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Abstract. Helium-rich subdwarf B (He-sdB) stars form a very small fraction of the population of hot subdwarf stars in our
Galaxy. They have been found both in the field of our Galaxy as well as in globular clusters. The evolution of these rare stars has
recently been the subject of much debate involving both binary and single star evolution models. We report our serendipitous
discovery that the prototype – PG 1544+488 – is a binary containing two low-mass helium-rich hot subdwarfs. This discovery
challenges existing evolutionary models for He-sdB stars and suggests that they may be formed through close binary evolution
and following the ejection of a common envelope.
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1. Introduction

Helium-richsubdwarf B (He-sdB)starsarerare,hot sublumi-
nousstarsfoundin the�eld of our Galaxy(Greenet al. 1986)
andin globularclusters(Moehleretal. 1997, 2002). Originally
classi�ed assdODstarsin thePalomar-Green(PG) catalogue
of faintbluestars(Greenetal. 1986), He-sdBstarsarespectro-
scopicallyidenti�ed assubdwarfsshowing pureHe absorption
with veryweakor absenthydrogenBalmerabsorptionlinesin
their opticalspectra.

Two evolutionarymodelshave beenproposedfor the for-
mationof He-sdBstars.The�rst, originally proposedby Iben
& Tutukov (1986) andlatermodelledby Saio& Je� ery(2000),
involvesthemergerof two white dwarfs (WD) to form a He-
sdBstar. Our analysisof theopticalspectra(Ahmad& Je� ery
2003± PaperI) and�ux distributions(Ahmad& Je� ery2004±
PaperII) of He-sdBstarsprovidessupportfor thewhite dwarf
mergermodel.The second,proposedby Brown et al. (2001),
involvesconvective �ash mixing of the atmosphereof a star
on thewhite dwarf cooling trackwhich haspreviously under-
gonea phaseof high massloss.Lanz et al. (2004) have re-
centlyreportedthattheiranalysisof FUSEspectraof threeHe-
sdB starsprovidessupportfor the “�ash-mixing” model.The
WD merger model predictsa single helium-rich subdwarf B
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star whereasthe �ash mixing scenariomay occur in a close
binary, masstransferproviding therequiredmassloss.

High-resolution(λ/� λ ∼ 15000)opticalblueandredspec-
tra of theHe-sdBprototypePG1544+488wereobtainedover
two consecutivenightsin 2003April to measuredetailedchem-
ical abundances.While carryingout the analysis,we noticed
that someof the helium line pro�les had an unusualshape.
On closerexaminationit becameevident that this wasdueto
line doubling.Furtherinvestigationof thesedataincluding a
re-extractionof theFUSEdata,is describedhere.It hasdemon-
stratedthat theonly likely explanationis thatPG1544+488is
a short-periodspectroscopicbinary.

2. Observations and data reduction

2.1. Optical spectroscopy

Spectroscopicobservationsof PG1544+488werecarriedout
with the William HerschelTelescope(WHT: 4.2m) in 2003
April using the double beam ISIS spectrographand 5400
dichroic. Blue spectrawere obtainedwith the H2400B and
R1200B gratingswhile the red spectrawere obtainedwith
the R1200Rgrating.Details of the observationsare listed in
Table1.

Thestellarspectrawerebiassubtracted,�at-�elded, wave-
lengthcalibratedandsky subtractedusingstandardIRAF pro-
cedures.CuNe+CuAr arclampswereusedfor wavelengthcal-
ibration.The spectrawerethennormalizedusinga �fth order
cubicsplinefunction.Thedichroic,whichactsasabeamsplit-
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Table 1. Spectroscopic observations of PG 1544+488.

