COSMOLOGY WITH STRONG LENSING
IN GALAXY CL\JSTERS
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This is the Hubble' Space Telescope image of the inner #egion of Abell 1689, a
large cluster of galaxies located 2.2 billion light-years away. Image credit: NASA/
. + ESA/JPL-Caltech/Yale/GNRS

Eric Jullo

Collaborators: Jean-Paul Kneib (Marseille), Priyamvada Natarajan (Yale), Anson D" Aloiso (Yale),
Marceau Limousin (Marseille), Johan Richard (Lyon), Carlo Schimd (Marseille)

SF2A -- Nice -- 7 Juin 2012



OUTLINE

Motivation for a new DE probe
Mapping DM in Gal. Clusters with S.L.
Cosmography with SL in galaxy clusters

Future prospects



THE BROAD PICTURE

Dark Energy
Accelerated Expansion
Afterglow Light Atoms
Pattern Dark Ages Development of .
380,000 yrs. Galaxies, Planets, etc. 460/0 >
s - - - A :'
' i 0 3 O Y A Dark
2 . > € .- . -- -
A5 SR (R e e e R
‘.{‘g?u,"." "‘ ,;“ L O t‘ R L : ’\ngg}el’
| OP SE v s P o D
gk r"f i gl
» ;"'k" :f-i:-b .‘_- y |y s."
) A | 00N £, _a ol
Fluct - '=_,}-'"_"L-... e ol s I S
o1 o R : =1 . -
3 . \_" L P .‘
. d,
1st Stars * -
about 400 million yrs. [ODAY
VIUAT
| Blg Bang Expansion 1
: 13.7 billion years '

Dark energy

Explains the recent acceleration of Universe expansion

Slows down the formation of cosmological structures




RECENT RESULTS ON D€
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GRAVITATIONAL LENSING
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STRONG LENSING FIT
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Multiple images of a single source
Multiple images identification with

— Same color

— Same redshift

— Same features (bright knots)
— Be symmetric to each others

The model is validated when
predicted and observed images fall
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CALAXY CLUSTERS

Whatis a cluster made of  Observable
e 80% dark matter SL/WL
* 15% hot gas (-107 K) Xray/SZ
* 5% stars Kinematic

s ‘e, o .
Credit: X-rage NASA/GXC/CIA/ Mk 2 .
Iensing Map, NASA /STScL ESO WEI; Magel’an /U.Arizong/D.Clowe et al; M oviezg(H’AC /J]. White/ M. Bradad®

-
evitcheet al.; Optical: NASA /STScl; Magellan/. Y. Arizona/D Clowe et al.




NMMASS DISTRIBUTION MEASUREMENT

What is the most difficult to measure?
1.Mass distribution with WL and SL

2.Inner mass profile with SL (requires radial arcs)

3.Substructure sizes and mass

4.Structures along the Line Of Sight



STRONG LENSES MODELS

Observational models Grid-based models

Decomposition into halos Decomposition into grid cells
+ M«L? for the substructures + M«L® for the substructures

..+Julloetal. 2007

Simple clusters Complex clusters
Need few multiple images Need lots of multiple images
Fast Slow

Bayesian MCMC sampler to draw posterior PDF - -aa
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These models are available in LENSTOOL! >{G, oty
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1 http://www.oamp.fr/cosmology/lenstool Jullo & Kneib 2\0 &y



SOME CLUSTERS MODELED WITH LENSTOOL
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Cosmography



GRAVITATIONAL LENSING
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SCALING WITH COSMOLOGY OR. MASS?
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Combination of 3 D; (/D
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A2218 RESULTS
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COSMOGRAPHY WITH ABELL 638

Mass model with 7 multiple image systems (5 with known
redshifts, 0.6 < zs < 5.4).

Optimizing cosmography (€2,,, w, ) for a flat Universe

E) PhD 2008

Y | == = ==
& | \J
0 NN
r— -\\.," J \4
(- ) =t e |
e /' / e i\
o o | ]
& 4 < \ |
v - \ \ '
Ve R e —'/ e \\. ,"' 1
| s N\
J e \
L ll -
b Nt T — "v
I‘ pos J
2
' )
- . \
T\l \l -‘."‘
" { 'l -1
1l e / r—
11 '
\ _ / \
LN 1 = ol Pty |
~ .4“ "’ .,’
|



COSMOGRAPHY WITH ABELL 1689

 Mass models from different groups w. or w/o weak lensing
* Massive spectroscopic surveys (2003-2006) [Richard et al 2011]
* 43 multiple image systems, 24 with spectro-z with 1.1 <z <4.9

Broadhurst et al 2005
Halkola et al 2007
Limousin, et al. 2007
Richard et al. 2007
Frye et al 2007
Leonard et al 2007
Jullo & Kneib 2009
Coe et al 2010

KECK/LRIS
X VLT/FORS
X CFHT/MOS
MAGELLAN
/LDSS2
X Litterature




RESULTS WITH ALL IDENTIFIED
MULTIPLE IMAGES IN A1689

* All Images

— potential
misidentification

— badly modeled
images: locally

complex mass
distribution
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ERRORS DUE TO CGALAXIES MODELING
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* Scatter in the scaling relations - 17

— > Scatter for each image

— > Images are weighted in %2 4
INDIVIDUALLY Meneghetti+o7;



ERRORS DUE TO DEFLECTIONS
BY LOS STRUCTURES
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* 17 of scatter due to structures in the lens plane & along L.O.S.
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NO BIAS DUE TO CHOICE OF DENSITY
PROFILE, CLUSTER. BIMODALITY
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Not particularly sensitive to the inner slope/outer slope of the density profile
No bias from choice of profile NFW vs. PIEMD or bi-modality

23




COSMOGRAPHY WITH A1689

Mass model with 3 PIEMD potentials; §8 cluster galaxies
Bayesian optimization: 32 constraints, 21 free parameters;
RMS = 0.6 arcsec; 28 multiple images from 12 sources with
spec z, flat Universe prior

0.1=Q,, <0.58;-157<w, =-0.85

Jullo+ (Science, August 2010, 3297924)



CURRENT CONSTRAINTS INCLUDING CSL
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COMBINATION OF MANY CLUSTERS
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HIGH AND LOW-Z CLUSTERS
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PROBING W(Z)

10 clusters, 20 families! Flat prior, input w = -1; evolving wa
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CONCLUSIONS & PROSPECTS

* Cluster cosmography is a promising probe
* Cheap and likely Competitive

* Requirements:
— HST multiband imaging (CLASH survey & HST archive)
— Ground based spectroscopy on 8-10m telescope

e Complementary output: Mass distribution to the % level =>
unique way to characterize DM properties.

e VLT/MUSE will improve model accuracy (zs, o gals)

* JWST will be a key player (deeper images & spectroscopy)
e EUCLID imaging (~5000 clusters with arcs L/W>10)



The END



