ASTRONOMY & ASTROPHYSICS MARCH R00Q PAGE 275
SUPPLEMENT SERIES

Astron. Astrophys. Suppl. Sér42, 275-311 (2000)

The Vienna-KPNO search for Doppler-imaging
candidate stars

I. A catalog of stellar-activity indicators for 1058 late-type Hipparcos starg

K.G. Strassmeier™, A. Washuettl**, Th. Granzer**, M. Scheck, and M. Weber*

Institut flir Astronomie, Universit Wien, Turkenschanzstraf3e 17, A-1180 Wien, Austria
e-mail: name@astro.univie.ac.at

Received November 2; accepted December 22, 1999

Abstract. We present the results from a spectroscopialCal. Scientific motivation for a Call H&K survey
H&K survey of 1058 late-type stars selected from a color-

limited subsample of thelipparcoscatalog. Out of these 1058 The presence of emission in the core of thellCd and K
stars, 371 stars were found to show significant H&K emisesonance lines is a diagnostic of magnetic activity in the
sion, most of them previously unknown; 23% with stronghromospheres of late-type stars. Spatially resolved K-line he-
emission, 36% with moderate emission, and 41% with weg@igrams and magnetograms amply demonstrate the relation
emission. These spectra are used to determine absolute H&dfween H&K-emission strength and the surface magnetic field
emission-line fluxes, radial velocities, and equivalent widths gh our Sun (Schrijver 1996). Furthermore, the fact that we ob-
the luminosity-sensitive Sr line at 4077A. Red-wavelength serve generally stronger H&K emission in more rapidly rotat-
spectroscopic and Stigreny photometric follow-up obser- ing stars is widely known as the rotation-activity relation (e.g.
vations of the 371 stars with H&K emission are used to aflioyes et al. 1984) which is heuristically explained by fhe
dltlonally determine the absoluted—bore flux, the lithium effect of the classiaxf? dynamo (See Stix 1989) Therefore,
abundance from the Li6708A equivalent width, the rotational rapidly-rotating stars offer laboratories to study the effect of
velocity v sin 7, the radial velocity, and the light variations andtellar dynamos. The catalog of chromospherically active bi-
its periodicity. The latter is interpreted as the stellar rotatiafary stars (CABS, Strassmeier et al. 1993) summarized such
period due to an inhomogeneous surface brightness distribtars in binaries and proofed to be a valuable data base for fur-
tion. 156 stars were found with photometric periods betwegher investigations.
0.29 and 64 days, 11 additional systems showed quasi-periodicit js only the very rapidly-rotating stars where we can also
variations possibly in excess &f50 days. Further 54 stars hachbtain spatially resolved information of their surface tempera-
variations but no unique period was found, and four stars we{e distribution, and respectively also of their magnetic surface
essentially constant. Altogether, 170 new variable stars weggq, by applying indirect imaging techniques like Doppler
discovered. Additionally, we found 17 new SB1 (plus 16 neyaging (e.g. Rice 1996). Such rapidly-rotating active stars are
candidates) and 19 new SB2 systems, as well as one defipd@tively rare but can be identified from their C&1&K emis-
and two possible new SB3 systems. Finally, we present a lists@dn with just a single spectrum of low signal-to-noise ratio
21 stars that we think are most suitable candidates foradetam moderate resolution. For examp|e' a H&K survey from
study with the Doppler-imaging technique. low-resolution spectra in the southern hemisphere (Henry et al.
1996) provided the source for the discovery of many rapidly-
Key words: stars: activity — stars: chromospheres — stargotating solar-type stars (Soderblom et al. 1998). The H&K
late-type — stars: rotation — surveys work of W. Bidelman (e.g. Bidelman 1981; see also Sect. 2)
supplied the target lists for the radial-velocity and photomet-
ric survey at SAAO (e.g. Balona 1987; Lloyd-Evans & Koen

* Tables A1-A3 are only available in electronic form at thé 1987). . .
CDS via anonymous ftp to cdsarc.u-strashg.fr (130.79.128.5) or via Another particularly importantexample of an usolved ques-
http://cdsweb.u-strasbg.fr/Abstract.html tion in the above context is the angular momentum loss during
** Visiting Astronomer, Kitt Peak National Observatory, operated bst€llar evolution. Magnetic braking of stellar rotation due to
the Association of Universities for Research in Astronomy, Inc. undarstellar wind along predominantly equatorial magnetic field
contract with the National Science Foundation. lines, like in our Sun, seemed not to have always the power to
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slow down stars from their initial angular momentum gaineg@.g. Wilson 1976), the spectrophotometric Mt. Wilson H&K
during the contraction from the pre-stellar cloud. The marsurvey (e.g. Duncan et al. 1991), Bidelman’s catalogue and
ultra-fast rotators in young open clusters as well as the youpigpliography of emission-line stars of types later than B
field stars AB Dor, LQ Hya, EK Dra etc. are the most citeBidelman 1954), the Michigan-University southern and
examples. Moreover, there exists a group of single, rapidiyerthern sky objective-prism survey (Bidelman & MacConnell
rotating andevolvedstars with strong magnetic activity (Feketl973; Bidelman 1981, 1983, 1985, 1988), the lists of Fekel
& Balachandran 1993). This is a paradox since magnetic braiad collaborators (e.g. Fekel et al. 1986), the CDS data base
ing had enough time during the main-sequence stage to taltlected by Lastennet & Freire Ferrero (1994), and our
the rapid rotation, and the radius increase due to the termioamn Call data of active stars (Strassmeier et al. 1990, 1993;
tion of hydrogen-core burning should have resulted in an &trassmeier 1994).
fectively complete loss of angular momentum. What process Our observing procedure was as follows. After H&K emis-
maintained these stars angular momentum? Is it the same gion was detected from a short-exposure spectrum centered
cess suggested for the ultra-rapid cluster rotators, i.e. a satuear 40004, we reobserved the star at red wavelengths. These
tion of the atmospheric (coronal) volume with magnetic fieldspectra include the 4 line and the lithium line at 670A
so that there is no torque arm for magnetic braking via a steltand are used to determine their respective line properties and
wind anymore? Or is it something completely different? a more precise value for the rotational broadening as is possi-
Solanki et al. (1997), Strassmeier et al. (1998) and Buzde from the blue spectra. The additional radial velocity from
(1999) suggested that magnetic fields concentrated in pdfae red spectrum may also indicate whether the star is an un-
starspots could be the reason for such a lack of angulkmown spectroscopic binary. It is also of higher precision due
momentum loss as described above. Solanki et al. preseritetesser line blending in the red. If the star had H&K emis-
numerical simulations that show that the effect would kson, we added it to the observing menu of one of our two au-
guantitatively the same as with a dynamo saturation processnatic photoelectric telescopes (APTSs) in southern Arizona.
The only way to find conclusive observational evidence for dihese data are used to search for light variations and to deter-
against the polar-spot hypothesis is to Doppler image thas@e a photometric period that is then assumed to be the stellar
stars and search for polar starspots. Since Doppler imagingoation period.
an elaborate technique with many restrictions for the stellar Figure 1 shows the sky coverage and galactic distribution
sample (rapid rotation, medium inclination, known rotatioaf all target stars observed. Large dots denote the stars that
period, relatively bright star etc.) one needs significantiyere found to exhibit H&K emission, small dots those with-
more stellar candidates as known to date to cover the paut emission. Figure 2 plots the distribution of stellar parame-
in the H — R diagram where stellar activity occurs. It isters within the entire sampl&. magnitudes an@ — V" colors
the primary aim of this survey to provide a larger sampleere taken from the Tycho catalog and trigonometric paral-
of suitable Doppler-imaging targets. Additional goals ardexes from the Hipparcos catalog (ESA 1997). The effective
to provide activity-related stellar parameters like absolutemperatures are based on tBe- V' calibration from Flower
Call emission-line fluxes, the & morphology, the lithium (1996). Table A1l lists the stars with H&K emission, Table A2
abundance, and photometric variations and relate themthose without emission. Both tables are available only in elec-
absolute stellar parameters based on the distance from tiioaic form.
Hipparcossatellite.