Date Telescope Instrument
Grating λ [Å] Exp. [s] R (λ/∆λ)

2002 04 30 INT IDS
R1200B 3900–5000 600 4500

2002 05 01 INT IDS
R1200B 3900–5000 600 4500
R1200B 3900–5000 600 4500

2003 04 10 WHT ISIS
H2400B 3900–4280 1800 18 500
R1200R 6100–6730 1800 14 000
H2400B 4050–4450 1800 19 000
R1200R 6100–6730 1800 14 000
H2400B 4610–5000 1800 21 500
R1200R 6100–6730 1800 14 000

2003 04 11 WHT ISIS
R1200B 4210–5000 900 10 000
R1200R 6100–6730 900 14 000
R1200B 4210–5000 900 10 000
R1200R 6100–6730 900 14 000
H2400B 4345–4730 1400 20 500
R1200R 6100–6730 1400 14 000
H2400B 4345–4730 1000 20 500
R1200R 6100–6730 1000 14 000

ter, hasa responsefunction which is not totally correctedby
�at-�elding hencethehighordersplinehadto beused.

Thespectralcoveragewith theH2400Bgratingis ∼375Å.
To observe the full spectralcoveragefrom 3900±5000Å with
su� cientoverlapsbetweensegments,fourshortwavelengthre-
gionswereobservedseparately. Theredspectrawereobtained
simultaneouslywith thebluespectra.

Radialvelocitieswerealsomeasuredfrom thereducedop-
tical bluespectraobtainedat theIsaacNewtonTelescope(INT:
2.5m)in 2002April /May anddescribedin PaperI.

2.2. Far ultraviolet observations

Far-ultraviolet observationsof PG1544+488 carriedout with
theFUSEsatellitewereretrievedfrom MultimissionArchiveat
theSpaceTelescope(MAST). Theobservationsweremadein
the time-tag(TTAG) modethroughthe large apertureandare
listed in Table2. The spectrawerere-reducedwith CalFUSE
2.4.1by usinga customscript which split eachexposureinto
shortexposuresof ∼900s to allow usto measureradialveloci-
ties.A shortsectionof theFUSEspectrais shown in Fig. 1.

As indicated in Table 2, PG1544+488 (= FUSE target
C12901,PI: T. M. Brown) wasobserved twice. The �rst ob-
servation (C1290101)was divided into two exposures(i.e.,
C1290101001andC1290101002),while the secondobserva-
tion wasdividedinto 4 exposures.Unfortunately, the“Side 2”
observationswerecompromisedin bothcases,eitherby detec-
tor problems(C1290101)or alignmentproblems(LiF2 channel
of C1290102).

These6 exposureswerefurtherdividedinto sub-exposures,
which werenominally 900s long. This wasaccomplishedby
specifying“goodtimeintervals”explicitly in theinput“screen-

Fig. 1. Short segment of the FUSE spectra observed with SiC1A de-
tector. a) 900 s exposure spectrum, b) Co-added spectra from 2002
March FUSE observations, c) Co-added spectra from 2002 July FUSE
observations, d) Sharpened template. The horizontal bar denotes the
spectral region (1050–1080 Å) used for cross-correlation.

ing” �les usedby CalFUSE.So,for sub-exposure1 of a given
exposure,CalFUSEwas told that everythingbeyond the �rst
900s of the total integration was “bad”. CalFUSEthen pro-
cessedonly the“good” photonsandproducedaspectrumfrom
the �rst 900s of the total integration. For sub-exposure2,
CalFUSEprocessedonly photonsthatarrivedbetween900and
1800s after thestartof theexposure,andsoon.Althoughthis
procedurewaseasyto script,theresultantsub-exposureswere
not always 900s long becauseCalFUSEperformsadditional
screening,in particularto look for short-durationspikesin the
countrateknown as“eventbursts”.Eventburstsarebelievedto
beextraneous,thoughtheirorigin remainsunknown.CalFUSE
removesall photonsthatarriveduringaneventburstanddecre-
mentstheexposuretimeaccordingly. For somesub-exposures,
thisproducede� ective integrationtimesthatwerelessthanthe
nominalvalueof 900s.

