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ABSTRACT

We describe the VISTA Science Archive (VSA) and its first peioklease of data from five of the six VISTA Public SurveyseTh
VSA exists to support the VISTA Surveys through their lifeley the VISTA Public Survey consortia can use it during rthogiality
control assessment of survey data products before sulomigsithe ESO Science Archive Facility (ESO SAF); it suppdintsir
exploitation of survey data prior to its publication thréuthe ESO SAF; and, subsequently, it provides the wider conityhnwith
survey science exploitation tools that complement the piadduct repository functionality of the ESO SAF.

This paper has been written in conjunction with the first pul#lease of public survey data through the VSA and is design
help its users understand the data products available andh®ofunctionality of the VSA supports their varied sciemguals. We
describe the design of the database and outline the datdhaer curation processes that take data from nightlylipeprocessed
and calibrated FITS files to create science-ready survesdtt. Much of this design, and the codebase implementiderives from
our earlier WFCAM Science Archive (WSA), so this paper coricagtes on the VISTA-specific aspects and on improvementiema
to the system in the light of experience gained in operatiegWSA.
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1. Introduction Astronomy Unit (WFAU) in Edinburgh generating further data
products and providing science archive facilities.
One of the clearest trends in observational astronomy &vert e first-generation VDFS archive — the WFCAM Science
past two decades has been the rise in the importance of S¥gshive (WSA) — is described by Hambly et al. (2008) and
tematic sky surveys. When coupled with good archives, sky S4eryes catalogue and image data from the UK Infrared Deep
veys provide homogeneous, re-usable data products &icifit sy, Survey (UKIDSS; Lawrence et al. 2007), as well as other,
a range of research programmes and, in particular, enathieng p | -mode, data taken with WFCAM. More than 1000 users
large-scale statistical analyses required for many of tostim-  5re registered for authenticated access to proprietaryDSg|
portant science goals in modern astronomy. data through the WSA, and it supports anonymous access by
Probably the most prominent of this generation of survepslarger community once the data are public. The phased ap-
has been the Sloan Digital Sky Survey (SDSS; York et al. 200@oach adopted within the VDFS ensured that the design and de
and its SkyServer archive system (Szalay et al. 2002) demagiopment of the WSA progressed with scalability to the éarg
strated the power of a survey archive based on a Relatiodata volumes of VISTA kept explicitly in mind, along with the
Data Base Management System (RDBMS). Such systems gkaly scientific usage patterns of the VISTA surveys. Faarex
offer astronomers the ability to pose powerful analytical gser ple, Cross et al. (2009) describe the enhancements made to th
in Structured Query Language (SQL) against seamless,\surV&/SA database schema to support time-series analysis of mult
wide source catalogues, thereby enabling survey scierate #poch data, which was prototyped using observations fr@n th
would be impossibly cumbersome for an astronomer providedKIDSS Deep Extragalactic Survey, but motivated by the re-
with nothing more than a repository of matching image anel caiuirements for supporting variability analyses with VISTA
alogue files for each of the thousands of pointings makinghe@pt  The initial scientific programme for VISTA is mostly fo-
survey dataset. cussed on six ESO Public Surveys which deliver reduced image

The success of the SDSS SkyServer was a strong influe@€él derived catalogue data products to the ESO Sciencewrchi
on the design of the archive component of the VISTA Datfaacility (SAF). Five of the six Public Survey consortia ($e2),
Flow System (VDFS; Emerson et al. 2004). VISTA, the Visibl¢se the VDFS for the generation of these data products and em-
and Infrared Survey Telescope for Astronomy, is described Bloy the VISTA Science Archive (VSA) to manage their data,
Emerson et al. (2006). VDFS was designed as a two-phdh for quality assurance analysis and preliminary exafioin
project, with an initial goal of supporting near-infraraghgeys ~Prior to submission to the ESO SAF and, following its publica
to be conducted with the Wide Field CAMera (WFCAM; Casafion there, to provide the wider community with sophistezat
et al. 2007) on the UK Infrared Telescope (UKIRT) and afcience archive capabilities that complement the dataymtod
ultimate objective of supporting surveys with VISTA. Withi repository functionality of the ESO SAF.

VDFS, the Cambridge Astronomy Survey Unit (CASU) run This paper describes the VSA and its first public release of
a night-by-night data processing pipeline, with the Wideld= data from the five VDFS-supported Public Surveys. In Seion



we discuss the VISTA telescope and the Public Surveys and These surveys have a ‘wedding cake’ arrangement of galac-
compare to UKIRT-WFCAM, focussing on the essentidfati tic/extragalactic surveys (VHS, VIKING, VIDEO, UltraVISTA)
ences thatfdiect the VSA. In Section 3, we provide an overviewvith different deptfarea combinations and two specialised
of the VSA, discussing the table structure before we compastellar astronomy programmes (VVV, VMC), much like the
the VSA to the WSA in Section 4. Since the design of the VSAKIDSS surveys. The five surveys supported by the VDFS are
is derived so directly from that of the well-used WSA, we d&HS, VVV, VMC, VIKING and VIDEO. UltraVISTA makes

not repeat the basic design background material from Hamlsigme use of the CASU pipeline products, but is not currently
et al. (2008), but refer readers unfamiliar with the WSA tatth archiving its data in the VSA.

paper and to Cross et al. (2009), as well as to the comprakeensi VISTA data is calibrated on the natural VISTA photometric
online documentation provided on the VSA websité/e dis- system (see Hodgkin et al. 2012, in preparation). All magtas
cuss changes to the image metadata, the catalogue paramei@iless designated as AB mag) are on this Vega mag system.
and the infrastructure in Sections 5—7 in the VSA compared to

the WSA and new features that are common to both in Section 8.

Section 9 provides examp|es of some of thésdent Wpes of sci- 2.1. Differences in the teIeSCOpe and instrument VISTA &

ence queries that the VSA supports, while Section 10 previde WFCAM

details of the contents of the first VSA releases of the five 8DF r detailed descriptions of VISTA and WFCAM, see Emerson

- . : E
supported VISTA Public Surveys. We summarise this paper agﬁal. (2006) and Casali et al. (2007) respectively. In thigion

discuss future work in Section 11, while several appendices ' il st discuss the salientfierences whichféect the VSA
vide technical details supplementing the main body of theepa design compared to the WSA

2. Overview of VISTA and its Public Surveys 2.1.1. The VISTA focal plane: pawprints and tiles

The Visible and Infrared Surve_y Telescope for AstronomysTa is significantly diferent from UKIRJWFCAM in sev-
(VISTA; Emerson et al. 2006) is currently the fastest neagyy| important aspects, whiclifact image processing and sub-
infrared survey telescope, with an étendue (area timeanns gequent archive operations. The maifiefences of significance
taneous field-of-view) equal to5ided’. It has a 4mfl pri- 15 ySA are the arrangement of the focal plane and the ability

mary mirror, and a 1.2m secondary giving it a 1.65 degree qpsTas alt-azimuth mount provides to observe the same@iec
ameter field-of-view (see Emerson & Sutherland 2010a,bg. Tt sky in any orientation with respect to the focal plane.

VISTA Infra Red CAMera (VIRCAM,; Dalton et al. 2010), has
; VISTA has 16 22k Raytheon VIRGO detectors arranged
16 2048x 2048 pixel non-buttable Raytheon VIRGO HGCATe o' ooumint i otoctor spaced 90% (10.4f a ctoato)

detectors and has a quantufi@ency> 80% between Oum apartin the X-direction and 42.5% (4)@part in the Y-direction

and 24um. The pixel scale is.34” and the instantaneously sam- : I
pled field-of-view is 0.6 sg. deg (see Fig. 1). Compared to igee Fig. 1) whereas WFCAM has 42 Hawaii 2 detectors

i i i i i 0,
nearest counterpart, the United Kingdom Infra Red TeIescoarzag??ndégfﬁgﬁggfigee Fig. 2) with the same spacing of 94%

with its Wide Field CAMera (UKIRT-WFCAM; Casali et al.
2007), the survey speed of VISTA is 6 times faster, having
twice the sensitivity — increased throughput for a similiaed
telescope — and 3 times the area per pointing.

ESO’s Science Verification for VISTA started at the en
of 2009 and the main science programme commenced in e Nt at every pixel with a mode of two ex » Fig. 3
2010. VISTAs programme initially focuses on six ESO Publi at every pixe a mode of two exposures, (see Fig. 3)

: ; i . There are two possible ways to achieve a required uniform min
tShlér\lf]%fﬁgrlrc]esll)(/ycomplementmg the sub-surveys of UKIDSS i imum (two pawprints contributing) depth across a mulg-gur-

. i vey. The most ficient in terms of observing time is for succes-
These six surveys are: sive tiles to overlap thetrips at top and bottom, coadding the
— VHS: the VISTA Hemisphere Survy data from the two separate tiles, and each will have an area of

— VVV: the VISTA Variables in Via Lacteh(Saito et al. 2012); 1-636 sq.deg covered at least twice. However reaching the fu
— VMC: the VISTA Magellanic Cloud survéy(Cioni et al. depth by coadding these tvetrips can be complicated by vary-

The VISTA basic filled survey area istde made up of six
pawprints, three in the Y-direction separated by 0.475 oéa d
tector, and two in the X-direction separated by 0.95 of a de-

ctor. Except at twatrips with just a single exposure, this tile
between twice and six times the exposure time of each paw-

2011); ing sky con.d.itions if the adjacent tiles are not obs_e'rvecemhie
— VIKING: the VISTA Kilo-degree INfrared survey for S&Me conditions (e.g.fikerent PSFs and s!<y conqlltlons)_. Indeed
Galaxie§ (Findlay et al. 2012); the same two fects can be a problem in makmg a tlle_from
— VIDEO: the VISTA Deep Extragalactic Objects sureySX pawprints (depending on how r:_;tp|dly the seeing varies be
(Bonfield et al. 2010); tween pawprints). The other Iesﬁielen_t, 'but S|mple'r, way to
— UltraVISTA® (McCracken et al. 2012, in preparation). achieve constant d_epth across a multi-tile survey is to toutt
gether regions of tiles that have reached the minimum double
1 hitpy/surveys.roe.ac. yksa exposure, ignoring the singly exposgdps resulting in an area
2 httpy/www.eso.orgpubligteles-instfsurveytelescopgssta/ of 1.501 sq.deg covered at least twice.
surveys.html In the case of WFCAM four pawprints are required to make
3 httpy/www.ast.cam.ac.ykrgnyvhs a filled tile, and everything gets a single exposure and taere
4 httpy/vvvsurvey.org no edgestrips, so large contiguous regions of the sky can be sur-
5 httpy/star.herts.ac.ykmcionjvmg/ veyed by simply overlapping subsequent pawprints as shown i
6 httpy/www.maths.gmul.ac.ukwjs/VIKING Fig. 2. We note that in common with WFCAM, ‘microstepping’
7 httpy/star-www.herts.ac.ykmjarvigvideq is possible with VISTA, but its use is not recommended by ESO
8 httpy/www.strw.leidenuniv.nkultravista and the VISTA Public Surveys do not use the technique.
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Fig. 3. An exposure map of a VISTA tile. The grestmips at top & bot-
tom have a single exposure. The majority of the area (blug}wa ex-
posures, the pink has 3 exposures, the red 4 and the white@lotoly
Fig. 1. The VISTA focal plane showing 16 2k 2k detectors with 90% ©F More exposed area is 1.501sq.deg. The singly exposed grees
spacing in the x-direction and 42.5% in the y-direction. fEhare also &t 0P & bottom of the plot are each 1.475 a@092deg0.135sq.

two auto-guider (AG) and two low-order wave-front sensod(Fs) deg and can be overlapped by corresponding areas from atjace
detectors. tiles for many surveys. Assigning one of the two 0.092 degr-ove

lap (top & bottom) to each of the adjacent tiles involved incuer-
lap, means that each tile, when part of a filled larger areserso
(1.0170.092)x1.475=1.636s(q. deg at least twice.

