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Overview

Micro-lensingsureys
How to nd yourvariables

Pulsationalvariables
stellarevolution, distancescale nterior structure

Eclipsingbinaries
fundamentaparametersstellarevolution,
distancescale

Thefutureof sureys
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History

“long-termphotometryof variables”(LTPV)
1982-1994ESO50cmDanishandSAT,
1000000bsenationsof 1700stars

JAVAVVAST®

(5000starst 10" obsenrations+ 100years)
AFOEV

(8000stars+ 5 1 obsenations+ 100years)

Hugheg(1989):470M, 570SRin LMC;
50 photographiglates

Lack of arealcoverage time coverage/ numbers
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Micr o-lensingsurveys

MACHO
MAssie CompactHalo Objects

OGLE-I and-II
Optical Gravitational LensingExperiment

EROS-2
Expériencegoourla Recherchal'ObjetsSombres

MOA
MicrolensingObsenationsin Astroplysics
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Principleof micro-lensing
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MACHO elds intheLMC
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Mir co-lensingsurveys

Suney OGLE-II MACHO EROS2 \Y/ (@72
Time 1997-2000 7/1992-1/2000| 7/1996-2/2003 1998-2004
Telescope 1.3m 1.27m 1.0m 0.61m
Area | SMC,LMC, GB |SMC,LMC, GB SMC, ? SMC,LMC, GB
Sg.dg. | 2.4,4511.0 | 25,35,35 10 10,20,18
Monitored| 2,7,30(10°) | 3,30,40(10°) 6 (10°) 1.0,8.0,? (10°)
Variables| 15,53,221(10%) - -, - - - -, -
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Other results

MACHOS: ¢n¢ (0:5 1)10 °©
PlanetaryTransits

Quasawariability
Propemotion
Extinctionmaps
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Variable star reseach

Pulsationalvariables:
Miras (LPVs), CepheldsRR Lyrae
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Variable star reseach

Eclipsingbinaries

OGLE003933.91-731855.4

<
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©
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«Q
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18.2

Dataanalysissystem(LPVsandEBS)
downloaded68 000+ 221 00000OGLE-
| -banddata les
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Procedure

Stepl: Fitting LC
Subtractestt sofar
Findfrequeny (FASPER, PDM)

LinearLSF (MRQMIN)
| (B = o
+ 1ZMme (Ajsin(2 t!)+ Bicos(2 t!))

n = 3, ornosigni cant frequeny
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Procedure

Step2: CorrelationandSelection
Selectionon Magnitude Amplitude,
propertieof phased.C (neuralnetworks)

Correlate:
2218010GLE) 918152MASS

681930GLE) 501292MASS& 40793DENIS
Stepa3.

Visualinspectionof t to LC
SIMBAD (spectrakype)
Generatiorof gures andLaTex tables
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Frequency nding |

OGLE003933.91-731855.4

FASPER
INPUT: time, magnitudepfac, hifac

OUTPUT. ax, probability
Issues:aliasesharmonics

ofac=22; hifac=0.8 (LPVs), 21 (EBS)

limiting probability=5.510 ** (LPVs),0.05(EBS) ...



Frequency nding 11

PhaseDispersionMinimisation
( -statistics;Stellingwerf1978)
at SELECTEDfrequencies

1;2;2:2;3 max, 1-dayalias

Acceptfrequeng if ( ) < 0:9 ( max)
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Eclipsing Binary speci cs

tting sine+ cosinefunctionis not usefull

Phaseats max

Phasedightcurve of anEB anda LPV

Statisticsattwo magnituddevels at deepest
eclipse

Straatshrg, 10 June2005—p.15/47



Eclipsing Binary speci cs

003651.78—732400.0

003933.91-731855.4

Magnitudedistribution of anEB anda LPV and
3%, 50%,97% quantiles.

