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Cepheiddistanceto the virgo cluster
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Abstract. HST dataon Cepheidvariablesin oneVirgo Clusterspiralgalaxyis re-analyzedtaking
into accounflux-limited incompletenesi thesampleandcalibrationof the period—luminosityrela-
tionin therelevantperiodrange.Distanceto theVirgo Clusteris estimatedo be19.6 1.7 (random)
+2.6 (systematicMpc.
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1. Intr oduction

A measuremenf the distanceto the Virgo Clusterby a direct methodalongwith areal-
istic error estimatewould go a long way to settlethe presenidebateover the value of the

HubbleConstantFerrareset al [1] obtaineda distanceof 16.1 £+ 1.3 Mpc from Cepheid
obsenationsin M100, a nearlyface-onspiralgalaxyin the Virgo Clusterwith the Hubble
SpaceTelescopdHST). Thiswork is are-analysiof the HST dataon Cepheidsn M100,

basedon our studyof GalacticCepheids.Two majoraspectof this analysisarethe cali-

brationof the Cepheidperiod—luminosity(PL) relation(§ 2) andcorrectionfor flux-limited

incompletenes§ 3) in theobsenedsample.

2. Slopeand zero point of the Cepheid period—luminosity relation

Normally, a single PL relationis usedfor the entire rangeof Cepheidperiodsfrom < 3
daysto above 60 days,anda slopeof —2.77 is acceptedHowever, this is untenablevhen
we use Cepheidsas standardcandles,becausevhile the local PL relationis essentially
governedby the numerousshort period Cepheidstheseare preferentiallymissedin the
distanttargetgalaxiesdueto their lower brightness.

We determinghe slopeof the PL relationfrom severalindependenanalyseswhich are
summarizedn table 1. Taking all the resultsinto account,we concludethat thereis a
definiteincreaseof the slopeof the PL relationaswe go from shortperiodsto log(P) >
1.15. At therangel.15 < log(P) < 1.85, whichis therelevantperiodrangefor theM100
Cepheidsthe slopehasa value between—3.0 and —3.5. We adoptthe canonicalvalue
of —3.25 + 0.25. However, in view of the scatterin thereportedvalueof colorsbetween
variousgroups,we cannotdetermineheslopeto furtheraccurag.
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Table 1. Variousmethodsfor determiningthe slopeof the period—luminosityrelation.

Galaxy Sourceof data Methodof analysis Slope Error
Milky Way Gierenet al (1998)[2] Barnes—Eanstechnique —3.30 +0.30
LMC Variousobserers Without extinction correction —3.22 +0.20

With extinction correction —-3.25 +0.25

1C4182 Sahaet al (1994)[3]  With andwithout extinction correction —3.20 +0.20

Ouradoptedvaluefor 1.15 < log(P) < 1.85 —-3.25 +0.25

Table 2. Variousestimatef the zeropoint of the period—luminosityrelation.

Source Methodof determination ~ My, atP = 10d Error

FeastandCatchpold5] HIPPARCOSparallaxes —4.24 +0.10

FeastPontandWhitelock[6] HIPPARCOSpropermotions —4.28 +0.13

Gierenet al [2] Barnes—Eanstechnique —4.06 +0.03

MadoreandFreedmarj7] LMC distance —4.16

(samet Beaulieuet al) [4] Metallicity correction —4.30
Ouradoptedvalue —4.24 +0.10

Cornventionally the zero point of the PL relationis determinedby estimationof the
LMC distancemodulus. However, the LMC distancemodulusderived throughdifferent
methodsvary betweenl8.3and 18.7 mag. Also, the metallicity dependencef the zero
point of the PL relation[4] addsto the uncertaintyin the estimationof LMC distance
throughCepheidsThuswe preferadditionalcalibrationsof thezeropointthroughseveral
independentind complimentarymethods. Theseinclude the recentparallaxand proper
motion measurementsf nearbyCepheidsby the HIPPARCOS satelliteand the infrared
Barnes—Ew@nssurfacebrightnesgechniquewhichis insensitveto Cepheidmetallicityand
reddening.The variousmethodsand our adoptedvalue of the zeropoint aresummarized
in table2.

Soour final adoptedberiod—luminosityrelationis My = —3.25(log(P) — 1) — 4.24.

3. Incompletenes<=ffectsin M100 Cepheidobsewations

About 70 Cepheidvariablesin M100 wereobsenedin theV andl bandsby the Hubble
SpaceTelescopainderthe Key Projecton the ExtragalactidDistanceScale[1]. Fromthis
samplewe have analyzed0 Cepheidsvhich have periodsbetweerl5and70 days.

At the low signalto noiselevelsfor the shortperiodM100 Cepheidghereis possibil-
ity of only the brighter Cepheidseing preferentiallydetectedthuscausinga systematic
over-estimationof the brightnessat a fixed period. On comparingthe numberdensityof
Cepheidsasafunctionof periodof the HST sampleof Cepheidsn M100 with thereason-
ably completesampleof GalacticCepheidgtakenfrom the GalacticCatalogueof Variable
Starg[8]), we find the distributionsto be very similar atlong periods whichis not surpris-
ing sincewe do not expectary flux-limited incompletenes$or the brighterlong period
CepheidsHowever, at periodsshorterthan30 daysthe numberdensityof M100 Cepheids
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shaws a sharpdecreases comparedo the Galacticdistribution. This we attribute to a
systematiégncompletenesdueto the samplebeingflux—limited.

We alsofind thatthebestfit slopeof the PL relationfor long periodCepheidglog(P) >
1.47) in M100is —3.2, which agreeswell within errorswith the expectedvalue. On the
otherhand,a muchshallaver PL relationwith a slopeof —2.2 is obtainedfor the shorter
period Cepheidqlog(P) < 1.47). This confirmsthe propositionthat thereexists a sys-
tematicbias(commonlyknown asthe Malmquistbias)dueto flux-limited incompleteness
atshortperiods.

Basedon a simple mathematicahnalysisof the numberdensitydistribution of M100
Cepheidsanda numericalsimulationof the incompletenesproblem,we find thata cor-
rectionof 0.36 magfor Cepheidawith periodsshorterthan25 daysis necessaryo offset
thebias.

4. Distanceto vir go cluster and the hubble constant

Extinction correctionfor M100 Cepheidswas carriedout on the basisof period—color
amplituderelationsobtainedfrom analysisof GalacticCepheids.The final resultfor the
Cepheidvariablesin M100, after correctionsfor incompletenesandextinction, is given
by the period¥/-magnitudeelation:

(V)o = —3.20 (log(P) — 1.48) + 25.65 1)

which givesa distancemodulusof 31.46 mag, with the adoptedslopeand zero point of
thePL relationandtheoverall correctionof 0.05magdueto shift in the obsenationalzero
point calibration[1]. Takinginto accountall the systemati@andrandomerrorsinvolvedin
the analysisandthe positionof M100 relative to the centerof Virgo Cluster the distance
to the Virgo Centeris estimatedo be 19.6 &+ 1.7 (random)+2.6 (systematicMpc.
Adoptinga Virgorecessiorvelocity of 1170 & 80 km s~!, the HubbleConstanis

Hy =60 + 5 (random) + 8 (systematic) kms™ Mpc~! 2)
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