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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.

Key words. stars: chemically peculiar - stars: early-type - subdwarfs - stars: individual : PG 1544+488 - stars: fundamental

parameters - binaries: spectroscopic

1. Introduction

Helium-rich subdvarf B (He-sdB)starsarerare,hot sublumi-
nousstarsfoundin the eld of our Galaxy(Greenetal. 1986
andin globular cluster{Moehleretal. 1997 2002. Originally
classi ed assdODstarsin the PalomarGreen(PG) catalogue
of faintbluestars(Greenetal. 1986, He-sdBstarsarespectro-
scopicallyidenti ed assubdwarfsshowving pureHer absorption
with very weakor absentiydrogenBalmerabsorptiorinesin
their optical spectra.

Two evolutionary modelshave beenproposedor the for-
mationof He-sdBstars.The rst, originally proposedy Iben
& Tutukov (1986 andlatermodelledby Saio& Je ery (2000,
involvesthe memer of two white dwarfs (WD) to form a He-
sdB star Our analysisof the opticalspectrafAhmad& Je ery
2003+ Paperl) and ux distributions(Ahmad& Je ery 2004+
Paperll) of He-sdBstarsprovidessupportfor the white dwarf
merger model. The second proposedby Brown et al. (2007),
involves corvective ash mixing of the atmospheref a star
on the white dwarf cooling track which haspreviously under
gonea phaseof high massloss. Lanz et al. (2009 have re-
centlyreportedthattheiranalysisof FUSEspectreof threeHe-
sdB starsprovidessupportfor the “ ash-mixing” model. The
WD memer model predictsa single helium-rich subdvarf B
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starwhereasthe ash mixing scenariomay occurin a close
binary, masgransferproviding therequiredmasdoss.
High-resolution(1/ A ~ 15000)opticalblueandredspec-
tra of the He-sdBprototypePG1544+488were obtainedover
two consecutienightsin 2003April to measureletailedchem-
ical abundancesWhile carrying out the analysis,we noticed
that someof the helium line pro les had an unusualshape.
On closerexaminationit becameevidentthat this wasdueto
line doubling. Furtherinvestigationof thesedataincluding a
re-extractionof theFUSEdata,is describedere It hasdemon-
stratedthatthe only likely explanationis thatPG1544+488is
ashort-periodspectroscopibinary.

2. Observations and data reduction

2.1. Optical spectroscopy

Spectroscopiobsenationsof PG1544+488 were carriedout
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 gratings while the red spectrawere obtainedwith
the R1200Rgrating. Details of the obsenationsare listed in
Tablel.

Thestellarspectraverebiassubtracted,at- elded, wave-
lengthcalibratedandsky subtractedisingstandardRAF pro-
ceduresCuNet+CuAr arclampswereusedfor wavelengthcal-
ibration. The spectrawerethennormalizedusinga fth order
cubicsplinefunction. Thedichroic,which actsasabeamsplit-
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Table 1. Spectroscopic observations of PG 1544+488.

Date Telescope Instrument
Grating A[A] Exp.[s] R(1/A1)
2002 04 30 INT IDS
R1200B 3900-5000 600 4500
2002 0501 INT IDS
R1200B 3900-5000 600 4500
R1200B 3900-5000 600 4500
2003 04 10 WHT ISIS
H2400B 3900-4280 1800 18500
R1200R 6100-6730 1800 14000
H2400B 4050-4450 1800 19000
R1200R 6100-6730 1800 14000
H2400B 4610-5000 1800 21500
R1200R 6100-6730 1800 14000
2003 04 11 WHT ISIS
R1200B 4210-5000 900 10000
R1200R 6100-6730 900 14000
R1200B 4210-5000 900 10000
R1200R 6100-6730 900 14000
H2400B 4345-4730 1400 20500
R1200R 6100-6730 1400 14000
H2400B 4345-4730 1000 20500
R1200R 6100-6730 1000 14000

ter, hasa responsdunction which is not totally correctedby
at- elding hencethehigh ordersplinehadto beused.

