01/04

/2021

Joint processing of LSST optical
and VISTA near infrared imaging
data

Raphael Shirley
University of Southampton

Manda Banerji, Carlos Gonzalez-Fernandez, and Richard McMahon



VISTA (Visible and Infrared Survey Telescope
for Astronomy) WY

* 4-m class

* 0.339 arcsec pixels

* 1.65 deg”2 field of view
 ZY,J,H,Ks and narrow filters

* Point spread function full
width at half maximum
~0.51 arcsec
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VIRCAM ( VISTA InfraRed CAMera)

* JHKs key additional value
filters
* Adds key near infrared

coverage W ﬂ /f’\
LA S . TS
] _‘itumi.s
Gonzalez-Fernandez et al. 2015
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Depth distributions on d

ugrizy depths will
come down

This is showing the
deep Herschel fields
Rubin coverage will
be dominated by
VHS.
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Many low s/n VIS

Can be confident
objects are not
artifacts from other
bands.

Multiple low S/N
measurements still
have constraining
power.

30/03/2021

DES 7r (260 sources)

VHS J S/N>3 (111 sources)

VHS J S/N>2 (147 sources)

VHS J S/N>5 (84 sources)

A sources are real

VHS J S/N>10 (51 sources)

VHS J S/N>1 (194 sources)

Banerji et al. 2015



Harnessing optical depth to drive low s/n numbers
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JHKs contribute to P NOoto-z accu racy
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VISTA surveys

Bso B  VIKING B o s B voeo | utravisTa+cont

WVX GCAV VEILS SHARKS VISIONS VINROUGE
Most of southern sky g O 20 L . O

covered by VHS.
Only JHKs coverage
from VISTA for early
Rubin years on some
areas.

Observing dates: 20091015 - 20190620 Last Updated: 05/10/2019
Cambridge Astronomy Survey Unit
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VISTA survey details

First cycle VISTA surveys

Acronym | Short Title PI A, wonig 0 | vepminag Total number of hrs
(deg®) (mag (100, AB)) executed (Nov. 2019)
3:g?'A An Ultra Deep Survey with VISTA J. Dunlop gé7e3p§ultra- 50, AB 1:32576 JEZBZSG.OHQBJ 1832
VIKING ;:?V Z;:STA Kilo-degree Infrared Galaxy O\}_ggghzrland 1500 50, AB f:’;:;:‘é :((:52132 J=22.1 2424
VMC IA’;‘Z;’I:S;’: g?g{::}"ared survey ofthe | 2 Gioni 184 100, Vega Y=219 J=214 Ks=20.3 2047
A4 Vista Variables in the Via Lactea D. Minniti 520 50, Vega ﬁj;gz KZﬂ 821 JRe02 2205
VHS The VISTA Hemisphere Survey R.McMahon | 20 000 50, AB Pl SRR RS 4623
VIDEO \S/LSn'II' eAyDeep Extragalactic Observations KA. Jaiis 12 50, AB ﬁzZziz \'((253365 J=24.5 2073

30/03/2021 9



CASU pipeline with LSST science pipelines

v v

Dark Persistence Crosstalk Detector Linearity Twilight Tllumination Jitter
combine analyse analyse noise analyse combine analyse microstep
analyse
Master dark
frame
Decay
constant
v
Crosstalk Py ® ®
matrix
Readout
noise. gain
Much effort
Linearity
on CASU i
plpellnes Master flat
field frame

Pipeline builds
onh previous

processing

30/03/2021

Irwin 1985 ++

A 4

Tllumination
map

calexp
{visit, ccd}

src

Reduced
paw print

{visit, ccd} \
v v

wcs

{visit, ccd, tract} | |{visit, ccd, tract}

fer

deepCoadd_calexp
{tract, patch, filter}

v v

deepCoadd_meas deepCoadd_forced_src
{tract, patch, filter}

{tract, patch, filter}

Bosch et al. 2018
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Warping and coadding

* Pixel matched imaging. gaszeans

* One-one pixel matching between native et i et
Rubin/HSC and oversampled VISTA. g AT

* Error propagation accounted for in final 1 7 :
catalogues. = - ;

36
R.A. (deg)

* Current HSC sky map:
* Tracts approx. 1.7deg wide
* Tract is broken into 9x9 patches
* Pstches 4200 pixels on a side before after

e Overlap of 1 arcmin between the two adjacent
tracts. Patches overlap by 200 pixels (~34
arcsec)

* HSC pixel = 0.168 arcsec
e LSST sky map to be defined

01/04/2021 11



Photometry

e Detected in any band

measured in every
band

* Measurement and
forced catalogues

* Deblended pixels and
fluxes

* Aperture, Convolved
aperture, Cmodel, Kron
fluxes.