3. Observations

2. Goals and observing procedure 3.1. Spectroscopy
We have selected a subsample of late-type stars from thié spectroscopic observations in this paper were obtained
ESA Hipparcoscatalog (ESA 1997) in the brightness rangwith the 0.9-m coud feed telescope at Kitt Peak National
™0 — 9™5 and declination—30° through +70. B — V  Observatory (KPNO) during runs in September 10-23, 1998
colors between 0.67 and 1.0 for stars with parallaxes 20 and February 11 through March 3, 1999 (a few spectra were
milli-arcsec (i.e. G5—-K3 dwarfs) and between 0.87 and 1.2 fadded from an earlier run in April 1998). Data were obtained

3 < 7 < 20 milli-arcsec (i.e. G5-K2 giants and subgiantsjyvith a 3000<1000 CCD (Ford F3KB chip, 15 pixels) with
select the range of stars with convective envelopes and tlguating A, camera 5, the blue corrector, and the long colli-
likely magnetic activity. Out of this sample of 6440 stars, 46@ator. Spectra were obtained at blue wavelengths centered at
were observed in September 1998 in the right-ascension rangeoA to cover the two Ca H&K resonance lines at 3933
18"—6", and 598 in February 1999 in the right-ascension rangad 39684 as well as the luminosity-sensitive strontium line,
6"—18". Generelly, we excluded stars that already had a pubrii, at 4077A. Stars with Cal emission were also observed
lished moderate-to-high resolution €apectrum but in some at red wavelengths centered at 66800 cover the Balmer
interesting cases we reobserved them. Previously known H& line at 6563A and the neutral lithium line at 6708.
emission-line stars came mostly from the following source¥he useful wavelength coverage was 2A0n the blue re-

the original Wilson sample of photographic-plate spectgion and 3004 in the red wavelength region. The resolving
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Fig. 1. The sky distribution of the sample of stars in this paper. Stars that were found to exhib&r@iasion are shown as dots, non-emission
stars as plusses. The active stars are again subdivided into weak-to-moderate emission (emission/inte0sity; 2.5 according to Wilson
(1976) and moderate-to-stronfik(= 3.0 — 5.0) emission stars

power,\/A\, as measured from the full width at half maxi-of bright radial-velocity standards were obtained during each
mum (FWHM) of the thorium-argon comparison lamp linegyight to ensure an accurate wavelength calibration. Twenty flat-
was 18 000 at 4028 and 25 000 at 6638, This is an effec- field exposures with a tungsten reference lamp were taken at the
tive wavelength resolution of 0.281in the blue and 0.2 in beginning of the night and again at the end of the night. These
the red (at dispersions of 48 mm and 7A/mm, respectively). fourty flat fields were co-added and used to remove the pixel-
The instrumental FWHM was thereby sampled by 3.2 pixels-pixel variations in the stellar spectra on a nightly basis. The
and 2.5 pixels according to slit widths of 4@@n in the blue F3KB CCD showed no obvious signs of fringing at red wave-
and 280um in the red, respectively. Unless otherwise noteténgths (none is expected in the blue) and no attempts were
all blue spectra were obtained with an integration time of 5 mmade to correct for it other than the standard flat-field division.
for stars brighter thaiy’ = 80, with 7 min for stars between Continuum fitting with a low-order polynomial was sufficient
870 — 878, and with 10 min for stars fainter thafi*8. This to find a satisfactory continuum solution. The H&K region in
allows for a signal-to-noise (S/N) ratio in the continuum of apghe blue-wavelength spectra was excluded from the continuum
proximately20 — 40:1. The red-wavelength spectra were obsolution.

tained with integration times between 20 and 30 minutes ac-

cording to S/N ratios betweéfd — 150:1. A typical spectrum

for each wavelength region is shown in Fig. 3. 3.2. Photometry

All spectroscopic data were reduced with IRAF and inFollow-up photometry of most of the stars with CaH&K
cluded bias subtraction, flat fielding and optimized apertuegnission was obtained with Wolfgang, one of the two 0.75-m
extraction. Several wavelength comparison spectra and speviemna Observatory automatic photoelectric telescopes (APTS)
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Fig. 2. Stellar parameters of the input sample. The four panels show the number of stars observed as a fuagtigsuaf, brightnesd/,
b) absolute magnitudé/y, (based on thélipparcosparallax),c) B — V color andd) effective temperaturé.q

at Fairborn Observatory in Arizona (Strassmeier et al. 1997H). Results

All data were taken in and transformed to @twjren y.

Integration time was set to 20 s for each reading, except #i. New H&K emission-line stars and absolute surface fluxes

stars fainter than: 9™ where 30 s were used.
Absolute H&K emission-line fluxes are determined with the
method of Linsky et al. (1979). It includes the measurement of
the relative flux in a 568 band, fso, between 3925 and 3976
and the relative flux in the H and K emission ling%; and

) ) . fx, as defined by the (H&K), and (H&K),r points, respec-
Altogether, 8038 differential data points of 204 prografy,e\y Al relative fluxes are obtained by integrating the appro-

stars are presented in this paper where each is the mean,pfie pandpass between the unnormalized spectrum and zero
three readings of the variable and four readings of the Compﬁ'i'ensity

ison star. This amount of data is proportionaki670 hours of The absolute emission line fluxeg,, are calculated by
telescope time withz446 hours of actual on-target integrations o 1\ aring the ratio of the relative H&K-line flux and the rel-
The observing sequence per target group was Nav-C2-SKyz{4e 50 flux with a linear extrapolation of the absolute flux
V-C-V—C-V-C_—Sky-CZ (V=Variable). A second comparison Stfrom the V — R color index relation given by Linsky et al.
(C2), furtherin called the check star, was observed twice r979) and Strassmeier et al. (1994) and based upon the abso-
differential group. A reading on the sky was taken before ande photometry of Willstrop (1964):

at the end of each V-C group while a bright navigation star '

(Nav) was recorded with the CCD finder as the first reading fbtg Fs0 = 8.264 — 3.076 (V — R), )
each target group (these readings are for centeringand are not . /i (50 Fso) )
of photometric quality). The standard error of a nightly mean * ™ — 7, 50

from the overall seasonal mean was003 iny (for more de- fx

Fx = 4 (50 Fsp) . ©)
fs0

tails see Strassmeier et al. 1999).
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Fig. 3. Two examples of spectra obtained in this survey. Pahshows a blue-wavelength spectrum, pdned red-wavelength spectrum. Both
spectra are for HD 553, ® = 8"1 KO (sub)giant that was discovered to exhibit strongiGhand K emission. The spectral lines of interest
are identified

Table A1l enumerates the results of this analysis and TabldHese fluxes may be compared with the fluxes for the non-
is a quick-look summary of the stars with H&K emissioremission stars in Table A2 as well as with the basal fluxes from
lines. In Table Al, Col. 1 lists the targets by HD number oRutten et al. (1991), which are believed to be due to acous-
if unavailable, by Hipparcos number, as well as an eventuil heating of the chromosphere. The remaining flux difference
variable star name. Column 3 is the spectral classificatifor a given spectral type is then presumably of magnetic ori-
taken from the Hipparcos-catalogue Appendix, and Col. gin. For historical reasons, we add a columig, to Table Al
the trigonometric parallax from Hipparcos. Column 1QCol. 11)thatlists the Ca K emission-line strengths according
denotes the particular value of Johnsdn { R) used in to Wilson’s (1976) 0-5 scale; 0 denotes no detectable emission,
Eq. (1) to transform the relative flux ratio to the absolutend 5 marks strong emission lines reaching the nearby con-
flux. Note that theVV — R colors listed are not observedinuum or above. Figure B1 in the Appendix are IC@lots
values but were computed from the observed Hipparcokall stars with H and K emission stronger théan > 1.
B — V color, the deduced absolute visual brightness, aRdrthermore, we compute the sum of the corrected fluxes in
the color-color relation tabulated in Gray (1992). Usinthe H and K line and express it in units of the bolometric lumi-
B — V instead of an observed — R value minimizes the nosity (Col. 22):
effects of cool starspots and was shown by many authors Fl + Fle
(e.g. Strassmeier et al. 1994) to be a more consistent deschpx = ToTE (5)

