Strong Gravitational Lensing

Overview, Status and Opportunities
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Roteiro da apresentacao

- fundamentos de lentes fortes
- observacoes: passado, presente e futuro

- fenomenologia e ciéncia com lentes fortes
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light deflection by a point mass el
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1916: General Theory of Relativity, Einstein derives the correct deflection angle:
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= 1.74 arcsec

1919: Arthur Eddington and his group confirms the GR prediction
for the light deflection by the Sun.
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Lens Equation
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Source plane @ coordinates 6 for the image(s)

and E for the source(s) are
related by
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Einstein Ring
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1987: The First Einstein Ring
MGI1131+0456: VLA, quasar radio emission lensed by a galaxy




. Multiple Images
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Non-Circular Lens (elliptical)

critical lines & caustics
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1985: Q2237+0305, Einstein Cross, Huchra et al.




Giant Arcs

Abell 2218 , HST




Strong Gravitational Lensing Observational Status

~ 200 galaxy-scale lenses

Major past and present surveys

. CLASS: 22 lenses, radio source-selected
(JVAS, Browne et al 2003}
s SLACS: ~100 galaxy lenses, lens-selected, spectroscopy
(SDSS, Bolton et al 2006}
. SQLS: >25 quasar lenses, source-selected, spectroscopy
(SDSS, Oguri et al 2007}
+ oL2S: >20 galaxy lenses, lens-selected
(CFHTLS, Cabanac et al 2007}
. COSMOS: ~20 galaxy lenses, lens-selected, optical imaging
(COSMOS, Faure et al 2008)

Marshall 2009



CASTLES Survey (~ 100 lenses)

(CfA-Arizona Space Telescope LEns Survey of gravitational lenses)

Complete survey of all them known galaxy-mass gravitational lens
systems (those with image separations of less than 10 arcseconds)

http://www.cfa.harvard.edu/castles/
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- velocity dispersion and redshifts (source and lens) measured by SDSS
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SLACS: The Slean Lens ACS Survey www.SLACS.org

& Bolton (L. Howaiti IfA}, L. Koopmans (Kaopteyn), T. Treu (UCSR), R. Gavazzi (I&F Parig), L. Moustakos (JPL/Caitech), 5. Burles [MIT)




Current and Future Surveys

Survey
SL2S 5 { 30
SDSS 7 l. 30
HST : 3 30
PS1 300
DES 1000
LSST 10000
SNAP-WL 20000
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(R
2

2 | b2
n

e

2 | o
~1

\O

Marshall, 2008, private communication
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Science with Strong Lenses




Lens (galaxy, group, cluster) Modeling

 the image positions and relative fluxes can be used to constrain

- mass
- profile

- shape

- substructure

Comerford et al. 2006




Stellar Dynamics and Lensing

spherical Jeans equation

GM(r)

58 strong lensing events from SLACS
Sloan velocity dispersions

density profile slope Guimardes & Sodré 2009



B1608+656 (Fassnacht et al. 2002)

Time Delay

Browne et al. (1997) tlme delays and magnlflcatiOnS
adjusted image fluxes
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Time Delay

light travel time for each image relative
to a fiducial unperturbed ray
DD, |1

() = 5 (60— B3 —w(8)

el ) g

time delay between two images,
assuming a lens model (SIS), & = &b#

1 D40,
Algrg =T — T4 = 2D, (65 — 0%)

The time scales as H U_ 1

because of the scalings of the distances

method advantages:
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Oguri et al. 2007

- measures expansion rate directly at high redshifts (negligeble peculiar velocities)
- does not depend on distance ladders nor standard candle

disadvantage: needs lens model



Statistical Lensing

Observables:

- lens number (relates to cosmological volume and structure formation)

- image separation distribution (relates to halo mass function)

Defining quantities:

- lens cross section : : .
o = (Einstein radius)’

- optical depth (probability that a source bean hits a lens)

‘le "D."-.' { l T i-i-l.l }:

] — — — {J : /

cdt
dt =noc—dz,

dz,

comoving density of lenses lens density parameter

cosmological
dependence




Distribution of lens image separations

predicted (using halo model)

: [ | IIIIIII | Illlllll T TTTTI
102 total
- galaxy .
108 :
T g
)
E 107 cluster §
= :
= 1075
e =
% _
10-% &
1077
E | 1 IIIIIII 1 | IIIIIII 1 L1 10 [
10-1 1 10! 10%
Oguri 2006 Blarcsec]

measured (12 CLASS lenses)
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=055 MVF, 12 CLASS lenses
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Likelihood functions for the cosmological model using the velocity function of galaxies measured
from the SDSS survey and a sample of 12 CLASS lenses. The contours show the 68, 90, 95 and 99%
confidence intervals on the cosmological model. In the shaded regions the cosmological distances
either become imaginary or there is no big bang
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Other areas of application (non exhaustive)

- cluster lensing (giant arcs statistics, gravitational telescopes)
- supernovae lensing

- microlensing (planetary discovery, galactic substructure, MACHOS)
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