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LSS

52 9FAT %

1922External
galaxies

29Expansion of
space

1917Einstein’s CMBR
static model
I
22-24Friedmann’s
models
>
50s Gravitational
29Big Bang model Instability(GI)
Theory
| « 6S Discovery
of CMBR

70s BB+(y,v; baryon)+GI
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qﬂy,v; baryon)+GlI

LSS - Dark matter CMBR
< 82Inflation
80s CMBR
Late70s mid80 SCDM Model dT/T <107
Discovery of o2 3B +Hyv;
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92 COBE
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SCDM Model I
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1. Spacetime

Space : homogeneous & isotropic ?

Geometry & topology of space (flat & infinite? multiply connected?)
Expansion of space (- matter)

Past and future of the Universe (why now?)

2. Matter

Contents and nature (what & how much)

Primordial fluctuation (initial conditions)

Structure formation & evolution (when & how, environment)

3. Phenomena/Laws
New physics (GR correct?)



1. primordial fluctuations (initial conditions)

CMB (+neutrino, gravitational wave)

=> geometry of space, matter contents, matter P(k), non-Gaussianity

2. Expansion history of the space

AWAYA

=>H(2) or r(z}=

0 H(2)

standard candle D (2) = (1+2) 1(2) SN Ia HST Legacy, Essence,
DES, SNAP
standard ruler D,(2z) = (1+2)' r(z) | AP test, BAO, SDSS
topology
standard population | dV/dzdQ =r%(z)/H(z) | topology redshift surveys
z d



3. Growth of structures

ISW 1<30 CMB CMB, LSS WMAP-Planck *
CC btw CMB & LSS SNAP-LSST-SDSS
Population density | comovingV * # density | clusters (SZ, SDSS, ACT, APEX,
~> dn/dz Xray), galaxies | DES, SPT
Weak lensing shear convergence imaging, photo-z CFHTLS, SNAP,
DES, LSST

=> depends on both expansion of space H(z) & matter power spectrum P(k)

4. Properties of non-linear structures

properties of galaxies, AGNs, cluster of galaxies, globular cluster

=> depends on H(z), P(k), non-linear physics
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CMB anisotropy:
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only at z~1100,
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geometry of space,

matter contents, WM AP ' S 3 yeal’ Map

matter P(k),
non-Gaussianity

only at z~1100, ¥..,
2d map,
foregrounds

Park, Park, Gott (2007)
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Shape of T Power Spectrum
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Doppler Peaks
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1.5

1.4

1.3

1.2

1I1

1.0

0.9

Ola

0.7

0.6

3yr & lyr

constraints |

L

Quh2

0.1 0.12 0.14 0.16 0.18 0.2

d_A to the last scattering surface
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1.20

115

1.00

Spergel et al. (2007)




Redshifted
21cm line

History and
morphology
of
reionization.
Birth of the
1st objects

3DHIA
reioniza

18h

sfribution &
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3D HI distribution : 21cm tomography

Spin T: 8T ~ (1+8)xy; (Ts-Teyp)/ Ts*(1+2)*5 mK

Power spectrum of 21cm fluctuations
Par (k) = sz {[E%PM — 2xxqPs + Pxx]
+212[2% Pss — ZuPrs] + 175 Pss }

P.= :T:?szgm and P.s = 7;Ps_s are the ionization
power spectrum and the density-ionization power spec-
trum

Neutral Hydrogen

7~140 Thermal
decoupling btw CMB
& baryon. adiabatic
cooling of IGM.
Tk<Tcpp abs. line

Neutral Hydrogen @

z ~ 30

-3

First stars form

-3

H, dissociates

XH ol & St Al 7|

zZ ~ 15

3

Stars form in more
massive halos

P
) . HIl
&8 &
@

z ~ 10

-3

HII regions overlap

%

UV intensity rises

Spin T-evolution by X-rays
from SNe, adiabatic
compression, structure
formation shocks

® T, < 100K

@® . 00k
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SKA - rapid HI mapping
21 cm Observations: Emission

x {arcming
2

—4 3 -2 —1 o 1

brightness temperature of 21cm Furlanetto et al. (2003)



21 cm Observations: Emission

L0 Moc coggledVilale!

« {arcming

3 2 o 2

Furlanetto et al. (2003)



L0 Moc coggledVilale!

Av=0,1 Vi

Furlanetto et al. (2003)



L0 Moc coggledVilale!

Av=0,1 Vi

« {arcming

]

Furlanetto et al. (2003)



Bymoving

10 Moc

z=12.1
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Furlanetto et al. (2003)



Furlanetto et al. (2003)
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Furlanetto et al. (2003)



L0 Moc coggledVilale!

Av=0,1 Vi

Furlanetto et al. (2003)



L0 Moc coggledVilale!

Furlanetto et al. (2003)



L0 Moc coggledVilale!