The spectrakoveragewith the H2400Bgratingis ~375A.
To obsere the full spectralcoveragefrom 3900+500 with
su cientoverlapsbetweersegmentsfour shortwavelengthre-
gionswereobsenedseparatelyThered spectravereobtained
simultaneouslyvith theblue spectra.

Radialvelocitieswerealsomeasuredrom the reducedp-
tical bluespectraobtainedatthelsaacNewton TelescopgINT:
2.5m)in 2002April/May anddescribedn Paperl.

2.2. Far ultraviolet observations

Far-ultraviolet obsenationsof PG1544+488 carriedout with
theFUSEsatellitewereretrievedfrom MultimissionArchive at
the SpaceTelescopdMAST). The obsenationsweremadein
thetime-tag(TTAG) modethroughthe large apertureandare
listedin Table 2. The spectrawerere-reducedvith CalFUSE
2.4.1by usinga customscript which split eachexposureinto
shortexposuref ~900s to allow usto measureadial veloci-
ties. A shortsectionof the FUSEspectrds shavn in Fig. 1.

As indicatedin Table 2, PG1544+488 (= FUSE tamget
C12901,PI: T. M. Brown) was obsened twice. The rst ob-
senation (C1290101)was divided into two exposures(i.e.,
C129010100%nd C1290101002)while the secondobsena-
tion wasdividedinto 4 exposuresUnfortunatelythe “Side 2”
obsenationswerecompromisedn bothcaseseitherby detec-
tor problemgC1290101pr alignmentproblemgLiF2 channel
of C1290102).

Theseb exposuresverefurtherdividedinto sub-eposures,
which were nominally 900s long. This wasaccomplishedy
specifying“‘goodtimeintervals” explicitly in theinput“screen-
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Fig. 1. Short segment of the FUSE spectra observed with SiC1A de-
tector. @) 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 A) used for cross-correlation.

ing” les usedby CalFUSE.So,for sub-exposurel of a given
exposure,CalFUSEwastold that everythingbeyond the rst
900s of the total integrationwas “bad”. CalFUSEthen pro-
cesseanly the“good” photonsandproduceda spectrunfrom
the rst 900s of the total integration. For sub-exposure?2,
CalFUSEprocessednly photonghatarrivedbetweerb00and
1800s afterthe startof the exposure andsoon. Althoughthis
procedurevaseasyto script,the resultantsub-exposuresvere
not always 900s long becauseCalFUSEperformsadditional
screeningin particularto look for short-duratiorspikesin the
countrateknown as“eventbursts”.Eventburstsarebelievedto
beextraneousthoughtheir origin remainsunknavn. CalFUSE
removesall photonghatarriveduringaneventburstanddecre-
mentsthe exposuretiime accordingly For somesub-e&posures,
thisproducece ectiveintegrationtimesthatwerelessthanthe
nominalvalueof 900s.

This dividesthe initial sampleof 6 spectrainto 20 spec-
tra, which aredistributedasshawn in Table2. Sinceeachsub-
exposuregenerates spectra(LiF1A, SIiC1A, LiF1B, SiC1B,
LiF2A, SiC2A, LiF2B, SiC2B),this producedl60FITS les.
Unfortunately therewas no useful LiF2 datafrom eitherob-
senation. During C1290101the high-woltageto the detector
was down; andduring all but the very rst partof C1290102
theLiF2 mirror wasapparentlymispositionedothatthetarget
wasnot in the LWRS aperture.The unfortunateconsequence
is thatthisleaveslittle ux-calibratedinformationin the1100+
1187A region, sincethe redundantLiF1 channelis compro-
misedby the shadaev of detectorgrid wires (an opticale ect
known as“the worm”) thatfalls at ~1150A. However it does
leave uswith 20 independenéxposuresrom which radial ve-
locity measurementsanbe made.