€

tion of the unspotted photosphere. Columns 18 and 19 list the ) .
absolute H&K emission-line fluxes and Cols. 20 and 21 tHfgurteen stars had evenchih emission and we measured

pure chromospheric fluxes. These fluxes were corrected fagir absolute emission-line fluxes as well. These stars and

the photospheric contribution by subtracting the flux from &€ Iogar_itlhmicl h emission-line fluxes in parenthesis in
radiative equilibrium atmospher&:E,., given in Linsky et al. ergenm® s~ are: HD 553 (5.68), HIP 999 (6.57), HD 82286

(1979) and represent the purely chromospheric emission f|&§(‘,83)’ HD 95559 (6.03), HD 106855 (6.17), HD 127068
(5.92), HD 113816 (5.75), HIP 43422 (6.39), HIP 46634

Flrotes
HEK (5.91), HIP 63322 (5.92), HD 145230 (5.85), HD 175742
Fhew = FOSk — FREx . (4) (6.44), HD 178450 (6.52), and HD 218738 (6.43). ThellCa
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emission in the spectrum of HD 127068ab can not be unadeuble-lined spectroscopic binary, we just give the combined
biguously assigned to one of the two components. The tflax unless two values appear as separate entries in Table Al.
different entries for the emission strength of HD 141272 are Out of the total of 371 H&K emission-line stars, 46 have
real and indicate relatively large variations of the emission-lité in emission or significantly filled-in by emission. The pan-
strength. The possible triple-lined system HD 139691 (=HKls in Fig. B2 in the Appendix contain plots of these stars
76563; see later in Sect. 4.5) has weaker emission than #meund the K-line region along with all other stars that have
usual inclusion limit for entries in Table Al and we list it as atrong Cal emission withlx > 4.

non-emission star in Table A2. Also note that its spectral-type

entry in the Hipparcos/Tycho catalog reads F5 whileighe V'
entry is +1.74+ 0.5. This indicates a composite spectrum.

Table A2 lists the results for the stars without detectab\ehe presence ofa strong lithium line is genera”y a Sign of stel-
H&K emission lines (Table 2 is a summary of their most comar youth and thus indirectly also of stellar activity despite that
monly used identifications). Fluxes for these stars are detgis still not fully clear how the lithium equivalent width relates
mined from a 1A band centered at the rest wavelengths @) magnetic activity (e.g. Soderblom et al. 1993). More obser-
Call H&K, respectively. Otherwise the procedure is similar agations of lithium in active stellar atmospheres, especially in
for the emission-line stars except the subtraction of the ph&yolved stars that had enough time to deplete their primordial
tospheric contribution. We expect an accuracy of the absolytfium, are needed to understand a possible link. In this paper,
chromospheric fluxes for these stars of the ordedtof- 50% we present lithium measurements of 385 stars with H and K
based on a comparison with our previous, well-exposed KPNéhission. Figure B3 in the Appendix shows plots of all stars
spectra ofy Dor candidates (Kaye & Strassmeier 1998).  with 1y,; = 10 mA. Two stars (HD 144872 and HIP 82042)
had an extended cosmic-ray hit at 670#&.and could not be
measured.

We either fit a double Gaussian or, in case the Li line is

The Balmer Hy line is an important indicator for chromo-Stronger thari¥z; ~ 70 mA, a single Gaussian to the Li line.
spheric activity as well as for circumstellar emission and maks Some cases we directly integrate the area under two sulit-
flow in late-type stars. Active stars have usually shallower HRPly chosen continuum points. Both tasks are carried out with
absorption than normal stars of similar spectral type and lunfiRAF’s splot  routine and result in typical internal errors of
nosity class while some of the very active stars of the RS Cn— 5%. However, if the Li-line strength is below15 mA,
class even have ddin emission. Our goal here is to verify thethis error increases t0 — 20% depending on the S/N ratio
chromospheric nature of the @aH and K emission by an in- of the spectrum. Note, that the equivalent widoths in Table Al
dependent measure of thexHtore flux. We measure the in-include both lithium isotopes, i.&Li at 6707.76A and”Li at

ner 1A portion of the Hy line from our continuum-normalized 6707.91A but exclude the nearby Fe6707.443 + CN blend
spectra and then relate it to the absolute continuum fuxat unless otherwise noted. This is achieved by either a double-

Ha. The latter is obtained from the relations provided by Haffaussian fit or by fitting a symmetric profile to the red side of

Fo=7.538—1.081 (B —V) (6) tection of lithium to approximatel;l — 3 mA but it strongly .
depends on the S/N ratio of the spectrum. Because blending
for MKI—Vand0<(B-V)<14 with the nearby Feline is a major source of uncertainty for

4.3. Lithium detections and abundances

4.2. Hn morphology and absolute fluxes

Fe=1518-1.236 (V- R) (7) measuring small lithium equivalent widths, we estimate that
for MK Vand0 < (V —R) < 1.4 our values in Table A1 have external uncertainties ef 10%

Lithium abundances are determined with the non-
for MKI—1IV and 0 < (_V —R) <18. ~ LTE curves of growth from Pavlenko & Magazz(1996).
We compute the continuum flux from the calibrations iRespective effective temperatures are adopted from the
Egs. (6) and (7) and use the average value for further proc&sgsparcosiB — V' color, listed again in Table A1 for reasons of
ing. The Hh-core flux in ergcm?® s™* (listed in Table ALin completeness, and the calibration from Flower (1996). For ef-
Col. 24) is then computed from the measured quivalent fective temperatures between the values for which abundances
width under the spectruniy’cor. (Col. 23 in Table Al), and gre isted in Table 1 in Pavienko & Magazave interpolate by
zero intensity: fitting a third-order polynomial to the various entries. These
Fia = Weore Fe - (9) abundances are uncertain by only 0.05 dex to 0.1 dex when
Internal errors are estimated from repeated measurementsvef propogate the uncertainties from the equivalent-width
spectra taken during one night as well as from spectra of tiieasurement. If we further assume an erroe:df00 K for
same star obtained in different nights, and amount to no mdhe effective stellar temperatures, the uncertainties of our
than a few percent. External errors are mainly due to uncabundances increased5 — 0.16 dex.
tainties in the absolute continuum flux due to errors in the col- Throughout this paper, we give logarithmic abundances
ors and are estimated to be around 30%. In case the star ®a scale witHogn(H) = 12.00. On this scale the observed
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Table 1. Stars with H&K emission (data are listed in Table A1)

HD 553 HD 691 HD 745 HD 3125A HD 4635 HD 5835 HD 5996 HD 6665 HD 6963 HD 7205
HD 7286 HD 7661 HD 7895 HD 8583 HD 8997a HD 8997b HD 9313 HD 9902b HD 9902a HD 10008
HD 12786 HD 13357B HD 13382 HD 13507 HD 13531 HD 13579A HD 14274 HD 14374 HD 15013 HD 16287
HD 16884 HD 17379 HD 17382 HD 18131 HD 18632 HD 18645 HD 18955b  HD 18955a HD 19668 HD 19902
HD 19942 HD 20678 HD 21663 HD 21845 HD 23140 HD 23356 HD 23386 HD 23551 HD 24053 HD 25665
HD 25893 HD 25998 HD 26756 HD 26900 HD 27130a HD 27130b HD 27130 HD 27149a HD 27149b HD 27282
HD 27466 HD 27685 HD 27989 HD 28495 HD 29883 HD 30738 HD 31000 HD 35112 HD 37216 HD 40647
HD 40891 HD 41067 HD 41842 HD 43516 HD 43989 HD 44573 HD 45609 HD 46183 HD 46524 HD 47787
HD 50255b  HD 50255a HD 51866 HD 52456 HD 53157 HD 53532 HD 53927 HD 54359 HD 54371 HD 56168
HD 59747 HD 60491 HD 61606 HD 61994a HD 61994b HD 62668 HD 64725 HD 64942 HD 65523 HD 66553
HD 69247 HD 69328 HD 69433 HD 70088 HD 70146 HD 71071 HD 71251 HD 71974 HD 72146 HD 72760
HD 73322 HD 74150 HD 75935 HD 76218 HD 76799 HD 77825 HD 78233 HD 78644 HD 79969 HD 79993
HD 80355 HD 81040 HD 81659 HD 81767 HD 82159 HD 82286a HD 82286b  HD 82443 HD 82841 HD 82939
HD 82977 HD 83588 HD 83983 HD 85301 HD 86065 HD 86590a HD 86590b  HD 86590c HD 87424 HD 87547
HD 87598 HD 87883 HD 87978 HD 88638 HD 88654 HD 89546 HD 89965 HD 90442 HD 91901 HD 92945
HD 93811 HD 93915 HD 93915a HD 93915b HD 94765 HD 95188 HD 95559a  HD 95559b HD 95559¢ HD 95559
HD 95724 HD 95743 HD 96064 HD 96612 HD 97305 HD 97601 HD 98356 HD 99303 HD 100310 HD 101206

