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Outline: A joint lensing reconstruction method

(Figure to appear in
625 yrs of Heidelberg University)
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Gravitational lensing
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Clusters of galaxies

Cluster facts

High-mass tail of vir. structure

∼ 1013-1015M�

85% DM, 15% gas, some galaxies

Describing clusters

Observations
I Optical (dynamics/lensing)
I X-ray
I Microwaves (SZ-effect)

Simulations
I Gas “less” important

(Duffy09)
I Draw from cosmo sims
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Cluster puzzles / Puzzle clusters

Density profile

Strong lensing

Cool cores

Extreme dynamics
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Are those puzzles at all?

Simulations
State-of-the-art N-body
hydro-sims

As much physics as
possible

I Cooling
I Star formation
I AGN/SN feedback
I Chemical enrichment
I ...

Detailed sims of
individual objects

Cluster populations from
cosmological volumes

⇔

Observations
State-of-the-art data

I HST/ACS/WFPC3
I SUBARU/LBT
I KECK
I CHANDRA / XMM /

SUZAKU

Joint reconstruction
method: lensing, X-ray,
dynamics, SZ (JM09+,
Bradač05+,
Puchwein06+)

reliable error bars

large cluster sample

Both sides have to be analysed with the same tools.
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A joint reconstruction method: SaWLens (JM09+)

Nonparametric and grid based.

Connect the observables to the
lensing potential in each pixel.

χ2-fitting of the lensing
potential in each pixel.

Possible constrains:
I Background ellipticities
I Flexion (bananity measure)
I Arc positions
I Multiple image positions
I (Dynamics and ICM)

Use of AMR grids

Fast implementation necessary.

χ2(ψ) = χ2
1(ψ) + χ2

2(ψ) + χ2
3(ψ) + ... ⇒ Blkψk = Vl
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Single node CPU/GPU Parallelisation

One single GPU allows for massive parallelisation at ∼ 1/1000 of the
cost, if problem is suited for ⇒ Data-parallel.
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GPUs in practice (JM10 in prep.)

NVIDIA Tesla C1060
240 streaming cores

4 GB DDR3 GPU memory

933 GFLOPS peak performance

Upcoming Fermi cards

Speed-up
Calculate:

Blk = aibjCijDikEjl

one-core CPU: 82.3 s

240 core GPU: 1.03 s
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Realistic lensing simulations: SkyLens (Meneghetti, JM 08/09)
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Weighing simulated galaxy clusters (Meneghetti, JM09)
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Weighing real things (JM09+)

MS2137 (VLT)
with: R. Gavazzi

CL0024 (SUBARU)
with: T. Broadhurst, K. Umetsu

Many other clusters
(Abell 611, full SUBARU
sample, JM10 in prep.)

Extreme test: COSMOS
(SUBARU & HST)
with: M. Maturi, T. Schrabback
(Maturi, JM 10 in prep.)

and...
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Weighing real things (JM09+)

MS2137 (VLT)
with: R. Gavazzi

CL0024 (SUBARU)
with: T. Broadhurst, K. Umetsu

Many other clusters
(Abell 611, full SUBARU
sample, JM10 in prep.)

Extreme test: COSMOS
(SUBARU & HST)
with: M. Maturi, T. Schrabback
(Maturi, JM 10 in prep.)

and...

IMPRS retreat / Köln 12 / 14
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Great things to come: The CLASH
One of three HST/MCT programmes. Start September 2010 (3 cycles).

Science Drivers

To map the dark matter in
galaxy clusters

To detect SN out to
redshifts z > 1.5

To detect and characterise
z > 7 galaxies

To study the galaxies in and
behind the clusters

IMPRS retreat / Köln 13 / 14



CLASH

CLASH Facts
25 X-ray clusters

524 orbits

ACS + WFC3 obs.

14 (16) wave bands

wide follow-ups with
SUBARU

Our contribution
Full pipeline calibration

nonparametric DM profiles

weak-lensing shapes +
flexion

magnification maps for the
high-z guys
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	Cosmological framework
	What lensing is about
	Why clusters are useful

	A joint reconstruction method
	The basic idea
	Implementation, or why video games look so cool these days

	Applications
	Realistic simulations
	Real data

	Great things to come
	CLASH (HST/MCT)
	Solving some puzzles


