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Abstract. We present high-precision photometry, high- anet al. 1991; Pounds et al. 1993; Pye et al. 1995; Malina et al.
medium-resolution spectroscopy for a sample of 32 stars likel994; Bowyer et al. 1996). Optical follow-up studies have shown
to be the optical counterparts of X-ray sources serendipitousihat these samples are strongly dominated by active stars, pre-
detected by the EXOSAT satellite. Using also recentresults franain sequence and other very young stars (see, among others,
the Hipparcos satellite, we infer spectral types, compute X-r&leming et al. 1988,1989b; Favata et al. 1993,1995; Jeffries
luminosities and Li abundances and investigate the single or&i-al. 1995; Neuauser et al. 1997; Cutispoto et al. 1999). In
nary nature of the sample stars. We found eleven new variabteer to determine the physical nature of the stellar serendipi-
stars, whose photometric periods fall in the 1.2-27.5 day rang@s X-ray sources detected by EXOSAT, our group embarked
for most of which the optical variability is consistent with thénto an extensive optical program which includes multicolor
presence of photospheric cool spots. For our sample of X-alyotometry, medium- and high-resolution spectroscopy in var-
selected stars we confirm the existence of a strong correlations spectral regions and radial velocity determinations. Pub-
between the stellar rotation rate and the level of activity, atidhed results of this program concern medium resolution spec-
also between the X-ray and bolometric luminosities. Two starescopy and optical photometry for a small subsample of EX-
in our sample are likely to be pre-main sequence objects, on©ISAT sources (Cutispoto et al. 1991), optical photometry for
likely to be a previously unknown M-type star within 25pc. 47 sources (Cutispoto et al. 1996) and an analysis of high-
resolution spectroscopy in the Li | 67@8region for 23 stars
Key words: techniques: photometric — techniques: spectr¢¥fagliaferri et al. 1994). In these papers we have shown that,
scopic — stars: abundances — stars: late-type — stars: variabtesiddition to dMe flare stars, at least one third of the EX-
general — X-rays: stars OSAT serendipitous sources is constituted by young stars, with
ages comparable to or younger than the Pleiades, a third con-
sists of active BY Dra-type or RS CVn-type binaries, while the
remaining sources could be either young stars or very active bi-
naries. Optical variability, probably produced by photospheric
This is the fourth paper of a series dealing with optical followsool spots, appears to be rather common. Probably, the most
up observations of EXOSAT serendipitous sources, i.e. sourdaieresting result is that there seems to be an excess of young
that have been detected by the X-ray satellite EXOSAT in tistars, near the ZAMS or even younger, with respect to what is
field of other pointed objects. The observations by Hie- predicted by Galaxy population models, as recently confirmed
stein EXOSAT, ROSAT and EUVE satellites have providedy other authors from ROSAT data (Jeffries 1995; Nauger
large samples of stellar X-ray and EUV sources (see among athal. 1997; Cutispoto et al. 1999).
ers, Caillault et al. 1986; Fleming et al. 1988,1989a; Giommi Our already published papers on follow-up observations of
serendipitous sources detected by EXOSAT are based on data
Send offprint requeststG. Cutispoto (gcutispoto@alpha4.ct.astro.ithhiained at the European Southern Observatory, therefore they

* based on data collected at Catania Astrophysical Observatory (W(:mde stars withs < +20°. In this paper we present results of

Etna, Italy), at Observatorio Astronomico Nacional (UNAM, S. Pedrg, o ohsenations carried out in the Northern hemisphere. Pho-

Martir, BC, Mexico) and atKitt Peak National Observatory (Kitt Peakt‘ometric and spectroscopic observations were collected at the

AZ, USA) . . . .
** Table 1is available in the on-line version; Table 3 and the comple@é)servatono Astronomico National, UNAM (San Pedro Martir,

data set are available in electronic form at the CDS via anonymous > Mexico) over the periods: 22 August-2 September 1990,
to cdsarc.u-strashg.fr or via http://cdsweb.u-strasbg.fr/Abstract.htmd9 Apri-11 May 1991, 20 October—2 November 1991, 11-26
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April 1992 and 28 November—2 December 1992. Spectroscagigted of five c-v-ck-c-v-c-v-c-ck cycles of simultaneous multi-
was also collected with the McMath telescope of the Nationlahnd measurements, where “v” is the program star and “c” and
Solar Observatory (Kitt Peak, AZ, USA) over the periods 13‘€k” are a close comparison and check star, respectively. The
14 December 1993 and 12-17 October 1994. Finally, eightadopted integration times were in the 15-40 s range, depending
the stars in our sample are regularly scheduled at the 0.8mthe brightness of the observed star. From these data, corrected
Automated Photoelectric Telescope of Catania Astrophysidat atmospheric extinction, 15 v-c and 10 ck-c differential in-

Observatory since late 1992 or summer 1993. strumental magnitudes were derived. The v-c data were then
averaged to obtain a single data point. The typical error of our
2. Data sample and observations differential photometry in the instrumental system at San Pedro

Martir is of the order of 0.002 magnitudes, with slightly larger
values for the faintest objects. These observations were used

