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Overview

� Micro-lensingsurveys

� How to �nd yourvariables

� Pulsationalvariables
stellarevolution,distancescale,interior structure

� Eclipsingbinaries
fundamentalparameters,stellarevolution,
distancescale

� Thefutureof surveys
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History

� “long-termphotometryof variables”(LTPV)
1982-1994,ESO50cmDanishandSAT,
100000observationsof 1700stars

� AAVSO
(5000stars± 107 observations± 100years)
AFOEV
(8000stars± 5 106 observations± 100years)

� Hughes(1989):470M, 570SRin LMC;
50photographicplates

� Lackof arealcoverage/ timecoverage/ numbers
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Micr o-lensingsurveys

� MACHO
MAssiveCompactHaloObjects

� OGLE-I and-II
OpticalGravitationalLensingExperiment

� EROS-2
Expériencepourla Recherched'ObjetsSombres

� MOA
MicrolensingObservationsin Astrophysics
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Principleof micro-lensing
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MACHO �elds in theLMC
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Mir co-lensingsurveys

Survey OGLE-II MACHO EROS2 MOA

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

Sq.deg. 2.4,4.5,11.0 2.5,35,35 10 10,20,18

Monitored 2, 7, 30 (106) 3, 30,40 (106) 6 (106) 1.0,8.0,? (106)

Variables 15,53,221(103) -, -, - - -, -, -
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Other results

� MACHOs:� smc � (0:5 � 1) 10� 6

� PlanetaryTransits

� Quasarvariability
� Propermotion
� Extinctionmaps
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Variable star research
� Pulsationalvariables:

Miras (LPVs),Cepheids,RR Lyrae
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Variable star research

� Eclipsingbinaries

� Dataanalysissystem(LPVsandEBs)
downloaded68000+ 2210000OGLE-I I
I -banddata�les
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Procedure
Step1: Fitting LC

� Subtractbest�t sofar

� Find frequency (FASPER, PDM)

� LinearLSF(MRQMIN)
I (t) = I 0

+
P i= nmax

i=1 (Ai sin(2� t ! i ) + Bi cos(2� t ! i ))

� Stop:n = 3, or nosigni�cant frequency
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Procedure
Step2: CorrelationandSelection

� SelectiononMagnitude,Amplitude,
propertiesof phasedLC (neuralnetworks)

� Correlate:
221801OGLE) 918152MASS
68193OGLE) 501292MASS& 40793DENIS

Step3:

� Visualinspectionof �t to LC

� SIMBAD (spectraltype)

� Generationof �gures andLaTex tables
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Frequency�nding I

FASPER
INPUT: time,magnitude,ofac,hifac
OUTPUT: � max, probability
Issues:aliases,harmonics
ofac=22;hifac=0.8(LPVs),21 (EBs)
limiting probability=5.510� 11 (LPVs),0.05(EBs)
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Frequency�nding I I

� PhaseDispersionMinimisation
(� -statistics;Stellingwerf1978)
atSELECTEDfrequencies
1; 1

3; 1
2; 2; 3 � max, 1-dayalias

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

� �tting sine+ cosinefunctionis notusefull

� Phaseat 1
2 � max

Phasedlightcurveof anEB andaLPV

� Statisticsat two magnitudelevelsatdeepest
eclipse
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Eclipsing Binary speci�cs

Magnitudedistributionof anEB andaLPV and
3%,50%,97%quantiles.

� Kolmogorov-SmirnofTestagainstasinuscurve
at randomphase. probability< 2:10� 7

� (m97 � m50)=(m50 � m3) > 2:1

� depthof eclipse:(m97 � m3) < 0:75 Straatsburg, 10June2005– p.16/47



RR Lyrae

� OGLE-I I:
7612LMC, 571SMC Soszýnskietal. (02,03)
MACHO:
6391/785FU/FOLMC (Alcock etal. 03,04)
MACHO: 1800Bulge(Alcock etal. 1998)

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

MK = � 2:33 logP � 1:28

� Suggestionfor futureproject:
OGLE& �nal MACHO dataonBulge
Correlatewith DENISand2MASSIR-data
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Cepheids

OGLE:Udalskietal. (1999a,b,c,d):1335LMC, 2048
SMC(FU, FO,SO,FU/FO,FO/SO)
OGLE:Kubiaketal. (2003):54 type-I I GB
MACHO: Alcock etal. (1999):1800in LMC
MACHO: Alcock etal. (2002):3 CEPin EB
MACHO: Alcock etal. (1998):30 type-I I + RV Tau
in LMC
MACHO: Nikolaev etal. (2004):3000in LMC

� Tracerof SF(Alcock etal. 1997for LMC)
� Geometryof LMC andSMC disk
� PL-relationsanddistances(2MASS)
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CepheidPeriod Distrib ution
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Perioddistributionof LMC (left) andSMC Cepheids.
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CepheidPL-relation

FU K -bandPL-relationfor LMC (left) andSMC
Cepheids(Groenewegen2000,Nikolaev etal. 2004)

Comparingwith GalacticPL-relations:
DM= 18.55� 0.17(LMC), 19.04� 0.17(SMC).
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Cepheid: orientation of the MCs

DM-offsetof thePL-relationversusR:A: for LMC.
i= 18 � 3 (Groenewegen2000)
i= 30.7� 0.1(Nikolaev etal. 2004)
i= 68 � 2 (SMC,Groenewegen2000)
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Miras
� Woodetal. 1999,Wood2000