30/03/2021

File
Object
Value
WCS a
Physical
Image
Frame O

X
X

-0.059

256.538
1812
1813.000
1813.000

1

097

3231
3232.000
3232.000

SAOImage ds9

DETECTED_NEGATIVE: cyan
CROSSTALK: None
INTRP: green
DETECTED: blue
UNMASKEDNAN: None
NO_DATA: orange
BAD: red

EDGE: yellow
SUSPECT: yellow
NOT_DEBLENDED: None
CR: magenta

SAT: green
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SCARLET (Melchior et al., 2018)

* JHKs adds colour information.
* Working on metrics to understand impact of extra VISTA bands.
* Sub population of objects where VISTA particularly helpful,

30/03/2021
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HSC overlap Vi Ve

~800 square degrees processing area = T N RN R
~300 tracts, each 9*9=81 patches. iy Ceggp ; : W06 (HECTOMAP)
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g)

HSC Wide W02 XMM and VHS overlap
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Field w02
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Pink: HSC r pointings, red: HSC patches, blue: VHS tile pointings
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HSC DUD SXDS VHS/VIKING/VIDEO test field

Field w02
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VIDEO

Pink: HSC r pointings, red: HSC patches, blue: VHS tile pointings
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VIKING
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SXDS HSC uDeep VISTA VIDEO prototype
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e 5263 stack images

Pink: HSC r pointings, red: HSC patches, blue: VHS tile pointings
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Declination [deg]

Declination [deg]

Full overlap with HSC PDR2
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VHS VIKING

Field w03 i
& Field w03
& 6 1
g o _ HMl
c g 41
g % =
2 c J
§ ] g’
o
S 2 £ oJ
3
165 160 155 150 145 140 135 130 125 e,
Right Ascension [deg]
Rimldrivo 165 160 155 150 145 140 135 130 125
Field w04 Right Ascension [deg]
)
£ 3] } ! Field: w04
3 CLI |
B 01 Field w04
£ C )
230 220 210 200 190 180 170 160 c
Right Ascension [deg) 2
o
FPield: w05 §
@
Field w05 e
81 Right Ascension [deg]
g 6
2
c 41
s
2 2
-24
370 360 350 340 330

Right Ascension [deg]

Red: HSC tracts, blue: VHS tile pointings 1



Quality control

30/03/2021

LSST Pipeline ap VISTA-Ks - SExtractor VISTA-Ks [mag]
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Quality control
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LSST Pipeline ap HSC-R - PDR2 HSC-R [mag]
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Scientific tests

Photo-z
SEDs

PhD projects

Community involvement

30/03/2021

zp".\’.) t

Galaxies AGN
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Matek et al. 2018,

Riccio et al. (in proc)
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Example 1, Cluster z~1.8

irg Ksir

Andreon et al. (2018) JKCS 041: a Coma cluster progenitor at z = 1.803
30/03/2021 22



Example 2, Extremely red object, z~2.5

VISTA-Z VISTA-Y VISTA-J VISTA-H VISTA-Ks

Candidate passive galaxies and/or very dusty star-forming galaxies/AGN

from Castro-Rodriguez et al. (2018)
30/03/2021 23



Example 3, redshift 6 quasar

HSC-G HSC-R HSC-I

VISTA-Z VISTA-Y

-
--

Wilott et al. (2010)



Example 4, LBG 6.5< photoz < 7.5

HSC-G

VISTA-Z

Bowler et al. (2014, 2016)

30/03/2021
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AGN Host Galaxies, 2

examples

HSC grz
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Serving the data

< c @ sky.esa.int/?target=174.21204735757513%2054.29692077311666&hips=2MASS +color+JHK&fov=0.15196868157102744&cooframe=J20008&sci.. ¥ O * . :

B3 Common B3 Google == NEWS W Wiki [4] Calendar & Feedly () GitHub [} Duo ) DRAE By Translate * AAS [ arxiv. @ ADS B3 Other Bookmarks

* VISTA Science Archive 2
48.91 FOV:9.'X44'  2MASS color JHK Sci.Mode @@ En v @ B < 7 Feedback =

table access. 7

2MASS color

* Raw files/Butler. sy

* Aladin all sky VHS
viewer.

