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Abstract. Over thepast decade, severd all-sky photometric surveyshavetaken placeor areunderway. Thetypicd
amateur astronomer might think that these surveyshavefound everythingthereisto discoverinthesky inthe
magnituderangesof their tel escopes, and that thereis no reasonto consider a photometricprogram. Similar surveys
havebeen performed for asteroids, for example, and it isvery hard for an amateur to now discover new, bright
ageroids. Infact, the optica photometric surveyshave quitethe oppositeeffect for variability studies. Whilethe
surveyshavebeen very proficient at finding variableobjects, they arenot well suited for detailed studiesof the objects
they find. Thistalk will highlight themost current surveysand what kind of objectsand limitationsare presantin
each.
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1. Introduction

Cresting surveysisadirect follow-on to the research of many astronomers: studyinga specificclassof objects. What
better way to study that classthanto find dl of its possiblemembers? Surveyshave been performedin various
passhands, covering the entire sky only onceor asmal portion of the sky multipletimes, and with different
instrumentationfromdirectimagingto spectroscopy. Many of thesesurveyshavelittleinterest for thetypica
varigblestar observer, but many of therecent oneshavedirect relevance. What will be coveredin this pagper will be
someof the photometric surveysthat can be useful to the observer. Thispaper coversmuch of the materid presented
in Henden (2003), but from a different perspective.

Oneof themain concernsfrom both amateursand professiona saikeiswhether existing surveysare genera enough
that they encroach on the possibleobservationa research projectsthat can be doneby individuas. Thishashappened
intheasteroid community, for example. About adecadeago, it waseasy for smal telescopeusersto find new
agteroids, spend afew nightsobtaining astrometry and becoming the discoverer of thoseasteroids. Theincentivefor
many amateursisthat the discoverer of an asteroid hasthe privilegeof namingthat asteroid. However, severd
professiona sites obtained funding to implement asteroid searches, primarily to locate near-earth objectsthat had the
potentia to impact the earth and causesignificant damage. Thesesites, suchasLINEAR, NEAT, Spacewatchand

L ONEOS, soon devel opedinstrumentation and software sufficiently complex to pretty much discover any asteroid
brighter than about 20" magnitude. Sincethisisthelimiting magnitudefor many small telescopes, the number of
individud discoverieshas dropped dramatically. Thereare certainly other asteroid-rel ated projectsthat small
telescopescan do effectively, but discovering new asteroidsis not one of themanymore.

Will the samething happenfor varidblestar enthusiagts? Thisdependson the detailsof the current ongoing and future
surveys. In most cases, the surveyshe p rather than hinder, and thispaper is designed to show how onecan usethe
surveysto further their own variablestar and other photometricresearch.



2. AdromericSurveys

Therehave been astrometric surveysfor centuries. Therecent oneshavebuilt upon the massive photographic surveys
carried out by the meter-class Schmidt tel escopesduring thelast haf of the twentieth century. Theselarge
photographic platesweredigitized by groupsat the Space Td escope Sciencel ndtitute (STScl), Ca Tech, U.S. Navd
Observatory (USNO), Royd Greenwich Observetory, and others. Themost frequently used productsfromthese
digitization effortsisthe USNO-A2.0and USNO-B1.0catalogs. Theseprovideall-sky coverage, astrometricaccuracy
inthe0.25arcscrange, and with alimiting magnitudeof around 2. Their main deficiency istheinability to deblend
thecrowded Milky Way fields. However, for most variablestar and asteroid work, the USNO-B catdog providesa
referenceframefor determiningthe object positions, and by goingto the pixel serverssuchas

http:/Amww.nofs navy.mil/datalFchPix/

you can download small extractionsof the digitized platesthat cover specificaress.

Wehave used these extractionswhen determiningwhich of aclosepair of starswasvariable(sincethereareoften’5 or
moreplaesthat cover a specific region, and those platesweretaken many decadesapart), the progenitor of novee,
approximatecolorsof objects, etc.

Somevariability studieshave been performedusing the Sky Survey plates. Drissenet a. (1994) usedthe SRC-J plate
overlapregions(one squaredegreecornersof each plate) to look for variableobjects. Sincethe platecornershavethe
maost photometric problems, only high amplitudevariahility can be studiedin thismanner. However, thedigitized
plate materid hasnot been datamined beyond Drissen’ s studly.