CASU. WFAU creates tiles from multiple nights of data by first
stacking the separate component pawprints and then comgbini
the six stacked pawprints into a tile. Stacking the tileeeathan
the component pawprints is very firmly not recommended.
While tiling pawprints together to form a tile is quite stan-
. . dard when working with visible images (Fruchter & Hook 2002)
ground-based infrared sky subtraction iidult because the sky
is so much brighter than in the optical and dominates the flux o
most objects. Furthermore, the VISTA camera’s distortimoss
. . the field-of-view and the larger variation in both the sky dimel
point-spread function (PSF) within the duration of the olae
tions needed to create a single tile make it necessary todie ad

tional processing (Lewis et al. 2010). Tiles are processitgu
the following proceduré$:

Fig. 2. Areas of sky can befiiciently surveyed by arranging 4 WFCAM .
pawprints (left) into the arrangement on the right. Eactogoin the Stack all components of each pawprint

right hand image represents affdient pawprint. There is a small — Extract the catalogue from ea_ch pawprint
amount of overlap at each edge. — Recalculate the world coordinate system (WCS) of each

pawprint, by comparing stars in the catalogue to the Two
Micron All Sky Survey (2MASS) catalogue (Skrutskie et al.
2.1.2. Merging VISTA pawprints into tiles 2006)
) ) ) ) _ — Calculate the photometric zero-points (VISTA system) of
The processing of raw pawprints frames into calibrated #sag  each detector in each pawprint and update the headers
is done by the VDFS pipeline at CASU on a nightly b&siad  _ Filter each pawprint to remove large scale variation8¢”’

includes combining the pawprints into tiles. These pawpiamd in the background), see (Irwin 2010) for details

tiles are ingested into the VSA without any additional impg®  _ Mosaic all the pawprints (to produce a tile with large scale
cessing. If any pointing is observed only once in a givenrfilte  features present)

in the survey design, the nightly pipeline—processed ogt&#  _ \osaic all the filtered pawprints (To produce a tile without
product is used to generate the mergedrce (see§ 3.1) ta- large-scale background features)

ble. For deeper surveys, however, stacking tiles observeld m _ Extract the catalogue from the filtered tile

tiple times typically involves observations over severdfel- _ Recalculate the WCS of the tile

ent nights, and multi-night products are not the respolityiloif

10 httpy/casu.ast.cam.ac. (skirveys-projecsistgtechnicattiles
9 httpy/casu.ast.cam.ac (gkirveys-projectsistgtechnical gives more details of the algorithms

w



— Calculate the photometric zero-point (VISTA system) of thd. Overview of the VSA
tile catalogue )
— ‘Grout’ the tile catalogue to find the correct PSF in each re1- The basic structure of the VSA

gion of the tile and the correctiset for the Modified Julian \yray receive VISTA data as multi-extension FITS files (MEFs;
Date. The grouting procedure takes information from th8gnce et al. 2010): primarily these come from the CASU
original pawprint catalogues and confidence images to co peline, which processes the data by Observing Block (O@),
pute diferential aperture corrections at the location of eagfyraU can also handle ‘external’ images made outside VDFS
object. The dterential aperture correction is thefflerence ¢,ch a5 those produced by the survey consortia, as is dyrrent
between the pawprint aperture correction and the med&n {{one with deep VIDEO mosaics. The MEFs contain either im-
aperture correction. Aperture fluxes 1 - 7 are corrected fgfeg or catalogues of objects extracted from them: in VSA par
these diferences. o , lance the content of an MEF image file ismaultiframe (con-

— Reclassify the stars and galaxies in the tile catalogue gjsting of images - frames - for all detectors) andetection is

— Recalculate the photometric zero-point (VISTA system) o gpject extracted from a single image in a single filter. The

the tile catalogue _ , _metadata headers from these files are loaded into tablemwith
— Remove any temporary files, such as the filtered pawprintg, RpBMS. as are the catalogues.

Only the unfiltered tile is stored in the archive Depending on the survey, further data products may be gen-
- . . . erated in a database-driven manner. For example, repebted o
Unsurprisingly the filtering also makes it impossible t%ervations of the same field in the same filter may be stacked to

roduce accurate catalogue values for large extendedesur . .
z.g. nearby galaxies or Gglactic nebulae. Tr?e filteringpﬂmgé reate deeper images, from which catalogues are then &drac

for the main VISTA Public Surveys removes structure on scal tg"i;?;%muégfgﬁm;n\?\)ﬁi'é'rlltegr:aéﬂ%%?g%gsrgr?égzdge'at_
larger than 30. This is a similar scale to the local backgroun 9 ' ) y

. : L ributes in several filters. The metadata from the additiona
scale length (22) which would in any case limit the accuracy o : . .
any photometry of larger objects. age data products are ingested into database tables, agiaszld

catalogues, while the images themselves are stored in EIFFS f
mat on disk. Further information may then be derived from the
2.1.3. Active Optics database tables and stored in new tables: e.g. variabifdayma-

tion may be derived from multi-epoch data, following the syn

The quality of VISTA images is maintained, as it observes gl gata model of Cross et al. (2009). The VSA comprises,
different elevations and its temperature changes, by upda&nggerefore, a set of tables within an RDBMS, a collection aF |

position of the secondary mirror, with corrections dervim  goq stored on disk and the interfaces that allow users tesscc
look up tables and the low order wave front sensors. If a C?Fiese data.

rection has not been applied recently enough, or it is bad for \y, e image files may be selected for download from the
some reason, the image quality can be degraded. Some MagdEhive through web forms or via SQL queries on the image

fnhoyaﬁ\gggggigng%h F;rv?/blr?nTss’;ﬁgtggl;t'cgr’iaa:%%gavml 2 metadata tables, while image cut-outs may be created freseth
9 pawp ' using a diferent web form. Other web forms exist to provide a

field when in perfect alignment, to a greater variety of P3isit basic level of access to the catalogue data, but the realrpowe

in the case of WFCAM. of the VSA comes from the ability to query RDBMS tables us-
ing SQL. To do this requires knowledge of the VSA database
2.1.4. Telescope mounts schema. The online VSA schema browsesrovides detailed

descriptions of every column in the hundreds of databadedab

VISTA is an alt-azimuth mounted telescope, whereas UKIR], the VSA, but we summarise the five main classes of table in
has an equatorial mount, so the focal plane in WFCAM remaifi§s remainder of this section.

in the same equatorial orientation, but the VISTA focal plan Throughout this paper, we use a fixed-width font to re-
must rotate with respect to the telescope to keep the samorirer to VSA database tabIéS' eXultiframe or vvvSource

tation on the sky during an exposure. Since the focal plane Gg,nv of th | r for individual proaramm
rotate, orientation is an additional degree of freedonfiebent e?g.ya(r)] i;d?vitjaubalesPL?bﬁc Sgtrsgy)o sucﬂ ai%%osr?:g ?or s

programmes can choose the orientation that best accomesod e VWV and videoSource for VIDEO. When we are dis-
their survey design. Given the complex processing of image ag,ssing generic properties of “Source” tables, we will vtate
catalogue data (see previous subsection), stacking MQES® o assource, rather than using programme-specific names.

very different orientation was considered inadvisable. Thus Weiiqual columns within tables are referred to using adbol
group data based on orientation as well as podfiiter when f?nt: e.g.multiframelD or aperMag3.
O -

stacking and tiling and to do this we have added an extra c
umn,posAngleto theRequiredStack (see§ 3.1) table. This is
the orientation of the image x-axis to the N-S line. This ngears.1.1. Metadata tables

that if images in the same programme lie in the same position ) )

and filter but have very dierent orientations they will be pro- | e following tables record metadata about images:

cessed separately. As a default, we have been using a toderan

of 15 deg, but it can be set programme by programme. In peactie- Multiframe: This contains the main primary header key-
this situation has only occurred once in the Public Survies: words from the VISTA images and some additional derived
VVV team had a small amount of data in the Science Verification quantities that are calculated for each multi-extensicagen
stage which was orientated along equatorial RA axis, areat lat— MultiframeDetector: This contains the main extension
had data in the same region of sky which was orientated along header keywords from the VISTA images except for astrom-
the Galactic longitude axis, and so the tiles are 60 dé&graint
in orientation. 11 httpy/surveys.roe.ac.yksgwww/vsa browser.html




etry related keywords and some additional derived quastiti  table to the Sloan Digital Sky Survey Data Release 7
that are calculated for each detector. PhotoObjAll table.

— CurrentAstrometry: This contains the astrometric related — TilePawPrints: This links tile image detections to the de-
extension keywords and some additional derived astrometri tections from pawprint images that make up the tile.
guantities. — Provenance: This links image frames to their components,

— MultiframeEsoKeys: This contains subsidiary primary e.g. a deep stack to each epoch stack frame that went into it,
header keywords that are stored in the hierarchical ESO for- or an epoch stack frame to the raw images.
mat HIERARCH ESO). — ProgrammeFrame: This links image data to a programme

— MultiframeDetectorEsoKeys: This contains subsidiary  and the programme requirements and is very important for
extension header keywords that are stored in the hierarchi- programme curation. The same frame could be used in mul-

cal ESO format. tiple programmes, for instanceffirent Pl programmes with
— AstrometricInfo: This includes additional derived prop- the same Pl in dierent semesters or an all hemisphere re-
erties, for OB frames used in multi-epoch surveys. lease containing data from VHS, VVV, VIKING and VMC.
3.1.2. Catalogue data tables 3.1.4. External Cata|ogues

e scientific goals of surveys tend to require external data
.g. from surveys on other telescopemstruments at dier-
ent parts of the electromagnetic spectrum), in additionatad
A . from VISTA itself. To support those analyses, the VSA comgai
— Detection: This contains the extracted sources for each dgz o ' of catalogues from a number of external surveys, twhic
tection frame iMultiframeDetector (individual framein are listed in the online schema brow<erhe list of these is
a multiirame): the raw extraction attributes from the ofigh, ) 110 in response to requests from the survey consantia, a
nal FITS table, the calibrated positions and magnitudes afj cross-match neighbour tables are added ferint pro-’

a few other derived quantities. i ammes, as these external surveys become available. The on

The following are the catalogue data tables used in the V
There is a dierent table for each programme, so they will eac
start with the programme acronym:

— Source: This is a merged filter catalogue from the deepe e documentation explains how these cross-neighbouegab

images in each pointing, and is made “seamless” (Hamhb : ) :
et al. 2008) to allow the user to find the most complete set én be used to perfornifective cross-catalogue gueries.

unique sources in the programme.

— SynopticSource: This is a merged filter catalogue made 1 5 cyration tables
from detections in contemporaneous images. This is use-
ful if colours of variable stars are needed. Only those prés mentioned above, the operations of the VSA are database-
grammes designed to have contemporaneous colours wliliven once the original MEFs have been ingested, with m®ce
have aSynopticSource table. ing steps and data product provenance recorded autonhaircal

— Variability: This contains statistics for the light-curveshe database. The VSA contains, therefore, a large numlar of
of sources in multi-epoch programmes, allowing seletles that drive, and are derived from, these curation tag&sy
tion of variables based on ftierent statistical quanti- of these are only of relevance only to the VSA operations team
ties. VarFrameSetInfo is a useful supporting table forthe following list do contain some pertinent information fisers
Variability and includes the fitted noise functions foif the VSA:
each pointing.

— Programme: Basic programme information. This includes

3.1.3. Linking tables the programme dependent information used to create the
The following are tables that link flerent types of catalogue ~ SQL schema which drives most curation tasks. .
data or metadata: — RequiredTile: The current expected tile product pointings

and matching tolerance. In the case of VIDEO, for which

— MergeLog: For each pointing this lists the image frames in W€ ingest mosaics provided by the survey team, the relevant
each filter from which the extracted detections were merged table isRequiredMosaic. _ _
together to from the sources in tReurce table. - nguiredNeighbours: lists which ne|ghb0ur tables tha.t

— SynopticMergeLog: For each pointing at each epoch, this J0In surveys have been created and what are the matching
lists the image frames in each filter from which the extracted radii. ) o )
detections were merged together to from the sources in the PreviousMFDZP: The photometric calibration history of
SynopticSource table. each image extension.