The stars analysed in this paper are a subset of the entire sarfpl¥ to investigate the presence of optical variability. UBV ab-
of stellar X-ray sources detected serendipitously by the Low E¥flute photometry, we also used for star classification purpose,
ergy Imaging Telescope (LEIT) on board the EXOSAT satelliti¥as obtained for 8 stars (see Table 1) at Catania Astrophysical
(White & Peacock 1988). All of the selected stars hawe —3°  Observatory (Mt. Etna, Italy) using the 0.8-m Automatic Pho-
and only partial or no information are available in the SIMBAD€electric Telescope (APTCT) feeding a single channel charge-
database. Out of the 32 X-ray sources thus selected, 24 belBiggration photometer equipped with an uncooled Hamamatzu
to the EXOSAT High Galactic Latitude Survey (HGLS) andt1414 SbhCs phototube and standard UBYV filters. A complete
were identified as stars by Giommi et al. (1991). The remainifid® TCT observation cycle consisted of sequential c-v-v-v-c-v-
8 do not belong to the HGLS, either because they are associatedc-ck-c multiband measurements, with integration times, in
with the EXOSAT targets, or because they are at low galactfte 10-15s range, depending on the brightness of the observed
latitudes (b;;| < 20°; see Giommi et al. 1991 for the definitionstar. From these data, corrected for atmospheric extinction, six
of the EXOSAT HGLS). We assume these 8 stars to be countéiC and one ck-c differential magnitudes were derived. The data
parts of the X-ray sources becaiagtheir positions are within Were then transformed into the standard UBV system and the
the X-ray error circle(b) their X-ray to optical flux ratios are V-C values averaged to obtain a single data point. The typical
typ|ca| of stars (eg Stocke et al. 1991), aolho other plaUSi' error of APTCT differential photometl’y is of the order of 0.007
ble candidate is present in the X-ray error circle (whose raditiggnitudes, with slightly larger values for the U-band obser-
varies between 20and 99’ depending on the source position oyations and for the faintest objects. The accuracy of APTCT
the detector). Almost all EXOSAT LEIT serendipitous sourcedsolute UBV photometry is of the order of 0.01 magnitude.
were detected using the Thin Lexan filter in front of the Chalightly larger errors characterize the absolute photometry of
nel Multiplier Array (CMA) detector. Unfortunately, the CMA the faintest stars and the-\B colors. For the 24 stars we did

in conjunction with this filter suffered from UV contaminationnot observe with the APTCT, the absolute photometry is from
which resulted in the detection of bright early-type stars mainie Hipparcos output catalogue or from the literature. Our com-
because of their UV emission. However, the expected flux diiete dataset is available in electronic form at the CDS.

to UV radiation is a function of both the magnitude and spec-

tral type and can be taken into account. This explains why thes  spectroscopy

B-type star HD 334415 is in our sample. It is inside the X-ray

error box, no other plausible optical candidate is present ah@r each star of our sample we collected at least one medium
its expected UV radiation is not sufficient to account for th@ high resolution spectrum in the Ca Il H&K ordHor Li |
EXOSAT detection level. Finally, some of the stars studied f08A regions (see Table 2). The Call H & K andHines are

this paper (i.e. HD 9902, SAO 130113, EXO 042535.0+1735Well-known and excellent indicators of chromosphqric activity.
SAO 80493, EXO 122956.0+2039.8, EXO 125936.0+1238 Kloreover, although the presence of a strong Li | 6208 per

HD 116544, BD+16 4908) were already analysed in previo§§Not sufficient to determine unambiguously the evolutionary
papers (Cutispoto et al. 1996; Tagliaferri et al. 1994). They ptate of a star, it can provide useful constraints when used in
discussed also here because our additional photometric an§RsHunction with other diagnostics like binarity, spectral class,

spectroscopic data do improve the knowledge of these targeifatation rate and X-ray luminosity. . _ .
The spectroscopy at San Pedro Martir was obtained with the

2.12-m telescope feeding a Boller & Chivens grating spectro-
2.2. Photometry graph equipped with a Thomson 7882 CDA (384x576 pixels)

Differential photometric observations of 22 stars in our sampfeCD detector. We used the available cameras and gratings, in
have been performed in order to search for optical variabili¥@rious combinations, in order to cover the wavelength ranges
and to derive magnitudes and colors. At San Pedro Martir pf200-7650, 6400-6950, 3750-4600 and 3780-428vith a

tometric observations for 18 stars (see Table 1) were perfornfé@inal resolving power in the 1000 - 3000 range. We also used
by using the 1.5-m telescope feeding the “Danish” simultan® McMath telescope equipped with the Solar-Stellar spectro-
ous photometer equipped with a cooled EMI 9789QA phototuggaph and an 800x800 CCD detector with a 15ui% pixel

and Stomgren uvbys filters. A complete observation cycle conSize. The set-up was fixed to cover the wavelength ranges 6670-