 Rubin Science
Platform.

* QServ



GitHub 1: obs vista

& C & github.com/Isst-uk/obs_vista QA % ON
B9 Common {3 Google em NEWS W Wiki [i] Calendar @@ Feedly () GitHub () Duo | DRAE By Translate 4 AAS [ arxiv. @ ADS B
. Pyt h O n m Od u I e fo r LS ST O Search or jump to... Pull requests Issues Marketplace Explore s
o o I o 3 Isst-uk / obs_vista @Unwatch ~ 3 drUnstar 2
S C I e n C e p I p e I n e S <> Code Issues 3 Pull requests ») Actions Projects 1 Wiki Security Insights Settings
o O e n a n d d O C u m e nte d ¥ master ~ ¥ 1branch ©0tags Go to file Add file ~ ¥ Code ~ About
I VISTA (VIRCAM) specific
ﬁ raphaelshirley .nojekyll file v @edddob on 30 Oct &) 56 commits configuration and tasks for the LS!

Data Management Stack

. .
W I t S I l l X bin.src Ingestion running over multiple fits extensions 4 months ago
[0 Readme

camera Work on docs last month
L4 config Work on docs last month
i O I t u t e r a I l Releases
l I docs .nojekyll file last month
No
° ° policy Bugfix in mapper 2 months ago Cr
capa b|||ty
ups More base files from necam example Packages
N - i . ¢ . e No packages published
. D E EV( ! I () p e d fr O m [ README.md Still an issue with ref cat ingestion 3 months ago Publish your first packsge
README.md V4

Environments 1

obs_necam (Mullaney et shiits g e (5
al., 2021)

In [ ): from lsst.obs.vista import vistaFilters

https://github.com/Isst-uk/obs_vista

30/03/2021 28



GitHub 2: Isst-vist

e Database structure

* Documented and public
 Jupyter notebooks for

diagnostics and job
processing

30/03/2021

a-fusion

< C & github.com/Isst-uk/lsst-ir-fusion
E3 Common (5 Google == NEWS W Wiki E Calendar ) Feedly O GitHub

& Isst-uk / Isst-ir-fusion

<> Code Issues 27 I Pull requests ») Actions Projects 1

¥ master ~ ¥ 1branch © 0 tags

& raphaelshirley New timing tests from XMM run .

dmu0 ready to run processCcd on XMM
dmut Fix tract bug on XMM
dmu2 Diagnostics more sensible
dmu3 dmu3 readme update
dmud New timing tests from XMM run
dmus Diagnostics more sensible
% .gitignore add gitignore to ignore data folders etc
[ readme.md VHS ref cats
readme.md

LSST IR fusion

Wiki Security Insights

Go to file Add file ~ 4 Code ~

61bdfef 3 days ago @ 125 commits

11 days ago
11 days ago
last month
2 months ago
3 days ago
last month
2 months ago

2 months ago

7

This repository defines the database structure for the upcoming combined Vera C. Rubin Observatory Legacy
Survey of Space and Time (LSST) and Visible and Infrared Survey Telescope for Astronomy (VISTA) near infrared

Qa v O*@
% Duo Y} DRAE By Translate * AAS [ arxiv. @ ADS B3 Other
& Unwatch ~ 2 YyStar 0 % Fork

About

Development of code to exploit LSST
and VISTA imaging

0 Readme

Releases

No releases published

Create a new release

Packages

No packa u
Publish your first package

Languages

® Jupyter Notebook 99.4%
Other 0.6%

https://github.com/Isst-uk/Isst-ir-fusion/
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Conclusions

* Aperture matched photometry from Rubin ugrizy and VISTA ZYJHKs.
* XMM-SXDS HSC prototype produced and testing started.

* Full VIDEO, VHS, VIKING Wide overlap in next months.

* Everything in place for first datasets at start of operations.

* All code is public.