Av=0,1 Vi

Furlanetto et al. (2003)



L0 Mopc coggledViigle

\v=0.L Ml

Furlanetto et al. (2003)



L0 Moc cogaleVilgle

\v=0,L WVl i}

Furlanetto et al. (2003)
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Furlanetto et al. (2003)



Furlanetto et al. (2003)
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GraVitational Horizon size at recombination
Lensing:
Strong & Weak

18

Only projected
mass along the
line of sight

Comoving distance (Gpc)

1 L 1 | L 1 1 14.28
10

Unreachable

\

\
4g

But
tomography
possible

geometry + growth of structure

%

u}




Jain, Seljak & White (2000)

Weak lensing

Taylor 05

bround sources
Dark matter halos

Observer

Mass fluctuations along the line of sight
=> Coherent distortions in the observed shapes of
background galaxies

Shear map expected in SCDM



= Statistical measure of shear pattern, ~1% distortion.
= Radial distances, r(z), depends on geometry of Universe.
= Dark Matter pattern & growth depends cosmological parameters.

2D weak lensing | shear-shear correlation, average over redshift
2.5D : 2D in slices & cross-correlations (tomography)

3D : shear field at points in 3D




14 i
10 \\ |
. 09 WMAP + Weak Lensing _
o)
CFTHLS weak-
08 | lensing survey: -
i<24.5 & 22 deg?
-l Weak Lensing i
“ wmaP
06 | _
05 | | | | | | | l

0.1 o2 03 04 05 06 07 08 09 1.0
Qm

Fic. 7.—Prediction for the mass fluctuations measured by the CFTHLS
weak-lensing survey from the ACDM model fit to the WMAP data only. The blue,
red, and green contours show the joint 2D marginalized 68% and 95% confidence
limits in the (og, £, ) plane for WMAP only, CFHTLS only and WMA4P+ CFHTLS,
respectively, for the power-law ACDM models. All constraints come from as-
suming the same priors on input parameters, with the additional marginalization
over z, in the weak lensing analysis, using a top-hat prior of 0.613 < z, < 0.721.
While lensing data favors higher values of og ~ 0.8—1.0 (see §4.1.7), X-ray cluster
studies favor lower values of g ~ 0.7—0.8 (see § 4.1.9).

Spergel (2007)
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Conservative redshift errors

10000 square
degrees w(a) = w + w,(1-a)

Redshift error
0.15 Error on w < 3% n




Type |la Super Novae

18h

Comoving distance (Gpc)

10

14.289

K
Unreachaoble

49




Nearby SN 1994D (la)

SNe Ia are thermonuclear
explosions of C+O WD
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), z dependence of apparent magnitude of a standard candle

LI R S B B T —TT T

. Doi 2006
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Three steps of SN Ia finding

Wide-Field imaging
imaging with ~Imonths interval or “rolling”
—
Spectroscopy
confirmation of SN spectrum (< AGN, variable stars)
and determination
follow-up photometry, color
— luminosity
K correction
evaluation of dust extinction of host galaxy
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_— [J.Frieman 05]
| . B Band

-20

Type la SN
. as measured
Peak Brightness 19
as calibrated g
Standard Candle s
. % 17 .
Peak brightness = SR
correlates with >, o
deC“ne rate E Calan/Tololo SNe Ia
C -20 1] dEO 40 60
Y ays
g =20
After correction, - .t".?‘hra light-curve timescale ¢
c~0.15m ag 18 /P % “stretch-factor” corrected
(%
_ 2 4 S
(~7% distance error) E; "s\
EIT’ v ﬂz:':-.h ’
shFedee
-16 ‘
-15 1 :
=20 0 20 40 B0
days

: Kim, et al. (1997)
Time
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(Riess et al. 1998)
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SN Ia survey

Advantages:
small dispersion in peak brightness (standardized candles)
single objects (simpler than galaxies)
can be observed over wide redshift range (bright)

Challenges/Systematic concerns:
dust extinction (in or beyond host galaxy)
e chemical composition variations/evolution
 evolution of progenitor population
* photometric calibration, stability & host galaxy subtraction
* Malmquist bias
* environmental differences
* K correction uncertainties

Future:
w, to ~5% & dw/dz to ~20%
1~2% relative distance measurements in Az~0.1 bins
>3000 SN Ia over z=0.3~1.7 + low-z sample
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Comoving distance (Gpc)

14,28
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galaxies

At

# count & clustering




The highest-z X-ray cluster found to date
(z=1.4; Mullis et al 2005)
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Clusters of galaxies

Cluster

# count

A census of clusters by X-ray or SZ effect as a function of redshift and mass

Compared with model predictions to derive cosmological parameters

d?N C
) _
abundance d?N/dMdz dzd}  H(2)
Sa Clusters

Unreochoble
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n " L 1
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Complimentary - clusters

L L R L °
Clusters Clusters+SN
(+BBNS+HST) 05| *
16 - (+BBNSHIST)  ciusters+cmB+SN
-1 }
o + SN+CMB
i = |
-15f
I f
0.5 | |
2t Clusters+CMB
CMB
0 - . . . . . . . . . . )
—_ L % 0.1 0.2 0.3 0.4 0.5 0.6
0 0.2 0.4 0.6 0.8 o
Q m

baryon fraction - mass in gas, total mass
Allen et al. (2004) Rapetti et al. & Allen et al. (2004)
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Large Scale
Structure

Unreochoble

Comoving distonce (Gpc)

10

linear ~ qﬁaéi-linear regime :
ISW, P(k), BAO, Topology

14.28
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Late time ISW effect

Induced at low z by a late time transition in the total equation of state.