2.1. The sample
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Table 2. Summary of stellar data: star name, V-band magnitude (V), inferred spectral type, trigonometric or photometric (values indicated by
“ distance (D) in pc, Li | 67084 equivalent width (Li) in nA or detection flag, k4 and Ca Il H&K (Ca II) lines detection flag, Period of
photometric variability (P) in days;, sin i (vsini) in km s7%, log Lx (where Lx is in 10*° erg s* units) from the ROSAT PSPC (PSPC) and

the EXOSAT CMA (CMA), Li abundance (A) in logaritmic scale (H abundance = 12), the symbaoidicates the faint stars whose spectral

types were evaluated from photographic plates data

star name \% spectral type D Li 4 Call P vsini PSPC CMA A

SAO 11215 9.36 G8IVIV+G3V 111 65 pf 10 306 30.0 2.2
HD 9902 8.63 G3V/IV + G4VIIV 116: 55 a a 7.30 12 304 30.3 2.7
BD+30 397 A 10.19 K6 PMS 42 260 e 9.38 5 30.0 29.9 2.0
SAO 130113 9.53 G7V+K5V 76: n pf a 2.63 18 303 30.3 1.1
EXO 041429.5+1206.7 13.4: M4:Ve 24. n e 28.9 28.9

EXO 042220.4+1709.3 13.21 M3V+M3V+M4V 48 n e ? 29.5 29.2

EXO 042535.0+1735.2 12.16 M1V + M3% 47: n e 29.5 29.2

HD 32199 8.91 GhHV+MV 63: <3 a a 2 29.4 <0.8
EXO 051342.5+4547.5 10.11 MO/1V + M5V 13: f 28.3 28.1

EXO 073049.3+3156.4 12.3: KO:V: 190: n pf e 30.6

BD+26 1682 10.14 K4V 40: <7 a e? 10 288 <0.1
EXO 080731.0+2758.5 11.6: K1l:Ve 125: n e 29.9

SAO 80493 8.58 F5V 99 65 a a <27 23 29.6 2.8
HD 95976 7.50 F4/5V 68 n a a 8.8 29.7

HD 99900 8.58 FOIV +? 157 n pf a 1.2 80 304 30.5
HD104753 9.26 G2/3IV +? 151 <10 pf a 17 30.1 <15
EXO 122956.0+2039.8 12.89 M3Ve 26: n e 28.9 285

EXO 125936.0+1238.5 12.77 M2.5Ve 27: n e 29.0 29.0

EXO 130944.0+3229.3 14.3: M1V 85: n f 29.7

HD 116544 9.08 K3/4IVIV +? 113 e 8.13 27 30.9 30.6 0.3
EXO 143138.3+3637.8 14.0: M1l:Ve 65: n e 29.0

HD 143271 8.48 G4l 330 <5 a a 27.46 12 30.8 <0.8
HD 167605 8.50 K1/2V + M4:Ve 31 n pf e 8.54 5 29.2 29.2

HD 167389 7.38 G3V+K7V 33 65 a a 3 28.8 25
HD 234601 8.93 G2/3V 73: 115 a a 7.35 7 29.3 2.7
EXO 181915.4+5038.7 14.4. M3:V 35: n f 28.2

HD 170527 6.81 G9:PMS 160 370 pf e 25.5 23 30.8 30.9 35
HD 189733 7.67 K2V 19 <5 a a 4 28.4 28.2 <-0.04
HD 334415 8.81 B5:Ve +B6:\Ve 980: n pf 2.60 80: 31.9

BD+16 4908 10.96 G5V +K2Vv 181: y pf 2.27 30.2

HD 220091 6.67 FO/1IV 66 n a a 29.2

HD 222143 6.58 G3/4V 23 50 a a 7.5 6 29.1 29.1 2.2

Notes n=line not detectable; y=line detectable; a=absorption line; pf=line partially filled-in by emission; f=line filled-in by emission; e=emission
line; 1: SB2 system, Li EW = 55 v for both components; sini=12 and 7 km 5', AL, =2.7 and 2.62: visual binary, both stars are constituted
by M1V + M3:V components3: SB2,v sin i= 50: and 30: km s*

6745 and 6530-660& with a nominal resolving power of about222143. Out of the 32 X-ray sources optical counterparts we
42000. Almost all integrations have a typical signal-to-noise studied, 31 are cool stars (i.e. not earlier than F0), and, among
the 100 - 150 range. The spectroscopic data reduction was pleese, 14 are variable. For most of these stars the observed vari-
formed by using the IRAF package. After bias subtraction, tlability is likely to be due to the presence of photospheric cool
spectra were flat-fielded by using the spectrum of a quartz lamspots whose visibility, modulated by the star rotation, produces
A Th-Ar lamp was used for wavelength calibration. periodic or quasi-periodic light variations. The observed color
variations, which show the stars to become redder at light mini-
mum, are consistent with this interpretation. We cannot exclude
3. Results the presence of low amplitude optical variability for 12 of the
remaining 17 cool stars in our sample, because the number of
available data (from our observations or from the literature) is
Of the 22 stars included in our photometric sample, scarce. Moreover, in the case of spot-induced variability, it is
new variable stars were discovered: EXO 042220.4+1709m®ssible that some stars may have been observed during an in-
SAO 80493, HD 95976, HD 99900, HD 143271, HD 16760%¢rval in which their light curve exibited a very low amplitude.
HD 234601, HD 170527, HD 334415, BD+16 4908 and HDhe B-type star HD 334415 shows a low amplitude optical vari-