HD 101906  HD 102121 HD 102195 HD 102696 HD 103072 HD 103720 HD 103847  HD 104067 HD 104243 HD 104923
HD 105575a HD 105575b HD 105575¢  HD 105631 HD 105963A HD 105963B HD 106023  HD 106156 HD 106453 HD 106711
HD 106855a HD 106855b HD 108186 HD 108564 HD 108574 HD 108575 HD 108984  HD 109011a HD 109011b HD 109157
HD 109647  HD 109703 HD 110463 HD 110514 HD 110833 HD 111312 HD 111487 HD 111487a HD 111487b HD 111813
HD 112099 HD 112733 HD 112859a HD 112859b  HD 113247 HD 113247a  HD 113247b HD 113449 HD 113720 HD 113816
HD 116544  HD 116956 HD 117099 HD 117860 HD 118234 HD 119332 HD 119607  HD 120205 HD 120352 HD 121629
HD 121812 HD 121979 HD 122968 HD 123351 HD 124106 HD 125874 HD 126535 HD 127068a HD 127068b HD 127871
HD 128165 HD 128311 HD 130004 HD 130215 HD 130307 HD 130322 HD 131023  HD 131977 HD 132425 HD 134353
HD 136378 HD 136834 HD 137778 HD 138134 HD 138157 HD 139194 HD 139837  HD 140637 HD 141071 HD 141272
HD 141919  HD 142072 HD 142680 HD 143937a  HD 143937b HD 144087 HD 144088  HD 144872 HD 145230 HD 147776
HD 147866  HD 149028 HD 149806 HD 150202 HD 150511 HD 150748 HD 152178  HD 153525 HD 153557 HD 155712
HD 155802a HD 155802b HD 158972 HD 161284 HD 163621 HD 167715 HD 168603 HD 171488 HD 172393 HD 173950
HD 175742  HD 176157 HD 178450 HD 180161 HD 180263 HD 180809 HD 181219  HD 183063 HD 183870 HD 186803
HD 189087  HD 189733 HD 190470 HD 190642 HD 192263 HD 193479 HD 196795 HD 197913Aa HD 197913Ab HD 197913B
HD 198425  HD 199967A HD 199967B  HD 200560 HD 200968AB  HD 201219 HD 202605  HD 203030 HD 203136 HD 205249
HD 205762  HD 206374 HD 207485 HD 207583 HD 208313 HD 208472 HD 209154  HD 209393 HD 209779 HD 210667
HD 211472  HD 214615AB HD 214683 HD 215274 HD 215555 HD 217352 HD 217580  HD 218153 HD 218738 HD 218739
HD 220182  HD 220476 HD 221851 HD 222422 HD 223154 HD 223941 HD 224983  HD 237944a HD 237944b HD 237944c

HD 258857  HD 261557 HD 263175 HD 285931 HD 291095 BH Vira BH Virb CGCyga CGCygb HIP 999

HIP 6339 HIP 36357 HIP 39222 HIP 40774 HIP 42253 HIP 43418 HIP 43422 HIP 43751 HIP 46634 HIP 47176
HIP 50072 HIP 50660 HIP 51197 HIP 56299 HIP 57859 HIP 58560 HIP 59152 HIP 59904 HIP 63322a HIP 63322b
HIP 63442 HIP 64059 HIP 69410 HIP 70836 HIP 75011 HIP 77179 HIP 77210a  HIP 77210b HIP 78688 HIP 82042

HIP 83141 HIP 101227 SAO 150676a SAO 150676b SAO 151224a  SAO 151224b

solar photospheric Li abundance listed by Grevesse & Andéi@77.724, 4077.834) with a total equivalent width of 428 m
(1991) is 1.16+ 0.1, and the Li-6708 line appears to have aHowever, the line is by far dominated by the 4077. Z2ttan-
equivalent width of around 2 A This value is comparable to sition with a low excitation potential of zero.

the detection limit from our spectra. If an entry in Table Alis We fit a Gaussian or, if inappropriate due to saturation, a
zero, then no Li above 2 — 3 mA was detected. An entry Voigt function to the Sn blend and measure its equivalent
with < 3 mA means a very weak lithium line is likely presentvidth and residual intensity. Our fitting procedure minimizes
but is unreliably small to be measured. The largest equalelme influences of the nearby laand Cni+Cell blends on
widths in our sample were measured for HD 140637 (420,m the blue side of the line by fitting mostly the red wing of
HD 6665 (398 nd), HD 217352 (331 rA) and HD 109703 the Sni profile. Repeated measurements show an internal er-
(300 md), which basically amount to the primordial lithiumror of the equivalent width of less than 10% but continuum
abundance. Out of the 385 stars in our (red) sample 102 (26%ertainties, rotational broadening, low signal-to-noise ratio,
had undetectable Li, 119 (31%) had Li below 10\,n1128 and heavy blending account for an estimated external error of
(33%) between0 — 99 mA, and 36 (9.3%) more than 100An ~ 20 — 40%. The residual intensity, i.e. line depth mea-
(detections in SB2s and SB3s are counted only once). Two stsuiged from the continuum, is taken from the minimum of the
in Table A2 that have no H&K emission but were we obtaine@aussian fit. The numerical results are listed in Table A1 and
a red-wavelength spectrum seem to have significant lithiuable A2.

HD 32915 with 52 & (log n(Li) = 1.57) and HD 123999 with

18 mA (log n(Li) = 1.22). Both stars appear to be single.

4.5. Radial velocities and binarity

4.4. Strontium Sn 40774 line strength Radial velocities were derived from the blue-wavelength

spectra and the red-wavelength spectra by cross-correlating
Sri 4077 was noted to be a primary luminosity indicator fahem with spectra of velocity standard stars taken during the
late F, G, and even K and M stars (Gray & Garrison 198%ame night. The following velocity standards were adopted
The solar spectrum shows 84077 as a triplet line (4077.580,from Scarfe (1990);3 Oph (K2lll, v, = —12.18 kms!)
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Table 2. Stars without H&K emission (data are listed in Table A2)

HD 15

HD 1426
HD 2841
HD 4561
HD 6360
HD 7639A
HD 8594
HD 10126
HD 11979
HD 14798
HD 15830
HD 18143
HD 22657
HD 24604
HD 26634
HD 28338
HD 32915
HD 35518
HD 41196
HD 42606
HD 43944
HD 45762b
HD 47963
HD 50275
HD 55458
HD 57813
HD 60368
HD 64606
HD 66485
HD 69613
HD 73512b
HD 76294
HD 77712
HD 82460
HD 89023
HD 91299
HD 93800
HD 96460
HD 98839
HD 103432
HD 111285
HD 114783
HD 116442
HD 122676
HD 126532
HD 132756
HD 136655b
HD 144873
HD 152275
HD 165168
HD 168746
HD 172043
HD 175518
HD 178541
HD 182619
HD 185413
HD 190412
HD 195220
HD 198456
HD 202365
HD 205286
HD 207740
HD 209776
HD 213012
HD 215704
HD 218220
HD 220658
HD 223302
HD 225170
HD 233874
HD 250047
HIP 13338
HIP 40751
HIP 52782
HIP 69142

HD 443
HD 1449
HD 3141
HD 4744
HD 6448
HD 7864
HD 8654
HD 10145
HD 12051
HD 14855
HD 15851
HD 18175
HD 22854
HD 24782
HD 27040
HD 28488
HD 32935
HD 37008
HD 41241
HD 42891
HD 44199
HD 46090
HD 48238
HD 50590
HD 55647
HD 57901
HD 61145
HD 64921
HD 66509
HD 70352
HD 73536
HD 76632
HD 79498
HD 82733
HD 89813
HD 91453
HD 94119
HD 96937
HD 98959
HD 104163
HD 111515
HD 114784
HD 116443
HD 122948
HD 126583
HD 133352
HD 136894
HD 147512
HD 153402
HD 165169
HD 169797
HD 172132
HD 175905
HD 178848
HD 183098
HD 185527
HD 190536
HD 195987
HD 198482
HD 202585
HD 205321
HD 207771
HD 210123
HD 213764
HD 215775
HD 218790
HD 220871
HD 223374
HD 225242
HD 233882
HD 251383
HIP 29814
HIP 42304
HIP 56408
HIP 76112

