WE HAVE LEARNED

1. The standard cosmological model

(3)' - 56,
a) T 32P T @2 3

2. Growth of density fluctuations

/\/\/ 1
- (M) = 5 / P(E)W*(kR)k%dk

3. The nature of dark matter

4. Mysterious dark energy /™.
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HST image of Abell 1689 at =048




QSO-galaxy lens




Galaxy-galaxy lens
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Gravitation lensing

General relativistic effect

matter

Light rays are deflected near a massive
object. (It i1s space-time that is curved.)
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Quiz 13: Deflection of light

Calculate the deflection angle for a light-ray
passing through near the surface of the sun.

Msun ~ 2 x 1030 kg, Rsun ~ 7 X 10° km

Calculate the typical deflection angle for a
galaxy having an isothermal density profile

o(r)=Cr-
Use Mgal ~ 1012 Msun, Rgal ~ 100 kpC
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Different from optical lens
l

Unlensed
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X-ray image ot a cluster

Hot Intra-cluster

olasma with T ~ 107 K
(M~10" Msun)

Still not enough to
cause gravitational

lensing.




Mass distribution

© Ny 0 Blue contours

» &

%"/~ show the mass
2 ., distribution
... around the same

L5 0 cluster.




Weak lensing

Images of background
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Lensing shear map
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The state-of-art: CFHT WL Survey
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Slide from M. Takada

10
6 [arcmin]

~60 sq deg”2
(effective area: ~30
sq. deg”2)

i’ AB~24.5,
<z>~0.9

Calibrate source
redshift with the
CFHT deep survey
and the VVSD

~200 detection,
over a range of few
arcminutes to a few
degrees

170 deg”"2 results
will be released this
year?




Lensing tomography

lensing mass

Selecting source galaxies by redshift
enables to probe structure at different
distances.
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Lensing tomography

Galaxy redshift distribution

Lensing efficiency

Lensing efficiency
has a broad shape
even for a single
source redshift.

!

To do “coarse”
tomography,

one doesn't need
precise redshifts
of all the source
galaxies.




Power spectrum

Angular scale [degrees]
10 1

T' L T L T L T T I' T L AJ Ll Al L
Lensing Power Spectrum
- 2 = g oo
(1,=2000deg", ng—IO arcmin %, ¢,=0.22

T |
10°
multipole: {

Exact shapes
less important.
(Featureless anyway)

The overall
amplitude and the
evolution

give strong
constraints on
cosmological
parameters.
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Assey et al. 2007, Nature




Probing dark energy

Weak lensing tomographic

oA surveys will probe the

Rl growth of large-scale

aad: | structure, which in turn
=1 f 1 probes the equation of

1 state of dark energy:

HSC(2000
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Sources other than galaxies

CMB lensing




Sources other than galaxies |
CMB lensing

1Qx1 0 deg2 QQ l;@const. EB reconst.

Okamoto-Hu02




Sources other than galaxies |l
HI 21cm lensing

Multiple lens planes as a function of frequency (redshift)

Figure 2. 2l-cm-based convergence maps for the 20" x 20" field shown in Fig, a). but smoothed assuming a telescope beam with
A = 6”. Whereas (a) is noise-free, noise has been added in (b) at the irreducible value for a map of this resolution. The colour scale

indicated by the bar at right is the same as in Fig. a). .
Metcalf-WhiteO7