3.1. Optical variability
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ability. The photometric periods have been determined from théth the symbol “:”), and in the case of stars already classified
V-band data both by a Fourier analysis and by fitting sine waviesour previous papers they represent our new best estimate. For
and searching for the minimurg?. The errors in the periods some faint late-type stars (indicated in Table 2 with the symbol
(AP) were estimated from the sine-fitting procedure and arethe only available information useful for spectral classifica-
given by the relatiom’\P = P*/(4r AT), whereAT is the time tion is found in the APM Sky Catalogue (www.aao.gov.au) or
interval between the first and the last observation. in other digitized photographic sky surveys accessible via SIM-
BAD. We used these data to infer preliminary color indices and
V magnitudes. These tentative spectral classifications are much
uncertain, up to several sub-classes. Incidentally, we note that
We computed the projected rotational velogiysini) values most of the V magnitudes listed in the SIMBAD database for
from our high resolution spectra in the Li region by using théne stars indicated in Table 2 with the symhalere obtained
cross correlation taskeXCORR” of the IRAF package. The by Giommi et al. (1991) using B and R photographic plates
obtained FWHMs of the lines are used to estimatevbai and, hence, they cannot be regarded as V magnitudes. When-
(Soderblom et al. 1989). The method was calibrated by usieger multiple spectroscopic classifications are compatible with
six stars of knowrv sinileading to reliable results in the 5-60our data, they are discussed in Sect. 4.

km s~! range. In fact, for values lower than 5 km'sthe in-

trinsic line width is larger than the rotational broadening, whil L

for values higher than 60 knt$ the Gaussian fit we used is not§'5' X-ray luminosities
adequate anymore, as the rotational broadening of the line repneerder to compute the X-ray luminosities of the stars in our
sents a large fraction of the observed spectral range. In partisample we converted into flux the EXOSAT CMA count rate
lar, from the stars HD 82159 B 6ini=6 kms™ '), HD 82159 A using as conversion factdftCF = 1 x 1071Y erg cnt2 in

(13), HD 25457 (17), BD+09 73 (18), HD 171488 (40) and HEhe 0.05-2 keV energy band (see Pallavicini et al. 1988 for
291095 (47) we got the calibration relationsini=0.699 x a discussion about this conversion factor). We also searched
FWHM - 6.820, with a correlation coefficient of 0.98. Theini the ROSAT bright source catalog and, in case of detection, we
errors result of the order of 2 kms™!. Only for HD 334415 give the ROSAT PSPC X-ray luminosity in the 0.2-2.5 keV
we have an error of 5-10 knT$. Further details on this methodenergy band. The conversion from count rates to X-ray fluxes
are given in Tagliaferri et al. (2000). Additional data were older the ROSAT data has been done using the conversion factor
tained from the CORAVEL spectrometer database (Barannef&f'F = (8.31 + 5.30H R) x 10~'2 erg cnm 2 given by Flem-

al. 1979) by using the standard calibrations (Benz & Mayang et al. (1995). The absolute magnitudes(Mvere computed
1984; De Medeiros & Mayor 1999). The resulting errors arfieom the trigonometric parallax obtained by the Hipparcos satel-
of the order of:=1 km s7!, with a few values up ta-3 km lite (Dg). When this value was not available we used the pho-
s~!. Finally a few values of rotational velocities were also ottemetric parallax (g). The adopted distances are reported in
tained from the literature. The rotational velocity data are giv8iables 2 and 3, where the photometric values are marked with
in Table 2. the symbol “:". The precision of the distances measured by the
Hipparcos satellite, which usually are below 10%, are given in
Sect. 4 for each star. Typical errors in the photometric distance
determination are at least of the order of 15-20%.

We performed radial velocity (RV) measurements from our high For the X-ray vsvsiniand X-ray vs. M,; relations, we
resolution spectra to ascertain the single or binary nature of #iteributed the measured X-ray luminosity to the primary com-
stars in our sample. Our results are in Table 3. Unfortunatepgnentin case of SB1 systems, while for the SB2 systems (SAO
we have high resolution spectra for only 13 stars and for mdst215, HD 9902 and HD 334415) the X-ray luminosity was
of them we have got only one spectrum. Details on the methedually divided between the two components.

we used for the RV determination are given in Cutispoto et al.

(1999).

3.2. Rotational velocities

3.3. Radial velocities

3.6. Line equivalent width

We have computed the equivalent width (EW) for the Liy H
and Call H&K lines and have listed the results in Table 2. For
Spectral types are unknown for most of the stars in our samplee stars observed with the McMath telescope, we give the EW
We used our UBV photometry, RVs, intensities of Ca | 6717 the Li line in mA. For the stars observed at S.Pedro Martir,
Aline from our high resolution spectra and the distances listedire just annotate in the list whether the Li line was not detectable
the Hipparcos satellite output catalogue to infer or further co(r) or detectable (y). The latter circumstance should correspond
strain the spectral type and the luminosity class of our targettsan EW of the order of 100 Avor larger. For the i line, for

as described in Cutispoto (1998) and Cutispoto et al. (199Bpth the observations carried out at the McMath and at S.Pedro
We are confident that the spectral classifications derived by WMartir, we have defined four regimes comparing the strength of
quoted method are very reliable, with uncertainties of the ordée line to that of non-active stars of known spectral type. We
of a few spectral subclasses (larger uncertainties are indicateste listed the H line as in absorption (a), partially or totally