HD 471

HD 1605
HD 3250
HD 4754
HD 6555
HD 7980
HD 8828
HD 10196
HD 12343
HD 14940
HD 16293
HD 18200
HD 23065
HD 24964
HD 27115
HD 28821
HD 33142
HD 37986
HD 41303
HD 42983
HD 44263
HD 46093
HD 48878
HD 50630
HD 55672
HD 58595
HD 61381
HD 65069
HD 66983
HD 71811
HD 73667
HD 76752
HD 79581
HD 83804
HD 90107
HD 91527
HD 94164
HD 97004
HD 99994
HD 104782
HD 111978
HD 114823
HD 117635
HD 123265
HD 127352
HD 134043
HD 138885
HD 149933
HD 154510
HD 165173
HD 169822
HD 172245
HD 176410
HD 179558
HD 183418
HD 186196
HD 190873
HD 196689
HD 199580
HD 202620
HD 205606
HD 207839
HD 210144
HD 213786
HD 215886
HD 218949
HD 221194
HD 223498
HD 225261
HD 236424
HD 255639
HIP 31581
HIP 42491
HIP 56570
HIP 76566

HD 533

HD 1624
HD 3400
HD 4770
HD 6645
HD 8016
HD 8910
HD 10304
HD 12661
HD 15014
HD 16366
HD 18916
HD 23439A
HD 25242
HD 27126
HD 30385
HD 33725
HD 38313
HD 41483
HD 43050
HD 44420
HD 46375
HD 49027
HD 50662
HD 55893
HD 58662
HD 62676
HD 65371
HD 67740
HD 71887
HD 74014
HD 76780
HD 79643
HD 85430
HD 90663
HD 91585
HD 94374
HD 97343
HD 100922
HD 104906
HD 112742
HD 115080
HD 118670
HD 123399
HD 128041
HD 134439
HD 138919
HD 150510
HD 158332
HD 165807
HD 169889
HD 172310
HD 176646
HD 179722
HD 183993
HD 187000
HD 191425
HD 196692
HD 199660
HD 202751
HD 206243
HD 207874
HD 211513
HD 213920
HD 216103
HD 219029
HD 221639
HD 223662
HD 226099a
HD 236427
HD 257886
HIP 34498
HIP 45289
HIP 59321
HIP 78068

HD 629
HD 2034
HD 3681
HD 5035
HD 6890
HD 8129
HD 9070
HD 10311
HD 13357A
HD 15015
HD 16454
HD 19308
HD 23439B
HD 25347
HD 27235
HD 31439
HD 34101
HD 38904
HD 41785
HD 43062
HD 44671
HD 46691
HD 49039
HD 51046
HD 57204
HD 58781
HD 63536
HD 65430
HD 67850
HD 72003
HD 74377
HD 76844
HD 80131
HD 85916
HD 90711
HD 92048
HD 94718
HD 97658
HD 101227
HD 104988
HD 112758
HD 115153
HD 119585
HD 124292
HD 128356
HD 134440
HD 139691a
HD 150665
HD 159062
HD 166498
HD 170232
HD 172586A
HD 176650
HD 180642
HD 184591
HD 188168
HD 191499A
HD 197210
HD 200213
HD 202835
HD 206557
HD 207966A
HD 211642
HD 215097
HD 216259
HD 219202
HD 221822
HD 223847
HD 226099b
HD 237522
HD 337457
HIP 34866
HIP 45863
HIP 62911
HIP 81831

HD 1036
HD 2622
HD 3765
HD 5279
HD 7018
HD 8275
HD 9304
HD 10743
HD 13783
HD 15096
HD 16559
HD 20165
HD 24206
HD 26004
HD 27275
HD 31452
HD 34153
HD 39169
HD 41788
HD 43147
HD 45140
HD 47157
HD 49116
HD 52145
HD 57470
HD 58899
HD 64114
HD 65562
HD 67960
HD 72614
HD 75031
HD 76849
HD 80367
HD 85987
HD 90735
HD 92213
HD 94783
HD 98055
HD 101534
HD 105844
HD 112815
HD 115638
HD 119932
HD 124677
HD 128731
HD 134985
HD 139691b
HD 151192
HD 164809
HD 166683
HD 170738
HD 173399
HD 176733
HD 181007
HD 184592
HD 188386
HD 191785
HD 197274
HD 200386
HD 202999
HD 206928
HD 208201
HD 212094
HD 215144
HD 216284
HD 219514
HD 221862
HD 223971
HD 232118
HD 237707
HD 347850
HIP 35534
HIP 46854
HIP 64706
HIP 83630

HD 1059

HD 2712
HD 4029
HD 5349

HD 7149

HD 8389

HD 9342
HD 10755
HD 13997
HD 15116
HD 16674
HD 20215
HD 24238
HD 26334
HD 27574
HD 31865
HD 34616
HD 39847
HD 42182
HD 43188
HD 45231
HD 47185
HD 49165
HD 54240
HD 57473
HD 59062
HD 64143
HD 65854
HD 68586
HD 72769
HD 75073
HD 76909
HD 80448
HD 86661
HD 90812
HD 92320
HD 94880
HD 98078
HD 101728
HD 106495
HD 112914
HD 115755
HD 121129
HD 125056
HD 129674
HD 135725
HD 139691c
HD 151504
HD 164853
HD 167081
HD 171010
HD 173872
HD 177699
HD 181047
HD 184768
HD 188522
HD 192732
HD 197396
HD 201270
HD 203384
HD 206993
HD 208398
HD 212291
HD 215152
HD 216560
HD 219670
HD 222405
HD 224116
HD 233373
HD 237742
HD 347898
HIP 35989
HIP 47975
HIP 65221
HIP 88208

HD 1153

HD 2805

HD 4372

HD 5747

HD 7234

HD 8508

HD 9556
HD 11286
HD 14204
HD 15299
HD 17190
HD 21774
HD 24316
HD 26397
HD 28115
HD 31867
HD 34623
HD 39855
HD 42250
HD 43259
HD 45350
HD 47186
HD 49566
HD 54401
HD 57678
HD 59560
HD 64211
HD 66046
HD 68638
HD 72946
HD 75318
HD 77278
HD 81110
HD 87359
HD 90820
HD 92786
HD 95246
HD 98186
HD 102494
HD 107469
HD 114060
HD 116012
HD 121249
HD 125455
HD 130669
HD 136136

HD 142478

HD 151528
HD 164922
HD 167450
HD 171067
HD 174000
HD 177778
HD 181098
HD 185055
HD 189751
HD 192773
HD 197657
HD 201702
HD 203712
HD 207032
HD 208880
HD 212587
HD 215183
HD 216572
HD 219829
HD 222455
HD 224844
HD 233389
HD 237960
31 Com
HIP 36522
HIP 48786
HIP 65485
HIP 92881

HD 1241
HD 2814
HD 4388
HD 5873
HD 7385
HD 8553
HD 9847
HD 11443
HD 14648
HD 15682
HD 17655
HD 21864
HD 24467
HD 26465
HD 28172
HD 32237
HD 34839
HD 40708
HD 42532
HD 43306
HD 45652
HD 47309
HD 49649
HD 55076
HD 57729
HD 60272
HD 64468
HD 66177
HD 69056
HD 73393
HD 75697
HD 77338
HD 81438
HD 87680
HD 90932
HD 92788
HD 95848
HD 98281
HD 102800
HD 108849
HD 114125
HD 116056
HD 121320
HD 125920
HD 131509
HD 136274
HD 143990
HD 151541
HD 164923
HD 167858
HD 171215
HD 174719
HD 178326
HD 181421
HD 185147
HD 190067
HD 193116
HD 197737
HD 201924
HD 204079
HD 207372
HD 209181
HD 212771
HD 215500
HD 217635
HD 219920
HD 223070
HD 225004
HD 233608
HD 238015
HIP 4114
HIP 37146
HIP 49104
HIP 65837
HIP 94075