3. Radial velocity measurements

Radialvelocitiesfor PG1544+488weremeasuredrom spec-
traobtainedwith theFUSEsatellite theINT andtheWHT. The
errorsquotedin Table 3 are estimatedrom the formal errors
derivedfrom theleast-squares$. Theobsenationsweremade
with di erentinstrument&elescopeandvelocitiesdetermined
with di erentmethodsso thereare additionalsystematicer-



Ahmad et al.: Discovery of a binary containing two helium-rich subdwarfs 3

Table 2. FUSE observations of C12901 in the wavelength range 905—
1188 A.

Rootname UT date [start] HJD [start]  Nominal
sub-exposure Exp. [s]
C12901010011 2002 03 26 52360.2739  4091.3

1 52360.2739 900

2 52360.2843 900

3 52360.2947 900

4 52360.3052 900

5 52360.3156 491
C12901010021 2002 03 26 52360.3527 3178.4

1 52360.3527 900

2 52360.3631 900

3 52360.3735 900

4 52360.3839 478
C12901020012 2002 07 14 52469.9869 2264.6

1 52469.9869 900

2 52469.9973 900

3 52470.0078 464
C12901020022 2002 07 14 52470.0551 2374.7

1 52470.0551 900

2 52470.0656 900

3 52470.0760 574
C12901020032 2002 07 14 52470.1256 2288.8

1 52470.1256 900

2 52470.1360 900

3 52470.1465 488
C1290102004° 2002 07 14 52470.2018 1612.9

1 52470.2018 900

2 52470.2122 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.

rorsin theradial velocity measurementandhencethe quoted
errorsshouldbetreatedasthelowerlimit to thetotalerror. The
radial velocitiesfrom the WHT and FUSE spectraare plotted
in Fig. 2.

3.1. WHT spectra

Radialvelocitiesweredeterminedrom theWHT spectraby t-
ting multiple Gaussianso the coresof the strongheliumlines
listedin Table4 usingthemethodof leastsquaresWe labelthe
redcomponeniA andthe bluecomponenB (Fig. 3). For lines
which shoved two componentgi.e. Her4921A and6687A),
atriple Gaussiarwas tted in whichthe rst GaussianGf(1):
Fig. 4) ts thebroadwings of theline, the second Gf(2)) and
third (Gf(3)) t thetwo narrov component®f the doublepro-
le. Their positionsgave the radial velocitiesof both compo-
nentsva andvg. Thefull width half maxima,wa andwg, were
alsonoted.Whenthe two componentsare not fully resohed,
wa andwg areusedas x ed inputsto thetriple Gaussiant,
solving only for their intensitiesand positions(or velocities).
Theprincipleis illustratedin Fig. 4. Radialvelocitiesarecal-
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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 measuredine positionsand the theoretical
restwavelengths.

In somelinesthereis no evidenceof doublingat ary time,
eventhoughit is seenin otherlinesat the sametime. For such
lines(i.e. Her 4388A andHen 4686A) only adoubleGaussian
is tted, onecomponento thebroadwingsandtheotherto the
line core.Hencearadialvelocityis derivedonly for component
A.

Star A appearsto be more luminous of the two and as
one movesto shorterwavelengthsthe obsened stellar spec-
trum seemsto be dominatedby A (seeSection5). In cases
wherethereareseveralmeasurementsf velocitiesfromdi er
entlines (Table4), the meanvelocity, weightedby theinverse
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+500%) of PG1544+488.
Thesedatawere earlierusedfor measuringhe e ective tem-
perature(Tes), surfacegravity (logg) and helium-alundance
(npe) (Paperl). The normalizedobsened spectrawere cross-
correlatedwith a theoreticalblue spectrumusingthe Starlink
packageDIPSO (Howarth et al. 1998. The position of the
peakof theresultingcross-correlatiofunction (ccf) wasmea-
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Table 3. Radial velocities of PG 1544+488 measured from far-
ultraviolet and optical spectra.

