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Rotational Velocities of B, A, and Early-F Narrow-lined Stars
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ABSTRACT. Projectedrotationalvelocitiesfor 58 B, A, andearly-Fstarshavebeendeterminedfrom high-
resolutionspectroscopicobservationsmadeat Kitt PeakNationalObservatory with thecoudéfeedtelescope.All
the starsareslowly rotatingwith km s�1. Becauseof their low rotationalvelocities,15 of the starsv sin i ! 60
havebeenobserved asprospective,early-type,radial velocity standards.

1. INTRODUCTION

The projectedrotationalvelocity of a star is a basicdatum
that is importantin understandingtheevolutionof bothsingle
andbinary stars.Forsomeearly-typespectralclasses,rotational
velocity appearsto be a discriminant for stars with peculiar
spectra,suchas Be stars(Briot 1986) and Am and Ap stars
(Abt & Morrell 1995).Rotationalvelocitiescanalsobe used
to determineobservationallyclosebinary synchronizationand
comparethe results with theory (Giuricin, Mardirossian,&
Mezzetti1984a,1984b;Pan1997).Projectedrotationalvelocity
surveys of A- and F-type starsincludethoseof Danziger&
Faber(1972),Abt & Morrell (1995),Wolff & Simon (1997),
andRoyeretal. (2002a,2002b).Abt, Levato,& Grosso(2002)
recentlymeasuredthe projectedrotationalvelocitiesof nearly
1100bright, northern B-type stars.

Overthepastdecadespectroscopicobservationsof 58 B, A,
andearlyF-typestarshavebeenacquiredto identify early-type
constantvelocitystarsandto useasreferencestarsfor spectral-
typedeterminations.As partof theanalysis,projectedrotational
velocitieshavebeenmeasuredfor thesestars.

2. OBSERVATIONS

High-resolutionspectroscopicobservations were obtained
with the Kitt PeakNationalObservatory (KPNO) coudéfeed
telescope,coudéspectrograph,and a TI CCD detector. Most
of the spectrogramswere centeredin the red at 6430 Å, but
additionalobservationsweremadein theblue at 4500Å. The
redspectrahavea resolutionof 0.21 Å, while theblue spectra
havea nearlyidenticalresolutionof 0.22 Å. Thespectracover
a wavelengthrangeof about80 Å andhavetypical signal-to-
noiseratiosof 200.Bothblueandredwavelengthobservations
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weremadefor 20 stars,while asingleobservationwasobtained
for 13 stars.

3. sin i MEASUREMENTSv

The projectedrotational velocities have been determined
from thespectraof two differentwavelengthregions,6430and
4500Å. In the 6430Å regionthe measurablelines for A and
early-F starsare primarily modest-strengthFe i featuresbut
also includeFe ii andCa i lines (Fig. 1). However, for B and
someearly-A type stars,thosefeaturesare too weak for ac-
curatedeterminationof . In the4500Å spectrathemea-v sin i
suredlines dependon the spectralclassof the star. For early-
B stars,Al iii andN ii lineswereused,while for laterspectral
classesfrom mid-B to early-F, variousFe ii andTi ii features
canbe measured(Fig. 2). Becausethey havelargeequivalent
widths, the He i line at 4471Å andthe Mg ii line at 4481Å
are useful lines to measurein the spectraof rapidly rotating
B and A stars. However, the He i line has Stark-broadened
wings and is blendedwith the forbidden[He i] componentat
4470 Å (Slettebaket al. 1975),and the Mg ii line is a close
doublet.Becauseall thestarsin thiswork arerotatingrelatively
slowly, neitherline wasmeasured.

The procedureof Fekel (1997)hasbeenusedto determine
the values.Foreachstar, thefull width at half-maximumv sin i
(FWHM) of severalmetal lines in the 6430 Å region was
determinedfrom a Gaussianfit, andtheresultswereaveraged.
An instrumentalbroadeningof 0.21 Å wasremovedfrom the
measuredbroadeningby takingthesquarerootof thedifference
betweenthe squaresof measurementsof the stellarandcom-
parisonlines, which resultedin the intrinsic broadening.The
calibrationpolynomialof Fekel(1997),which is basedon the
resultsof Gray (e.g., Gray 1982, 1984, 1989), was usedto
convert this broadeningin angstromsinto a total line broad-
ening in km s�1.

Spectracenteredat4500Å wereanalyzedin amannersimilar
to that for the red-wavelengthspectra.The FWHM of several
metal lines wasmeasured,the resultsaveraged,andan instru-
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Fig. 1.—Portionof the red-wavelengthspectrumof HR 1389p 68 Tauri,
spectraltype A2 IV–Vs. The elementand ionization stageare identifiedfor
severalrelativelyisolatedlines.In thiswavelengthregiontheFe i linesincrease
rapidly in strengthwith later spectralclass.

Fig. 2.—Portionof theblue-wavelengthspectrumof HR 1389p 68 Tauri,
spectraltype A2 IV–Vs. The elementand ionization stageare identified for
severalrelatively isolatedlines.

