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Outline: A joint lensing reconstruction method

‘ (Figure to appear in
625 yrs of Heidelberg University)
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@ Cosmological framework

@ What lensing is about
@ Why clusters are useful

© A4 joint reconstruction

method

@ The basic idea

@ Implementation, or why
video games look socool
these days

© Applications

@ Realistic simulations ¢
@ Real data

Great things to come

e CLASH (HST/MCT)

@ Solving some puzzles
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Gravitational lensing

IMPRS retreat / Kéln



Gravitational lensing
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Gravitational lensing
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Gravitational lensing

pixel sizes
Oo
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Clusters of galazies

Cluster facts

@ High-mass tail of vir. structure
° ~ 10%3-10*Mg
@ 85% DM, 15% gas, some galaxies

Describing clusters

@ Observations

» Optical (dynamics/lensing)

» X-ray
» Microwaves (SZ-effect)
¢ Slm H |atiOnS Hubble Space(‘-sl'eal:aas)gpil?:Ee\/;‘:?ee;ICL?:\;:ra for Surveys
» Gas ‘less” important A N o U T s T
(Duffy09) .

» Draw from cesmo sims
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Clusters of galazies

Cluster facts

-

@ High-mass tail of vir. structure

o ~ 101%-101M, =
@ 85% DM, 15% gas, some galaxies :Z:i

Describing clusters
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» Optical (dynamics/lensing) ot
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» Microwaves (SZ-effect) _1'55
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» Draw from cosmo sims
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Cluster puzzles / Puzzle clusters

Density profile

Cool cores

6"s8m42°
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Are those puzzles at all?

Simulations
o State-of-the-art N-body
hydro-sims
@ As much physics as
possible

Cooling
Star formation
AGN/SN feedback

Chemical enrichment

@ Detailed sims of
individual objects

@ Cluster populations from
cosmological volumes

~

Observations
o State-of-the-art data
HST/ACS/WFPC3
SUBARU/LBT
KECK
CHANDRA / XMM /
SUZAKU
@ Joint reconstruction
method: lensing, X-ray,
dynamics, SZ (JM09+,
Bradac05+,
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. E I
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A joint reconstruction method: SaWLens (JM09+)

@ Nonparametric and grid based.

@ Connect the observables to the
lensing potential in each pixel.
o \2fitting of the lensing 924
potential in each pixel. , %0%

YP() SO+ 3+ X3(W) + . = Btk = V)
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A joint reconstruction method: SaWLens (JM09+)

@ Nonparametric and grid based.

@ Connect the observables to the
lensing potential in each pixel.
o \2fitting of the lensing @%
potential in each pixel. , %0%

@ Possible constrains:

» Background ellipticities

Flexion (bananity measure) S m [
Arc positions

Multiple image positions
(Dynamics and ICM)

v V¥V

XE(%) SXE)+ 3(0) +x3(¥) + . = Buhk = Vi
S \\\.
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A joint reconstruction method: SaWLens (JM09+)

@ Nonparametric and grid based.

o Connect the observables to the
lensing potential in each pixel.

o Y -fitting of the lensing
potential in each pixel.

@ Possible constrains:

» Background ellipticities
Flexion (bananity measure)
Arc positions

Multiple image positions
(Dynamics and ICM)

@ Use of AMR grids

v V¥V

(W) = Xi@) + x3(¢0) + x3(¥) + ... = Byabk =V,
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A joint reconstruction method: SaWLens (JM09+)

x2-fitting of the lensing
potential in each pixel.

Possible constrains:

v

Arc positions

v V¥V

(Dynamics and ICM)
o Use of tAMR grids

() '¥\5(§(?#~)\t X
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Connect the observables to the
lensing potential in each pixel.

Background ellipticities
Flexion (bananity measure)

Multiple image positions

2
2

Nonparametric and grid based.

\ Fast implementation necessary.

(%) +x3(%) + -




Single node CPU/GPU Parallelisation

CPU GPU

Flow
Control

Cache memory

Thread memory

Thread memory
\

| E

@\ One singi\ef\GP\U allows for massive parallelisation at ~ 1/1000 of the

ost, if prob\lem\isxéui{ed\ibr = Data-parallel.
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Single node CPU/GPU Parallelisation

Host-Code

Any language — Device-Code

Host-Code

@' One smglé GPQ allows for massive parallelisation at ~ 1/1000 of the
ost, if problem is: SUW = Data-parallel.
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GPUs in practice (JM10 in prep.)

NVIDIA Tesla C1060
@ 240 streaming cores
e 4 GB DDR3 GPU memory
@ 933 GFLOPS peak performance

o Upcoming Fermi cards

Speed-up
o Calculate:

B = aibjCiiDi&j

@ one-core CPU: 82.3 s
@ 240 core GPU: 1.03 s
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Realistic lensing simulations: SkyLens (Meneghetti, JM 08/09)

Name  Description |
D aperture diameter

g detector gain

Apix pixel area

F(X) used filter

M(X\)  mirror filter curve
o(X) optics filter curve

C(A) CCD filter curve

FoV total field-of-view

RON detector readout-noise

f flat-field accuracy

a residual flat-field error

PSF PSF model

texp exposure time

A(N) atmospheric extinction i
m; airmass

SED,y sky-background emission
SEDg, background population
o deflection angle map
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Realistic lensing simulations: SkyLens (Meneghetti, JM 08/09)
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Weighing stmulated galaxy clusters (Meneghetti, JM09)
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Weighing real things (JM09+)

e MS2137 (VLT)
with: R. Gavazzi
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Weighing real things (JM09+)

e MS2137 (VLT)
with: R. Gavazzi

e CL0024 (SUBARU)
with: T. Broadhurst, K. Umetsu
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Weighing real things (JM09+)

e MS2137 (VLT)
with: R. Gavazzi

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

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

o Extreme test: COSMOS
(SUBARU & HST)
with: M. Maturi, T. Schrabback
(Maturi, JM10.in prep.)
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Weighing real things (JM09+)

e MS2137 (VLT)
with: R. Gavazzi

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

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

o Extreme test: COSMOS
(SUBARU & HST)
with: M. Maturi, T. Schrabback
(Maturi, JM 10.in prep.)
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Weighing real things (JM09+)

e MS2137 (VLT)
with: R. Gavazzi

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

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

o Extreme test: COSMOQOS
(SUBARU & HST)
with: My Maturi, T. Schrabback
(Maturi, JM 10 in prep.)

Cluster Lensing And Supernova survey with Hubl
nd AHubble Space Telescope Multi-Cycle Treasury Program

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

e To detect and characterise
z > 7 galaxies ¢

@ To study the galaxies in-and
behind the clusters

IMPRX retreat / Koln 18 /1y



CLASH

Throughput

Eld0W

4000 6000

CLASH Facts
@ 25 X-ray clusters
@ 524 orbits
e ACS + WEFC3 obs.
e 14 (16) wave bands

o wide follow-ups with
SUBARU

8000

10000 12000 14000 16000

Wavelength (A)

Our contribution
e Full pipeline calibration
@ nonparametric DM profiles

@ weak-lensing shapes +
flexion

e maghnification maps for the
high-z guys
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