HJD Heliocentric RV [kms™]
—2400000 A B
FUSE
52360.2791 -859+20 -
52360.2895 -73.2+22.6 -
52 360.3000 -779+9.7 -
52 360.3104 -753+4.4 -
52360.3185 -59.8 +23.0 -
52360.3579 -39.8 +25.7 -
52360.3683 —40.3 +16.9 -
52360.3787 -40.9 + 13.6 -
52360.3867 —25.5+28.8 -
INT?
52 394.2513 -18.4+10.1
52 395.2466 -6.9+14.2
52 395.2503 -194+17.4
FUSE
52469.9921 -139+224 -
52 470.0026 -4.7+37.3 -
52470.0105 -12.5+17.2 -
52470.0604 -34.8+22.1 -
52470.0708 -33.5+29.5 -
52470.0793 -28.9+33.1 -
52470.1308 -75.8 +22.2 -
52470.1413 -61.4 +36.7 -
52470.1493 -77.8+234 -
52470.2070 -91.7 +28.4 -
52470.2163 -97.0+37.5 -
WHT
52740.6955 387+22 -1174+25
52740.7232 255+35 -1026+28
52740.7503 -86+92 -76.7+114
52741.6809 43.0+154 -119.0+6.6
52741.6913 38.6+16.2 -112.6+8.2
52741.7420 2.6+183 -76.4 + 3.7
52741.7559 -2.3+20.2 -69.6 + 2.7

1 see Section 3.2.

suredagainby tting a GaussianThis positionwascorverted
to aradialvelocity shift andcorrectedo the heliocentricframe
(Table3). Owingto thelowerresolutionof theINT spectrathe
component#\ andB arenotresohedin eithertheccforin ary
individual heliumline pro les. Sincethe ccf simply measures
theshiftsof theaveragdine pro le, it isblind to thepresencef
line doublingunlessthe componentarewell resolhed. If two
componentarepresentthemeasuredelocitiesareaweighted
averageof theircombinedvelocities theweightsdependingn
the relative contritutionsto the total ux at the wavelengths
obsenred.

3.3. FUSE spectra

The measurementf radial velocities from the FUSE spec-
tra was a challengedue to the presenceof broad stellar ab-
sorptionlines and several stronginterstellarlines. The wave-
length region 1050+108R (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 Her Hen Her Her
4387.93A 468571 A 4921.93A 6678.15A
52 740.6955 - - - A/B
52740.7232 A - - A/B
52740.7503 - A A/B A/B
52741.6809 A A A/B A/B
52741.6913 A A A/B A/B
52741.7420 A A - A/B
52 741.7559 A A — A/B
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Fig.3. Line profile variation in PG 1544+488 seen here in the
Her 6678 A absorption line.

suring the radial velocities becausdt is dominatedby stel-
lar lines. On FUSE, it is coveredby four detectors SiC1A,
SiC2B, LiF1A and LiF2B providing independentmeasure-
ments.Unfortunatelywe do not have ary SiC2B and LiF2B
spectrafrom the rst FUSE obsenation. The LiF2B spectra
from the second~FUSE obsenation were alsonot suitablefor
thestudy(seeSection2.2). The rst setof velocitieswerecal-
culatedfrom the SIC1A andLiF1A spectraThe secondsetof
velocitieswere computedrom the SiC1A, SiC2B andLiF1A
spectra.

The re-reducedspectrawere co-addedo make a template
spectrumThis templatewasthennormalizedusinga high or-
der polynomialfunction. The samefunction wasusedto nor-
malize the individual spectraThe ccf betweenthe individual
spectraand the templatewas computedand a velocity was
measuredy tting a Gaussiariunctionto the peakof the ccf.
Theindividual shortexposurespectraverethencorrectedwvith
the estimatedvelocitiesandco-addednceagainto createthe
sharpenedemplateshavn in Fig. 1d. Radial velocitieswere
againmeasuredrom theccf betweerthespectraandthesharp-
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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 caseswvheretwo or moreindependenimea-
surementsvereavailable,a weightedmeanwastaken.
Sincetheseradial velocitieswererelative to the sharpened
template,correctionto the heliocentric frame was obtained
by cross-correlatinghe sharpenedemplatewith a theoreti-
cal spectrumandapplyingthe appropriateheliocentriccorrec-
tions (Table 3). A moredetaileddescriptionof radial velocity
measuremeriiy cross-correlatioandtemplatesharpeningan
be found in Dudley & Je ery (1990. Note that the process
of sharpeningn the stellarvelocitieshasthee ectof smear
ing ary (stationary)interstellarinesin the spectrum(Fig. 1d),
therebywealeningtheir contribtutionin theccf.