— BestMatch tables: These link the sources in the
Source table to each epoch detection in multi-epoch
surveys, to match epochs for light-curves. There are . .
Sourc):eXSynopticSourgeBestMatchgtables for “contem- AF lefe_rences between WFCAM and VISTA Science
poraneous” filter data anSourceXDetectionBestMatch Archives

tables otherwise.

— Neighbour tables: These are simple tables where all sourcY¥E'|e. the design of the WSA was developed with ultimate ap-
in the master table are matched to all in the slave tRicationto VISTA in mind, there are someffirences between

ble within a specified radius. These can used for m ne WSA and VSA structures.
tiple purposes, such as to link with external surveys
e.g.vhsSourceXDR7PhotoObjAll links the VHSSource  '? httpy/surveys.roe.ac.yksawww/vsa browser.html




Detection

- raw + calibrated
astrometric + photometric
quantities

— tiles and pawprints.

4.1. Tile and pawprint information in the VSA TilePawPrints
- links between tile and _
In the VSA, we store catalogues from both the pawprints apd™"™™ """
tiles in the detection tables for each survey (elsDetection
MultiframeDetector

for the VHS survey). The tile catalogues are needed to pmduc  metadata for extensions
uniform catalogues to the full depth of each survey. However
the astrometric solution in tile catalogues is not quite asdy
as that in pawprint catalogues because the distortion iasot| Teset =~ e mages.
well represented by the tangent plane (TAN) projection Wwhig corsterpareme Both tles and pawprints
tiles are projected onto, as it is in the zenithal polynorial-

jection (ZPN) that can be used for the pawprints, (see Cettbr

& Greisen 2002). Saturated stars also have better phOty”me”multil‘rames 1 tile and 6 pawprints). Each rowTiteSet links to man

the pawprint catalogues which are no't.flltered. Pmduc'r.‘@'paassociated rs)ws in thﬁle%aV\?Printé table, each of which refers t){) a

print catalogues does notadd any addltlo_nal ove_rheadaﬂmfg/ different object. Each of these objects has between 1 and 7idatect

must be produced as part of the production of tiles to allosv thhe complication comes frofileSet containing a mix of tile and paw-

pawprints to be aligned correctly before mosaicking. print frames which cover dierent areas on the sky and havéetient
Having both tiles and pawprints has created the need for mektensions iMultiframeDetector.

tiple layers of products and more complicated archive @omat

infrastructure (se€ 7) to keep track of these and allow them

to be used together. It also means that stack requiremeets nelated data, such as metadata data inMiktiframe table)
an additional constraint, theiset position. Each stack that goesn the database by a series of solid and dashed lines represen
into a tile has a dferent dfset position, 0-5, which is a function |ng one-to-one, one-to-many or many-to-many matches srtwe
of the diference (in arcseconds) of the centre (optical axis) gfe entities. A one-to-one match is a single line, a one-tmyn
the pawprint from the centre of the tile. Thedsets are stored match is a single line at one end and a “crow’s foot” of 3 branch
asoffsetX, offsetY in theMultiframe table. The @'set position ing lines at the other end. A solid line means that there meist b
is not the same as thaffset|D in Multiframe, which is sim- match for every entry in the table, and a dotted line meanethe
ply the order that the fiset was observed in and mayffer in  are matches for some entries. ERMs are discussed in moik deta
relative position on the tile from one epoch to the next the. in Hambly et al. (2008} 2.4 which also shows the fundamental
order in which the pawprints are executed can be chosen by fBfationships between entities in the VSA and WSA. ERMs are
observer but the relative positions of the 6 pawprints aeifi  also shown for entities in the multi-epoch data model in €ros
the OBs). TheffsetPosalways refers to the same part of the tileet al. (2009) 2.
There can be considerable overlap between two pawprints, fr - Tile and pawprint detections are matched within a fixed ra-
different parts of two dierent tiles, but they will not be stackedgiys of 08” in both VISTA and WFCAM, which is approxi-
together. mately the average seeing and is many times the typical-astro
metric error but less than the separation between neigitgpur
objects, so objects will only be matched to the same object on
different images, not to neighbouring objects. The matching al-
To link the tile and pawprint catalogues together, we hage crgorithm is the same as for sources in theurce table, see
ated two extra tablesTileSet and TilePawPrints, which Hambly et al. (2008). LikélergeLog, TileSet includes all the
match each detection in a tile catalogue with detectionfién tassociated frames as a frame set consisting of the tile ffthme
same position in the pawprint catalogues. These tablesuare $ID) and the 6 pawprint frame®{mflD — 06mflD) whereol
vey specific, so VHS, which has detectionsvimsDetection is the pawprint withoffsetiD=1.TilePawPrints then contains
will have tablesvhsTileSet andvhsTilePawPrints to link the matched detections between the 7 frames, justSiike-ce
the tile and pawprint catalogueiileSet andTilePawPrints would have the matched detections between all tffergint fil-
are designed along the lines &fynopticMergeLog and ters. These tables should be used as linking tables to certipar
SynopticSource (Cross et al. 2009XileSet links the frames tile and pawprint or even pawprint to pawprint betwedisets.
together using the multiframe identifiers for the tile andvpa There is an important fierence in the way that frame sets
prints, andTilePawPrints links the detections using the ex-are matched that causes some peculiar features to exig fa-th
tension numbers (i.e. detector number) and sequence nugles. Instead of merging, Y, J, H andK sframes in a particular
bers (i.e. order that object was extracted in the frame)leTalpointing, we merge the tile frame and the constituent pawgri
TilePawPrints is deliberately as narrow as possible, and simn the SynopticMergeLog frame sets are made up exclusively
ply includes the necessary linking information, with no addof tiles or pawprints matched on a detector by detector bhsis
tional attributes such as magnitudes, since it is expetiadit either case, each frame in the frameSet is similar to eaddr oth
will always be used to link, and could be used with a whole vand the matching condition is a combination of multiframerie
riety of attributes. By not including magnitudes, we alsduee tity and extension number. In the caseTdfleSet, frame sets
the number of updates that are needed when recalibrating #he matched by multiframe identity only - all pawprint exten
photometry. We have put some examples of linking tile detesions are related to the same tile. This makes the assigrohent
tions to pawprint detections in the VSA SQL cookb&bk default rows more complicated. Non-detections in a pagicu

In Fig 4 we show an entity-relationship model (ERM) fofilter have a default entry in th&ynopticSource table: if there
these new tables, showing how they are related to the curranho detection in the J-band thg&8egNum is simply set to the
Multiframe, MultiframeDetector and Detection tables. standard integer default value (-99999999).
ERMs show the relationship between entities (a collectibn o Frame sets iTileSet are made up of a tile and six paw-
prints; the tile is composed of and overlaps all 16 detectors
13 httpy/surveys.roe.ac.yksasglcookbook.html#TilePawprints in each pawprint. Thus frame sets are not matched by exten-

Fig. 4. The ERM for the tile-pawprint linking tableSileSet links the 7

4.1.1. The Tile-PawPrint matching tables




sion, but by whole multiframe so it is not possible to have efr— TilePawPrintsTDONy

tries in the tile set identified bynultiframelD andextNum, | -t detcionsinalfiters - inks to the pawprint -
they must be identified bgnultiframelD only, and the links in
TilePawPrints must include both the extension number an

sequence number. If there is no detection in a particulandra

Detection
- raw + calibrated
astrometric + phO[OmEII’\C
quantities

— pawprints only.

such as pawprintfeset 1, we do not knowf&hand which exten-
sion the detection should have been on (if any, since it may

MergeLog TileSet

in a gap between the detectors for thiset). We should set the | - muiiramein s extvum of - MmuliframelDs of

constituent pawprints.

default row for this missing detection ad ExtNum = —9999, [ Podcsnaties
01SegNum= —99999999. However, there is no equivalent ro
in the Detection table because the foreign key constraint b§sy 5 the ERM for the tile-pawprint linking tables matched with
tween thedetection table andiultiframeDetector forbids  ihe source table. Detections in treource table come from tiles. In
this, since there are not rows HultiframeDetector With @ eachMergeLog row there will be at least one tile with a maximum
goodmultiframelD , but a defaulextNum. Instead we set de- equal to the number of filters used in the programme. Each esfeth
fault rows inTilePawPrints to have extension numbers equals matched to ileSet and eaclSource row to a similar number of
to 2 and default sequence numbers, so that they can match waths in TilePawPrintsTDOnly, depending on whether there was a de-
default rows in théetection. This allows us to match the tile tection in each observed filter. The relationship betwéengeLog and
detections irSource or SynopticSource and find all the paw- TiIePawF_’rintsTDQnIy is necessary becal_Jse the multifrantension
print detections with the correct numbers of rows returmath ~"Umber is stored iergeLog andilePawPrintTDonly.

default attributes in all the cases where there were no tietsc

We must emphasize that an entryTiil ePawPrints, which has ]

a key O1ExtNum=2, 01SeqNum=-99999999) doenot denote 5. Changes to image metadata

tha}t there is overlap Wlth extension 2. Th!s just means et t5.1. ESO attributes

object was not detected in the multiframe in question.

VISTA data pass through an ESO quality control pipeline

. X . “(whose modules are provided by VDFS) in Garching before
two pawprints have matched detections, some where thewle g6 ingested into the VDFS data processing pipeline in
just one (in the outestrips) or three four, five or (infrequently) camprigge, while the VDFS-generated data products supplie
six pawprints have detections, some where the tile only Bas ¢, ihe ESO SAF must comply with ESO metadata standards. As
tections (usually at the faint end). If there is no detectiom 5 -onsequence, the VISTA data products present containma qua
a particular frame, a default entry is added: the extension-n i, of standard ESO information not present in WFCAM data
berextNum and sequence numbeegNumwill both be default. - 4,cts. For example, the headers of image files contaima nu

Careful selection of what is default and what is not will apiSe |, of ESO hierarchical FITS keywords Those required for
the use of these tables. Any attributes in the detectioR$atiN a5 processing, or judged to be scientifically useful, aogpp
be compared in this way, although It Is necessary to mat_chaﬁated into théultiframe or MultiframeDetector tables
new detection table for every frame in the table. Since this {4, keywords from primary or extension headers, respeltive

_d(_)nedvia the primary key (multiframelD, extNum, segNumg thyhjje the remainder are recordedMnlti frameEsoKeys and
Joined SQL queries are veryieeient. MultiframeDetectorEsoKeys tables.

To match tile detections in aSource table or Initial quality control occurs when the data is checked at th
SynopticSource table to the detections on the constituerf!€Scope and then at Garching to determine if the data as ta
pawprints, it is necessary to remove the pawprint-onlyatiies  Within the required constraints. This results in additiomaal-
to leave a table with only the good tile detections and nergssty control metadata created for VISTA, which is included in
defaults. If a query retains the pawprint-only detectidhey are the VSA, and which are not found in the WSA. These include
interpreted as defaults, so if a detection is missing in ipaar OBSTATUS (“Completed”, "Executed”, "Aborted”, “Pending
filter it will be matched to every set of pawprint detectiongnd “Undefined”), and ESOGRADE (°A’, fully within con-
that are not linked to a tile-detection, a nonsensical tesdftraints; “B”, mostly - 90% - within constraints; “C”; "D R,
To avoid this, we have created a vielilePawTDOnly that 'ejected).Ifthe OBSTATUS is notcompleted, the whole OB wil
can be directly matched in the same wayTddePawPrints. D€ repeated later. Each OB is also quality assessed more gene
However, for very large datasets, such as the VVV, querig& wlly when processed in Cambridge. _ _
better if users usevvTilePawPrints and add the necessary  There are also requirements for the files that are imported
constraints into the where clause, see example queries! fiouninto the ESO Science Archive Faciliy We generate the follow-

table to the pawprint detections is shown in Fig 5. archives: ABMAGLIM, ABMAGSAT, MJDEND, TEXPSUM.