This divides the initial sampleof 6 spectrainto 20 spec-
tra,which aredistributedasshown in Table2. Sinceeachsub-
exposuregenerates8 spectra(LiF1A, SiC1A, LiF1B, SiC1B,
LiF2A, SiC2A, LiF2B, SiC2B), this produced160FITS �les.
Unfortunately, therewasno usefulLiF2 datafrom eitherob-
servation. During C1290101the high-voltageto the detector
wasdown; andduring all but the very �rst part of C1290102
theLiF2 mirror wasapparentlymispositionedsothatthetarget
wasnot in the LWRS aperture.The unfortunateconsequence
is thatthis leaveslittle �ux-calibratedinformationin the1100±
1187Å region, sincethe redundantLiF1 channelis compro-
misedby the shadow of detectorgrid wires (an optical e� ect
known as“the worm”) that falls at∼1150Å. However it does
leave uswith 20 independentexposuresfrom which radialve-
locity measurementscanbemade.

3. Radial velocity measurements

Radialvelocitiesfor PG1544+488weremeasuredfrom spec-
traobtainedwith theFUSEsatellite,theINT andtheWHT. The
errorsquotedin Table3 areestimatedfrom the formal errors
derivedfrom theleast-squares�t. Theobservationsweremade
with di� erentinstruments/telescopesandvelocitiesdetermined
with di� erentmethods,so thereareadditionalsystematicer-
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Table 2. FUSE observations of C12901 in the wavelength range 905–
1188 Å.

Rootname UT date [start] HJD [start] Nominal
sub-exposure Exp. [s]
C12901010011 2002 03 26 52 360.2739 4091.3

1 52 360.2739 900
2 52 360.2843 900
3 52 360.2947 900
4 52 360.3052 900
5 52 360.3156 491

C12901010021 2002 03 26 52 360.3527 3178.4
1 52 360.3527 900
2 52 360.3631 900
3 52 360.3735 900
4 52 360.3839 478

C12901020012 2002 07 14 52 469.9869 2264.6
1 52 469.9869 900
2 52 469.9973 900
3 52 470.0078 464

C12901020022 2002 07 14 52 470.0551 2374.7
1 52 470.0551 900
2 52 470.0656 900
3 52 470.0760 574

C12901020032 2002 07 14 52 470.1256 2288.8
1 52 470.1256 900
2 52 470.1360 900
3 52 470.1465 488

C12901020042 2002 07 14 52 470.2018 1612.9
1 52 470.2018 900
2 52 470.2122 712

1 No spectra from LiF2A, LiF2B, SiC2A, and SiC2B as detector 2
was down.
2 The target drifted from the LWRS aperture during exposure 001 and
never returned. No useful LiF2A or LiF2B spectra.

rors in theradialvelocity measurementsandhencethequoted
errorsshouldbetreatedasthelower limit to thetotalerror. The
radial velocitiesfrom theWHT andFUSEspectraareplotted
in Fig. 2.

3.1. WHT spectra

RadialvelocitiesweredeterminedfromtheWHT spectraby �t-
ting multiple Gaussiansto thecoresof thestrongheliumlines
listedin Table4 usingthemethodof leastsquares.Welabelthe
redcomponentA andthebluecomponentB (Fig. 3). For lines
which showed two components(i.e. He 4921Å and6687Å),
a triple Gaussianwas�tted in which the�rst Gaussian(Gf(1):
Fig. 4) �ts thebroadwingsof theline, thesecond(Gf(2)) and
third (Gf(3)) �t thetwo narrow componentsof thedoublepro-
�le. Their positionsgave the radial velocitiesof both compo-
nents,vA andvB. Thefull width half maxima,wA andwB, were
alsonoted.Whenthe two componentsarenot fully resolved,
wA andwB areusedas�x ed inputs to the triple Gaussian�t,
solving only for their intensitiesandpositions(or velocities).
Theprinciple is illustratedin Fig. 4. Radialvelocitiesarecal-

Fig. 2. Radial velocities derived from the FUSE and WHT observa-
tions. The filled symbols represent velocities for the stellar component
A while the open symbols represent velocities for the stellar compo-
nent B.

culatedfrom the measuredline positionsand the theoretical
restwavelengths.