Kolmogoros-Smirnof Testagainsta sinuscurve
atrandomphase. probability< 2:10

(Mo7 mMsg)=(Ms5p mM3) > 2:1

depthof eclipse:(Mg7  M3) < 075 quuuun soameos-pas



RR Lyrae

OGLE-A!:

7612LMC, 571 SMC Soszyskietal. (02,03)
MACHO:

6391/7/85FU/FOLMC (Alcock etal. 03,04)
MACHO: 1800Bulge (Alcock etal. 1998)

My = 0:18 [Fe=H] + 0:67

Mg = 233 logP 128

Suggestiorfor future project:
OGLE& nal MACHO dataon Bulge
Correlatewith DENIS and2MASS IR-data
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Cepheids

OGLE: Udalskietal. (1999a,b,c,d)1335LMC, 2048
SMC (FU, FO, SO,FU/FO,FO/S0O)

OGLE: Kubiaketal. (2003):54 typed1 GB
MACHO: Alcock etal. (1999):1800in LMC
MACHO: Alcock etal. (2002):3 CEPIn EB

MACHO: Alcock etal. (1998):30typed1 + RV Tau
In LMC

MACHO: Nikolaer etal. (2004):3000in LMC

Tracerof SF(Alcock etal. 1997for LMC)
Geometryof LMC andSMC disk
P L-relationsanddistance$2MASS)
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CepheidPeriod Distrib ution

Perioddistribution of LMC (left) andSMC Cephelds.
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CepheldPL-relation

FU K -bandP L -relationfor LMC (left) andSMC
CepheidgGroenevegen2000,Nikolaer etal. 2004)

Comparingwith GalacticP L -relations:
DM=18.55 0.17(LMC), 19.04 0.17(SMC).
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Cepheld: orientation of the MCs

DM-offsetof the P L -relationversusRk:A: for LMC.
1I=18 3 (Groenevegen2000)

1=30.7 0.1(Nikolaer etal. 2004)

=68 2 (SMC, Groenevegen2000)
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Miras

Woodetal. 1999 Wood 2000

(0.25 2 LMC-bar; 1430redvariables;
MACHO + IR)

Cioni etal. 2001
(0.5 2LMC-OC; 240M+SR; EROS+ DENIS)

Nodaetal. 2002
(14 ?LMC; 146LPV; MOA + DENIS)

Lebzelteretal. 2002
(0.25 2 LMC-bar;470redvariables;
AGAPEROS+ DENIS)

Cionietal. 2003
(0.25 ?1SO-sampleSMC-bar
458redvariablesMACHO + DENIS/2MASS)
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Wood (2000)
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Ita etal. (2003)
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History

Woodetal. 1999,Wo0d 2000
(0.25 2 LMC-bar; 1430redvariables;
MACHO + IR)

Cioni etal. 2001
(0.5 2LMC-OC; 240M+SR; EROS+ DENIS)

Nodaetal. 2002
(14 ?LMC; 146LPV; MOA + DENIS)

Lebzelteretal. 2002
(0.25 2 LMC-bar;470redvariables;
AGAPEROS+ DENIS)

Cioni etal. 2003
(0.25 ?1SO-sampleSMC-bar
470redvariablesMACHO + DENIS/2MASS)

Straatshrg, 10 June2005— p.25/47



History

Ita etal. 2003
(1.0 % SMC-centre; 1800redvariables;
OGLE + SIRIUS)

Kiss & Bedding2003
( 23000redvariables.MC,;
OGLE + 2MASSwithd K > 0:9)

Fraseretal. (2005)
(22000LMC MACHO + 2MASS)

Groenavegen(2004)
SMC+LMC; OGLE + 2MASS/DENIS
(2277spectroscopicallgon rmed M,S,C-stars)

Groenavegen& Blommaert(2005)
GalacticBulge; OGLE + 2MASS/DENIS
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Miras In the LMC

0.45 <= Amp <

LMC PL(K)-relationfor differentcutsin amplitudes
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LPVs in the Galactic Bulge

Groengvegen& Blommaert(2005)

2691 Miras:
mk = ( 337 0:09)logP + (1547 0:.03)

Viewing angleof theBulge: 43 17 deagrees

Perioddistribution at variousb indicate
differencesn population

DistanceGC: 8.6- 9.0kpc
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Lightcurvesof Bulge Miras
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0.45 <= Amp < 9.99

GalacticBulge Mira K -bandPeriod-Luminosity
relation
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Galactic Longitude
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Galactic Longitude

ZP of P L -relationversuslongitude
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Modelling starsin the Bulge

Binney etal. (1997)modelof COBE/DIRBEdata.

fp = foexp( a’=a,) =(1+ a=a)