These have been added intmltiframeDetector as ab-

In the case of the VHS, which has a single epoch onlylagLim andabMagSatandMultiframe asmjdEnd, total-
we have provided an additional tablasSourceXPawPrints ExpTimeSum. Currently the AB saturated magnitude is only
which is a neighbour table betwe&hsSource and the paw- calculated when images are released to ESO, so all the values
print detections itvhsDetection. This simply matches all paw- are default in the archive. The image pixel data have alsa bee
print detections within a given radius to a source. A typipagry scaled and converted to 32-bit integer from 32-bit floatinmp
is shown at the bottom of the tile-pawprints section of thd.SQas a requirement for the ESO archive. The calculation ofdhk s
Cookbook. It is more diicult to do precision queries on par-ing parameter is shown in Appendix A.
ticular ofsets or extensions as withi lePawPrints, but it is
possible to do faster queries and may be preferable if oy th* httpy/heasarc.gsfc.nasa.gbisio/c/f_usefnode28.html
pawprint data are required. 15 httpy/archive.eso.ofgmg

MostTilePawPrintsrows will be entries where the tile and




5.2. Deprecations in the VSA — note that users wishing to extract photometry for

objects brighter than m 13 (though this limit is survey depen-

A number of new image deprecation codes have been introdu : ; ;
for the VSA. The diferent sub-surveys within UKIDSS foIIowedgétécatﬁ)cﬁsr?gﬁ;?ttt:]aen[iillgsused in the OBs) should use pawprint

the same deprecation policy, so it was possible to applyuthiat o :

n the top half of detector 16, the quantufficgency (QE)
IjortmlyFacrs/T;_l'ERe r\]/vhole Wstr'? algdb?_otsreleaset any d%prec%(faqies on short timescales making flat fields inaccurates Thi
ata. For , Nowever, e FUDIIC Survey teams have Ok, icularly noticeable at short wavelengths {um e.g. Z
fined diferent deprecation criteria, so it is not possible to defi d ). Since tiles are produced from 6 pawprints, each with

an analogous uniform policy for the VSA. Instead, it has begfy " jatactors, we still create a tile even if one or more of the
decided to release all data (deprecated or not) but to dedulie a constituent detectors has problems. Each tile pixel comoes f

tlonalﬁe\f)r%catl?nr%%ctieds |tr? tlrr:dlc?tet\;vr;let?iri orr] nrot PddarmT-d up to 6 pawprints, which may havefiirent PSFs (this is why
ages have been omitted In e creation of higher order pistiucy ., inq- the tiles is done as described earlier). Tileadtibns
deep stacks, tiles or mosai&surce tables,SynopticSource

tables, neighbour tables or multi-eppedriability tables. The that come partly from detector 16 in one or more pawprints are

: X flagged using the post-processing error flagErrBits ) bit 12,
presence of most codes does imply exclusion from further us&™ ot ysers can select a data set without these detections o
but the following codes are more nuanced:

with them, whichever they prefer. Many of these detecticaseh

— 50: The frame is good enough for single epoch measuielow average confidence. We also added a flag for low confi-
ments, but should not be used in a deep stack; dence detections, bit 7.

— 51: The frame has a problem with intermittency problem Occasionally a particular pawprint detector is deprectied
with channel 14 (some early frames had this temporary igne of several reasons (Hambly et al. 2008). The confidenae of
sue in detector 6). During deep stack creation, channel 14disprecated detector is set to zero when making the tile,laad t
set to zero weight in a temporary confidence image. produces poorly defined extractor values (infinities andaiot

— 53: These are frames where the quality is marginal. Do netimber), which are ingested as defaults into the databasseT
use the frames in deeps, or use the detections in the variablié detections are flagged with bit 24.
ity statistics, but do link them in the best match table, ® th  The twostrips at the top and bottom of the tile have half the
the survey team can do more tests to determine whether tiesposure time of the other parts of the tile. We flag these litth

are good enough to be used in future releases. 23. This is partly for the users and partly so that these tetex
— 55: Aborted OB, if the science team decided they want tip not become primary sources in $wirce table of the survey
deprecate based on OBSTATUS; if they overlap with a full exposure region of another tile.

— 56: Deprecated because of poor ESOGRADE, if the science The list below is a summary of the new detection quality bit-
team decided they wanted to deprecate based on this;  flags developed for VISTA tile detections.

— 58: Deprecated because the catalogue could not be ingested.
This happened for many very dense fields in early process- Bit 7, Low average confidence: (80) in default aperture.
ing versions, but these have since been replaced. We haveBit 12, Source image comes partly from detector 16
included the code in this paper for the sake of completeness Bit 23, Source lies within a strip of the tile that has half the
and for users who use older team releases that still contain average exposure of the tile.
data annotated with this code. If a similar situation arises — Bit 24, Source lies within an underexposed region due to a
the future, more data may be deprecated with this value. missing or deprecated detector

i These tile flags have not been applied to catalogues from ex-
6. Changes to catalogue attributes ternal mosaics created for VIDEO.

Some of the catalogue attributes present in the VSBedfrom

those in the WSA, for several 'reasonsffaienc_es inthe VISTA 4 o Changes to attributes in Detection tables

and WFCAM detector properties mean thdfelient éfects need

to be flagged, while the observing strategy changes deskiribe The VDFS extractor (Irwin et al. 2004), which generates the
§ 2.1.1 led to requirements for ftiérent information. We have raw catalogue parameters for all the VSA data (apart from
also introduced additional attributes in response to userahd VIDEO mosaic catalogues, which are extracted using Source
and in the light of enhancements we have made, especiatgin Extractor; Bertin & Arnouts 1996) has had a few modifica-

treatment of multi-epoch data. tions so that there are slightly ftkrent output parameters for
We describe all these changes in the remainder of this s®tSTA than WFCAM. In the original FITS catalogues produced
tion. by the VDFS extractor thBarent_or_child column @deblendin

the WSADetection tables) has been replacedderage_conf
. (stored as thavConfin the VSADetection tables), while the
6.1. VIRCAM detector properties Hall radius, Hall flux and Hall flux error have been replace by

The Raytheon VIRGO detectors used in VIRCAM have no dé half-light radius alfRad) and flux and flux errorialfFlux,
tectable crosstalk and much lower persistence than theviRdick halfFluxErr ) within an aperture twice the half-light radius.
Hawaii 2 detectors used in WFCAM. For this reason, detestion

do not have their quality bit-flags set for crosstalk (bit 19 e :

PPErBits , see Hambly et al. 2008) in the VSA, which reducg.z,'z'l' Modified Julian Day

processing time. However, the VIRCAM detectors have a ndn WFCAM, we used thenjdObs in Multiframe as the time
rower dynamic range, with non-linearity and saturationusec for each observation, which was used in light-curves. This a
ring at lower flux levels. Non-linearity is calibrated outgest of tribute is inadequate in VISTA though, since tiles are madmf
the VDFS pipeline at CASU, and WFAU have applied a saturaverlapping pawprints which each havetdient mean obser-
tion correction (Irwin 2009), where necessary, to the phatvy vation times and each tile detection may come fromfetgnt



combination of pawprints. This is particularly importaat sur- - illumCorr , the illumination or scattered light correction that
veys such as the VMC (Cioni et al. 2011), which require a $igni  is calculated for fields on a month by month basis.

icant fraction of an hour of integration time to reach theuiegd  — distortCorr, the radial distortion correction, which depends
depth at each epoch, but are looking for variables with plsrad on the distance from the optical axis and the filter only.

a few hours. In this case an accurate measurement of the mearsaturCorr, the saturation correction, that is applied to the
observation time is fundamental to the science. 1 arcsecond radius aperture magnituajesfMag3) of bright

We have now added a new attributgd into the detection stars only (those that are flagged as potentially saturated)
tables. This is the standard Modified Julian Date (MJD, in-dou— deltaMag, the sum of the exposure time correction
ble precision days since midnight on Nov 17th 1858) and is (2.5log,oexpTime), the atmospheric extinction correction
calculated detection by detection in the case of tiles oerext ((0.5(amsStart + amEnd) — 1)extinctionCat), the illumina-
sion by extension for pawprints. During ‘grouting’, the eage tion correction and the radial distortion correction. Thé s
MJD of each tile detection is calculated as the weighted-aver uration correction is not included, because it is only agapli
age (weighted by the average confidence in aperture 3) MJD of to aperMag3. A user can calculated their own magnitudes
the diferent pawprints that contributed to the tile detection. In on the VISTA photometric system for objects by measuring
the FITS file, this is expressed as a floating point value in-min a flux in any way they like and applying the zero-point and
utes from the beginning of the day of the observation, as col- the addingleltaMag.
umnMJDOf, with the beginning of the day given in the header
asMJD_DAY. We have also calculated the mean MJD for each The aperture corrections are not included since they age onl
pawprint detector and added thisNaltiframeDetector as applied to specific magnitudes and are the same for all ob-
mjdMean. This is the value that becomes timd in the detec- jects on one detector. The values for these are includedein th
tion tables for pawprints, not threjdObs, which is the start time MultiframeDetector table.

of the observation. WFAU had several requests for aperture magnitudes without
the point-source aperture correction (i.e. for extendentcss).
6.2.2. Half-light radii Therefore we have included these values for the 7 apertlires (

7) which aperture corrections have been applied as standard
As well as ingesting detection attributes calculated byub&S These are namedperMagNoAperCorrl, aperMagNoAper-
extractor produced in the FITS catalogue output, othebbates Corr2 to aperMagNoAperCorr7. These magnitudes can be
are calculated by the archive curation software. Theseaidiecl used for extended sources if required.
several half-light radius measurements, based on theumpert
fluxes and the Petrosian flux, using the same method discus

in Smith et al. (2009). These new attributes are: ge:ﬁ Changes to attributes in the Source tables

Several of the attributes in thRetection table have been
— hiCircRadAs, the half-light circular radius in arcseconds. propagated through to th&ource table orSynopticSource
— hiCircRadErrAs , the error in the half-light circular radiustable. Of the newbetection attributes, we have propagated
in arcseconds. hiICorSMjRadAs and the non-aperture corrected aperture mag-
- hiGeoRadAs the geometric mean between the half-light ranjtudes into the&Source table. We do not propagatejd though,
dius along the semi-major axis and the half-lightradiusglo since the sources in thgource table come from the deepest

the semi-minor axis in arcseconds. data, stacked across multiple epochs where the time of -obser
— hiISMnRadAs, the half-light radius along the semi-minofvation is not particularly useful. Since tf&ynopticSource
axis in arcseconds. matches data with a specific epoch, and is particularly Wisefu
— hISMjRadAs, the half-light radius along the semi-majorfor variability work on point sourcesnjd is propagated but
axis in arcseconds. . _ _hiICorSMjRadAs andaperMagNoAperCorrX are not.
— hiCorSMnRadAs, the half-light radius along the semi- e still only produce oneource table, from the highest
minor axis corrected for seeing, in arcseconds.  product layer (se& 7). Producing one for tiles and one for paw-
— hiCorSMjRadAs, the half-light radius along the semi-majorprints breaks the idea of a single master source list (segesCro
axis corrected for seeing, in arcseconds. et al. 2009). Instead, we have a master source list produced f

_ _ tiles which is linked to pawprints using tiTé 1ePawPrints ta-
The algorithms used to calculate the above attributes &, see§ 4.1.1.

given in Appendix B.