In somelinesthereis no evidenceof doublingat any time,
eventhoughit is seenin otherlinesat thesametime.For such
lines(i.e.He 4388Å andHe 4686Å) only adoubleGaussian
is �tted, onecomponentto thebroadwingsandtheotherto the
line core.Hencearadialvelocityis derivedonly for component
A.

Star A appearsto be more luminous of the two and as
onemovesto shorterwavelengths,the observed stellar spec-
trum seemsto be dominatedby A (seeSection5). In cases
wherethereareseveralmeasurementsof velocitiesfrom di� er-
ent lines(Table4), themeanvelocity, weightedby the inverse
of the errors(weightedmean)wastaken.The �nal velocities
listedin Table3 wereobtainedaftercorrectingto theheliocen-
tric frame.

3.2. INT spectra

Radial velocities were also calculatedfrom three moderate
resolution optical spectra(3900±5000Å) of PG1544+488.
Thesedatawereearlierusedfor measuringthe e� ective tem-
perature(Teff), surfacegravity (logg) and helium-abundance
(nHe) (PaperI). The normalizedobserved spectrawerecross-
correlatedwith a theoreticalblue spectrumusingthe Starlink
packageDIPSO (Howarth et al. 1998). The position of the
peakof theresultingcross-correlationfunction(ccf) wasmea-
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Table 3. Radial velocities of PG 1544+488 measured from far-
ultraviolet and optical spectra.

HJD Heliocentric RV [km s−1]
−2 400 000 A B

FUSE
52 360.2791 −85.9 ± 2.0 −

52 360.2895 −73.2 ± 22.6 −

52 360.3000 −77.9 ± 9.7 −

52 360.3104 −75.3 ± 4.4 −

52 360.3185 −59.8 ± 23.0 −

52 360.3579 −39.8 ± 25.7 −

52 360.3683 −40.3 ± 16.9 −

52 360.3787 −40.9 ± 13.6 −

52 360.3867 −25.5 ± 28.8 −

INT1

52 394.2513 −18.4 ± 10.1
52 395.2466 −6.9 ± 14.2
52 395.2503 −19.4 ± 17.4

FUSE
52 469.9921 −13.9 ± 22.4 −

52 470.0026 −4.7 ± 37.3 −

52 470.0105 −12.5 ± 17.2 −

52 470.0604 −34.8 ± 22.1 −

52 470.0708 −33.5 ± 29.5 −

52 470.0793 −28.9 ± 33.1 −

52 470.1308 −75.8 ± 22.2 −

52 470.1413 −61.4 ± 36.7 −

52 470.1493 −77.8 ± 23.4 −

52 470.2070 −91.7 ± 28.4 −

52 470.2163 −97.0 ± 37.5 −

WHT
52 740.6955 38.7 ± 2.2 −117.4 ± 2.5
52 740.7232 25.5 ± 3.5 −102.6 ± 2.8
52 740.7503 −8.6 ± 9.2 −76.7 ± 11.4
52 741.6809 43.0 ± 15.4 −119.0 ± 6.6
52 741.6913 38.6 ± 16.2 −112.6 ± 8.2
52 741.7420 2.6 ± 18.3 −76.4 ± 3.7
52 741.7559 −2.3 ± 20.2 −69.6 ± 2.7

1 see Section 3.2.

suredagainby �tting a Gaussian.This positionwasconverted
to aradialvelocityshift andcorrectedto theheliocentricframe
(Table3). Owingto thelowerresolutionof theINT spectra,the
componentsA andB arenot resolvedin eithertheccf or in any
individual heliumline pro�les. Sincetheccf simply measures
theshiftsof theaveragelinepro�le, it isblind to thepresenceof
line doublingunlessthecomponentsarewell resolved.If two
componentsarepresent,themeasuredvelocitiesareaweighted
averageof theircombinedvelocities,theweightsdependingon
the relative contributions to the total �ux at the wavelengths
observed.