3.4. Inferred spectral classification



G. Cutispoto et al.: Studies of cool stars discovered in EXOSAT X-ray images. IV 209
filled-in by emission (pf and f, respectively), or in emission (e?g.50 EID‘ 9?03 =BG FS? -
For the Ca Il H&K lines, for which we only have medium-"" [ v
resolution data, we just report the presence of emission (e)se¢
absorption (a). Finally, from high-resolution spectra, we have | | | | | E
computed Li abundances (A see Table 2) in NLTE, following 870 g - ' 1
the procedure described in Carlsson et al. (1994). We used dbe - .
“corr_nlte” routine made available frofftp.astro.uio.no”. This r 1
routine requires as input data: LTE, F, log g, and [Fe/H]. ®% = = e o e
In the few cases where one or more of the above parameters YEAR
are out of the range allowed by the above mentioned routine o )
(BD+30397A, HD 32199, BD+26 1682 and HD 189733), w ig. 1 H_D 9902 = BG Psc V-band ang-term varl_ablllty; the vertical
list the Li abundance computed in LTE condition. Anyway, thed"™® indicate the peak-to-peak amplitude of the light curves
differences between NLTE and LTE values are always smaller

than 0.1. We have not calculated, Afrom medium-resolution curves. Moreover, by assuming the orbital period as the
spectra, owing to the uncertainty of the measurements of theskéllar rotational period very large stellar radii and a giant
EW from these spectra. classification for both components would be implied, a result
not consistent with the parallax. We also note that one of the
two stars rotates faster, which cannot be attributed to a different
radius. This is a quite unexpected result and could imply that
The results and discussion on the individual stars are newch star is itself a spectroscopic binary.
presented. Our work has benefited greatly from the data
collected by the Hipparcos satellite and presented by PerrymaX0 022427+3045.4 = BD+30 397 a visual binary
etal. (1997). In particular, the trigonometric parallax was oftdiv ,=10.12, V3=12.55) with a separation of about '23
the key parameter to choose between two or more possiblee brighest component (BD+30 397 A = AG Tri) is listed in
spectral classifications. The magnitude difference between the Hipparcos Variability Annex as a variable star with a period
components was very useful in the case of visual binaries arfd9.3784 days and an amplitude of at least 0.1 magnitudes.
the Variability Annex was useful to study some of our targetOur y-band observations carried out in October 1991 show
an almost monotonic increase in luminositAy> 0.045)
EXO 002527.1+6327.5 = SAO 1121% visual binary (ADS over an interval of about 8 days. Previous ground-based
371) with @522 angular separation, magnitude differengghotometry has been obtained for both components by Weis
between the components of 0.43 {¥9.92, V5=10.35) (1991,1993), that probably observed the secondary component
and distance within the 83-167 pc range, as reported by théring a flare event, and by lanna (1979). It is not clear if this
Hipparcos satellite. The two spectral combinations G6V wisual pair is a true binary system (lanna 1979). The colors
GV (d,,=85pc) and G8IV/V + G3V (d,=139 pc) fit well the and the spectroscopic signatures are consistent with a K6V
above characteristics and the observed colors. However, frand an M1/2:V classification for the A and B components,
the spectral signatures the G8IV/V + G3V classification seemespectively. Such classification implieg,&29 pc, that it is
more adequate. Theddis partially filled-in by emission. The not in agreement with the value measured by Hipparcos (39 pc
RV of the primary component seems to be constant. < Dy < 46pc). From the two available RV measurements
(Table 3) AG Tri seems to be single. Its mimimum radius is
EXO013424.7+2026.8 = HD 9902 = BG Psan SB2 RS about0.93 R, that is definitely larger than the typical radius of
CVn-type system already studied by us (Cutispoto et al. 1996K6V star. In our McMath spectra there is a very strong Li line
Tagliaferri et al. 1994). Here we present the collection of theith an EW of about 260 f. From the above characteristics
available photometry, including the observations obtained lwe argue that AG Tri is a K6 PMS star, with a radius of about
the APTCT since late 1992 (Fig. 1). There is a clear evidentR® (d,,=42 pc). AG Tri also shows a variablecHine, that
of a long-term, though small amplitude, variability of thevas seen in strong emission on 20 October 1991, while the
photospheric spottedness. From the Cal line strength and frimthowing night the emission was hardly visible. If BD+30
the vsini computed by Tagliaferri et al. (1994) and inferre®@97 B formed a physical pair with AG Tri, it would be an
from CORAVEL data (121 and &1 kms™! for the two M1/2: PMS with a radius of about 0.74 otherwise it would
components, respectively), the spectral classification and teejust an M1/2: V field star (g=29 pc).
photometric distance are revised to G3V/IV + G4 V/IV and
116 pc, respectively. The trigonometric parallax is listed IBXO 024453.3-0024.9 = SAO 130113 = BY Cehas been
the Tycho catalogue and the distance falls in the 44-85sgiudied by Cutispoto et al. (1996), who discovered its optical
range. The photometric periods computed by us, that fall variability and by Tagliaferri et al. (1994), who classified SAO
the 7.30¢-0.09) - 7.604-0.14) day range, are quite differentt30113 as an SB2 system and measuredia i of 18 kms™!
from the orbital period of 25.364 days given by Baker dbr both components. An orbital period of 2.634 days was
al. (1994), the latter always producing poorly defined lighihdependently found by Duquennoy (1993) and Baker et al.

