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KiDS: The Kilo-Degree Survey |

Studying the dark universe with light rays

B i,
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Konrad Kuijken
Leiden Observatory




KiD5 The KiDS Team




ESO KIDS and VIKING surveys

]
[]
@ FORS| FORS2 GIRAFFE @ ISAAC MIDI ICa -
NNNNNNNNNNN UVES @ VIMOS VISIR »
| VIRCAM OmegaCAM F

Near-InfraRed: VISTA f /

-

.
s - .
i
"ﬂ = e
. \
Ao
$ \
-~

ja sl

=3~ KIDS: 440 nigh

o penpenm

VIKING: 250 nights - .

‘Elliptical Galaxy at z=0.7

BODO
Wavelength [Ang]

Elliptical Galaxy at z=0.4

For ~1e8 galaxies
In 1500 sq. degs. E

5000 BODO 7000 B00O 2paa 10000

Wavelength [Ang]
Elliptical Galaxy at z=0.0

oy Paranal, Chile

Wavelength [Ang]



VLT Survey Telescope
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Fig. 1 - VST complete optical layout of
telescope with one lens and the ADC, with a
curve dewar window

|
|

)
[

30 LAYOUT

UET [ 365 - 1BLY NM)

Fig. 2 - VST zoom of the optical layout of the
Oftorrector with one lens and the ADC, with ag
Jl&irve dewar window
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Detector effects: flat field

* QE variation per pixel
* Dome-, twilight




Detector effects: fringinc

* Interference of nightsky lines
with CCD substrate

* Red and IR



Detector effects: illumination correction
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Kilo Degree Survey with instrumental fingerprint removed =
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Dec (deq)

“KiDS[ Survey footprint

* [wo patches, observe year-round

1500 sq.deg. total area (677 In hand)

matches VIKING and includes GAMA (4/5 patches)
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bservations per band: K?DS—
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KIDS Survey Photometry

Gert Sikkema
Gijs Verdoes Kleljn
Kapteyn Institute
_|_

KiDS Team



Survey Photometry with overlap pointings
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Survey Photometry with overlaps

Define Best Observations == Anchors:

-) no atmospheric extinction variations

-) no “forevers” photometry

-) no data prior to april 2012 (CCD82 problem)

-) no large differences between PSF_zeropoint - PSF_science
Anchors about 30% in R band.

Tie all other tiles to anchors.



Result compared to previous surveys (SDSS)
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#stars in fit 1083
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#stars in fit 944
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sirgp Absolute magnitude offsets r

gp Absolute magnitude offsets r slr Absolute magnitude offsets r
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Astro-WISE: lecture next week
* Data Bookkeeping

* Archive

* Processing

* Quality Assessment & Control
* Science analysis

* Collaboration







o ;y;‘é’i?@‘“‘ Calibration scientist: “Great observations! They will tell me everything
Fh G about the state of my Observatory”
\wa i Astronomer:”"Great observations! They will tell me everything about
=3 the state of my Universe.”

(Datascientist = Calibration scientist + astronomer)
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Design phase: the mission
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Science object
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Physical
Moon, planets, bright stars
component
S Zodiacal light
Observable

s Astrophysics




Design phase: the mission
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Observing an observatory
Observing a Universe

( [science-pixdata, observatory-pixdata] | Observables)



Observing an observatory
Observing a Universe

P( [science-pixdata, observatory-pixdata] | Observables)



Data scientist’s view:
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Science object

Galactic extinction
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Astronomer’s view

Pixel data
MODEL

Science object
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1. Astrometric science revival: Gaia & MICADO
2. Gala global astrometry math formalization

3. AGIS: Gaia’s astrometric information system

4. The science <-> Information System symbiosis




Positional accuracy through History
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IT challenges of Gaia’'s Astrometric Global Iterative
Solution

William O'Mullane for Jose Hernandez

Gaia Science Operations Cenfre ¥,
European Space Astronomy Centre ** x (‘esa
Madrid, Spain .

November 25t 2015
ESQO Garching
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Astrometric science »!
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ASTTOME alibratio

Atmospheric refraction (from O in zenith to 5" at 100)
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(see also O'Mullane et al. (2006), O'Mullane et al. (2009))
Gaia AGIS IT | William O'Mullane | 25/11/2015 | 5/26
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Gaia

“DPAC

Just one part of the processing |
From the Hipparcos catalogue (ESA, 1997, Volume 3 Chapter 23).

Minimisation problem for astrometry

an|g®> — g¢(a, n)||x (1)

+ a Is the vector of unknowns describing a star's barycentric motion
represented by the measurement vector g, = (G, Hy) and
associated statistics.

+ g"Ps represents the vector of all measurements

+ g@l¢ represents the vector of detector coordinates calculated from
the astrometric parameters.

* n is a vector of nuisance parameters - required for realistic
modelling (e.g. attitude, instrument calibration)

« M metric defined by the statistics of the data, (error weighting)

The complete new formulation for Gaia is in (Lindegren et-al., 2012).
Gala AGIS [T | Willlam CO'Mullane | 26/11/2015 | 7/26 European Space Agency
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« Astrometric centroid of the CCD image to be determined to an
accuracy of 1% of the pixel size!