3.3. FUSE spectra

The measurementof radial velocities from the FUSE spec-
tra was a challengedue to the presenceof broadstellar ab-
sorptionlines andseveral stronginterstellarlines. The wave-
length region 1050±1080Å (Fig. 1) was selectedfor mea-

Table 4. Lines used in the optical blue and red spectra to measure
radial velocities of the stellar components A and B.

HJD He He He He
4387.93 Å 4685.71 Å 4921.93 Å 6678.15 Å

52 740.6955 − − − A/B
52 740.7232 A − − A/B
52 740.7503 − A A/B A/B
52 741.6809 A A A/B A/B
52 741.6913 A A A/B A/B
52 741.7420 A A − A/B
52 741.7559 A A − A/B

Fig. 3. Line profile variation in PG 1544+488 seen here in the
He 6678 Å absorption line.

suring the radial velocities becauseit is dominatedby stel-
lar lines. On FUSE, it is coveredby four detectors,SiC1A,
SiC2B, LiF1A and LiF2B providing independentmeasure-
ments.Unfortunatelywe do not have any SiC2B and LiF2B
spectrafrom the �rst FUSE observation. The LiF2B spectra
from the secondFUSEobservationwerealsonot suitablefor
thestudy(seeSection2.2).The�rst setof velocitieswerecal-
culatedfrom theSiC1A andLiF1A spectra.Thesecondsetof
velocitieswerecomputedfrom theSiC1A, SiC2B andLiF1A
spectra.

There-reducedspectrawereco-addedto make a template
spectrum.This templatewasthennormalizedusinga high or-
der polynomialfunction.The samefunction wasusedto nor-
malizethe individual spectra.The ccf betweenthe individual
spectraand the templatewas computedand a velocity was
measuredby �tting a Gaussianfunctionto thepeakof theccf.
Theindividualshortexposurespectrawerethencorrectedwith
theestimatedvelocitiesandco-addedonceagainto createthe
sharpenedtemplateshown in Fig. 1d. Radialvelocitieswere
againmeasuredfrom theccf betweenthespectraandthesharp-
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Fig. 4. The three components of the Gaussian fit to the He 6678 Å
absorption line profile. The top panel shows the Gaussian fit when the
two components are resolved. The bottom panel shows the Gaussian
fit when the two components are merged. The labels are the same as
in Fig. 3.

enedtemplate.In caseswheretwo or moreindependentmea-
surementswereavailable,a weightedmeanwastaken.

Sincetheseradialvelocitieswererelative to thesharpened
template,correction to the heliocentric frame was obtained
by cross-correlatingthe sharpenedtemplatewith a theoreti-
cal spectrumandapplyingtheappropriateheliocentriccorrec-
tions (Table3). A moredetaileddescriptionof radial velocity
measurementby cross-correlationandtemplatesharpeningcan
be found in Dudley & Je� ery (1990). Note that the process
of sharpeningon thestellarvelocitieshasthee� ectof smear-
ing any (stationary)interstellarlinesin thespectrum(Fig. 1d),
therebyweakeningtheir contribution in theccf.

4. Orbital solution

Several estimatesof the period of PG1544+488 can be de-
rived by a simpleinspectionof the data.For examplethe ve-
locitiesof bothcomponentsobserved in theWHT datarepeat
almostexactly after24 hours,sotheperiodmustbecloseto a
unit fraction of oneday. Secondly, onesetof FUSEobserva-
tions coversan interval of nearly6 hours,anddoesnot com-
pletea full cycle, so the periodmustbe greaterthan1/4 day.
A period of one day doesnot provide a very good �t to the
data,leaving only 1/2 and1/3 day asreasonablealternatives.
To distinguishbetweenthesealternatives,theDiscreteFourier
Transform(DFT) of the radialvelocitiesfor thestarvisible in
all FUSEandWHT observationswascomputed(Fig. 5). The
velocitiesfrom the INT spectrawere not usedin the orbital
solution sincethey have large systematicerrors(seeSection
3.2). The DFT of the samplingfunction (power window) is
heavily contaminatedby thecyclesday−1 andthecyclesyear−1