6.2.3. Magnitude corrections 7. Infrastructure
Photometric calibrations, derived by the VDFS pipeline élihetre h?r\]/etpeen severaltphanfg;tﬁs to the smber;ce agggmfra
CASU (Hodgkin et al. 2009), are applied in the archive curz%r—li"]f uret at_ln:pror\]/e curatltono ‘ et?]ur\t/)ey?, u fr?nVSA <

tion software. As mentioned i§6.1, we now make a saturationol; tﬁé :g'iﬂ; ;‘e";’ t?av\ygnbegr?]i?]cfemingsl‘ aur?((je ha?/e beén%n(;gu
correction to the pipeline produced magnitudes of stargéldg . ) : )
as potentially saturated. We decided to include expliditiems Mented in Collins et al. (2009); Cross et al. (2009, 2010f Th

that detail this and other source dependent correctionsétthat Main changes to the VISTA Public Surveys from the UKIDSS

are not simply field dependent), making it easy for users to UpUPlIC Surveys are listed below:

derstand and apply the corrections themselves. ) .
The current corrections that are applied to the magnitugles b~ Sétup all the requirements, the database schema and euratio

WEFAU26 in the VSA are: tables contents using available data and basic programme
properties from thérogramme table. This was also done
16 calculated from calibration work at CASU (Hodgkin et al. 2)0 for the UKIDSS-DXS and WFCAM PI programmes.



— Manage multiple layers of products: pawprints, tlesand mo When OB frames are recalibrated in multi-epoch pro-

saics, including external products automatically. grammes, the OB tiles are compared to the deeps and the zero-
— Have a more sophisticated setup for multi-epoch producfmints adjusted accordingly. A change to the zero-pointef t
specified by theynopticSetupstring inProgramme. tile is propagated to the constituent pawprints. The cogedp-

agate the zero-pointfierences was not developed until very re-
c&p_tly, so most datasets in the first release will not inchinite
ropagation; at the time of writing only the VVV dataset will
nclude this. The pawprint zero-points for the other meftiech
public surveys (VIKING, VMC and VIDEO) will be correctly
ﬁ[ﬂdated for all recalibrations in the data releases thataoon

We set up all the requirements, the database schema and
ration tables contents for a survey, when we start prepain
static release (e.g. VHS-DR1), using a combination of thee pr
gramme requirements in tlerogramme table and the available
data. We have made the infrastructure and processing the s
for all surveys, unlike in UKIDSS where the wide shallow sur-
veys (GPS, GCS and LAS) were processdtedently from the
deep surveys (DXS and UDS). This makes it easier for the oper2. mMulti-epoch tables
ators who run tasks, and makes it much simpler if programmes i i . . .
evolve in the future. For instance, if the VHS decided to add Ve have introduced thesynopticSetup string attribute in

a second epoch in any filter, this would be automatically aeco Programme, to control the production of more than one Best
modated. Match table, i.e. both &ourceXDetectionBestMatch and a

SourceXSynopticSourceBestMatch. In surveys such as the
VVV, many scientists would like colour information for vari
7.1. Stack, tiles and mosaics able stars, so the colours must come from near-contempamuiane

. . . observations. This information is in tt8ynopticSource ta-
Requirements for stack, tile and mosaic products are set jiR \vhereas the colours in theource table come from the
by grouping the data into flerent pointings by position, posi- yeepest images which are stacked from several epochs of

tion angle and fiset (if pawprints). The requirements for a pargata and are certainly not contemporaneous. However, this
ticular release are stored RequiredStack, RequiredTile, survey will take many tens of epochs, mostly in one filter
andRequiredMosaic. The stacking software uses the definig_ g a SynopticSource table that covers the full time
tions to create the deepest stack possible for each produc];a{nge would be inicient - theZ. Y. J andH band attribute
RequiredStack from the pawprints. The tiling software create$.;u;mns would contain mainly,de,fault values. A morgi-e
tiles at ea_\ch location using t.hese stf':\cks, so the tile reou@nts  jant way is to specify theSynopticSource over a short
must be linked to the pawprint requirements. time range and specify that the statistics in Wariability
_The diferent layers of products (pawprints, tiles and mashould come from data irSourceXDetectionBestMatch,
saics) can be linked to each other using H®ductLinks which covers the whole time range. It is still necessary to
table: e.g. tile productlD 1 irRequiredTile in the VHS |ink the SynopticSource table with all the other tables, so a
may be composed of pawprints with productlDs 1, 3, 5, 7, $hurceXSynopticSourceBestMatchtable is required too.The
& 11 in RequiredStack. ProductLinks links the require- synopticSetupattribute is a string, with the following value in
ments whereaBrovenance links the image metadata from thethe \/vV: BOTH: VAR-UNC: COR, SV, P87, which can be parsed
actual files. From one release the valuesPiroductLinks, to give the following information: create both Best Match
RequiredTile and RequiredStack may stay the same (al-tables; use the uncorrelateSoirceXDetectionBestMatch)
though this is not guaranteed), but a product which initielin-  when calculating the variability statistics, and only uséacbe-
tained 2 epochs worth of image data may be replaced by affen the beginning of the Science Verification period (SV)
containing 5 epochs worth of image data and will therefork li and the end of ESO Period 87 (P87) in the correlated table
to different multiframes iMul tiframe andProvenance. (SourceXSynopticSourceBestMatch).

External (made outside VDFS) products, e.g. VIDEO (or
UKIDSS-UDS in the WSA) mosaics, which are created b .
the survey team and imported into the VSA, are set up via Other enhancements since the launch of the
the ExternalProducts table, which contains the programme, WSA

product type, release number and information aboutwhdemieam addition to the above changes necessary for processing

the mosaic and where on the file system it can be found.  \;;gTA data, we have made various changes to improve overall
The required products and the actual image frames are n@i¢ation of WFAU products. These extend the database design

linked to each other via therogrammeFrame table which in-  gescribed in Hambly et al. (2008) and Cross et al. (2009).
cludesprogrammelD, productlD andreleaseNumand links to

the image metadata tables waultiframelD . The release num-

ber for products is a running number from when WFAU firs8.1. Improvements to multi-epoch data model and
started producing releases for the science teams, so tie pro calculations

ucts in the_ first public releases of the VI_STA Public Surveygllll Creating the BestMatch tables
have a variety of release numbers depending on the programme

ProgrammeFrame is essential for keeping track of what image#n Cross et al. (2009§ 9.2, we discussed possible improve-
are related to each requirement. This makes it much easier ffilents to checking missing observations to correctly criete
scientists and VSA support $ido keep track of what has beenBestMatch tables. One method that we discussed possibly im-
created and whether anything is missing. This infrastmecisi plementing was the half-space method (Budavéari et al. 010
crucial for the automated curation (Collins et al. 2009) &A/ We define 16 half-spaces for each single epoch image. These
products, where decisions are made about what tasks need ta® half-spaces come in 4 sets, one 2 pixels outside each image
run based on the requirements and what has already been cedge, one 2 pixels inside each image edge, one 2 pixels eutsid
pleted. the edge of the jittered region where the exposure time pet pi

ata from semester P87 and beyond.
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goes from the total exposure time to some fraction of it anel on
2 pixels inside this edge. With 4 edges, this gives 16 hadicep.

We found that defining a half-space using 3 points: the twsend
of an edge and the midpoint, the edge could usually be destrib
to an accuracy of around one pixel, so a 2 pixel margin eaeh sid
would encompass all points which we were unsure about. Each
half-space is described using 4 numbers, a 3-D Cartesidaryec
normal to the plane of the half-space and a constant thas give
the dfset of the plane from the centre of the sphere. All the half-

Y RMS / mag
7
&
5

1e-03 |

© Stars

= Old Noise Model

=* [ === New Noise

* Variables
-~ Mag Limit

model

space info is stored in a new tabkstrometricInfo (one for
each multi-epoch programme, exucAstrometricInfo), to
help with the curation of multi-epoch data. As well as thef-hal
space info, we have included place-holder columns forattes
to describe small adjustments to the astrometric soluti@ach

16 17
Y / mag

18 19 20 21 22

image that W.i” improve fittir_lg to.the proper motion, when W%ig.G. Magnitude-RMS plot of a dense pointing in the VMC, where
start calculating proper motions in VISTA data (see ColBnS e fitting function turns over before the expected magueitinit (dot-
Hambly 2012, for the description of the method used for widgq vertical line). The old expected RMS as a function of nitagte is

area UKIDSS surveys).

plotted as the dashed line, and the new expected RMS as dofundt

The half-spaces are used to check frames which do not hawegnitude is plotted as the solid line. Outside of the fittiage, or be-
an expected match to a primary source insharce table, (see yond the turnover point, the RMS is a constant. Non-variabées are
Cross et al. 2009 9.2). If there is no detection, this may beShown as dots, and variables are shown as open squares. #ighe

for one of several reasons: the frame does not overlap wéth
part of the sky containing the source; the source is withen t
jitter regions, where the integration time is less and theag be
a gradient in the integration time across the object; thecsois
too faint to be detected on a single exposure; the sourcealys
bright enough, but has faded below the detection thresliodd;
source is blended with another; the object has movéitgntly
far from the expected position.

Using the half-spaces allows us to flag the first two possib

d,Y < 125 mag, the RMS increases due to saturatideats, but this
as not been included in the model yet.

— For all magnitudes brighter the minimum range of magni-
tudes in the fit, set the expected RMS to the value at this
point.

The astrometric fit has also been updated. Instead of calcu-
Iating a simple clipped mean, we calculate a weighted mean po

ities. Checking whether a detection should be within thegienasition. We calculate the expected astrometric noise in &keh

or within the jitter section is trivial and each calculatiisnex-
tremely quick. Most importantly, since the half-space dibss

in the same way as we calculate the expected photometrie,nois
using the angular separation between each epoch positibn an

an edge accurately within a pixel or two, very few objectsthe¢he median absolute deviation clipped median position far s
the more careful test that use the WCS to calculate the exact flonary stars and fitting a function to these median values as
sition of the object on the frame. Using the half-spaces we dtinction of magnitude. This function describes the locushef
able to reduce the number of slow tests to only those objeégirometric uncertainty for non-moving point sources, mas
within two thin shells, each 4 pixels wide, at the image edupk athe equivalent fit for the magnitude RMS described the photo-

the edge of the jitter region. The half-space informaticstised
so that archive users can use it too, to rapidly determinetveine
an object is within the frame.

8.1.2. Expected noise model

We have made changes to the calculation of the expected no%0

The expected noise is still based on fitting a function, ia taise,

a Strateva function to the RMS versus mean magnitude daa (gg
Cross et al. 2009). In early team data releases (beforeovers
1.1 data was released), the expected noise was simply the v%l
of this function at the mean magnitude of the source. Howev%[;1
we found that the actual magnitude limit was often quite a qg

brighter than the expected magnitude limit, especially mithe
field is very dense, see Fig 6. When this happens the RMS ver
magnitude plot turns over and simply using the fit will undere

timate the RMS; indeed sometimes the expected RMS will be

negative. To mitigate against this, we have made the foligwi
changes:

metric uncertainty as a function of magnitude for non-valga
point sources. This calculated uncertainty as a functiomag-
nitude will be used to weight the position.

A particular pointing may only be observed once in onefilter,
and in some programmes a filter is only observed once in each
pointing, so it is often not possible to fit a noise model foctea
inting and filter. For photometric variability statisjchis is
Dta problem, since all the values are default if there ig onk
och, but when it comes to the astrometric fit, we would like t
e all the data in all filters together, to improve the fit.

To estimate the errors on these frames, we calculate a tlefaul
oise model in each filter which has a calculable noise incstle
e pointing. We take all the calculated noise models, aludica
te the mean RMS of these models in each of a set of nine bins
across the magnitude range, and fit the noise model to the mean

Ss. This model is used in any pointing in this filter where
there is only one epoch.