Thereareother astrometric surveys, of course. TheHipparcossatdllitecarried an experiment called Tychothat
surveyedall starsbrighter than about 11" magnitude, determining quality photometry intwo colorsaswdl as
astrometric positionsthat havetypically afew tensof milliarcsecaccuracy. Anongoing astrometric survey isUCAC,
involving CCD imaging of the entiresky downto 16" magnitudeand with similar accuracy as Tycho. Therearea
coupleof other smdller astrometric surveys, such asthe CAMC, that have good accuracy but do not cover theentire

y.

Themainuseof theastrometric surveys/catd ogsisfor astrometry. They rardy havegood photometry sincethelr
primary god isthe positionsof objects.

3. PhotometricSurveys

Therehave been many photometric surveysin variouspassbands. Thesesurveystry to cover the entiresky to some
limiting magnitude, typically only acquiring oneobservation per object. Theprimary useof thesesurveys(asfar as
thevariablestar enthusiast is concerned) is for providing a photometricreferenceframefor observations.

Tycho2isthecatal og produced by the Tychoteamfor the Hipparcossatdllite. Thisinstrument surveyedtheentiresky
with a photoe ectric photometer in two passhandsthat are very similar to Johnson B and V. Thelimiting magnitudeis
about 11, with photometric errorsincreasing dramaticaly beyond about 10" magnitude. Y ou can downloadthe entire

2-million star catalogfrom

http://mww.astro.ku.dk/~erik/Tycho-2

(andaCDisavailable), but most usersjust accessthe catalog fromthe VizieR site:

http://vizier.cfaharvard.edulvizbin/VizieR



(plusseverd mirror sitesaroundtheworld). Infact, many of the catal ogsmentionedin this paper can be searched
fromVizieR, andit should be thefirst placeanyonel ooks.

VizieR, for example, providescolumnsof converted Bt/Vt magnitudesinto Johnson

B/V magnitudes. Wewill discussTycho2in moredetail in the next section.

The Carlsherg Meridian Telescope(CAMC) is aconverted transt telescopethat usesa CCD to map the southern sky,
primearily for preciseastrometry. However, they do usethe SDSSr’ filter, similar to CousinsR, and provide
magnitudeinformationin their catalog. Y ou can accessthe catd og from
http://Mmww.ast.cam.ac.uk/~dwe/SRF/came.html

TheUSNOCCD Asgrometric Catalog (UCAC) isagain primarily an astrometriccatal og. They used a20cmtel escope
with CCD and anon-standard filter that is hal fway between JohnsonV and CousinsR. Thephotometry isreatively
good, andisquitegood differentialy (starswithinthe samesmall field). Y ou can accessthe cataog at

http://ad.usno.mavy.mil/ucac/

TheTwo-Micron All Sky Survey (2MASS) wasan all-sky survey in the JHK passbands. The photometry is good, and
can often be usedin conjunctionwith asingleoptica passhand (suchas V) to providecolor information necessary for
sdlecting comparison starsin afield or doing transformations. Themainsteis

http:/Amww.i pec.caltech.edu/2mass/
but again you can accessit through VizieR.

The Degp Near-I nfrared Survey (DENIS) wasa competitor to 2MASS, covering only the southernsky in SDSSI’ and
near-IR K passhands. Thissingle-epoch catal og has reasonablequaity photometry, givesan optica passand, and
canbeusedin conjunctionwith 2MASSto ook for varighility. 'Y ou can accessthe cataog at
http:/AMww-denis.iap.fr/denis.htm

The Roentgen Satellite (ROSAT) point source catal og containssome 95K sourcesover about 15percent of theentire
sky, coveringfromabout 0.1 to 2.0 kev energies. Y ou can accessthe catalogthroughVizieR, or go to thehomepage:

http://wavexray.mpempg.derosat/rral

TheFaint Imagesof the Radio Sky at Twenty Centimeters(FIRST) survey begainin 1993usingthe VLA at a
frequency of 1.5GHz. Itisdaedto cover 10K squaredegreesof the North and South Galactic Capsandis essentidly
complete. Y ou can accessthe catalogthrough VizieR or at the FIRST hompage:

http:/sundog.stsci.edu/

TheMidcourse Space Experiment (M SX) used a 35cm spacetel escopeto survey theentiresky in 6 bandsfrom4.3to
21 microns. Thecatalogcontains 529724 point sourcesand is morecompleteand with higher spatid resolutionthan
IRAS, but without thelong wavelength bands. TheMSX missionis described onits project page:

http:/mww.i pac.catech.edu/i pac/msx/msx.html

ThelnfraRed Astronomicd Satellite (IRAS) wasamissionthat coveredthe entiresky inthe 12, 25, 60 and 100
micronregions. Thepoint sourcecata og, containing some250K sources, can be obtained through VizieR.