aliases,but the highestpeakin the power spectrumdoesoc-

Fig. 5. The power spectrum of the spectroscopic binary PG 1544+488
from radial velocities obtained from FUSE and the WHT in
2002/2003. Top left: the discrete Fourier transform of the full dataset.
Bottom left: the sampling function. Top right: the DFT after applica-
tion of the CLEAN procedure. Bottom right: Enlargement of the same
plot.

cur neara frequency of 2cyclesday−1. Theproblemis almost
ideal for theuseof theCLEAN algorithm(Högbom1974) be-
causethereshouldbe only one true frequency presentin the
data.Otherstructureis duemostly to thesampling,with some
leakageinto side lobesdue to randomandsystematicerrors.
Applying CLEAN to the datasetusinga gain of 0.5 and100
iterations,we �nd a principal peakat 2.08cyclesday−1, with
weakerpeakat 2.02cyclesday−1.

A weaknessof theCLEAN algorithmis that, in caseslike
theseit mayfail to identify thecorrectpeakin thepowerspec-
trum, but may insteadhighlight an alias of the true period.
Whatevermethodwe use,thedatacurrentlyavailableleave an
uncertaintyof the orderof a few cyclesyear−1 in the derived
orbital frequency.

In orderto learnmore,wehaveassumedacircularorbit and
�tted thedatafor thestarvisiblein all four datasetsusingagra-
dient expansionalgorithm to computea non-linearweighted
leastsquares�t, in which the systemicvelocity γ, frequency
νorb, amplitudek1 andphaseφ arefree parameters.A feature
of usingthe least-squaresapproachis that it modi�es any fre-
quency selectedfrom theDFT becausethedatapointsarenow
weightedby the inverseof their errors.After the solutionfor
the principal componenthasbeenestablished,the secondary
orbit canbe establishedsimply by solving for k2. The orbital
solutionfor thebinaryis listedin Table5 andplottedin Fig. 6.

Inspectionof the resulting�ts shows that a solutionwith
νorb = 2.0754day−1 givessubstantiallythe bestresult.Errors
areestimatedfrom arangeof solutionsbasedonanuncertainty
in theorbital frequency (∼ ±0.01day−1). Thustheseresultsare
intendedasanearlyindicationof thedimensionsof thebinary
PG1544+488ratherthanasa de�niti vesolution.

5. Discussion

Sincetheir identi�cation in thePGsurvey, thepuzzlingnature
of therarehelium-richsubdwarf B, or sdOD,starshasbeenne-
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Fig. 6. Approximate orbital solution with orbital period = 0.48 d for
PG 1544+488. Observed data are shown for different dates: + FUSE
(HJD 2 452 360), × FUSE (HJD 2 452 469), �WHT (HJD 2 452 740)
and ^ WHT (HJD 2 452 741). Data for the secondary are shown
as filled symbols. The best fit orbits are shown as smooth curve.
Residuals to this fit are shown in the bottom panel.

Table 5. Approximate orbital solution for PG 1544+488.