4. Orbital solution

Several estimatesof the period of PG1544+488 can be de-
rived by a simpleinspectionof the data.For examplethe ve-
locities of both component®bsenedin the WHT datarepeat
almostexactly after 24 hours,sothe periodmustbe closeto a
unit fraction of oneday. Secondly one setof FUSE obsena-
tions coversan interval of nearly6 hours,and doesnot com-
pletea full cycle, sothe periodmustbe greaterthan1/4 day.
A period of one day doesnot provide a very good t to the
data,leaving only 1/2 and 1/3 day asreasonablalternatves.
To distinguishbetweerthesealternatves,the DiscreteFourier
Transform(DFT) of the radial velocitiesfor the starvisible in
all FUSEandWHT obsenationswas computed(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 contaminatedy thecyclesday* andthecyclesyear?
aliases but the highestpeakin the power spectrumdoesoc-
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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 frequengy of 2cyclesday . The problemis almost
idealfor the useof the CLEAN algorithm(Hogbom1974 be-
causethereshouldbe only onetrue frequeny presentin the
data.Otherstructureis duemostlyto the sampling,with some
leakageinto side lobesdue to randomand systematicerrors.
Applying CLEAN to the datasetusinga gain of 0.5and 100
iterations,we nd a principal peakat 2.08cyclesday?, with
wealer peakat 2.02cyclesday .

A weaknes®f the CLEAN algorithmis that,in casedike
theseit mayfail to identify the correctpeakin the power spec-
trum, but may insteadhighlight an alias of the true period.
Whatever methodwe use the datacurrentlyavailableleave an
uncertaintyof the orderof a few cyclesyear? in the derived
orbital frequeng.

In orderto learnmore,we have assumea.circularorbitand
tted thedatafor thestarvisiblein all four datasetsusingagra-
dient expansionalgorithmto computea non-linearweighted
leastsquarest, in which the systemicvelocity y, frequeny
vorb, @mplitudek; andphasep arefree parametersA feature
of usingthe least-squareapproachis thatit modi es ary fre-
guengy selectedrom the DFT becausé¢he datapointsarenow
weightedby the inverseof their errors.After the solutionfor
the principal componenthasbeenestablishedthe secondary
orbit canbe establishedimply by solving for k. The orbital
solutionfor the binaryis listedin Table5 andplottedin Fig. 6.

Inspectionof the resulting ts shaws that a solutionwith
vap = 2.0754day ! givessubstantiallythe bestresult. Errors
areestimatedrom arangeof solutionsbasedn anuncertainty
in theorbital frequeny (~ +0.01day ). Thustheseresultsare
intendedasan earlyindicationof the dimensionof thebinary
PG1544+488ratherthanasade niti ve solution.

5. Discussion

Sincetheiridenti cation in the PG surwy, the puzzlingnature
of therarehelium-richsubdwarf B, or sdOD,starshasbeenne-
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Table 5. Approximate orbital solution for PG 1544+488.