(fo= 624 ayn = 1.9kpc,agp = 0:10kpc, = 1:8)

a= " X+ (= )7+ (2= )

with thevalueof = 0:5

fo=(exp( Jz]=20)+ exp( Jz]=2z))

Ra (exp( r=Rq) fn exp( r=Ry))
(zo = 210pc,z; = 42pc, = 0:27,Rg = 2:5kpc)
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Top view of Bulge (o) andDisc ( ) starsfor viewing
anglesof 43and /79 degrees.
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Galactic Longitude

K -magnitudeversudongitudefor
=43 (top)and79.
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Galactic Longitude

obsenrned( ) andmodelled( ) data
Bothanglest slopeversud diagram,but only
= 43 ts theobserednumbers
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Theoreticaperioddistribution of optically visible starsinsidethe
obsenredinstability strip for massed.1,1.2,1.5,2.0(1.2 Gyr),
2.5,3.0M (200Myr) (left to right, top to bottom )staathrs. 10June2005-p 37147



Distanceto Galactic Centre|

Reid(1993):8.0 0.5kpc

Eisenhaue(2003): O8-B2starS2 orbiting the
BHin 15.5years) 7.9 0.4kpc

Orbit of S2

1994.32 199553
1996.25

N
N 1996.43

1997.54

¢ 1998.36
1999.47

2003.35
2003.21

2000.47
2000.52

2002.66
2002.58 3

2001.50
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Distanceto Galactic Centre||

Mg = logP + (+ logZ)

DM (LMC-GB) =3.71(for = 0)
) DM(LMC) 18.50thend(GB) =9.0kpc

Theoryby Wood(1990): =0.25(in K -band)

DM (LMC-SMC) = 0.38;“rathersmall”
) DM(LMC-SMC) 0.50THEN =0.40

) DM(LMC) 18.50thend(GB) =8.6kpc
(DM(LMC) = 0:10( ) d(GB)= 40Qoc)

Usinglocal calibrationof Feast(2004):
d(GB)=8.8 0.4kpc
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Eclipsing Binaries

OGLE: Udalskietal. (1998);1459in SMC
OGLE: Wyrzykowski etal. (2003,2004);
2580in LMC; 1350in SMC

MACHO: Alcock etal. (1997);637in LMC
MOA: Bayneetal. (2002);167In SMC
EROS: Grisonetal. (1995);791in LMC

RV + Photometry:Harriesetal. (2004),
Hilditch etal (2005)
(detacheddouble-linecEB)
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SMCDM basedbn50EB: 18.91 0.03
Harriesetal. (2004),Hilditch etal. (2005)
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Eclipsing Binaries in MCs

Groenavegen(2005)

Testdatasetof 142 EBspreviously claimedin
literatureto be suitablefor distancework.

Parametersnentionedearlierwere netuned:
recoveryof 137.

Runonall MC OGLE-data.

SMC: 714/752in Wyrzykowski etal. (2004);
20wrong (13 known Cepheids)2 EB by MOA,
16 NEW

LMC: 1616/1856n Wyrzykowski etal. (2003);
51wrong11 EB by MACHO, 17/8NEW
Complementaryo neuralnetwork schemeoy
OGLE: 7.5%new, 2.5%false
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Eclipsing Binaries in GB

Runonall BULGE OGLE-data:3053EBs

bul_sc01_0202 bul_sc01_0426

Future-1:Get2 RV datapointdor 25-50stars
Future-2:RV monitoringfor sub-sample
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Futur e of surveys

OGLE-III
StartedJune2001
Monitoring 170M starsin GB, and33M in MCs

superMACHO
AmCTIO, LMC, 5 years,3 months/yr
every secondd&g night, started2003

MOA-II 1.8msinceDec2004
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OG LE'| | eldS Of SMC (to p) and LMC Straatshrg, 10 June2005— p.45/47



Futur e of surveys

PanoramicSurwey Telescop& RapidResponse
System(Pan-STARRS)

4x 1.8m,3 degg FoV, 24thmag,20x yeat 6000
deg?/n, 2006-2008

Large SynopticSurwey TelescopgLSST)

8.4m,10de?’ FoV, 24thmag,availablesky in 3n
(30TB/n),2012

GAIA, 2012,1 billion objects,80x, 5 years,
G= 20, (severalmillion variables)
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THE END
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