For filters where there is only ever one epoch, we cannot di-
rectly measure the noise as a function of magnitude, so we mak
the assumption that the behaviour in any filter is similari® t
others (which is born out by experience of surveys whereimult

— Calculate the turnover point: the maximum RMS as a funple observations are taken in all filters). We expect thatithi¢

tion of magnitude if the function does turn over.
— For all magnitudes fainter than the turnover point or the ma

reached at the bright end will be the same and that the ineieas
Roise toward the faint end depends on the depths of the esgosu

imum range of magnitudes in the fit (whichever is brightestjyhich depends on the total exposure time or expected mafgmnitu

set the expected RMS to the value at this point, see Fig 6

limit. Moreover, any other dierences, such as th&ects of sky
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brightness or residual non-linearity are likely to be a tiocof . - MAGRES B Bl .

wavelength, so we choose the nearest filter in wavelength tl ' '

has enough epochs for a fit to be made to the RMS as a fu &f 3
tion of magnitude. We take the default model in this filter an
adjust for the dterence in expected magnitude limit, e.g. usin
the Strateva model, we will calculate new valuesbi@ndc as BE
follows

<(m) > = a+b10®4M 4 c10P8m
Am=m-m A |
a=a 2r y
b=1b 10—0.4Am 1k |
c = ¢ 10708m ar l
wherem is the magnitude limit of frames in this filter ang is i - - = - 5 o

the magnitude limit of frames in the comparison filter.

The weighted mean position uses a 8lipped weighted
mean in each of the three Cartesian coordinates, and then dég. 7. The main locus of stars matched between the VHS and SDSS
verts back to equatorial coordinates. The type of fit used gglected in (g-J) versus (J-Ks).
recorded in th&arFrameSetInfo table asmotionModel. The
model described above is a static weighted model: ‘wgtstati

When we have VISTA data over several years we expect to fROM vhsSource as s,
for proper maotion too. vhsSourceXDR7PhotoObjAll as x,

BESTDR7?. .PhotoObjAll as sdPho
) /* join the tables */
8.2. Improvements to the interface WHERE s.sourceID = x.masterObjID AND

The VSA proprietary and public release databases can be %c$1aveObjID=sdPho.objID .
find matches within 2 arcsec */

cessed and queried via the web-browser based interface. The ) )

various access methods allow users to perform SQL queries’}fy X-distanceMins<=0.6333
the science ready tables; extract image cut-outs and dewnld ~_that are nearest matches */

entire image and catalogue files. In addition public releagé AND X.distanceMins IN C ,

be accessible under the Virtual Observatory (VO). Releadies 7 Sub query to find minimum distance
be discoverable in the VO registries. A Table Access Prdtécofor @ match to this sourcelD */

(TAP) interface to each data releases will allow users te pelbLECT MIN(distanceMins)

form SQL queries using the Astronomical Data Query Langua§80! vhsSourceXDR7PhotoObjAll

(ADQL) from clients such as TOPCAT (Taylor 2005). ImageSHERE masterObjID=x.masterObjID)

will be accessible via Simple Image Access Protocol (SB\p /* select SDSS primary objects and stars */
AND x.sdssPrimary=1 and x.sdssType=6

J-Ksimag

SEIVICes. /* objects with no flags in VHS */
AND jppErrBits=0 AND ksppErrBits=0
9. lllustrative science examples /* stars or probable stars in VHS */
AND mergedClass IN (-1,-2)
9.1. Colours of VHS point sources /* Not default magnitudes in SDSS or VHS */

AND sdPho.psfMag_g>0. AND s.jAperlMag3>0.

The optical-infrared colour-colour plot is a powerful dd®r of
b P P BND s.ksAperMag3>0.

different types of stars, with most stars lying along a narrow |
cus. However, extinction and poor photometry can widenlthis
cus and prevent the separation of brown dwarfs, QSOs and c%n
pact galaxies. The following selection will select pointszes €
in the VHS, which are matched to point sources in the spdae
and are not flagged for poor quality. We select the colours afig!
positions, but only for stars in areas of low Galactic exio.

These data can be plotted using TOPCAT (Taylor 2005), and
main locus can be found, as seen in Fig. 7. The gradient of
locus in the colour-colour plot can be measured and tren r
ects can be further selected.

9.2. Flare stars
SELECT s.sourcelID, s.ra, s.dec,

/* select position colour and magnitude The following query selects objects that could be flaringssta
information */ some type of cataclysmic variable. To do this, we selectcssur
(sdPho.psfMag_g-s. jAperMag3) AS gmjPnt, that have a minimum Kmagnitude that is at least 2 magnitudes
jmksPnt, ksAperMag3 brighter than the median magnitude and further, it has &t lea
/* from vhsSource, SDSS DR7 PhotoObjAll, 2 measurements that are brighter than the median by 0.5 mag-
neighbour table */ nitudes. This second constraint should remove sourcesonih
point that has escaped flagging. We also want at least 5 ggod K
17 httpy//www.ivoa.netDocumentsTAP/ detections for a reasonable light curve. The following guweas
18 hitpy/www.ivoa.netDocumentSIA/ performed on the VVV survey.

12



SELECT v.sourcelID, s.ra, s.dec,

/* select some useful attributes, pointing info,
number of observations, min, medium, maximum,
variable class, and star/galaxy class */
v.framesetID, ksnGoodObs, ksMinMag, ksMedianMag,
ksMaxMag, variableClass, mergedClass,
(ksMedianMag-ksMinMag) as ksFlareMag,

COUNT(*) AS nBrightDetections

/* from vvvVariability and vvvSource */

FROM vvvVariability as v,vvvSource as s,
vvvSourceXDetectionBestMatch as b,
vvvDetection as d

/* first join the tables */

WHERE s.sourcelID=v.sourceID AND b.sourceID=
v.sourceID AND b.multiframeID=d.multiframelID
AND b.extNum=d.extNum AND b.seqNum=

d.segNum AND

/* select the magnitude range, brighten than
Ks=17 and not default. */

ksmedianMag<18. and ksmedianlMag>®. AND

/* at least 5 observations */

ksnGoodObs>=5 AND ksbestAper=5 AND

/* Min mag is at least 2 magnitudes brighter
than median mag(but minMag is not default) */

(ksmedianMag-ksminMag)>2. and ksMinMag>0. AND
/% Only good Ks band detections in same
aperture as statistics are calculated in*/
d.segNum>0 AND d.ppErrBits IN (0,16) AND
d.filterID=5 AND d.aperMag5>0 AND
d.aperMag5<(ksMedianMag-0.5)

/* Group detections */

GROUP BY v.sourceID, s.ra, s.dec,

v.framesetID, ksnGoodObs, ksMinMag, ksMedianMag,
ksMaxMag, variableClass, mergedClass

HAVING COUNT(*)>2

/* Order by largest change in magnitude first.*/
ORDER BY ksMedianMag-ksMinMag DESC
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Fig. 8. The light curve of a flare star in the VVV selected using the

query above.

extinction corrected Petrosian magnitudes
put into AB system and seeing corrected,
semi-major axis size, PLUS SDSS colours
and redshifts (spectroscopic and
photometric)
:'c/
s.sourcelD,s.ra,s.dec,s.frameSetID,
(s.hPetroMag-s.aH+fh.VegaToAB) AS hPetroAB,
s.hH1CorSMjRadAs, (s.hPetroMag+
2.5%10g10(2.%3.14159*s.hH1CorSMjRadAs*
s.hH1CorSMjRadAs)-s.aH+fh.VegaToAB) AS
hSurfBright, (s.ksPetroMag-s.aKs+
fks.VegaToAB) as ksPetroAB,
s.ksH1CorSMjRadAs, (s.ksPetroMag+
2.5%10g10(2.%3.14159*%s.ksHl1CorSMjRadAs*

We plot the Ks-band light curve of one of these objects i9. ksH1CorSMjRadAs) -s. aKs+fks . VegaToAB)
Fig 8. The majority of the detections are"4nagnitude, but g ksSurfBright, dr7spec.objID as sdssID,
there is a flare of almost 2.5 mag followed by fading of 1 mag(dr7spec.modelMag_u-dr7spec.extinction_u)-

before the star returns s = 13.9 mag.

9.3. Global properties of VIKING-SDSS galaxies

(dr7spec.modelMag_g-dr7spec.extinction_g))
as umgModel, z, zErr, zConf, zStatus, specClass
/* from vikingSource, Filter (one for each
filter for VegaToAB), SDSS-DR7 neighbour

The following selection uses IR photometry and sizes fromable, SDSS SpecPhoto table */

VIKING combined with optical colours and redshifts — bottFROM vikingSource AS s,Filter AS fh,Filter
spectroscopic and photometric — from SDSS. In this query W8 fks, vikingSourceXDR7PhotoObjAll AS xdr7,
use neighbour tables to join VIKING and SDSS. We use tIBESTDR?..SpecPhotoAll as dr7spec

SQL command “UNION” to combine the query which matcheg* First join tables, */

to galaxies with spectra to the query for those with only photWHERE xdr7.masterObjID=s.sourceID AND

metric redshifts. Users who are worried about completecass fh.filterID=4 AND fks.filterID=5 AND

use the “UNION” command to combine further queries, such @s7spec.objID=xdr7.slaveObjID AND

those that select for VIKING galaxies without SDSS matches 0/* select VIKING primary sources matched to
ones for SDSS matches but neither spectroscopic or phatemetSDSS primary sources */

redshifts. The two combined queries must have the same numbgriOrSec=0 OR priOrSec=frameSetID) AND

of columns, with the same names. In the cases where one quatysPrimary=1 AND

has columns which the other has no entry for (e.g. redshift, &r7spec.sciencePrimary=1 AND

we can fill this column with a default number, just as we demoy* within 2" of nearest match */

strate below with the redshift status and spectroscopie.typ

SELECT
/% select information necessary to create
bi-variate brightness distribution,

xdr7.distanceMins<0.03333 AND
xdr7.distanceMins IN (

SELECT MIN(distanceMins)

FROM vikingSourceXDR7PhotoObjAll
WHERE masterObjID=xdr7.masterObjID AND
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sdssPrimary=1) AND
/* for objects classified as galaxies or
probable galaxies in VIKING */
mergedClass IN (1,-3) AND
/* h and ks size is 0.7<sma<=10. arcsec */
ksH1CorSMjRadAs>0.7 AND hH1CorSMjRadAs>0.7
AND ksH1CorSMjRadAs<=10.0 AND
hH1CorSMjRadAs<=10.0 AND
/% good quality data in VIKING h and ks */
hppErrBits=0 AND ksppErrBits=0 AND
/% ks extinction corrected AB mag < 20.5 */
(ksPetroMag-aKs+fks.VegaToAB)<20.5 AND
/* ra and dec range to restrict to where
SDSS is */
s.ra>100. AND s.ra<250. AND s.dec>-5. AND
/* z>=0.002 */
dr7spec.z>=0.002
/* Add in ones which do not have SDSS spectra
using UNION */
UNION
SELECT
/* select information necessary to create
bi-variate brightness distribution,
extinction corrected
Petrosian magnitudes put into AB system and
seeing corrected, semi-major axis size AND SDSS
matches to PhotoObj table and photoz table */
s.sourcelD,s.ra,s.dec,s.frameSetID,
(s.hPetroMag-s.aH+fh.VegaToAB) AS hPetroAB,
s.hH1CorSMjRadAs, (s.hPetrolMag+
2.5%10g10(2.*3.14159*%s.hH1CorSMjRadAs*
s.hH1CorSMjRadAs)-s.aH+fh.VegaToAB) AS
hSurfBright, (s.ksPetroMag-s.aKs+fks.VegaToAB)
as ksPetroAB,s.ksH1CorSMjRadAs, (s.ksPetroMag+
2.5%10g10(2.%3.14159*s.ksH1CorSMjRadAs*
s.ksH1CorSMjRadAs)-s.aKs+fks.VegaToAB) AS
ksSurfBright, dr7phot.objID as sdssID,
((dr7phot.modelMag_u-dr7phot.extinction_u)-
(dr7phot.modelMag_g-dr7phot.extinction_g))
as umgModel, photz.z as z,photz.zErr as zErr,
-9.9999 as zConf,-9 as zStatus,-9 as specClass
/* from vikingSource, Filter (one for each
filter for VegaToAB), SDSS-DR7 neighbour
table, */
FROM vikingSource AS s,Filter AS fh,Filter AS
fks,vikingSourceXDR7PhotoObjAll AS xdr7,
BESTDR7. .PhotoObjAll as dr7phot,
BESTDR?. .photoz as photz
/* First join tables, */
WHERE xdr7.masterObjID=s.sourceID AND
fh.filterID=4 AND fks.filterID=5 AND
dr7phot.objID=xdr7.slaveObjID AND photz.objID=
dr7phot.objID AND dr7phot.objID NOT IN (
SELECT dr7spec.objID
FROM BESTDR7?..SpecPhotoAll as dr7spec
WHERE dr7spec.objID=xdr7.slaveObjID AND
dr7spec.sciencePrimary=1) AND
/* select VIKING primary sources matched to
SDSS primary sources */
(priOrSec=0 OR priOrSec=frameSetID) AND
sdssPrimary=1 AND
/* within 2" of nearest match */
xdr7.distanceMins<0.03333 AND
xdr7.distanceMins IN (
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Fig. 9. Ks-band AB Petrosian magnitude versus redshift. This plot
shows very few redshifts greater thae 1, shown in red. The galaxies
with z > 1 are likely to have spectroscopic redshifts, whereas tloe ph
tometric redshifts are limited to @ z < 1. Galaxies withKag < 18.2
tend to havez < 1, so we have selected a sample in TOPCAT which
haveK < 182 andz < 1, which are shown in green.