P 0.48 +£0.01 | day
% -23+4 | kms™?
Ky 57+4 | kms™?
ko 97 +10 | kms™
q 1.7+0.2
asini 147 +£0.13 | Rp
Mpsin®i | 0.114 +0.021 | Mg
M,sin®i | 0.067 +0.011 | Mg

glected but notforgotten.Two groupshave recentlypublished
independenanalyse®f thespectrunof PG1544+488,thestar
identi ed asthe prototypeby Heberet al. (1988, one based
onmedium-resolutiomlue-opticalspectrun(Paperl) andsup-
portedby thelUE/UV ux distribution (Paperll), andtheother
basedon the high-resolutiorfar-ultraviolet spectrum(Lanz et
al. 2004. Both studiesobtaineda radicallydi erentmeasure-
mentof surfacegravity (logg). Theoptical spectrumndicates
aloggof 5.1dex in cgsunits,while thefar-ultraviolet spectrum
indicatedogg = 6.0. Lanzetal. (2004 alsofoundavery high
rotationalvelocity (vsini = 100kms™) and suggesthat the
discrepang in logg is dueto the useof di erentcarbonakun-
dancesn the modelatmospheresThis suggestiorhasnot yet
beentestedbecausehediscoverythatPG1544+488is a spec-
troscopichinary completelychangeghe basisfor argument.
TheWHT spectraevealmorethanjustradialvelocitiesfor
two stellar componentsThey also shov that the surfacesof
both componentsre helium-rich; thereis no signi cant line
at Ha or HB, while bothcomponentsreapparenin Her. The
Hex pro les at6678A arenotsymmetric the componentdave
di erentline strengthsand hencedi erentluminosities.The
line doublingis prominentat 6678A, measurablet 4921A,
increasinglywealer by 4471A and not seenin 4026A. This
implies that the contrikbution of the wealer componento the

total ux decreasesowards shorterwavelengthas a conse-
guenceofadi erencen e ectivetemperatureThus,in thefar

ultraviolet, theobsenedspectrumris dominatedy the brighter
andhottercomponent.

There are several consequencedrirst, existing analyses
have beenbasedn obsenrationsintegratedoverlongintervals.
Theapparentlyargerotationalvelocityreporteds adirectcon-
sequencef orbital velocity smearing.This smearingcan be
removedandthe analyseshouldbe repeatedSecondijt is no
surprisethatanalysedasedn far-ultraviolet andoptical spec-
traaloneyield di erentresultssincethe obseredline pro les
are contaminatedy di erentrelative contributions from the
secondargtar Analyseganusttake thebinarynatureof thesys-
teminto account.Third, the interpretationof the evolutionary
statusof PG1544+488, which requiresit to be a single star
mustbe wrong The measurementeportedheredemonstrate
thatPG1544+488is almostcertainlya productof closebinary
evolution.

However, thereis alreadymuchthatmaybe deducedabout
thenatureof PG1544+488.Unlesstheorbitalinclinationis ex-
traordinarilyhigh, both componentsnustbe of low mass say
0.1+0.5M. Both areearly-typestarswith surfacesdominated
by helium.Both starsmusthave evolvedo themain-sequence
anddevelopedhelium coresandtheremusthave beenat least
one phaseof masstransferwhenthe systemwas probablya
commonervelopebinary. It seemsthat the entire hydrogen-
rich envelopedrom bothstarswereremovedatthis stage most
probablyby theejectionof thecommonenvelope.This process
would have beencloselyassociateavith the contractionof the
orbit to its currentvalue of just a few solarradii. The primary
is alsocarbon-rich(Lanzet al. 2004), implying thatit hasun-
dergonesomehelium-processingeforethis lastmasstransfer
phasevascompletedIt alsosuggestshatit mustbe aborethe
minimum massfor heliumignition, placinga minimumvalue
ontheallowableorbitalinclination.