HD 1350
HD 2816
HD 4449
HD 5897
HD 7444
HD 8561
HD 9938
HD 11707
HD 14787
HD 15734
HD 17673
HD 22233
HD 24485
HD 26633
HD 28185
HD 32547
HD 34909
HD 41017
HD 42568
HD 43710
HD 45762a
HD 47955
HD 49674
HD 55255
HD 57758
HD 60299
HD 64490
HD 66221
HD 69076
HD 73512a
HD 75879
HD 77711
HD 81744
HD 87836
HD 91148
HD 93650
HD 96027
HD 98736
HD 103431
HD 109402
HD 114260
HD 116093
HD 122562
HD 126511
HD 132307
HD 136655a
HD 144287
HD 151877
HD 164986
HD 168744
HD 171920
HD 175516
HD 178473
HD 182293
HD 185353
HD 190404
HD 193953
HD 198402
HD 202109
HD 204814
HD 207487
HD 209262
HD 212989
HD 215696
HD 218105
HD 220339
HD 223301
HD 225021
HD 233826
HD 238130
HIP 8358
HIP 39883
HIP 50638
HIP 66931
SAO 45472
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Fig. 4. Histograms for the survey results) Call K-line intensities (k). The scale is from 0 (no emission) to 5 (emission at or above the
continuum) according to Wilson (1976)) Absolute emission-line fluxes for the @aK line (log 7' (K)). c) Absolute emission-line fluxes for
Ha (log F(Ha)). d) Observed Li 6708A equivalent widths in milliA (EW<,;). e) Logarithmic lithium abundancekg n(Li), in units of the
hydrogen abundancéogn(H) = 12.00). f) Line-core intensity of the Sr 40774 line (Zsr11) with respect to the continuung) Rotational

line broadening in km's' (vsin ). h) Photometriay amplitudes in magnitudes\y). i) Rotation periods in daysi:)

a Ari (K2lllab, v, = —14.51 kms?), 8 Gem (KOIIl, v, = and program stars depend upon rotational broadening and
+3.23 kms!), and 35 Peg (K1llI-IV,u, = +54.26 kms'). add to the total error. Several tests with different reference
At least two spectra of standard stars were obtained eatars gave negligible internal errors fosini < 10 kms™!,
night. All cross correlations were computed with IRAF'approximately+0.1 kms! for vsini up to 20 kms' and
fxcor routine. It fits one or more Gaussians to the cross#0.3 kms! up to 50 kms'. These errors are considered
correlation function in case the star is a double or triple-linetnall and are not included in the quoted errors in this paper.
spectroscopic binary, respectively. A brief description of theur results are listed in Tables A1 and A2 along with the
measuring procedure and several applications to spotted starsrs ¢,,) from the Gaussian fit. Note that the spectral
were presented and discussed by Fekel et al. (1999). Sevezglon around the Ga resonance lines3020 — 3980 ,&) was

of the cross-correlation functions in the present paper appeacluded from the blue-wavelength cross correlations, as was
asymmetric due to the presence of cool starspots. Measuriing Hx region (558 — 6568 A) from the red-wavelength cross
the velocity from a fit to the peak of the cross-correlatiocorrelations.

function would result in a less accurate velocity. Therefore, our Our sample contains altogether 36 single-lined spectro-
Gaussian fits were computed to fit the entire cross-correlatisgopic binaries (SB1), 17 of them are new detections (ac-
profile, and not just the peak. Differences between such fisrding to Simbad). The newly discovered SB1s are HD 553,
can amount to up to 3 knt$ for the most asymmetric casesHIP 999, HD 16884, HD 62668, HD 78644, HIP 46634,
Errors due to spectral-type mismatch between reference stars 82159, HD 82841, HIP 50072, HD 112099, HIP 63322,
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HIP 63442, HD 138157, HD 142680, HD 150202, HD 153525, Three systems are identified with radial velocities well
and HD 190642. A further 16 targets were found to be possilalbove 100 kms!. HD 108564, a single star with weak Ga
SB1s. In these cases the difference in velocity from the rethission and a single velocity measurevpf= +111 kms'!,
to the blue spectrum was still larger than the sum of theé#tD 142680, a single-lined spectroscopic binary with weak
uncertainties plusd. These targets are HD 18645, HD 24053%mission and two velocity measures of = —111 and
HD 23551, HD 40891, HD 43516, HD 66553, HD 7679983 kms L. It has a double-peaked cross-correlation function
HD 95188, HD 95724, HD 104067, HD 105963B, HD 12020%ut the spectrum shows no clear evidence of the secondary
HD 147866, HD 171067, HD 184591, and HD 218739. Thitmes. We list it as a SB1 but it could to be an unresolved
latter forms a visual pair with HD 218738 (=KZ And), aSB2 system. If so, the second peak in the red spectrum
well-known active binary and listed in the CABS catalog.  givesv, = —52.5 + 3.5 kms™t. HD 143937, a double-lined
spectroscopic binary with strong @aemission and with peak

For the cases where the cross-correlation function weglocities of even —166 and —170 km'sfor the primary and
double peaked, we fitted a double Gaussian to it and Ifgcondary, respectively. As a comparison, a recent discovery of
the individual velocities and their errors in separate rov@ extreme runaway star (HIP 60350; Maitzen et al. 1998) with
in Table A1 and Table A2. The stellar component with th&220 kms " pointed in the direction of a dynamical cluster
stronger absorption lines is always called the primary (ind#€ction rather than to a supernovae scenario.
cated by the suffix “a”). The component with the weaker line In case a close visual component was spatially resolved at
is called component “b”. Altogether, 30 double-lined speehe spectrograph entrance slit and two separate spectra were
troscopic binaries (SB2) and two triple-lined spectroscopithtainable, we adopt the notation that the brighter of them is
binaries (SB3) are in our sample. The latter are HD 8659%@noted component “A’, and the fainter component “B”. The
(DH Leo), and HD 237944A. HD 237944A appears to be A-component of the close visual binary HD 197913 turned out
newly discovered SB3 system. HD 95559, HD 139691 (ADG be a SB2 with components Aa and Ab.
9731AB) and HIP 76563 appear triple lined in the cross-
correlation function from a single blue or red spectrum but that
needs confirmation. At the moment, we list them as possible
triple-lined systems and give three velocities in Tables Al Space motions
or A2. The double-lined systems are HD 8997, HD 9902,

HD 18955, HD 27130, HD 27149, SAO 150676, SAO 151224,
HD 45762, HD 50255, HD 61994, HD 73512, HIP 772105

HD 82286, HD 93915, HD 95559 (possible SB3), HD 10557 pace motions are computed with the fundamental Hipparcos

HD 106855, HD 109011, HD 111487, HD 112859, BH Vir ata (posmons, d|stances,_ and_proper m_otlons) and our radial
Velocities. For the few entries without a Hipparcos parallax the

HD 127068, HD 136655, HD 143937, HD 155802, CG CyQ/alue listed in Simbad was adopted and, if no value was listed

HD 197913A, HD 199967AB, HD 202109, and HD 22609% Simbad, we used the assigned luminosity class and the vi-

i magnitude to determine an approximate distance (this was
components of HD 199967AB are not resolved at the entrance

: . . one for three stars: HD 9902, HD 16884, and HD 181219). No

slit and the radial velocity for component B from the blue . . )
. . roper motions were available for HD 23386 and no distance
spectrum is very uncertain due to a double-peaked cross-
. . o od’ SAO 45472.