SELECT MIN(distanceMins)
FROM vikingSourceXDR7PhotoObjAll
WHERE masterObjID=xdr7.masterObjID AND
sdssPrimary=1) AND
/* for objects classified as galaxies or
probable galaxies in VIKING */
mergedClass IN (1,-3) AND
/* h and ks size is 0.7<sma<=10. arcsec */
ksH1CorSMjRadAs>0.7 AND hH1CorSMjRadAs>0.7 AND
ksH1CorSMjRadAs<=10.0 AND hH1CorSMjRadAs<=10.0
/% good quality data in VIKING h and ks */
AND hppErrBits=0 AND ksppErrBits=0 AND
/* ks extinction corrected AB mag < 20.5 */
(ksPetroMag-aKs+fks.VegaToAB)<20.5 AND
/* ra and dec range to restrict to SDSS */
s.ra>100. AND s.ra<250. AND s.dec>-5. AND
/% z>=0.002 */
photz.z>=0.002

We plot the magnitude against the redshift for these galax-
ies, Fig 9, and find that there is an artificial selectiorz at 1.
The most likely explanation is that the photometric redstafe
limited to this range, since the SDSS optical colours do nat g
reliable photometric redshifts outside this range. By ctélg a
subsample aKs < 182 andz < 1, we have a more complete
sample with reliable redshifts. We use this sample to lodkeat
colour-magnitude plot and the surface brightness magajplamt
of galaxies, Figs 10 & 11. The surface brightness, coloug-ma
nitude and redshift are all fundamental for classifyingagéds.

9.4. Extragalactic variables in VIDEO

In deep extragalactic surveys, such as VIDEO, with many
epochs over several months or years, it is possible to find a
range of AGN, and very occasionally supernovae. There ace al
a few foreground stars that show variability. We select poin
source variables VIDEO survey which show a range in magni-
tudes greater than 0.1 mag in any filter. Since the filtersis th
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the red-sequence is clear, but at fainter magnitudes, igalawll be at
higher redshift, so the observed colours are less meaningfu
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Fig. 11. Ks-band AB Petrosian magnitude versukeetive Ks surface

brightness for the&Kag < 182, z < 1 sample selected in Fig 9. The

hard limit at the top-right hand side shows the size limit af’0 The
main galaxy population seems to have a high surface brighttimit

of uxs = 18. mag arcse@, with a small group at higher surface bright-

nesses (shown as blue crosses) - either compact galaxitsretisat
have managed to avoid all the selection criteria. Galaxée® Isurface

brightnesses as low a&s = 24.0 mag arcse@, but fainter galaxies

would need to be selected before the VIKING surface brigigrize-
came a limiting factor.
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fg.12. Ks-band magnitude range versus H-band magnitude range.

While there is a correlation between the two ranges, the ittHsange

seems greater than the Ks-band on average. There are soewtsobj

which have no discernible variation in Ks or H, but do so in ane

more of the other filters.

v.hMagRms, v.hnGoodObs, v.hSkewness,
(v.hMaxMag-v.hMinMag) AS hRange,v.ksMedianMag,
v.ksMagRms, v.ksnGoodObs,v.ksSkewness,
(v.ksMaxMag-v.ksMinMag) AS ksRange
FROM videoVariability AS v,videoSource AS
s /* join tables */
WHERE v.sourcelID=s.sourceID AND
/* point source variables */
s.mergedClass IN (-1,-2) AND
v.variableClass=1 AND
/* delta mag in > 0.1 in ANY filter, with
at least 5 good obs in that filter */
(((zMaxMag-zMinMag)>0.1 AND zMinMag>0.
AND znGoodObs>=5) OR ((yMaxMag-yMinlMag)>0.1
AND yMinMag>0. AND ynGoodObs>=5) OR
((jMaxMag-jMinMag)>0.1 AND jMinMag>®. AND
jnGoodObs>=5) OR ((hMaxMag-hMinMag)>0.1
AND hMinMag>0. AND hnGoodObs>=5) OR
((ksMaxMag-ksMinMag)>0.1 AND ksMinMag>0.
AND ksnGoodObs>=5))

We can plot some of the variability statistics, such as the
range in theKs band against the range in thkband, see Fig 12
or the RMS against the skewness in tigband, Fig 13. These
types of plots help to classify fierent types of variable and to
pick out odd objects.

We can then select one of these objects, e.g. the object in
Fig 13 with aKs band RMS> 0.4 mag, which is more than twice
the RMS of any of the other objects and plot the light curve. To

survey are not taken simultaneously, and AGN show sporagjg this, we do a second query, below:

variability, variations may only be seen in one filter.

SELECT s.sourcelD,s.ra,s.dec,v.frameSetID,
v.zMedianMag,v.zMagRms,v.znGoodObs,v.zSkewness,
(v.zMaxMag-v.zMinMag) AS zRange,v.yMedianMag,
v.yMagRms, v.ynGoodObs,v.ySkewness,
(v.yMaxMag-v.yMinMag) AS yRange,v.jMedianMag,
v.jMagRms,v. jnGoodObs,v. jSkewness,
(v.jMaxMag-v. jMinMag) AS jRange,v.hMedianlMag,

SELECT

/* Select time, filter, magnitude, magnitude
error and flags */
d.mjd,d.filterID,d.aperMag3,d.aperMag3Err,
d.ppErrBits

/* From BestMatch table to link all
observations of the same source and
videoDetection for each observation */
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Ks-band observations. Most of the objects selected havtvgoskews Y~ >
in the Ks-band. The skew decreases gs the RMS increases. magnitudes over the next 100 days. This is the expected lmehaf a

supernova Type la.

FROM videoDetection as d,
videoSourceXDetectionBestMatch as b -
/% First join tables */ .
WHERE b.multiframeID=d.multiframeID AND
b.extNum=d.extNum AND b.segNum=d.segNum e 9
/* then select only detections and sourceID r‘ -
equal to object in previous selection
which has a Ks-band RMS>0.4 mag */ [ 1
AND d.segNum>® AND b.sourceID IN ( .
SELECT s.sourcelD
FROM videoVariability AS v,videoSource AS s .
/% join tables */ v
WHERE v.sourceID=s.sourceID AND
/* point source variables */
s.mergedClass IN (-1,-2) AND
v.variableClass=1 AND
/* delta mag in > 0.1 in ANY filter, with
at least 5 good obs in that filter */
(((zMaxMag-zMinMag)>0.1 AND zMinMag>0.
AND znGoodObs>=5) OR ((yMaxMag-yMinMag)>0.1
AND yMinMag>0. AND ynGoodObs>=5) OR ]
((jMaxMag-jMinMag)>0.1 AND jMinMag>0. AND
jnGoodObs>=5) OR ((hMaxMag-hMinMag)>0.1 AND -
hMinMag>0. AND hnGoodObs>=5) OR
((ksMaxMag-ksMinMag)>0.1 AND ksMinMag>0. AND Fig. 15. Thumbnail of point-source variable which has light curve
ksnGoodObs>=5)) shown in Fig 14. Thumbnails can be shown by selecting thébates
/* Ks-band RMS >0.4 mag */ ra, decandframeSetID from theSource table and clicking on the link.
AND ksMagRms>0.4)
/* order by time */
ORDER BY d.mjd host galaxy. The thumbnail of this source from the dégpand
mosaic is shown in Fig 15.

We can use TOPCA? to plot the light-curve, see Fig 14.
The light-curve is very interesting, showing a short phake 00. First Public Data Releases
brightening followed by a longer phase of fading, charastier . . )
of an exp|oding star, probab|y a Type 1la SNa, with a maximum'le first pUb_“C releases of VISTA Public Survey da.ta through
brightness of = 185 mag. The position and time of this objecthe VSA are intended to match the DR Hatasets published for
match SN2010gy (Chornock et al. 2010). The discovery tes@Ach survey in the ESO SAE Thus, they will cover the data
found that it has a redshift,= 0.06, but could not find a likely UP to the end of ESO semester P85 (i.e. up to 30th September

19 httpy/www.star.bris.ac.yk-mbttopcat 20 httpy/www.eso.orgsciobservingphaseRlata releases.html
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2010). Some of the surveys have released data from P86 gs wediferences

but with the following additional constraints: Bertin, E. & Amouts, S. 1996, ASAS, 117, 303

— VMC: the data released will only be those fields where thBé”,\r,'lee)r’;iﬁJéld&MMemf'e'd’ M. 1998, Galactic Astronomy, ed. Bey, J. &

whole set of epochs is complete, i.e. the 30 Doradus figlghnton, M. R., Dalcanton, J., Eisenstein, D., et al. 2001, ¥1, 2358

(5h37m40s,-6922'18") and the Gaia South Elliptical PoleBonfield, D. G., Jarvis, M. J., & consortium, V. 2010, in Btifeof the American
field (5h59m23s,-6@028"). Astronomical Society, Vol. 36, American Astronomical Sziyi Meeting

. ; ; i Abstracts 215, 604.06
— VIKING: the data will only be released in the following g oo™ 'S 200 "7 & Fekete, G. 2010, PASP, 122513
fields: GAMAOQ9 (33 fields overlapping with the Galaxycmabrem M. R. & Greisen, E. W. 2002, A&A. 395, 1077

and Mass Assembly 09h field; GAMA, Driver et al.Casali, M., Adamson, A., Alves de Oliveira, C., & et al. 20B&A, 467, 777
2011), CFHTLS-W1 (6 fields overlapping with the Canadghornock, R., Huber, M., Foley, R. J., et al. 2010, CentraleBu Electronic

France Hawaii Legacy Survey W1 figldand 9 fields in the _ Telegrams, 2414,1 o
Southern Galactic Pole region. Cioni, M.-R. L., Clementini, G., Girardi, L., et al. 2011, A% 527, A116+

. - . . .. Collins, R., Cross, N., Sutorius, E., Read, M., & Hambly, NDOQ, in
— VIDEO: the data will only be released in the pointings astronomical Society of the Pacific Conference Series, Vhl.press,

which VIDEO mosaics have been created in (XMM3 field, Astronomical Data Analysis Software and Systems XVIII, da. A.

2h26m18s, -244'; ES1-North field, 0h37m49s, -430). Bohlender, D. Durand, & P. Dowler _ _ B
Collins, R. & Hambly, N. 2012, in Astronomical Society of thHeacific

We have cropped all the tables in the surveys to match theConference Series, Vol. in press, Astronomical Data Anglgeftware and

pointings specified by the Pls. The excluded data will be rg—rossftﬁmscéﬁfkse%"S%torius E.. et al. 2010, ArXiv é(

leased in future releases. Table 1 summarises the contentg8ss N. Driver, S. P., Couch. W. et al. 2001, MNRAS, 326 8

the releases. Unlike UKIDSS each survey will be releaseul intross, N. J. G., Collins, R. S., Hambly, N. C., et al. 2009, MR 399, 1730

a separate database. The sixth public survey UltraVISTAts rPalton, G. B., Sutherland, W. J., Emerson, J. P, et al. 201ociety of
using VDFS processing, except for the initial pawprint lhrw Photo-Optical Instrumentation Engineers (SPIE) Confegeeries, Vol.