Thesedeductionsgive somecluesto the possibleevolu-
tion of PG1544+488.The dimensionf the obsened system
aretypical of thedimension®f morecorventionalshort-period
sdB closebinarieswith WD companiongMaxtedetal. 2001),
althoughthe massfunction of the secondarymay be on the
low side.Hanetal. (2002 arguethatthesesystemsareformed
asthe resultof a common-erelopeevolution. Whenthe ob-
sened sdB staror, in the presentcase the more massve he-
lium starbecamea giantfollowing corehydrogenexhaustion,
its radius expandeduntil RocheLobe over ow commenced.
Providing the massratio (M,/M;) is lessthan somecritical
value(qqit ~ 1; cf. Hanetal. 2002, masstransferis dynam-
ically unstableand a commonervelopewill form. The sec-
ondarywill thenspiralin, transferringorbital enegy to theen-
velopeandcausingit to be ejected.The quantityof hydrogen-
rich materialleft on the surfaceof the sdB staris very small,
and one can ervisagethat, in somecircumstancesall of the
hydrogermayberemoved.It mayevenshav somecontamina-
tion from carbonproducedn the corehelium ash. Theques-
tion thenarisesconcerninghenatureof the secondarySinceit
is alsoobsenedto be helium-richit mustbe hot andcompact
+ alow-massmain-sequencsolutioncanberuledout. It must
thereforebe eithera heliumwhite dwarf or alow-masshelium
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main-sequencebject.lt is likely thatit would have originally
beenthe moremassie starandthatit would have lost its hy-
drogenenvelopeduring a previous phaseof Roche-lobeover-
o w. While thisdescriptioris moreconjecturéhanconclusion,
it demonstratethat PG1544+488represents very important
testfor modelsof close-binaryevolution involving a common-
ervelope;furtherobsenationsandmoredetailedanalyseswill
beneededo re ne thesetests.

Meanwhile,it is interestingto comparePG1544+488with
otherevolved stars.The massof the secondarys likely to be
lessthan0.3M@. Thereare several known binary systemsn
which at least one componentis a highly-evolved sublumi-
nousstar, with amassof ~0.3M@; e.g.HD185510(Je ery &
Simon1997), HD12822((Howarth& Heber1990, HD188112
(Heberetal. 2003. In thesecasesthe secondarys believedto
be a helium-corewhite dwarf progenitor A similar situation
probablyholdsfor the secondaryf PG1544+488.

Recently Lisker et al. (2009 have discosereda very sim-
ilar systemHE 0301-3039from the VLT/UVES SPY suney
(Napiwotski et al. 2001). In this case,the line pro le splits
into more symmetriccomponentsand are clearly resolhed at
3865A aswell as5048A, suggestinghe componentso be of
more similar temperatureand luminosity thanin the caseof
PG1544+488.1t will beinterestingto comparethesetwo sys-
temsin detailasmoreobsenationsareobtained.

Whilstit is clearthatPG1544+488is abinary, thequestion
of whetherotherHe-sdBstarsare alsobinariesis not. As dis-
cussedn Paperll, thegroupis quite heterogeneoudncluding
relatively hydrogen-richstarssuchasJL 87 (EC21435-7634)
andcarbon-pooextremelyhelium-richstarssuchasLB 1766.
Whetherary or all of theseare binarieswill have to be de-
terminedfrom a moreextensive andsystematiaadial velocity

suney.

6. Conclusions

We have measuredadial velocitiesfor the prototypehelium-
rich subdvarf B star+ PG1544+488+ usingspectraobtained
with theINT, WHT andFUSE.Thehigh-resolutionVHT spec-
tra show line-splitting characteristiof a spectroscopibinary,
with Her linesin both componentandhydrogenlinesin nei-
ther. Furtherobsenationswill benecessaryo accuratelydeter
minetheorbital period,but it is likely to be 0.48d. Thethelow
massfunctionsindicatethatPG1544+488comprisegwo low-
masshelium-rich subluminousstarsseparatedby a few solar
radii. Consequentljt would appeato bea highly evolvedsys-
temwhich haspassedhroughat leastone common-erelope
phase.The entire hydrogenernvelopehasbeenlost from both
stars.We conjecturethatthis occurredthroughcommonerve-
lope ejectionshortly after heliumignition in whatis now seen
asthe moremassve componentThe lessmassie component
is eithera heliumwhite dwarf or averylow massheliummain-
sequencetar
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