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Outline

- Clusters of galaxies in the context of
structure formation

- Reconstructing mass distributions, as
good as possible, as fast as possible

- Two applications: Pandora’s cluster meets
the CLASH

- Sensible comparisons to simulations



Structure forms hierarchically




Clusters of galaxies

Appear to be DM dominated i ; | . .
(85% DM, 13% hot gas, 2% stars) g ~

Baryonic component not g S A
dominant, though not negligible .~ : . . .

All main components are e -4 .
observable in three wavelength
regimes proag i i ’

Powerful gravitational lenses : :
=>Cosmic laboratories



Cosmic laboratories

dark matter revealed through grav. lensing

the galaxies and the gas
can be observed directly

computers create
simulated clusters
quite accurately
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Puzzling clusters



Puzzling clusters
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Puzzling clusters
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Puzzling clusters

Ascasibar+ 06

Rosati+ 09



Puzzling clusters
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Puzzling clusters
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Shedding light

——
Stellar Strong lensing Weak lensing
Kinematics

gNFW fits to: # -
— 1 Weak lensing ’f _f,-
Strong lensing 'ffif;%‘_"——-

Strong lensing
+ Kinematics

BCG (M. /]

Enclosed projected mass (M)

100 1000
Radius [h.. " kpc]




Real world



Cluster mass reconstructions

Wish list Solution
nonparametric grid-based approach
wide range of scales AMR
multiple constraints multicomponent chi”™?2
single fit reconstruct_lensmg
potential
fast also with errors massively paraliel

implementation



Useful observational constraints



Gravitational lensing

’ “ Astronomy

picture of
the day

Oct. 17
' CLASH collab.




Still to come

Charles Majer,
Eleonora Sarli
& Agnese Fabris
working on that

I
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Numerical immplementation
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Numerical immplementation

Cluster lensing in a box Problem Runtim
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Graphics processing units

Flow
Control

Intrinsically massively parallel chip design



Graphics processing units
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Applications



The case of Abell 2744

8 Orbits in Hubble Cyclel1 /7, Pl: H. Dupke



The case of Abell 2744

JM+ 117, weildentified 34 multiple Images



The case of Abell 2744
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The case of Abell 2744

500 kpcI

JM+1 1, MNRAS in press



Pandora’s Cluster

e % Astronomy
o picture of
. wil the day
Jun. 29
Merten & Coe

> : s
. .

NASA, ESA, CAC, D. Coe & J. Merten



JM+ 11, MNRAS In press



Pandora’s Cluster

This will become
a real challenge for
simulations

Collaboration with
U. Springel’s group
In Helidelberg

A first search in
MAdL was already
JM+ 11 successful



Ihe CLASH

One of three HST/MCT
programmes ~ 550 orbits

Cluster Lensing And Supernova survey with Hubble
A Hubble Space Telescope Multi-Cycle Treasury Program

P.l. Marc Postman (STScl) Co-P.l. Holland Ford (JHU)

Matthiss Bartelmann « Narchio Beaites » Latry Bradiey « Tom Broadhunst » Dan Coe » Megan Donshue » Rows Goreales- Delgade
Lecpoido lafants » Danlel Kelwon » Ofer Lahaw » Doron Lemae « Dan Maat « Elinor Medasimbd « Loonidas Mouitakas « Ealko Regoes
Adam Bets » Pioro Rosats « Stells Seitr » Kedchl Umatsw » Arjen van dor Wal » Wl ZTheng » Adk 2irin

To map the DM profile
and substructure to
unprecedented precision

To detect SN |a out to
z~25

To detect and analyse
galaxies out to z > 7

To study the structure
and evolution of galaxies
in and behind the clusters



The team

Granada, autumn of 2010



The team

Heldelberg, two weeks ago



Ihe observing programme

WFC3/UVIS ACS WFC3/IR
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0.2 F336W ™. _ L . _ J 0 0 o oL Lo l ------------------------------------------------
F23 "
005600 4000 l60‘00 8000 10000 12000 14200 16000 |
Wavelengt_h (A) )
29 clusters 20 orbits and 16 filters /cluster
20 B-ray selected ACS/WFC3 in parallel
5 spec. lenses excellent photo Z’s
0.18<z<0.9 BPZ / LePhare

use Hubbles full power follow-up time > CLASH



That’s not aII

’T.“"?

A 1'iACS/WF8'tmagb ¢ arc‘-close' qps,

BURIZ Subaru imaging for ailmost all
CLASH clusters



That's not all
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First results

-

The CLASH collaboration, some published
some In prep.



First results
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The CLASH collaboration, some published
some In prep.



First results

201.535"

The CLASH collaboration, some published
some In prep.



First results
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Huang et al. NFW

BN HST strong lensing

—f3— Subaru weak lensing (shear+magbias)
Best-fit gNFW (strong + weak lensing)
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The CLASH collaboration, some published
some In prep.
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The CLASH collaboration, some published
some In prep.



First results

24.4367'

The CLASH collaboration, some published
some In prep.



First results

282.056"

The CLASH collaboration, some published
some In prep.



First results

The CLASH collaboration, some published
some In prep.



First results

24.2866'

24.5869'

The CLASH collaboration, some published
some In prep.



First results

263.789"

The CLASH collaboration, some published
some In prep.



Simulations



Two kinds of simulations

small box, few

big box, many

clusters,
more physics

clusters,

few physics



Problems while comparing to
simulations

- big boxes are usually DM only

- high-res cluster sims deliver only small
samples

- Impact of gas physics not
completely clear yet

- not easy to compare apples and
apples



Problems while comparing to
simulations
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Problems while comparing to
simulations

L] L] '

DM+GAS (excising the <100 kpc)

| Duffy’08+10%

| Duffy’08 (relaxed)




Problems while comparing to
simul

e - - ,,___5 8+-1 O%

3 (relaxed)




Possible solutions

- Look into the simulations yourself,
iIdentify sensible quantities

- MultiDark, MaidL, DIANOGA, MUSIC

- Simulate an observation, pipeline is
already avalilable



summary

Clusters are a good example for a cosmic
laboratory

Multiwavelength, multiscale observations
of clusters seem to lead on simulations right
now

How to compare high-quality samples to
simulations in an optimal way is not clear at
the moment