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

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

� Nodaetal. 2002
(14 � 2 LMC; 146LPV; MOA + DENIS)

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

� Cioni etal. 2003
(0.25� 2 ISO-sampleSMC-bar,
458redvariables;MACHO + DENIS/2MASS)
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Wood(2000)
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Ita etal. (2003)
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History
� Woodetal. 1999,Wood2000

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

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

� Nodaetal. 2002
(14 � 2 LMC; 146LPV; MOA + DENIS)

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

� Cioni etal. 2003
(0.25� 2 ISO-sampleSMC-bar,
470redvariables;MACHO + DENIS/2MASS)
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History
� Ita etal. 2003

(1.0 � 2 SMC-centre;� 1800redvariables;
OGLE+ SIRIUS)

� Kiss& Bedding2003
(� 23000redvariablesLMC;
OGLE+ 2MASSwith J � K > 0:9)

� Fraseretal. (2005)
(22 000LMC MACHO + 2MASS)

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

� Groenewegen& Blommaert(2005)
GalacticBulge;OGLE+ 2MASS/DENIS
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Miras in the LMC

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

� Groenewegen& Blommaert(2005)

� 2691Miras:
mK = (� 3:37� 0:09)logP + (15:47� 0:03)

� Viewing angleof theBulge: 43 � 17degrees

� Perioddistributionat variousbindicate
differencesin population

� DistanceGC:8.6- 9.0kpc
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Lightcurvesof BulgeMiras
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GalacticBulgeMira K -bandPeriod-Luminosity
relation
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ZPof PL-relationversuslongitude Straatsburg, 10June2005– p.31/47



Modelling stars in the Bulge

Binney etal. (1997)modelof COBE/DIRBEdata.

f b = f 0 exp(� a2=a2
m) = (1 + a=a0)�

(f 0 = 624, am = 1:9 kpc,a0 = 0:10 kpc, � = 1:8)

a =
p

x2 + (y=� )2 + (z=� )2

with thevalueof � = 0:5

f d = (exp(� j z j =z0) + � exp(� j z j =z1)) �

Rd (exp(� r=Rd) � f h exp(� r=Rh))

(z0 = 210pc,z1 = 42pc, � = 0:27, Rd = 2:5 kpc)
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Topview of Bulge(o) andDisc (� ) starsfor viewing
anglesof 43and79degrees.
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K -magnitudeversuslongitudefor
� = 43 (top)and79o.
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observed(� ) andmodelled(� ) data
Bothangles�t slopeversusl diagram,but only
� = 43o �ts theobservednumbers

Straatsburg, 10June2005– p.35/47



Straatsburg, 10June2005– p.36/47



Theoreticalperioddistributionof opticallyvisiblestarsinsidethe
observedinstability strip for masses1.1,1.2,1.5,2.0(1.2Gyr),
2.5,3.0M� (200Myr) (left to right, top to bottom)Straatsburg, 10June2005– p.37/47



Distanceto Galactic Centre I

� Reid(1993):8.0 � 0.5kpc

� Eisenhauer(2003):O8-B2starS2orbiting the
BH in 15.5years) 7.9 � 0.4kpc
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Distanceto Galactic Centre I I

� MK = � logP + � (+ 
 logZ)

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

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

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

) IF DM(LMC) � 18.50thend(GB) = 8.6kpc

(DM(LMC) = � 0:10( ) d(GB)= � 400pc)

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);79 in LMC

� RV + Photometry:Harriesetal. (2004),
Hilditch etal (2005)
(detached,double-linedEB)
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SMCDM basedon50EB: 18.91� 0.03
Harriesetal. (2004),Hilditch etal. (2005)
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Eclipsing Binaries in MCs

� Groenewegen(2005)

� Testdatasetof 142EBspreviouslyclaimedin
literatureto besuitablefor distancework.

� Parametersmentionedearlierwere�netuned:
recoveryof 137.

� Runonall MC OGLE-data.
SMC: 714/752in Wyrzykowski etal. (2004);
20wrong(13known Cepheids);2 EB by MOA,
16NEW
LMC: 1616/1856in Wyrzykowski etal. (2003);
51wrong11EB by MACHO,178NEW
Complementaryto neuralnetwork schemeby
OGLE:7.5%new, 2.5%false
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Eclipsing Binaries in GB

� Runonall BULGE OGLE-data:3053EBs

� Future-1:Get2 RV datapointsfor � 25-50stars

� Future-2:RV monitoringfor sub-sample
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Futur eof surveys

� OGLE-III
StartedJune2001
Monitoring170Mstarsin GB, and33M in MCs

� super-MACHO
4m CTIO, LMC, 5 years,3 months/yr,
everysecondd&g night,started2003

� MOA-II 1.8msinceDec2004
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OGLE-I I I �elds of SMC (top)andLMC Straatsburg, 10June2005– p.45/47



Futur eof surveys

� PanoramicSurvey Telescope& RapidResponse
System(Pan-STARRS)
4x 1.8m,3 deg FoV, 24thmag,20xyear, 6000
deg2/n, 2006-2008

� LargeSynopticSurvey Telescope(LSST)
8.4m,10deg2 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

Straatsburg, 10June2005– p.47/47


	Overview
	History
	Micro-lensing surveys
	