TheSoanDigita Sky Survey (SDSS) isan ambitiousground-based project that is covering about 10K squaredegrees
of thesky in 5 wavd engths(ugriz) downto 229 magnitude. About amillion objectswill also have spectra; most of
thesearegaaxies, but afair number arestars. 'Y ou can accessthe current datarel easeat:



http:/Mmww.sdss.org
Thephotometry is very good, saturating at about 14" magnitude. Conversonsfromthe SDSSugriz sysemintothe
Johnson-Cousinssystemareavailable.

Notethat very few of theseall-sky cata ogscover the visua wave engths, and thosethat do typicaly havenon-
standardfilters. Their primary useisin determining colorsof objectsin your fields, for finding objectswith peculiar
colors, and studying objectsat widewave engths.

4. Variability Surveys

Therehavebeen afew surveysdesigned either specificadly for finding variable objects, or with survey attributesthat
permit variability searches.

The Robotic Transent Search Experiment (ROTSE) operated avery widefield unfiltered camerasystemin New
Mexicofor many years. Oneyear’ s worth of datawas processed and searched for variableobjects. That databasecan
beinterrogated at:

http://skydot.lanl.

CdledtheNorthern Sky Variability Study, it containsinformationon millionsof starsdownto about 14 magnitude.

TheAll-Sky Automated Survey (ASAS) is an ongoing survey using small automeated telescopesat Las Campanas
Obsarvatory. It providesV-band photometry over the entire southernsky. Theweb page:
http:/Avww.astrouw.edu/pl/~gp/asas/asas html

has auser interfaceto obtain both photometric and time seriesinformationfor any star or region of the southern sky.
A northern hemisphereversion of thissurvey (HAT) isunderway at KPNO.

The Amateur SKy Survey (TASS) usespairsof 10cmtel escopesto image4x4 squaredegreesin the sky simultaneoudy
at Vv andlc. Theyhavecoveredtheentirenorthernsky at least once, andintendto revist dl fieldsasoften aspossible
for severd moreyears. They haveaphotometric catalog availableat

http:/mmww.tasssurvey.org
Thecatalogisrdatively completefromabout 7" to about 13" magnitudes, with crowding problemsin the Milky Way.

TheLowdl Near-Earth Object Survey (LONEOS) usesa 0.5m Schmidit tel escopeplus CCD array to imagelarge
regionsof thesky every night. Their photometric datahasbeen archived and is being searched for variableobjects.
Y ou may beableto accessspecific objectsby checkingwith the LONEOSteam:

http://asteroid.lowd | .edu/esteroid/loneos/loneoshtml

Note, however, that LONEOSobservesunfiltered. Similar datasetsare potentialy availablefromNEAT, LINEAR,
SPACEWATCHand other NEOsurveys.

The Quasar Equatorid Survey Team (QUEST) used the CIDA Schmidt telescopein Venezuelato survey the equatorial
zonebetween -6 and 6 degreesdeclinationin BV R, a ong with obtaining objective prism spectraof many of the
objects. A completecata og hasnot been posted on-line, but you might try theweb siter

http:/Mmww.agtro.ya e.edu/bailyn/quest.html
to get moreinformeation.

SDSS. Asmentioned above, SDSSprovides5-filter photometry of alargeregion of thenorthernsky. It alsocoversa
southern strip multipletimesto searchfor variable objects, andintendsto expandits programto performmoregaactic



structureprojectsin thenear future. |n addition, thereare overlgpregionson most of the scansthat can provide
variability information, albeit with only afew vigts. Thevariability informationis not yet available, but you can
check at theweb sitefor updates.

TheMassve Compact Hal o Object (MACHO) experiment used the Mt. Stromlo 50+ nch telescopeand atwin-beam
CCD camerato obtain smultaneousV and R photometry for many millionsof objectsinthe GalacticBulge, LMCand
SMC. Thedataisonineat:

http:/mwwmecho.enu.edu/au/DataMachoDaahtml
Whilethe spatial coverageisnot large, thisdatabaseisgreet if your starshgppento fall withinoneof their fields.

TheOptica Gravitationd Lensing Experiment (OGLE) usesa 1.3mtelescopewithV and | filtersat Las Campanasto
imagedensestar regionssuch asthe Galactic Bulge, SMCand LMCto look for MACHOevents. Their dataisaso
useful to look for any kind of variability. Y oucanfind resultsat:

http:/Amww.astrouw.edu.pl/~ftp/oglelindex.html

However, their full catalogisnot availableon-ine. Notethat therearemany other surveysfor MACHOHike events,
again coveringonly smdl regionsof the sky.