4. Discussion of individual stars
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SAO 130113 = BY Cet

(1994). Here we revise the two possible spectral classifications >
given by Cutispoto et al. (1996) to G7V + K5:V (=76 pc) **° | v ]
and to KOIV + F6V (g,,=290 pc). Finally, we retain the G7Vo.50 -
+ K5:V classification also on the basis of the,Ml; =0.74 g | E
mass ratio value found by Duquennoy (1993). The khe 960 g ‘ ‘ ‘ | | 1
is partially filled-in by emission, the Ca Il H&K lines are ine70
absorption. Photometric observations of SAO 130113 had been -
carried out both at San Pedro Martir in August 1990 and by th&" - -~ — -~ -
APTCT since late 1992. The collection of the available V-band YEAR

data, which shows clear evidence of a long-term variability of o _
photospheric spottedness, is presented in Fig. 2. The APTE§ 2-SAO 130113 =BY CetV-band long-term variability; the vertical
data are consistent with a photometric period of 2.620.007) bars indicate the peak-to-peak amplitude of the light curves

days. Further photometry of this staris in Cutispoto et al. (2000).

distance of 33 pc results. Griffin et al. (1988) reported that this
EXO041429.5+1206.7has a very strong & emission line system is an SB with a period longer than 5 years. Prosser
(EW~ 6A). For this star we have further spectra, taken at the al. (1995) noted that VA 486 is a visual binary with the
1.52-m ESO telescope for a different program, with aresolutiglo components separated by abotit They also inferred
of about A, from which we infer an M4V classification, in that one of the two stars, although it is not clear which one,
gOOd agreement with the result obtained from the APM Sky an SB with an orbital penod of 2.42 days From these
Catalogue data. pieces of information we infer that VA 486 is indeed formed

by two almost equal SB systems, both constituted by M1V
EXO 042220.4+1709.3 = VA 351a member of the Hyadesand M3:V components. The photometric distance of such

cluster that has also been detected by the ROSAT sateligstem is 47 pc, in good agreement with the trigonometric value.
(Stern et al. 1995). Stauffer et al. (1997) reported that it is an

SB3 system with all components being M-type stars showigKO 045921.5+2425.2 = HD 3219% star observed by the
Ha emission. Moreover, they infer that two of the componens$ipparcos satellite with a measured distance in the 22-61 pc
should be tidally locked with an orbital period of about 3 day$ange_ Such a measurement, in Spite of the quite |arge error,
and that such system should be an eclipsing binary. Fragzood enough to ensure that HD 32199 has not yet evolved
(1996) resolved the two main components, that resulted to haygnificantly from the MS. The star has been observed pho-
an orbital period of about 3.36 years. Pesch (1972) detectgghetrically over a period of eight nights and no sign of
flare and out-of-flare optical variability. Ca Il emission and thgariability was revealed. Two spectra, one in the Fegion
absence of a detectable Li line has been observed by Hartmaag the other, acquired three nights later, in the Li region, were
et al. (1987). A trigonometric parallax of about 48pc hagptained with the McMath telescope. The RV seems to be
been obtained by Hanson (1975) and by Eggen (1989). Quhstant and an upper limit of 3An was obtained for the Li
y—band photometric observations carried out in two differenhe EW. We also got a medium-resolution Spectrum in the Ca
nights (November 1 and 2, 1991) differ by 0.05 magnitudeg,H & K region and no emission was observed. HD 32199 is a
while the ck-c values differ by only 0.006 magnitudes. I8jow rotator, if fact thev siniinferred from the McMath spectra
the spectrum we detectedoHemission (EW~5A) but no s <5 kms™! and it is of the order of 22 kms! from the
signature of the Li line. From the observed colors, the spect@bRAVEL data, which also suggest its SB nature. From the
characteristics and the trigonometric parallax itis Ilkely that t%ectroscopic Signatures we infer a G5V + M:V classification

system consists of a pair of almost identical M3V stars, plug@,, = 63 pc). However, the RV measurements indicate that this
lower mass companion with spectral type M4:V or slightly latestar is not a close binary

EXO 042535.0+1735.2 = VA 486 = V1102 Tawn member

of the Hyades cluster (van Altena 1969) which was al§ox0 051342.5+4547.5 = GL 195a visual binary p~ 3" in
detected by theEinstein (Micela et al. 1988) and ROSAT 1958) with an orbital period of about 300 years (Fischer &
(Stern et al. 1995) satellites. The presence of émission Marcy 1992). It was also detected by the ROSAT (Tsikoudi &
(Stauffer et al. 1991) is confirmed in our spectra, where ggillett 1997) and by the EUVE (Malina et al. 1994; Bowyer et
EW ~3A was measured. The Ca Il H&K lines appear i, 1996) satellites. The presence af Emission was noted by
emission, as reported by Herbig et al. (1986). Photometyauffer & Hartmann (1986), while in our spectra the id fully
and a preliminary spectral classification have been alreaglied-in but never in emission. Several spectral classifications
presented by our group (Cutispoto et al. 1996), that classifigg reported in the literature, with the primary ranging from
VA 486 as a binary system. However, taking into account th@1v (Johnson 1983) to M2.5 (Doyle 1989) and the secondary,
49 pc trigonometric distance obtained by Hanson (1975), theat is about 3.5 magnitudes fainter in the V-band (Bidelman
spectral classification appears somewhat more complicated; §85), ranging from M4V (Bidelman 1985) to M5V (Agrawal
fact, assuming a simple M1V + M4V system, a photometrig: al. 1986). From the parallax measurements and the observed
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colors, we infer the MO/1V + M5:V classification (=13pc), o HD 95‘9755