¢ There will be 10 images ~ 100TB downlink need to handle ~ 1PB

¢ Processing estimate remains ~ 10 FLOP

+ Reconstructed attitude is required to order 10 parcsec

¢ Path of light through instrument needed to nanometre level
¢ System must be extremely stable
¢ Must consider relativistic light bending from solar system objects.

« Attitude and Geometric calibration can only by done using Gaia's
own observational data. (AGIS)

« Jesting and verification is very difficult - still running Operational
Rehearsals

Gaia AGIS [T | William O'Mullane | 25/11/2015 | 4/26 European Space Agency
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The mapping or modelling of the observables g is done by three
successive transformations:
@ from astrometric parameters to the celestial directions of a star at
the instant of observation, using an astrometric model S
® from celestial to instrument frame directions using an attitude
model A
©® and finally from instrument directions to detector coordinates using
an instrument model G

CoMRS

SRS
ICRS S

______________

Gala AGIS T | William O'Mullane | 25/11/2015 | 10/26 European Space Agency




AGIS solves Equation (1) block iteratively to determine 5 x 10° Source
par meters from the > 101> measurements
Three models are needed:

+ Source (star) model - wanted params

« Attitude(pointing) model “1} nuisance params
« Calibration (focal plane geometry) model )

Nuisance parameters couple wanted params in complex way.
« This is by design - both good and bad!

+ Each model solved as a block (Cholesky decomposition)
« Theoretically the order of the blocks is unimportant.
¢ Infact we do S and then A,C in parallel {(outer iteration)

+ Conjugate Gradient Solver used to drive the outer iterations.
« Matrix inversion not computable (Bombrun et al., 2010)

Gala AGIS [T | William O'Mullane | 25/11/2015 | 9/26 European Space Agency




Source Update

We fit the model to the observations:

Least squares for source update

AX ~b+ o
where b; =y, — fi(a,q)

Here y, are the observed field angles f; is a function to calculates field

angles from the the current model.
In java (SourceUpdateCalculatorWrapper):

e T -~ = - s+ad anmleaes 4 & 5T
L DLl @l O lLOE Sl lTJ w1

aTl1lves ...
ExtendedfFieldAngles ecfa = angleCalc.getCalculatedEtaieta(ae, origsSrc
from those, get just calculated angles

double[][] calcEtaZeta = ecfa.gectEtaZetal();

= AmEETUan o

double| ]| |] ocbsktaieta = anglelCalc.getlUbservedirtaseta (ae):
compute residuals [rad] and acttach those to the Elementary
donbhle

] ecaietaHes =

Yes itis ALL in Java.

Gala AGISIT | William O'Mullane | 25/11/2015 | 11/26

, JUpdateBlock. Source.gecld()):

AgisUtils. subtractArrays(obsEtaZeta, calcEtaZeta):;

European Space Agency




(RM)% wp (R})* wps
min Q) = - . (24)
Hed J;L ()2 + (61)? z;c (O-EAC)Q T (Ef )?
where
RM(s,a,¢,g) = npg(tis, 11| ¢) — (11| 5, a, @), (25)

R (s,a,¢c,9) = (g, 1| €) = Lt 5, a, g) (26)



5
AGIS implementation in Java féesa

(O'Mullane et al., 2011)
s [N 2013 - 218276 lines — 140305 code + 77971 comments
s [N 2015 - 246566 lines — 160587 code + 85979 comments

s Started 2005 with O'Mullane and Lammers

« Algorithms provided by Lindegren (close science/engineering
collaboration
¢ usually as tech notes e.g. Lindegren (LL-072), Lindegren (LL-065),

Bombrun et al. (LL-096)..
¢+ and sometimes Java code

« Guiding principle has been to take a minimalist approach (Datatrain
(O'Mullane et al., 2006))
¢ access data as little as possible - once per iteration
¢ distribute: take advantage of multi core distributed systems

¢ try to cut down on single point bottlenecks
¢ try to keep the algorithm isolated from the framework

¢ Use Derby for test, Intersystems Cache for production (Oracle to 2012)

Gala AGIS T | Willlam O'Mullane | 25/11/2015 | 13/26 European Space Agency
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« The astrometric solution has been developed over an extended
period of time (could say it started with Hipparcos)

« Only the combination of computing and astrometry expertise has
made the process achievable (science + engineering)

+ |t has been tested with simulations to prove the method works

« |t has been extended to use new priors to provide early results with

one year of data. A full solution requires at least 18 months of
mission data.

« First catalogue coming in Summer 2016 |

Gala AGIS [T | Willlam CO'Mullane | 28/11/2015 | 20/26 European Space Agency




Ignore the observatory
Model the observatory

Information systems for
* Bookkeeping

* “Everything changes”

* Associations

Superhuman Intelligence (Watson, AlphaGo)







