIZATION OF A DM HALO, STILL...

- Evolution of number of massive clusters (e.g. Rosati et al. 2001; Mullis et al. 2004),

probes evolution of structure on ~10 h-1 Mpc co-moving scale, but needs precise estimate of
cluster masses

Borgani & Guzzo 2001, Nature




Further complications: we observe non-linear structures

| Bias and non-linearities

| need to be properly
| modelled, to be able to

match to theory

| predictions (for DM 1)

Power spectrum P(k) [(h-'Mpc)?]

T ! I

105 |

104

0.01 0.1




Shape of power spectrum: depends on 2 (total) and €, (wiggles)

Fitting to the 2dFGRS ' ' '
power spectrum (Cole et
al. 2005), including -

model bias prescription

0.2
T

Fitting to the SDSS power spectrum
by Tegmark et al. 2004
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0.2 0.4 0.8 0.8
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| BAO and z-distortions are favourable probes (use large scales and galaxy
_dynamics), together with weak lensing

LCDM model SDSS LRG

100 |

. | 2D BAQ in the
| redshift-space
~ | correlation

~ | function &(r,7)

o)
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Transverse Separation s;(h"Mpc) -'

Line-of-Sight Separation s, (h'1 Mpc)

: Okumu_ra et al. 2008




NEXT GENERATION SU!




VIPERS: exploiting VIMOS Multi-Object Spectroscopy at the VLT (440 hours)

VLT-VIMOS: 325 spectra at once  25/09/02

(see http://vipers.inaf.it)




VIMOS layout

VLT Nasmith focus flattened separately into
4 channels, fed into 4 CCD cameras (7x8
arcmin field of view each)




A redshift machine: > 500 spectra in one shot

FOV: 4x56 sg arcmin
multiplexing 800

spectral resolution: 200 -5000
IFU 1'x 1", 6400 fibres




18 arcmin

|

- 17 arcmin







The VVDS-Wide F22 field: 2x2 deg? to 1,5=22.5




VVDS-Wide F22 field: 10,000 redshifts to z~1.2
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| ‘Th”e signa’ture ~_of Iine.ar grqwth at Zoy 1~_

o\/VDS-Wide F22 field: 4 deg?
eJAB<22.5

¢0.6<z<1.2 --> 5988 redshift
~oEffective <z>=0.77 ‘

o' Mpe]

A maximum likelihood fit of &(r,,) with

Kaiser-Hamilton distortion model gives B

$=0.70+0.26

Guzzo et al. 2008, Nature 451, 541



VWDS VS ZCOSMOS at similar redshift: |mpact of survey- o/
size ﬂuctuatlons (cosmlc varlance) v
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- Enviromental dependence of clustering in
hlerarchlcal models (Abbas & Sheth 2005)



The VIMOS Public Extragalactic Redshift Survey
(VIPERS): a 2dFGRS at 0.5<z<1.2 Q

2x8 deg?2 sl
G. De Lucia)

+2x4 deg?2 slice in CFHTLS W4 field (VVDS F22)



VIPERS in a nut-shell

440.5 VLT hours

~24 deg? over W1 and W4 CFHTLS wide fields (~16 + 8)
[,5<22.5, LR Red grism, 45 min exp.

288 VIMOS pointings

z>0.5 color-color pre-selection

PSF + SED —based star-galaxy separation (AGN color
recovery)

~100,000 redshifts, >40% sampling

Density and volume comparable to 2dFGRS, but at
z~0.8



VIPERS Team M

MILANO OAB (PI): L. Guzzo, B. Granett, A. Iovino, A. Marchetti, U. Abbas
(Turin), G. De Lucia (Trieste)

MILANO IASF (data reduction centre): B. Garilli, M. Scodeggio, A. Fritz, D.
Bottini, P. Franzetti, D. Maccagni, L. Paioro, M. Polletta, L. Tasca

BOLOGNA: M. Bolzonella, L. Moscardini, A. Cappi, E. Branchini (Rome), F. Marulli,
D. Vergani, G. Zamorani, A. Zanichelli, C. Di Porto

EDINBURGH: J. Peacock, S. de la Torre
GARCHING MPE: B. Meneux, S. Phleps, H. Schlagenhaufer

MARSEILLE: O. Cucciati, O. Ilbert, O. Le Fevre, V. Le Brun, C. Adami, C. Marinoni,
J. Bel, J. Blaizot (Lyon)

PARIS (TERAPIX CFHTLS centre): H. McCracken, Y. Mellier, J. Coupon (Tokyo)
PORTSMOUTH: W. Percival, R. Tojeiro, R. Nichol
WARSAW: A. Pollo, J. Krywult, K. Malek



VIPERS COLOR-COLOR SELECTION

ISOLATING z>0.5 GALAXIES
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Completeness/contam|natlon of color- color selectlonQ D

Wl and 1<225 ‘
l_ 1 I I 1

color—color criteria 2>0.5 7 g
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Expected P(k) at <z>~0.8 from VIPERS

k / h Mpc~!
0.05 0.1 0.2
—— :

e Measure 2_h from shape of power
spectrum !

e BAO (baryon fraction, standard
ruler?)