Fig. 3.—Best-fit relationshipfor 20 starswith both blue and red spectra.
Plottedon the abscissais the total stellar line broadeningmeasuredat 6430
Å. The ordinateis the stellarFWHM measurementat 4500Å.

mental broadeningof 0.22 Å removed.Resultsfrom the 20
starswith both blue- and red-wavelengthobservationswere
usedto convertthe total intrinsicstellar broadeningat 4500Å
to a value.v sin i

A second-orderpolynomial,

2FWHM p 0.08016� 0.01284X � 0.00011X ,4500

whereX is the valueof the total intrinsic broadeningat 6430
Å, was fitted to the data (Fig. 3) and usedas a calibration
curve. Sinceour blue-wavelengthcalibrationis basedon our
red-wavelengthresults,it is also tied to the work of Gray.

FollowingFekel(1997),for early-Fstars,amacroturbulence
of 5 km s�1 hasbeenadoptedandremoved.For B andA stars,
no additionalbroadeningwasremoved.Uncertaintiesof 1 and
3 km s�1 wereestimatedfor valuesnear20 and50 kmv sin i
s�1, respectively. Table1 lists the resultsfor 58 stars.Spectral
typesarefrom theliterature,andtheearly-type,radialvelocity
standard candidatesof Fekel (1999) are identified. The

determinationsfrom the blue andred spectrogramsarev sin i
listedseparatelyandalsoaveragedif thereweremeasurements
in bothwavelengthregions.Thesevaluessupercede theresults
presentedby Fekel (2003), which were basedin part on a
preliminary blue-wavelengthcalibrationcurve.

Two earlyB stars,HR 153andHR 8768,havevariableline
widths, which likely result from nonradialpulsations.Their

valuesin Table1 arefollowed by a “v” to indicatethatv sin i
variability.

4. DISCUSSION

Recently, Royeretal. (2002a,2002b)determined val-v sin i
uesfor over 750 late-B to early-F stars.Their rotationalve-
locities weremeasuredfrom the frequencyof the first zeroin
theFouriertransformsof severalline profiles.Twenty-eightof
the stars in Table 1 are in commonwith that sample,and in

Figure4 their individualprojectedrotationalvelocitiesarecom-
paredwith thoseof this paper. Although the velocity range
coveredis somewhatlimited, thereisgenerallyexcellentagree-
ment betweenour resultsexcept for the lowest and highest

values,whichrequiresomeexplanation.Thetwosurveysv sin i
of Royeret al. (2002a,2002b),for southern starsandnorthern
stars,respectively, wereobtainedatdifferentobservatorieswith
different spectrographs,and so the two setsof spectrahave
differentresolutions.Royeretal. (2002b)estimatedaresolution

at 4500 Å for the southern sample andR ≈ 28,000 R ≈

for the northern sample.The latter resolutionis nearly16,000
afactorof 2 lowerthanthatof thered-wavelengthobservations
in this paper. Thus,at rotationalvelocitiesnear15 km s�1, the
departureof the northern sample valuesfrom the one-v sin i
to-onerelation(Fig. 4) is causedby the limiting resolutionof
the spectraof Royer et al. (2002b).For the sevenstarswith

km s�1, ourvelocitiesaresystematicallylargerthanv sin i ≥ 35
thoseof Royeret al. (2002b)by anaverageof 1.8km s�1. One
reasonfor this differencemaybe that,as therotationalbroad-
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TABLE 1
sin i Values of B, A, and F Starsv