that results in good agreement also with the masses of the two~ |, ]

components (0.53M and 0.19 M., respectively) computed ;55 |- . ]

by Fisher & Marcy (1992). . s - 1
-0.30 [eg @0 » ° o o @

EXO 073049.3+3156.4a star for which partially filled-in K r ‘ L ‘ ]

line and very weak emission Call K line were observed. No Li 0 05 1

line was detected in our medium-resolution spectra. Photometric Phase
EXO 075329.0+2559.0 = BD+26 1682 star for which a Fig. 3. HD 95976 instrumental y-band light curve for the mean epoch

minimum value for the distance of 27 pc has been obtain% 92.30; phases are reckoned from the photometric ephemeris HID =
. . . 48700.0 + 8.8E
by the Hipparcos satellite. From the spectral signatures and

the B-V we infer a K4:V spectral type. The Li line seems

to be absent or very weak (EW 7mA). The Ha line is in  distance (203 pc), appear in agreement with the Hipparcos data
absorption, while the presence of a very weak Call K emissigi35 pc < Dy < 189 pc), that are better fitted by an FOIV
seems possible. (d,»=164 pc) star. For such a star an inclination angle of about
70° can be computed. Further photometry by Bossi et al. (2000)
EXO080731.0+2758.5 the Hu line appears in emission confirms the photometric period inferred by us. RV variability
and strongly variable in our low-resolution spectra. In fachas been reported by Grenier et al. (1999).
the remarkable emission (EW1A) detected on 21 Oc-
tober 1991, disappeared the next night, when the line wag0 120119.4+4508.3 = HD 104753 star observed by
completely filled-in but notin emission. No Liline was detectetHipparcos (127 pc< Dy < 187 pc). A weak Li line (EW
< 10mA), a partially filled-in Hv and Call H&K absorp-
EXO 085108.9+2025.2 = SAO 80493 star also detected bytion lines were observed by us, but no optical variability
the Einsteinsatellite and studied by Cutispoto et al. (1996jyas detected. The colors are consistent with a G2/3IV star
Here we revise the spectral type to F5V. The correspondi@)h:143 pc). However, from the Ca | line strength we infer
photometric distance of 112 pc is in agreement with the uppge presence of a late-type companion. For the primary
limit of the distance range (88-114 pc) measured by Hipparcegmponent we got thesinivalues of 152 and 193 kms!
Stocke et al. (1991) reportsini of 26+2 kms™', in good  from the McMath spectra and the CORAVEL data, respectively.
agreement with the value inferred by us. Our photometric
observations, carried out in May 1991 over an interval X0 122956.0+2039.8 = 1E1229.9+2039was already
4 nights, reveal low amplitude optical variability with anstudied by Cutispoto et al. (1996). Here we slightly revise the

amplitude> 0.02 magnitude in the y-band. Given the spectrghotometric distance and confirm the presence@#fhission
classification and the sini, the photometric period of SAO (Ew =550 mii).

80493 should be shorter than 2.8 days. Although our few

photometric data do not allow us a precise determination X0 125936.0+1238.5a dMe star already studied by our

the period, they are in agreement with a value shorter than gr6up (Cutispoto et al. 1996) and by Caillault et al. (1986),
days. Caillault (1990), Stocke et al. (1991) and Gizis & Reid (1997).

Here we slightly revise the spectral type and the photometric
EX0110157.4+3831.0 = HD 95976 the C component of the distance as well as we confirm the presence of étnission

visual multiple system ADS 8046. The photometric distangg\w ~ 2.54).

(dpn=72pc) is within the trigonometric distance range (52 pc

< Dy < 99pc). From the RV data reported by Abt (1970):X0 130944.0+3229.3a star also detected by tHginstein

the presence of a low mass companion is possible. From @gtellite (McDowell 1994). It shows a filled-ind4

y-band photometry carried out in April 1992 optical variability

with a photometric period of 88 0.6 days was discoveredex0 132149.3-0203.2 = HD 116544 = IN Vira well-studied

(Fig. 3). (Cutispoto et al. 1996; Cutispoto 1998; Strassmeier et al.
1997; Strassmeier 1997 and references therein) RS CVn-type

EXO112714.2+4632.0 = HD 99900vas discovered by us variable (97 pc< Dy < 136 pc). We detected strong emission

to be a variable star with a y-band amplitude of about 0.4 the core of Ca Il H&K lines. IN Vir has been observed by

magnitudes and a period of 1.1680.02 days. The variability the APTCT since 1993. Arsini of 27+3 has been obtained

is also confirmed in the Hipparcos Variability Annex whergy CORAVEL. Such value is consistent, within the errors,

HD 99900 is listed as an unsolved variable. The spectigith the values listed by Tagliaferri et al. (1994) and by

classification is given as A7IV by Slettebak et al. (1968), th&ftrassmeier (1997). The APTCT data are consistent with a
also listvsini=80 kms!. However, neither the BV and mean photometric period of 8.4®.08 days_