correlation peak. We can not decide whether it is truly double o
or just spurious. In any case, the velocity from the stronger of IN case of a spectroscopic binary, or when more than one
the two peaks is listed in Table Al (the weaker is at 3.0 radial velocity was available, a mean was adopted. This will
5.9 kms'!). The spectrum of the RS CVn binary CG Cydntroduce random scatter to the space motions of the newly dis-
(CABS # 177) appears to consist of two very broad lines gpvered binaries because mostly only two velocities are avail-
—67+15kms ! and+65 + 23 kms!, respectively, and one able and their center-of-mass velocity remains undetermined.
very sharp system of lines at0.6 + 4.3 kms™!, practically Ve thus plan to interpret these data with care.
at the binary’s center-of-mass velocity. The latter line system The definitions and the computing procedure for the three
may be due to a third star but we can not exclude an absorptspace-motion components,(V, W) were outlined by Johnson
spectrum due to circumbinary material as suggested by MiloReSoderblom (1987) and we basically follow their recommen-
& Naftilan (1980). At the moment, we continue to list the stadations and adopt a right-handed galactic coordinate system.
as a SB2. A similar case is HD 105575 which is classifiethis makes our new values comparable to the values in the
as af Lyrae-type eclipsing binary in Simbad. Our spectrur@ABS catalog. The numerical values are listed in Tables Al
shows moderately strong and sharp H&K emission lines whied A2. Again, we emphasize that for the cases of newly dis-
another system of broad absorption lines is present as wetlvered binary systems, the observed radial velocity (or the av-
We suggest that the sharp lines are from circumbinary mategahge of the observed velocities in case the system is a SB2)
and the broad lines from one of the two stellar componentse used in the computation of the space motions and not the
Note that its Hv line appears to be tripled and shows anothéyet unknown) systemic velocities of the center of mass. These
cross-correlation peak at 1304 kms™1. UV W -velocities are thus just first estimates.
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Table 3. New Doppler-imaging candidates

Star Vv AVipot  SP. SB? Pohtm vsing Notes
(mag) type (days) (kms)
HD 553 g1 0.05 Kolll SB1 9.06 38 =V741 Cas, eclipsing
HIP 999 8.4 0.06 G8V SB1 1.84 20 =LN Peg (=BD+13)
SAO 150676 9.0 0.07 GOov+GeY SB2 1.71 26 G6-star
HD 291095 9.0 0.25 K23IV SB1 3.87 34 =V1355 Ori, not in HIP
SAO 151224a 9.3 0.15 KIV+GIV SB2 4.98 46 eclipsing
HD 43989 8.5 0.03 GOIv S 3.6 36 =V1358 Ori, str. Li
HD 78644 82 ? G3Vv SB1 *? 47 no photometry
HD 82286 7.9 0.13 KOIvV SB2 3.21 17/16 =FF UMa, stixldm.
HD 95559 9.0 0.08 <G5Vv> SB2 294 31/26 possible triple
HD 106855 9.4 0.06 K1V SB2 2.04 13/16 =UV Crvatem.
HD 109703 8.6 0.07 G5l S 14.2 35 very strong Li
HD 111487 9.0 0.10 G5V SB2 1.31 36 =IM Vir, eclipsing
HD 138157 71 0.12 Kolll SB1 14.3 29 =0OX Ser
HD 143937 8.6 0.10 <KOV > SB2 0.913 50/43 =V1055 Sco, eclipsing
HD 145230 9.2 0.13 K21V SB2 12.3 19 =PX Ser
HD 152178 8.1 0.10 Kolll SB1 22.1 23 =V2253 Oph
HD 171488 7.4 0.07 G2V S 1.337 36 =V889 Her, str. Li
HD 178450 7.8 0.10 G8vV SB1 2.13 21 =V478 Lyr
HD 190540 8.4 0.08 KOlll SB1 17.7 19 =V4091 Sgr
HD 217352 7.2 0.04 K211 S 18.4 35 strong Li
HD 218153 7.6 0.10 KOlll SB1 259 24 =KU Peg
4.7. Rotational velocities and a red spectrum shows no systematic deviations above the

expected measuring error and a rmg ef 8 kms~1.
The results for the standard stassOph (K2I11), « Ari

Rotational velocitiesy sin, for the stars with Ca H and K (K2lllab) and 35 Peg (K1Ill-IV) werel.7 & 1.1 kms™!,
emission were determined from the widths of selected lineslif = 1.0 kms™' and 1.5 + 1.2 kms!, respectively, and
the red-wavelength spectra. The procedure includes a Gaus&ipare well with the values listed in Fekel (1997) and
or Voigt fit to several unblended line profiles (mostly INi feferences therein (i.d.6 — 2.5 kms™', 1.8 — 3.1 kms™!,
6643.63A and Fel 6663.45A) and the calibration of the aver-and 1.0 kms* for above stars, respectively).

age FWHM withw sin ¢ according to the recipe of Fekel (1997).
A mean macroturbulence profile and a (nightly) instrumentﬁll
profile (approximated by a Gaussian) are subtracted from eac

FWHM measure according to Strassmeier et al. (1990). Thgp|e A3 presents the results from our photometric survey. Out
following macroturbulence velocities were adopted: 3 kth's o¢ the 371 stars with Ca H& K emission only 172 could
for solar-type dwarfs, 2 knts for K dwarfs, 5 km s'for <G5 pe observed because of telescope-time limitations but 168, i.e.
giants and subgiants, and 3 km'sfor >G5 giants and sub- 97 794, were found to be variable. A photometric period was
giants (listed in Col. 9 in Table A1 _and Table A2). Errors fofetermined for 134 of them, i.e. for 78% for the original 172
vsini from the red spectra are estimated todbe 4 kms™ g emission-line stars. Lower limits for the period are found
for stars withv sini <50 kms™" and~5 kms™" for stars with ¢or fyrther 11 targets. Additionally, a total of 32 of our compar-
higher rotation rates. ison or check stars turned out to be variables and for 22 of them
For stars without a red spectrum, i.e. the stars without Caa possible period, or a lower limit for the period, was obtained.
H and K emissiony sin i wasestimatedrom the blue spectra All periods and fully amplitudes in magnitudes are listed in
by measuring the FWHM of two relatively unblended lines: theable A3 in Col. 7 and Col. 6, respectively. The periods are al-
V 1 4020.89A line and the Fe 4087.80Aline. The final values ways given up to the last significant digit. Table A3 also gives
for vsin i in Table A2 were obtained from Mbecause this line information on the comparison and check star (Cols. 2 and 3),
turned out to be less prone to blending than B687.80A. the JD of start and end of the observations (Cols. 4 and 5),
Again, Fekel’s (1997) relation was used for the transformatiotie number of data points (Col. 8), and some individual notes
The precision ofvsini from the blue spectra is comparablyCol. 9). The full table is available electronically.
low due to the low S/N ratio and spectral resolution and is Except for a few eclipsing binaries (e.g. HD 553,
of the order of+5 — 8 kms™!. A correlation ofvsini from HD 105575), we interpret the photometric periods found in
V1 4020A and Nii 6643.63A for the stars that had a bluethis paper to be the stellar rotation period. Four of our target

ﬁ. Light curves and rotation periods
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stars were recently discovered to be variables by Cutisp@tcknowledgementsKGS is very grateful to theAustrian Fond zur

et al. (1999). For two of these stars, we obtained a first perib@rderung der wissenschaftlichen Forschuiog support through
and confirmed the periods for the other two targets. Altogeth@fants S7302-AST (Doppler imaging) and S7301-AST (APT). We
170 new variables were discovered. The light curves in thl wish to thank NOAO/KPNO for devoting generous amounts of
figures are phased with the periods from Table A3 and a 2™ 7%, “S088 JES T L arrt SR e el
E?égzlr:]t;ITheeolngﬁt Cui\jf; ?(())r().sl'[:;?:rfhaBt‘lk:g\}zeaAgﬁgPodr:wx %%EU) regarding our targets and with Dr. J.B. Rice regarding the

. . . . CpIi(:abiIity of the Doppler-imaging technique. This research has
period. Figure BS in the Appendix shows the data for st de extensive use of the Simbad database, operated at CDS,

without a period. Strasbourg, France.
We applied a program that performs a multiple frequency
search through Fourier transforms with a non-linear least-
squares minimization of the residuals (Sperl 1998). The FourRégferences
search range included a large number of frequencies up to the
Nyquist frequency with a frequency spacing optimized fdalona L.A., 1987, SAAO Circ. 11, 1
each individual data set. In most situations the frequency wigelman W.P., 1954, ApJS 1, 175
the highest amplitude was adopted but, in some cases whgifielman W.P., 1981, AJ 86, 553
the light curve appeared obviously double humped, twice tRidelman W.P., 1983, AJ 88, 1182
best-fit frequency was used. The best fits are determined Eﬂbg/g:mgz wg" iggg’ é}igg' 130401 1084
minimizing the squares of the residuals between trial fits a L elman W.P.. MacConnell D.J.. 1973, AJ 78, 687

measurements. Further details on the period analysis canB#;)eeger M. Stich J. Garrido R.. etal. 1993. AGA 271. 482
found in Strassmeier et al. (1999). y . IR, ’ |

