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Cluster mass reconstruction zoology

ellipticity ~ flexion |
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Cluster mass reconstruction zoology

CLASHY Granada

* Bayesian

model selection:

LensTool (Kneib, Jullo) &
~ ClLens (Suyu, Halkola)

* Photometry
reproduction:
(Broadhurst, Zitrin)

* Curl-free
direct inversion:
LensPerfect (Coe)

* Genetic
algorithm:
(Liesenborgs)




Cluster mass reconstruction zoology

.

lliptici - .ﬂe)'('Lgn _- .
ints - ; constraiht‘
* Shear/Flexion i : AT,

profile fitting
(e.g. Leonard07+)

* Direct inversion
(KS93+)

* Aperture mass
(Fahlman94+,
Clowe98+)
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Cluster mass reconstruction

* Particle-based,
inverse methods
(Deb10+)
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zoology

flexion
*  constrain




Cluster mass reconstruction zoology

ellipticity ~ flexion
constraints ) =8 constraiht‘

* Adaptive grid,
inverse methods
(Bradac05+,
Merten09+)
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Cluster mass reconstruction zoology

ellipticity
constraints -

LensTool, CLens, Phot.

Profile fitting
(I'm sure something is in the pipeline)
SaWLens, Strong+Weak United

Particle-based reconstructions

LensPerfect, Gen. Alg. Direct Inversion Direct Inversion
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The basic idea of an “inverse” method (Bartelmann96) .

Cluster lensing in a box

Statistical approac-h

W) =3 +x3+x3+

Possible constraints:

@ Ellipticities of background sources

@ Flexion (JM10 in prep.)

@ Multiple image systems (Bradat05+)
@ Critical curve estimates (JM09-+)
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A problem of different scales (Mo, BmdqéOQ}

Fle Edit View Frame Zoom Scale Color Region WCS Analysis Help
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A problem of different scales  (JMi0, Bradac09)
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To go or not to go nonparametric

TS ST

o Easily extendible

» Lensing constraints (e.g.
magnification)

> Other observables (e.g.
kinematics, X-ray)

» More exotic (Parity,
spin-properties of the
output field)

@ No model assumptions

»»No wrong choices (esp.
baryenic component)

» By construction:-sensitive
to substructure

> Accurate characterisation
of lens properties~.
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L
@ Need for rather complex
algorithms ¢
> “Numerical” stability
» Problem of overfitting’
» Runtime

@ Error estimation

» No analytical approach
found yet

» MCMC clearly out of #
range (, so far)

» Resampling via
bootstrapping
= Runtime
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Realistic lensing simulations: SkyLens (Meneghetti, JM 08/10)

Developers: Massimo Meneghetti, Peter Melchior, Fabio Bellagamba, JM

L
Name  Description
D aperture diameter
g detector gain "
Apix pixel area
F(X) used filter
M(X\)  mirror filter curve
o(\) optics filter curve
C(N) 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
my airmass
SED,y sky-background emission
SEDg, background population
o deflection angle map -
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Realistic lensing simulations: SkyLens (Meneghetti, JM 08/10)

Developers: Massimo Meneghetti, Peter Melchior, Fabio Bellagamba, JM
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Realistic lensing simulations: SkyLens (Meneghetti, JM 08/10)

Developers: Massimo Meneghetti, Peter Melchior, Fabio Bellagamba, JM
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Realistic lensing simulations: SkyLens (Meneghetti, JM 08/10)

N

. +
Developers: Massimo Meneghetti, Peter Melchior, Fabio Bellagamba, JM
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CL0024 (with: T. Broadhurst, A. Zitrin, K. Umetsu)
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CL0024 (with: T. Broadhurst, A. Zitrin, K. Umetsu)
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The advent of GPU’s...or the

CLASHY Granada

art of shooting mon-s.t'ers,



The advent of GPU’s...or the art of shooting monsters

R
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Data-parallel single node GPU Parallelisation

CPU GPU

Flow
Control

Cache memory

Thread memory

Thread memory

| E

o\ One single. GPU allows for massive parallelisation at a fraction of the
ost of a CPU Cluste_nr@blem is suited for = Data-parallel.
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Data-parallel single node GPU Parallelisation
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@ One single GPU allows for massive parallelisation at a fraction of the
cost ofia CPU cluster, if problem is suited for = Data-parallel.

\
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Data-parallel single node GPU Parallelisation
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Data-parallel single node GPU Parallelisation
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Data-parallel single node GPU Parallelisation

Host-Code

Any language — Device-Code

Host-Code

\

o|One single. GPU allows for massive parallelisation at a fraction of the
ost of a CPU EIUSthIem is suited for = Data-parallel.
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GPUs in practice (JM10 in prep.)

NVIDIA Tesla C'1060
@ 240 streaming cores
o 4 GB DDR3 GPU memory
@ 933 GFLOPS peak performance

o Fermi cards out by now, update
planned

Speed-up

o Calculate:
B = aibjCiiDiy&j

@ one-core CPU: 82.3 s
@ 240 core GPU: 1.03 s
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To use or not to use GPU implementations

TS TS

@ Speed

» Single-node servers ~ 4

TFLOPS

» GPU clusters are possible

o Cost
» Notebooks

» Common standards

CUDA, OpenCL
P

> Extremely low prices

(1/10 - 1/100)

@ Astrophysical.applications

\ are wellsuited

> Every alge. on an image

» Ray-tracing
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o Codes have to be ported

>

>

>

Data—parallelism'
Parallel thinking
Machine access

o It is still a young field (at
least in Astrophysics)

>

Framework not perfect yet
(missing libs etc.)
Debugging more
problematic

No real support in the
community (, yet)

L3
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Conclusions

*

@ Methods using multiple input constraints allow to constraln the
cluster mass profile on all scales.

@ Nonparametric methods can reliably reconstruct this profile witheut
any model assumptions.
= Good characterisation of a cosmic telescope.

@ GPUs are able to outperform “classical” compute clusters at a
fraction of the cost.

@ Astrophysical algorithms appear very well suited for such an
implementation.
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