P 0.48 ± 0.01 day
γ −23 ± 4 km s−1

k1 57 ± 4 km s−1

k2 97 ± 10 km s−1

q 1.7 ± 0.2
asin i 1.47 ± 0.13 R�

M1 sin3 i 0.114 ± 0.021 M�
M2 sin3 i 0.067 ± 0.011 M�

glected,but not forgotten.Two groupshaverecentlypublished
independentanalysesof thespectrumof PG1544+488,thestar
identi�ed as the prototypeby Heberet al. (1988), onebased
onmedium-resolutionblue-opticalspectrum(PaperI) andsup-
portedby theIUE/UV �ux distribution(PaperII), andtheother
basedon the high-resolutionfar-ultraviolet spectrum(Lanz et
al. 2004). Both studiesobtaineda radicallydi� erentmeasure-
mentof surfacegravity (logg). Theopticalspectrumindicates
alogg of 5.1dex in cgsunits,while thefar-ultraviolet spectrum
indicateslogg = 6.0. Lanzet al. (2004) alsofounda veryhigh
rotationalvelocity (vsini = 100kms−1) andsuggestthat the
discrepancy in logg is dueto theuseof di� erentcarbonabun-
dancesin themodelatmospheres.This suggestionhasnot yet
beentestedbecausethediscovery thatPG1544+488is aspec-
troscopicbinarycompletelychangesthebasisfor argument.

TheWHT spectrarevealmorethanjustradialvelocitiesfor
two stellar components.They also show that the surfacesof
both componentsarehelium-rich; thereis no signi�cant line
at Hα or Hβ, while bothcomponentsareapparentin He. The
He pro�les at6678Å arenotsymmetric,thecomponentshave
di� erentline strengthsand hencedi� erent luminosities.The
line doubling is prominentat 6678Å, measurableat 4921Å,
increasinglyweaker by 4471Å andnot seenin 4026Å. This
implies that the contribution of the weaker componentto the

total �ux decreasestowards shorterwavelengthas a conse-
quenceof adi� erencein e� ectivetemperature.Thus,in thefar-
ultraviolet, theobservedspectrumis dominatedby thebrighter
andhottercomponent.

There are several consequences.First, existing analyses
havebeenbasedonobservationsintegratedoverlongintervals.
Theapparentlylargerotationalvelocityreportedisadirectcon-
sequenceof orbital velocity smearing.This smearingcan be
removedandtheanalysesshouldberepeated.Second,it is no
surprisethatanalysesbasedon far-ultraviolet andopticalspec-
traaloneyield di� erentresults,sincetheobservedline pro�les
are contaminatedby di� erentrelative contributions from the
secondarystar. Analysesmusttakethebinarynatureof thesys-
tem into account.Third, the interpretationof theevolutionary
statusof PG1544+488, which requiresit to be a single star,
mustbe wrong. The measurementsreportedheredemonstrate
thatPG1544+488is almostcertainlyaproductof closebinary
evolution.

However, thereis alreadymuchthatmaybededucedabout
thenatureof PG1544+488.Unlesstheorbital inclinationis ex-
traordinarilyhigh, bothcomponentsmustbeof low mass,say
0.1±0.5M�. Bothareearly-typestarswith surfacesdominated
by helium.Bothstarsmusthaveevolvedo� themain-sequence
anddevelopedheliumcoresandtheremusthave beenat least
one phaseof masstransferwhen the systemwas probablya
commonenvelopebinary. It seemsthat the entire hydrogen-
rich envelopesfrom bothstarswereremovedat thisstage,most
probablyby theejectionof thecommonenvelope.Thisprocess
would havebeencloselyassociatedwith thecontractionof the
orbit to its currentvalueof just a few solarradii. Theprimary
is alsocarbon-rich(Lanzet al. 2004), implying that it hasun-
dergonesomehelium-processingbeforethis lastmasstransfer
phasewascompleted.It alsosuggeststhatit mustbeabovethe
minimummassfor helium ignition, placinga minimumvalue
on theallowableorbital inclination.