Thereare saverd ongoing experimentsto look for planetary transits (such as STARE) that cover smdl regionsof sky,
muchlikethe MACHOexperiments. If your objectshappento fal in thoseregions, then considerablephotometry will
beavailable

5. FutureSurveys

The Galaxy Explorer (GALEX)will survey theentiresky intwo UV wavdlengthbands. It has startedto releasedata
Seetheweb page:

http:/mmww.srl .caltech.edu/galex/
for moredetails.

ThePanoramic Survey Telescopeand Rapid Response System (PanSTARRS) isaninnovativedesignfor widefield
imaging. Using4 2-meter telescopes, eachwith a 3 degreefield of view, it is plannedto cover theentiresky severd
timeseachmonth. Thefirgt telescopeis plannedto beoninein 2006. What filters(if any) that will beusedis till to
be decided; however, sinceit isfunded by thefedera government, al datawill bepublically accessble. Seetheweb
page:

http:/pan-starrsifahawaii.edu/public/index.html

for moredetails.

TheGlobd Astrometric Interferometer for Astrophysics(GAIA) spacecraft is expected to obtain precisepositions (and
pardlaxes) for dl objectsbrighter than 18" magnitude. It will also obtain photometry in several passbandsand spectra
of most objectshbrighter than about 15" magnitude. Thelaunchdateis <till uncertain, but probably not before 2012.
Theweb pageis

http://astro.esaint/gaia



QUEST?2, likeits predecessor QUEST, wasconceived asa quasar survey experiment. Thecameraisaready inuseat
the Palomar 1.2m Schmidt telescope. Thisexperimentis now envisonedasa stellar survey aswdl, withmultiplevisits
per fieldto obtain variability information. Seethewebdte:

http:/h .physicsya e.edu/quest/pd omer.html

for moreinformation. The cameraisbeing sharedwiththe NEAT team.

The Large-aperture Synoptic Survey Telescope (L SST) is aproposed 8-meter telescopewith avery largefield of view.
It isdesignedto do repested observationsof about 20K squaredegreesof sky very rapidly, perhapsevery few days
dependingon thefina sciencegods. Thisteescopeisunlikely to go on-lineuntil 2010-2020timeframe. Seethe
mainweb pageat

http:/AMmww.dmielescope.org

SWIFT (no acronym) is amulti-wavel ength spacemissondesigned to study gammaray burdtsin detail. At thesame
time, it will be performing a sengitivesurvey of thesky in ahard x-ray band. LaunchisexpectedintheFal of 2004.

Seeitswebpage:
http://swift.gsfc.nasa.gov/
for moredetail.

6. UsingtheSurveys

Eventhe existing variability surveysdo not usurp therole of the small telescope. Thereis just too much sky to cover,
egpecialy when multiplewavelength coverageor hightimeresolutionareneeded. What most of thevariability
surveysprovideisknowledgeasto whether astar isvariableor not. The congtant starsare then usableas comparison
starsfor performing differentia photometry in afield. Thevariablestarsmay havecrudelight curvesfromthe surveys
that can beimproved by detailed observing of each object. For example, eclipsingbinariescan usetimeseriesdatain
multiple passbandsto provideinput for analytical modelsof thesystems. Long period varigbleslike Mirasand RV
Tauri varigblesmay havegood light curvesin the variability surveys, but usualy only in one wavelengthband and
oftenonly for afew years. Thelongtermlight curvessuch as provided by the AAVSOmay containfar moreuseful
scientificinformation on long period variablesthan any short-term survey. Sothemainroleof thevariability surveys
istoprovidealonglist of targetsfor which detailed studiesaredesired.

Summary

Thispaper hasprimarily givenalong list of existing and futuresurvey projects. Weblinksfor most of thesesurveys
areprovided. Whilelinkshaveahabit of disgppearingin short timescales, most of these projectshave been adequately
funded to providea homefor their databasesfor many yearsto come. Archiva siteslike VizieR and the upcoming
Virtud Observatory programwill be another meansof keepingthesedatasetsonine. Whenyou arestudyingvariable
objects, invedtigate someof thesedatasetsand seeif additionad photometricinformation might be available.
Sometimesit can help you decidewhether an objectisworth further study, or to choosea set of objectsthat are
convenient to study with the equipmentin hand. Therearethousandsof variableobjectsin need of photometry, so
enjoy the process!