HR HD
Spectral

Type

a
v sin i

6430Å 4500Å Final

153b . . . . . . . . . . 3360 B2 IV … 20.6v 21v
675b . . . . . . . . . . 14252 A2 IVs 25.0 24.3 25
811 . . . . . . . . . . . 17081 B7 V … 21.2 21
895 . . . . . . . . . . . 18557 A2/A6:/F0 18.7 … 19
1174 . . . . . . . . . . 23793 B3 V … 48.4 48
1296 . . . . . . . . . . 26553 A3/A7/A5 6.1 … 6
1389b . . . . . . . . . 27962 A2 IV–Vs 10.1 11.0 11
1397 . . . . . . . . . . 28114 B6 IV … 20.4 20
1458Aac . . . . . . 29140 A4/A6/A7 … 39.7 40
1613 . . . . . . . . . . 32115 A9 V 11.0 12.2 12
1637 . . . . . . . . . . 32537 F1 Vp 17.0 … 17
1664 . . . . . . . . . . 33054 A2/F2/F3 39.5 39.9 40
1810b . . . . . . . . . 35708 B2.5 IV … 29.4 29
2010b . . . . . . . . . 38899 B9 IV … 29.9 30
2085 . . . . . . . . . . 40136 F2 IV 16.6 … 17
2124Aa. . . . . . . 40932 A4/A5/A7 9.7 … 10
2154b . . . . . . . . . 41692 B5 IV … 35.2 35
2238 . . . . . . . . . . 43378 A1 Va 47.5 48.3 48
2421 . . . . . . . . . . 47105 A2 IV 11.3 10.6 11
2489b . . . . . . . . . 48843 A8 II 10.4 11.4 11
2818b . . . . . . . . . 58142 A0mA1 IV 18.3 18.3 18
3136b . . . . . . . . . 65900 A1 IV 36.5 37.5 37
3354 . . . . . . . . . . 72037 A3/A5/A7 11.1 11.2 11
3383b . . . . . . . . . 72660 A1 II 4.8 4.5 5
3526 . . . . . . . . . . 75811 A4/A6/A7 11.1 … 11
4033 . . . . . . . . . . 89021 A1 IV … 53.4 53
4187 . . . . . . . . . . 92728 A0 Vs 21.9 20.6 21
4237Ac . . . . . . . 93903 A3/A7 V/A9 20.2 21.1 21
4295b . . . . . . . . . 95418 A1 IV 47.8 47.5 48
4359b . . . . . . . . . 97633 A2 IV 25.1 23.5 24
4378 . . . . . . . . . . 98280 A2 Vs … 10.7 11
4454 . . . . . . . . . . 100518 A2/A5 III/A6 6.6 … 7
4689Aac . . . . . . 107259 A2 IV 5.8 … 6
4717 . . . . . . . . . . 107966 A3 V 55.3 53.1 54
4750Ac . . . . . . . 108642 A2/A7/A7 6.9 … 7
4780 . . . . . . . . . . 109367 A5/A7/A7 15.1 16.3 16
5017 . . . . . . . . . . 115604 F3 IV 4.1 … 4
5075 . . . . . . . . . . 117201 F2 V 10.1 … 10
5445 . . . . . . . . . . 128093 F5 V … 8.1 8
5447b . . . . . . . . . 128167 F2 V 7.7 … 8
6035 . . . . . . . . . . 145647 A1 III … 46.9 47
6041 . . . . . . . . . . 145788 A1 IIIs 8.4 7.8 8
6455 . . . . . . . . . . 157087 A3 IVs 11.3 … 11
6787 . . . . . . . . . . 166182 B2 IV … 44.1 44
6844 . . . . . . . . . . 167858 F1 V 7.9 … 8
7287 . . . . . . . . . . 179761 B8 II–III … 16.6 17
7431 . . . . . . . . . . 184552 A2/A7 V/F0 11.0 … 11
7502 . . . . . . . . . . 186377 A6 III 11.6 … 12
7512b . . . . . . . . . 186568 B8 III … 18.2 18
7773b . . . . . . . . . 193432 B9.5 Va 23.8 24.2 24
7878 . . . . . . . . . . 196426 B8 IIIp … 4.0 4
7891 . . . . . . . . . . 196724 A0 IV … 54.0 54
7903 . . . . . . . . . . 196821 A0 IIIps … 22.9 23
8404b . . . . . . . . . 209459 B9.5 V 4.0 … 4
8641 . . . . . . . . . . 214994 A1 IV 5.4 4.4 5
8704Ac . . . . . . . 216494 B9 III … 1.5 2
8768 . . . . . . . . . . 217811 B2 V … 12.0v 12v
8822 . . . . . . . . . . 218753 A5/A7/F0 4.7 … 5

a In units of km s�1. v p variableline broadening.
b Early-typeradial velocity standardcandidate(Fekel1999).
c Primary of a double-linedspectroscopicbinary.

Fig. 4.—Comparisonof the presentdatawith the dataof Royer etv sin i
al. (2002a,2002b).Their southern dataare opencircles, and their northern
dataare filled circles.The line showinga one-to-onecorrelationis plottedas
a guideand is not a fit to the data.

Fig. 5.—Comparisonof the presentdata with the data of Abt &v sin i
Morrell (1995).Theline showinga one-to-onecorrelationisplottedasaguide
and is not a fit to the data.

eningof the stellar lines increases,a Gaussiancurve becomes
a poorer fit to the profiles. However, such a modestmean
differencebetweenourresultsandthoseof Royeretal. (2002b)
is within the uncertaintyestimatesof our individual v sin i
values.

Forty of the stars in Table 1 are in common with those
measuredby Abt & Morrell (1995).Their resultsarebasedon
the standard-starsystemof Slettebaket al. (1975),andv sin i
they estimatedthat theycouldnot resolverotationalvelocities
�10 km s�1. As seenin Figure5, their valuesbetweenv sin i
10 and 20 km s�1 appearto scattersubstantiallyabout our
values,andsomeof the individual valuesdiffer from oursby
10 km s�1 or more.This suggeststhat the lower limit to their

valuesis closerto 20 ratherthan10 km s�1. Above thev sin i
thresholdvalueof ∼20 km s�1, their valuesaresystematically
too small, a resultalreadynotedby Royeret al. (2002b).
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