4.5

e z-space distortions

4

e neutrino mass?

log,, P(k) / h™3Mpc®
3.5

* large-scale bias vs galaxy properties

e Comparable to 2dF P(k) at z~0.1: _
joint constraints will be very powerful °

lr), I 1 1 1 1 I 1 1 1 1
N5 -1 -0.5

log,o k / h Mpc~!

(simulation by W. Percival)



VIPERS coverage (as of today): ~24,000 spectra
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VIPERS redshift distribution (14 Jun 2010)
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First VIPERS 3D galaxy distribution: FIRST 3D VIEW OF
STRUCTURE IN THE z~0.8 UNIVERSE OVER SUCH LARGE SCALES

18,586 redshifts
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Early §(r,,m) from first ~12,000 high-quality VIPERS g
redshiits at 0.5<z<1

Data | BeSt-fitting model (,8=0.62)A

G| —

20

0.1

001}

i ks . o i i
eyt 3 3 rrbex ghp oA Teeoy iy : eyt -+ -l eyt et eyt

2 parameter fit of the ful shape of &(r,,m) on 0<r,<20 scale (S. de la Torre, LG, & the VIPERS Collaboration)



. The_morewdistant futgre: an aII-sEy redshift sﬂurvey_fromﬂspace_

Originally proposed to
- ESA Cosmic Vision 2007:
SPACE, a dedicated
satellite to survey the full
extragalactic sky in the
near infrared to H~23
~(Cimatti et al.), proposing
BAO and redshift |
distortions as main
dark-energy probes:

~'10_8- redshifts to zZv2

2008: merged with DUNE
-(Ref.regier et al.) into

~ EUCLID




EUCLID, an aII-sky imaging and spectroscopic survey from space

' One satellite, two dark-energy probes:

.« Weak lensing (original imaging PI A.
- Refregier)

Galaxy clustering (original
| spectroscopy PI A. Cimatti)

'+ Currently under study by ESA &
' EUCLID Consortium (lead by Y. Mellier)

| . See the EUCLID Assessment Study
- Report (the “Yellow Book™), Laureijs et al.
- 2009, arXiv:0912.0914)

See Wang et al. 2010 and Samushia et al. 2010 for
BAO and other forecasts for EUCLID-like surveys




Euclid

ESA Cosmic Vision satellite proposal (600M€, M-class mission)
5 year mission, L2 orbit

1.2m primary mirror, 0.5 sq. deg FOV

Q = 20,000deg? imaging and spectroscopy

slitless spectroscopy:

— 100,000,000 galaxies (direct BAO)

— ELGs (H-alpha emitters): z~0.5-2.1
imaging:

— deep broad-band optical + 3 NIR images

— 2,900,000,000 galaxies (for WL analysis)

— photometric redshifts
Space-base gives robustness to systematics
Final down-selection due mid 2011
nominal 2017 launch date

See also: LSST, WFIRST
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Predicted BAO constraints
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Current large-scale galaxy clustering measurements

k / h Mpc!
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Predicted galaxy clustering measurements by Euclid
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0.02 0.05 0.1 0.2
0 ' ' i ' ' ' ' ' I '
al Euclid slitl 0.9<z<1.1 |
o L uclil Slltless: . VA .
20% of the Euclid data, o8
. . - _ - 0__ .
assuming the slitless I —  wy=—1.0
baseline at z~1 -
ﬁq L
Total effective volume o |
(of Euclid) =t
_ 3h-3 ! -
V4= 19.7 Gpcih Sal
[ap)
= |
E
at T g
S g
e | =z 8
— o =) :
™ ~ r\
I =°Fr
B |
- A ]
o© L
L E‘ﬂ‘ I
i IO.O5I - IO.1I - I0.15I - .0.2
[Te)
o [ k / h Mpc™? 7
) | | | 1 | ) | )
—1.8 —1.6 —-1.4 —1.2 -1 —0.8 —0.6

log,o k / h Mpc~?!



Current BAO constraints vs other data

ACDM models with curvature flat wCDM models
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How does Euclid BAO compare?

ACDM models with curvature flat wCDM models
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Expected growth rate measurements from EUCLID spectroscopy

f(2)

Growth Rate

EUCLID — redshift distortions alone

LI I T 1T 1T T T 1 |

20,000 deg? slitless survey
_ f(Ha)>4x10-'¢ erg cm~2 s-!
€=35%, z>0.5
45 x10° redshifts

—— —— DM+DE Time-Dependent Coupling _|

— — — - DM+DE Constant Coupling
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------- DGP Modified Gravity
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T

redshift

LG, W. Percival, L.

- Samushia, E. Majerotto, Y.

‘Wang, et al.



Summary and Outlook

A brilliant future for galaxy redshift surveys: (1) Measure both
expansion and growth histories; (2) Understand bias/
astrophysics; (3) Large discovery potential

Baryon acoustic oscillations (BAO)

— measure cosmological geometry, tests expansion history H(z)
Redshift-space distortions

— measures growth of structure f(z), tests modified gravity

Precision cosmology requires understanding/modelling bias
and non-linearities: key to push down systematic errors

More results soon from new surveys: WiggleZ, VIPERS, BOSS,
DES

EUCLID, the “ultimate” cosmology experiment: complement
galaxy clustering with dark-matter mapping through weak-
lensing tomography