T - - - e —
- ';t;-."'l"",;\,:‘. )
’ - ',!'4-"#' e . ‘k“.\

¢
N T 7
“\g‘;‘} *\«-'EL;;: ’ Z o= =
ISW map, z< 4. Primordial CMB map, z~1000
Mostly large scale features Structure on many scales

Einstein-de Sitter &30 M Q] O|& -) Z=H X H M X3} -) [SSQF CMB2| 4 &t ot A



Geometric methods using LSS

o ez
1= H () 2

r. = {14 z)Iu{(z)Af (=rdb)

c zdz

]_—I—z 0

where Da(z)=

2 g wiz
H(Z) —\/19_:;}(\/ (1+ 2 +Qxer|:3fn 1—1|_+J(z]dz]

Standard rulers (Actual objects or Features in PS/CF)
= measure AZ& A0 > H(z) & D,(z2) 2 Q_, Q,, W



Acoustic oscillation amplitude : depends on Q,

Baryonic oscillation

in PS

Baryonic bump in CF

oscillation scale = comoving sound horizon ‘s’ at t; .

k, = 2n/s depends strongly on Q_, weakly on €2, not on DE

=> Curvature of space, Baryonic mass
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SDSS DRS

(Percival et al. 2007)

Main galaxies and LRGs

—

0.8

0.6

BAO+HST h=0.72

loglo P(k} f F(k}mnnth
-0.06 0 0.056

BAO+WNMAP3
T

0

m

-0.06 0 0.05

-0.06 0 005

-0.05 0 0.05

-0.05 0 0.05

e o g B gy e g B e e e e [y gy g g e gy
0.06 0.1 0.15 0.2 0.25

Best fit Q. ,=0.26



Pros and Cons
of the Acoustic Peak Method

Advantages: Disadvantages:

B Geometric measure of distance. m  Raw statistical pl'eCiSiOIl at z<1 lags SNe
and lensing/clusters. The peaks are
weak in amplitude and are only
available on large scales (>30 Mpc).

m  Robust to systematics. Insensitive to
non-linearity, bias, redshift distortions

m  Individual measurements are not hard Require huge survey volumes.

(but you need a lot of them!). m If dark energy is close to L, then z<1 is
m  Can probe 2>2. more interesting.
m  Can measure H(2) directly (with m  Some model dependence as regards

spectra). inferences from CMB.



Power Spectrum from CMB & LSS
: og(amplitude), Q _ (equality scale)
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Properties of non-linear structures

Dark energy modifies structure formation in subtle ways
SIMULATED CLUSTERS OF GALAXIES IN DIFFERENT DARK ENERGY COSMOLOGIES

ACDM Ratra~Peebles SUGRA w=-0.6 OCDM

Dolag et al. (2004)
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XIoH /A 8 = EIALS : CHAFA A of| o2t

2005 2010 2015
Imaging CFHTLS SUBARU DES DUNE LSST SKA
SDSS ATLAS KIDS VISTA JDEM/
Pan-STARRS SNAP
LSS/Wiggles FMOS WEMOS SKA
SDSS ATLAS
Supernovae CSP ESSENCE DES LSST
CFHTLS Pan-STARRS JDEM/
SNAP
Clusters DES
CMB WMAP 2/3 WMAP 6 yr
Planck Planck 4yr



More astronomical questions : @22 3 7157

Galaxy photometric redshift survey.
Galaxy evolution,

Galaxy clustering evolution,
Low-surface brightness galaxies,
Micro-Jansky radio sources
Redshifts for X-ray clusters,
Sub-millimetre sources,

Star formation,

High-redshift quasar detection
High-redshift quasar evolution,
Local galaxy studies.

QSO monitoring

The Local Group

Brown Dwarfs detection.
White Dwarf detection,
Outer Solar System,

Near Earth Objects,
Radio AGN.,

Space sub-millimetre sources,
High-redshift Supernova,
Microlensing.
High-Redshift clusters,
Halo RR Lyraes variability.
YSO variability.
Complement Ha surveys
Galaxy-galaxy lensing



For Young Scientists

A lot of parameters to determine
even in the current precision cosmology era !!

const. or evolving w; flat or non-flat space
---> more degeneracy

--> need larger data and diverse observables
with different systematic dependences
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