) N ) Buzasi D.L., 1999, in Pallavicini R. (ed.), Stellar Clusters and as-
To judge the significance of certain frequency peaks we gqciations: convection, rotation, and dynamos, Euroconference,

compute a running mean of the frequency distribution for a palermo, PASPC (in press)

signal-to-noise ratio of 4:1 which was found empirically byutispoto G., Pastori L., Tagliaferri G., Messina S., Pallavicini R.,

Breger et al. (1993) to indicate the limit for a significant period. 1999, A&AS 138, 87

From numerical simulations with varying amounts of whit®uncan D.K., Vaughan A.H., Wilson O.C., etal., 1991, ApJS 76, 383

noise, Kuschnig et al. (1997) showed that frequency pedk8A. 1997, The Hipparcos and Tycho catalogue, SP-1200

with S/N > 4.0 suggest a 99.9% probability for a real pe=ekel F.C., 1997, PASP 109, 514

riod. Furthermore, since we interpret the photometric peri@&ig: Eg aﬂggzﬁ‘graﬂei; 129\?\/’ Ang]SéOi 308860 651

to be the stellar rotation period, a particular period must be Jff | F.C., Strassmeier K.G.),/ Weber M., \,NaZhuettI,A., 1999, AGAS

agreement with the spectroscopically measureithi and an

. . 137, 369
assumed stellar radius according to the adopted spectral clgs§zer p.J. 1996 ApJ 469, 355

sification. This reduces the range of possible periods signifiray p.F., 1992, The observation and analysis of stellar photospheres.

cantly. CUP, Cambridge, p. 430

Gray R.O., Garrison R.F., 1989, ApJS 69, 301

Grevesse N., Anders E., 1991, in Cox A.N., et al. (eds.), Solar Interior
and Atmosphere. The Univ. of Arizona Press, Tucson, p. 1227

Figure 4 summarizes the statistics of the survey results. A sefitdl J.C., 1996, PASP 108, 313 _
Blfenry T.J., Soderblom D.R., Donahue R.A., Baliunas S.L., 1996, AJ

of histograms show the distribution of the numerical values

ine activity indicators. Out of the total of 1058 stars ob 111, 439
hine activity indicators. Out of the total of 1058 stars observegly, o b 1. soderblom D.R., 1987, AJ 93, 864
371 (35%) were found with Ga H&K emission but only 78 Kaye A.B., Strassmeier K.G., 1998, MNRAS 294, L35
(7.3%) withvsini > 10 kms *. On the contrary, a lithium kschnig R., Weiss W.W., Gruber R., Bely P.Y., Jenkner H., 1997,
line was detected in 283 (74%) of all stars that hadi@anis- A&A 328, 544
sion (with 58% of the stars with lithium above 108n Out of a  Lastennet E., Freire Ferrero R., 1994, A&AS 108, 611
subsample of 172 stars with moderate to strong @aission, Linsky J.L., Worden S.P., McClintock W., Robertson R.M., 1979,
168 (97.7%) turned out to be photometric variables and for 134 ApJS 41, 47 _
a photometric (i.e. rotation) period could be obtained. Stellgloyd-Evans T., Koen M.C.J., 1987, SAAO Circ. 11, 21
activity, rotational broadening of spectral lines, and knowled@#itzen H.M., Paunzen E., Pressberger R., Slettebak A., Wagner
of a precise stellar rotation period are the key requirements fo_ﬁ R-Mllz’ ;995" f':\_l&A :;32' 75580 o P M. P DM d
Doppler imaging. Table 3 lists our new candidates for obseryg:°"¢ = vaitian s.A, , 1N Flavec .., Fopper .\, an

. . . . . Ulrich R.K. (eds.), Close Binary Systems: Observations and
tion with this technique. Three of the candidates, HD 218153, . :

) ) Interpretations, IAU Symp. 88. Reidel, Dordrecht, p. 419

HD 171488 and HD 291095, were already observed with h'QNE)yes R.W., Hartmann L.W., Baliunas S.L., Duncan D.K., Vaughan
resolution spectroscopy and are currently being Doppler im-"5 y 1984, ApJ 279, 763
aged by the authors. In a forthcoming second part of tpgyienko Ya.V., MagazzA., 1996, A&A 311, 961
analysis, we will consider relations between the various activiice J.B., 1996, in Strassmeier K.G. & Linsky J.L. (eds.), IAU Symp.
indicators as deduced from the observations in this paper. 176, Stellar Surface Structure. Kluwer, Dordrecht, p. 19

5. Summary
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Rutten R.G.M., Schrijver C.J., Lemmens A.F.P., Zwaan C., 199Appendix A: Tables

A&A 252, 203
Scarfe C.D., Batten A.H., Fletcher J.M., 1990, Publ. Dominion Agfable A1l lists the results for stars that were found to exhibit
Obs. 18, No. 2, 21 H&K emission while Table A2 lists the results for stars with-

Schrijver C.J., 1996, in Strassmeier K.G. & Linsky J.L. (eds.), 1At detectable H&K emission. Table A3 summarizes the results

Symp. 176, Stellar Surface Structure. Kluwer, Dordrecht, p. 1 5y the photometric monitoring. Al tables are available only
Soderblom D.R., Jones B.F., Balachandran S., Stauffer J.R., Dunﬁ%lectronic form

D.K., Fedele S.B., Hudon J.D., 1993, AJ 106, 1059
Soderblom D.R., King J.R., Henry T.J., 1998, AJ 116, 396
Solanki S., Motamen S., Keppens R., 1997, A&A 324, 943
Sperl M., 1998, Commun. Astroseismology 111, 1
Stix M., 1989, The Sun, A&A Library. Springer, Berlin

Appendix B: Figures

Strassmeier K.G., 1994, AGAS 103, 413 The following five figures show the spectra for the H&K
Strassmeier K.G., Bartus J.pkéri Z., Weber M., Washuettl A., 1998, €mission-line stars in the wavelength region around €sand
A&A 336, 587 K (Fig. B1). A subsample of the stars with strong ICamis-
Strassmeier K.G., Bartus J., Rodohl., Cutispoto G., 1997a, A&AS sion is plotted in the K region (Fig. B2) and in the lithium
125,11 region at 67083 (Fig. B3). The Stomgreny photometry is
Strassmeier K.G., Boyd L.J., Epand D.H., Granzer Th., 1997b, PA§Rown in Figs. B4 and B5 (Fig. B4 is for the stars with a pho-
109, 697 tometric period and Fig. B5 for those without a detectable pe-

Strassmeier K.G., Fekel F.C., Bopp B.W., Dempsey R.C., Henry G'\’Hod).
1990, ApJS 72, 191

Strassmeier K.G., Hall D.S., Fekel F.C., Scheck M., 1993, A&AS 100,
173

Strassmeier K.G., Handler G., Paunzen E., Rauth M., 1994, A&A 281,
855

Strassmeier K.G., Serkowitsch E., Granzer Th., 1999, A&AS 140, 29

Willstrop R.V., 1964, MRAS 69, 83 I Next File

Wilson O.C., 1976, ApJ 205, 823
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Fig. B1. Call spectra of stars with H and K emission. Shown are the 316 stars with an intensity level in the Klline-of. The HD number
(or HIP number or Variable Star designation if no HD number exists) is identified on top of each plot. Each plot covers a radgesoitéd
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Fig. B2. Selected Balmer H spectra of stars with strong @aH and K emission. The HD number (or HIP nhumber if no HD number exists) is
identified on top of each plot. The wavelength range shown i& 30
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Fig. B4. Differential Stomgreny light curves of stars with Ca H and K emission. The HD number (or HIP number, or Variable Star designa-

tion, if no HD number exists) is identified on top of each plot. The left panel in each plot is the observations versus heliocentric Julian date. The
right panel is the light curve phased with the best-fit photometric period from Table A3. Error bars for the observations indicate the variances

from three individual readings between the variable and the comparison star
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Fig. B5. Differential Stomgreny light curves of stars without a period determination. Note that many of these stars are likely photometric
variable but the time coverage was just too short to cover a full cycle. Otherwise as in Fig. B4
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Fig. B5. continued
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