Thesedeductionsgive somecluesto the possibleevolu-
tion of PG1544+488.Thedimensionsof theobservedsystem
aretypicalof thedimensionsof moreconventionalshort-period
sdBclosebinarieswith WD companions(Maxtedet al. 2001),
althoughthe massfunction of the secondarymay be on the
low side.Hanetal. (2002) arguethatthesesystemsareformed
as the resultof a common-envelopeevolution. When the ob-
served sdB staror, in the presentcase,the moremassive he-
lium starbecamea giant following corehydrogenexhaustion,
its radiusexpandeduntil RocheLobe over�ow commenced.
Providing the massratio (M2/M1) is less than somecritical
value(qcrit ∼ 1; cf. Han et al. 2002), masstransferis dynam-
ically unstableand a commonenvelopewill form. The sec-
ondarywill thenspiralin, transferringorbital energy to theen-
velopeandcausingit to beejected.Thequantityof hydrogen-
rich materialleft on the surfaceof the sdB star is very small,
and onecan envisagethat, in somecircumstances,all of the
hydrogenmayberemoved.It mayevenshow somecontamina-
tion from carbonproducedin thecorehelium�ash. Theques-
tion thenarisesconcerningthenatureof thesecondary. Sinceit
is alsoobservedto behelium-richit mustbehot andcompact
± a low-massmain-sequencesolutioncanberuledout. It must
thereforebeeithera heliumwhite dwarf or a low-masshelium
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main-sequenceobject.It is likely that it would have originally
beenthemoremassive starandthat it would have lost its hy-
drogenenvelopeduringa previousphaseof Roche-lobeover-
�o w. While thisdescriptionis moreconjecturethanconclusion,
it demonstratesthatPG1544+488representsa very important
testfor modelsof close-binaryevolution involving a common-
envelope;furtherobservationsandmoredetailedanalyseswill
beneededto re�ne thesetests.

Meanwhile,it is interestingto comparePG1544+488with
otherevolvedstars.The massof the secondaryis likely to be
lessthan0.3M�. Thereareseveral known binary systemsin
which at least one componentis a highly-evolved sublumi-
nousstar, with a massof ∼0.3M�; e.g.HD185510(Je� ery &
Simon1997), HD128220(Howarth& Heber1990), HD188112
(Heberetal. 2003). In thesecases,thesecondaryis believedto
be a helium-corewhite dwarf progenitor. A similar situation
probablyholdsfor thesecondaryof PG1544+488.

Recently, Lisker et al. (2004) have discovereda very sim-
ilar systemHE0301-3039from the VLT/UVES SPY survey
(Napiwotski et al. 2001). In this case,the line pro�le splits
into more symmetriccomponentsandare clearly resolved at
3865Å aswell as5048Å, suggestingthecomponentsto beof
more similar temperatureand luminosity than in the caseof
PG1544+488.It will beinterestingto comparethesetwo sys-
temsin detailasmoreobservationsareobtained.

Whilst it is clearthatPG1544+488is abinary, thequestion
of whetherotherHe-sdBstarsarealsobinariesis not. As dis-
cussedin PaperII, thegroupis quiteheterogeneous,including
relatively hydrogen-richstarssuchasJL87 (EC21435−7634)
andcarbon-poorextremelyhelium-richstarssuchasLB 1766.
Whetherany or all of theseare binarieswill have to be de-
terminedfrom a moreextensiveandsystematicradialvelocity
survey.

6. Conclusions

We have measuredradial velocitiesfor the prototypehelium-
rich subdwarf B star± PG1544+488± usingspectraobtained
with theINT, WHT andFUSE.Thehigh-resolutionWHT spec-
tra show line-splittingcharacteristicof a spectroscopicbinary,
with He lines in both componentsandhydrogenlines in nei-
ther. Furtherobservationswill benecessaryto accuratelydeter-
minetheorbitalperiod,but it is likely to be0.48d. Thethelow
massfunctionsindicatethatPG1544+488comprisestwo low-
masshelium-richsubluminousstarsseparatedby a few solar
radii. Consequentlyit wouldappearto beahighly evolvedsys-
tem which haspassedthroughat leastonecommon-envelope
phase.The entirehydrogenenvelopehasbeenlost from both
stars.We conjecturethat this occurredthroughcommonenve-
lopeejectionshortlyafterheliumignition in what is now seen
asthemoremassive component.The lessmassive component
is eitheraheliumwhitedwarf or averylow massheliummain-
sequencestar.
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