. . . . 7735, Society of Photo-Optical Instrumentation Enginé8RIE) Conference
calibration, so we are not releasing data from this survey. Series

Disney, M. J. 1976, Nature, 263, 573
Driver, S. P., Hill, D. T., Kelvin, L. S., et al. 2011, MNRAS13, 971
11. Summary and future work Driver, S. P., Liske, J., Cross, N. J. G., De Propris, R., &AJl P. D. 2005,

. . _ MNRAS, 360, 81
The VSA was designed as the main access point to the VISEferson, J., McPherson, A., & Sutherland, W. 2006, The Megse 126, 41

survey data, allowing users to carefully select the datatieed, Emerson, J. & Sutherland, W. 2010a, The Messenger, 139, 2
rather than to bulk download all the data, dfidult and time Emerson, J. P, Irwin, M. J., Lewis, J., et al. 2004, in SgctPhoto-Optical

i ; ; il Instrumentation Engineers (SPIE) Conference Series, 3483, Society
Cﬁnsummt%pﬁ)l Intth? ?jr% of b|||:on rovxt/hca{/als?ag\;yeg. A.S Wedl:[]ave of Photo-Optical Instrumentation Engineers (SPIE) Caiee Series, ed.
shown in the lllustrated Example$ 9), the is designed o p ; ouinn & A. Bridger, 401-410

allow users to select on a wide range of attributes and to Watkerson, J. P. & Sutherland, W. J. 2010b, in Society of Ppteal
with external data, such as the Sloan Digital Sky Survey,BYIS Instrumentation Engineers (SPIE) Conference Series, M83, Society of
Glimpse, OGLE etc. The VSA is based on the WFCAM Science Photo-Optical Instrumentation Engineers (SPIE) Confeze®eries
Archive but has VISTA specific features and various improv@”g;asﬁ J. R., Sutherland, W. J., Venemans, B. P., et al22BINRAS, 419,
ments b_ased on our experience of WFCAM data and archigcnter, A. S. & Hook, R. N. 2002, PASP, 114, 144

processing. Golub, G. & Reinsch, C. 1970, Numerische Mathematik, 14, ,403

In the future we plan several enhancements. In the near fu10.1007BF02163027
ture, we are working on improvements to our interface, idicly ~ Sraham, A. W. & Driver, S. P. 2005, PASA, 22, 118

. Graham, A. W., Driver, S. P., Petrosian, V., et al. 2005, 80,1535
a MyDB (Li & Thakar 2008) style access, where users can COMambly, N. C.. Collins, R. S., Cross, N. J. G., & et al. 2008, RINS, 384, 637

bine queries with Python scripts, to produce a powerful wokkodgkin, S. T., Irwin, M. J., Hewett, P. C., & Warren, S. J. 20MNRAS, 394,

environment. We are also improving our plotting tools to enor 675

easily show very large datasets with a combination of dgnstin . 38(1)8’ BE:E “zxz:gg:: gg >

maps where th? number of points is huge, and individual BOII’# in, M. J., Lewis, J., Hodgkin, S., et al. 2004, in Societfy Rhoto-Optical

where the density drops below a threshold. Instrumentation Engineers (SPIE) Conference Series, 393, Society
of Photo-Optical Instrumentation Engineers (SPIE) Carfee Series, ed.

P. J. Quinn & A. Bridger, 411-422
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Table 1. Summary of VISTA Public Survey DR1 VSA releases.

Survey N(pointings) Filters and depth N(epochs) N(sources)
AB (mag) (typical)

VHS 1260 Y ~209,J ~209,H ~ 20.7,Ks ~ 202 11,11 12x 10

\YAAY 350 | Z~219,Y~209,J~208,H ~202,Ks~ 193 1,1,1,1,6 5.0x 108

VMC 2 Y ~219,J~219,Ks~221 4,4,12 1.8x10°

VIKING 48 | Z~230,Y~219,J~218,H ~214,Ks ~ 213 1,1,21,1 53x10°

VIDEO 2| Z~256,Y~251,J~252,H ~248,Ks~245 | 33,31,38,40,500 7.5x 1C°

a for multi-epoch filters, this is calculated from the catalegbut for a single epoch, it is estimated from the exposnore.t

Appendix A: Image scaling — The method must be robust enough and quick enough to
be applied to the VISTA detection tables. We exclude the

For single epoch OB stacks, VVV and VMC since these are in extremely dense regions

1 where contamination from nearby objects is almost guaran-
bscale = TNITTER (A1) teed and the vast majority of sources are stellar which are
NDIT VNJITTER point-sources. Even so, the catalogues that measure sizes
and for tiles, will contain> 10 sources, and maybe 36ources.
1
bscale = NDIT V2NIITTER (A.2) Our measurements of the size of galaxies try to take into
account all the aboveflects as much as possible. We define

whereNDIT is the number of readouts during the integrationur basic size measurement as the radius containing hdieof t
of a raw image andNJITTER is the number of jitter positions flux of the galaxy — the half-light-radius — a measurement tha
in the jitter pattern to create a single pawprint stack. Feepl has been used extensively before (Kormendy 1977; Cross et al
stacks, we would scale by the number of epochs, in the sa@®)1; Blanton et al. 2001). The mainfiitulty with this mea-
way as the number of jitters, but sintéDIT and NJITTER surementis measuring the total flux.

can vary from stack to stack in the same programme, pointing To take into account the missing light from the outer parts

and filter, we calculatbscale for deep stacks as: of the galaxy, we use the Petrosian flux (Blanton et al. 2001;
1 Graham et al. 2005), which is generally insensitive to the ef
bscale®eeP—- ___ — (A.3) fects of surface brightness, i.e. if you keep the galaxy fgrofi
/> @ the same (the relative flux as a function of radius) but reduce
' increase the average surface-brightness, then the Retrihisx

For deep tiles, to take account offdirent integration times Measurement will return the same flux each time. This breaks

in each dfset and deprecated detectors in some OB stacks, gfvn eventually: if you reduce the surface brightness ehoug
compute thebscale values for each detector as above in eadh® galaxy won't even be detectable, and close to this lifmt t
overlap and average over all overlaps, just as we calcufhate total flux and size will become flicult to measure with any ac-

total exposure time for a tile. curacy.
The Petrosian flux however givesfidirent results for dif-

. . a ferent profiles, which is an issue. Blanton et al. (2001) stobw
Appendix B: Half-light radii that while only 0.7% of the flux of an exponential disk galaxy
was typically missed by the Petrosian, 22% of the flux of a de
Vaucouleurs’ profile elliptical galaxy was missed, and 5%hef
flux of a PSF dominated profile was missed, although Graham
— The outer parts of a galaxy eventually merge into the sk Driver (2005) shows that there are slightlyfi@irent results for

background, so it is dicult to know how much of the galaxy a standard Petrosian definition compared to the SDSS Patrosi
is lost in the sky. For intrinsically low surface brightnesghat Blanton used. Small galaxies, close to the seeing Vinfiit
galaxies or high redshift galaxies, the majority of the tighoe dominated by the point-spread function. Galaxies clo$eet
may well be lost in the background and any measuremensigrface-brightness limit of the survey could be missing imuc
a significant underestimate (Disney 1976; Cross et al. 20amore of the light. To try to take into account the missing tigh
e.g.) we assume that all galaxies are missing 10%. This will be an
— The profile is not always smooth or axisymmetrical, e.@verestimate in some cases and an underestimate in otbers, b
grand design spirals, irregular galaxies, interactingxjas. to try and calculate a correction for each galaxy would negjui
— Nearby objects can make itfficult to get accurate measure-an iterative procedure which would take much longer, anahin a
ments of the total luminosity and extent of a galaxy. Thease, it would be better to fit profiles for all objects (Penglet
measurement of the background level is sometimes incorr@®02, e.g.). The light profiles of galaxies are often well fit b
and this can fiect the curve-of-growth measurement. Sérsic profiles (Graham et al. 2005), a more general fumctio
— Galaxies have various inclinations to the line of sighthat includes exponentigh(= 1), de Vaucouleurd = 4) and
Different researchers may want to use measurements fhaussianf = 0.5),
r YA
—) - 1}} (B.1)
Ihi

The sizes of extended sources arfclilt to measure for various
reasons:

correct for inclination or do not.

— The light of galaxies and all objects is convolved with a

point-spread function that will particularlyffect small ob- 1) =1, exp{—k[(
jects. "
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Fig. B.1. Figure of the ellipticity versus ratio of half-light semiajor

wherea, b & c are found from fitting the data for each profile.

Thus, we can convert our circular half-light radfj to a
semi-major axis size,|" by using theg = 2 function @ =
1.8243b = 0.30914c = 0.24304). We choosg = 2, since
most galaxies will be ellipticalg(= 1), de Vaucouleurg(= 4),
or dominated by the PSIB (= 0.5), andB = 2 is nicely in the
middle, but as Fig B.1 shows, there is very littl¢fdience.

The conversions to the half-light semi-minor axig", and
half-light geometric mearr,ﬁ,eo, are easily computed from the
geometry of an ellipse:

M= (1-er (B.3)
ro = Jrome ™ (B.4)

Finally, we take into account theéfects of seeing. We use the
method of Driver et al. (2005) to subtract the measured geein
assuming a Gaussian PSF,

. .2
= " = Ceel 2, (B.5)

whereT is the full-width half maximum of stars in the image
andcse is a constant, 0.5 for a Gaussian PSF. By experiment we

axis to half-light radius for dferent Sérsic profiles. The lines are thdound values o€« ~ 0.45, but with quite a large uncertainty, so

best fit MdTat profiles in each case.

we took the theoretical valuge = 0.5.

wherery is the half-light radiusg is the Sérsic index. To save
time, we use the existing catalogue products to calculatbakf-
light radii, rather than going back to the images (Liske et al
2003, e.g.). The half-light radii are calculated using timeutar
aperture radii measurements of the flux, which give a cufve-o
growth. We use the 13 aperture fluxes measured by the VDFS ex-
tractor, at radii of (6,0.5v2,1, v2,2,22,4,5,6,7,8,10,12
arcseconds). To calculate the half-light radius, we firsd fime
aperture flux closest to half the total-flux and then use thee fiv
apertures centred on this (2 before, 2 after and the apdrture
question). Using these 5 aperture fluxes, we fit a quadratichw
removes any small bumps in the curve, using the singulaevalu
decomposition method (Golub & Reinsch 1970). We find the
root of the quadratic that gives the half-light radiug,(hICir-
cRadAs) . We use the covariance matrix to calculate the errorin
the half-light radius ¢, hICircRadErrAs ), adding in another
half-pixel in quadrature, to take into account the graritylaf

the data.

The 13 aperture fluxes are all circular apertures, so the half
light radius calculated assumes a circular symmetry. Hewev
most galaxies are elliptical in shape, either being triaxia
spheroidal systems or inclined disks or a combination of the
two. Therefore a semi-major axis size (Driver et al. 2008), t
take out the inclination of disks, or geometric mean sizester
liptical galaxies (e.g. see Binney & Merrifield 1998) are mor
useful. Figure B.1 shows the ratio of half-light semi-meagars
to half-light circular radius as a function of ellipticitgf a range
of Sérsic profilesf = 0.5 tog = 7): profiles which are a good
fit to the vast majority of virialised galaxies. As can be seba
variation between these profiles is around2% for all elliptic-
ities < 0.9, where it rises to 10%. In addition these curves are
well fit by Moffat functions,

a

9= T oy (B.2)
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