V—I colors of an A71V star, nor the corresponding photometric
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Fig. 4. HD 143271 V-band light curve for the mean epoch 1996.52; TEAR

phases are reckoned from the photometric ephemeris HID = 2449149¢06. HD 167605 V-band long-term variability; the vertical bars in-
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Fig. 5. HD 167605 V-band light curve for the mean epoch 1994.6@g. 7. HD 234601 V-band light curve for the mean epoch 1995.55;

phases are reckoned from the photometric ephemeris HID = 244916 8ses are reckoned from the photometric ephemeris HID = 2449181.0
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EXO 143138.3+3637.8a late-type star for which we detectecheriod of 8.54 0.10 days (Fig.5) and the presence of a
a strong Hv emission line (EW~ 2 A). long-term modulation of the photospheric spottedness (Fig. 6).
Our low resolution spectra of the primary component show
EXO 155625.8+2659.7 = HD 143271 shows weak or no Li no Li line, partially filled-in Hv and Ca Il H&K emission
Iine(EW<5m&) and Hvand CallH & H absorption lines. The lines. The CORAVEL data indicate that the primary com-
colors are consistent with a G4llI classification,(d328 pc), ponentis single with sini= 5+1kms!, whichyieldsi> 60°.
that results somewhat earlier than the spectral type listed in
SIMBAD. Despite the large error (242pc Dy < 521pc), EXO181132.2+4127.7 = HD 16738% star showing quite
the parallax is precise enough to ensure that HD 143271 ia atrong Li line (EW = 65 rﬂ) and Hy and Ca Il H&K
giant. From the May 1991 observations at San Pedro Maibsorption lines in our spectra. There is no indication of optical
we obtained marginal indication of optical variability, whilevariability. From the colors and the spectroscopic signatures we
in April 1992 the star was constant. HD 143271 has beaxfer a G3V + K7:V classification. The photometric parallax
observed by the APTCT since 1993 and optical variability witfd,,=35pc) is in good agreement with the Hipparcos data
a mean period of 27.460.86 days (Fig. 4) and clear indication(32.8 pc< Dy < 34.1pc). We note that our classification is
of a long-term variation of the photospheric spottedness wepeite different from the spectral type reported in SIMBAD,
found. We also measuredrainiof 12 kms™!, which is consis- the latter being inconsistent with;D This star seems to be a
tent with a G4l1l star having a rotational axis inclination 58°.  slow rotator. In fact thessiniis smaller than 5 kms'from
the McMath spectra and of the order a£3 kms~! from the
EXO 181022.2+6939.9 = HD 16760% high proper-motion CORAVEL data.
star also detected by th&insteinsatellite (Stocke et al. 1991).
It has been classified as a K2V + M4V close binary{(1.2') EXO0181511.2+5013.1 = HD 23460la star showing a
by Arribas et al. (1998), that also detectedv Htmission significant Li line (EW =115 nf\) and absorption H and
from the secondary component. Very low Li abundance w&sa Il H&K lines. We found optical variability with a mean
measured by Favata et al. (1993) in the spectrum of the primahpotometric period of 7.350.08 days (Fig.7) and clear
component, that also shows a low rotation rate (Stocke esidence for a long-term variability of the photospheric
al. 1991; Favata et al. 1995). The mean colors are consistgmbttedness. From the observed V-band magnitude ard B
with a K1/2V + M4:V classification (gh,=28 pc). HD 167605 color G2/3V (d, =73 pc) and G1IV (g, = 121 pc) spectral
(30pc< Dy < 32pc) is listed as an unsolved variable in thelassifications are possible. We prefer the dwarf classification
Hipparcos Variability Annex. The observations carried out lyecause it gives a,g rather close to the central value of the
the APTCT revealed optical variability with a photometrigrigonometric range (41 pe Dy < 123 pc). They siniinferred



G. Cutispoto et al.: Studies of cool stars discovered in EXOSAT X-ray images. IV 213

HD 170527 BD+16 4908

I ]

L ] L [ ]
680 o ] 11.00 [ .

L o o0 o 0% L V o L [ ° o |

L “_ o, ] L o ° e °®° . ° ° ]
685 [ o ° * e e 11.05 [*° et e 4

Eo. ﬁk':.o:' ”’.'. E E ' E
6.90 | | L \ ] 11.10 [ | | | -

0 0.5 1 0 05 1

Photometric Phase Photometric Phase

Fig. 8. HD 170527 V-band light curve for the mean epoch 1995'6% .10.BD+16 4908 V-band light curve for the mean epoch 1994.68;

phases are reckoned from the photometric ephemeris HJD = 24491%99%5 are reckoned from the photometric ephemeris HID =2449541.0
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Ha and Ca Il H&K absorption lines. In the high resolution

E | ] spectra the EW of the Li line is smaller than AnFrom the

6.90 | | g observed colors and the spectral signatures we infer a K2V

1 classification, whose photometric parallax,{d18 pc) is in

- 1 excellent agreement with the value measured by Hipparcos

720 B0 e (18.9< Dy < 19.6). We have no indication of optical variability

1990 1992 1994 1996 1998 from our observations carried out in August 1990, while in the

VEAR Hipparcos catalogue HD 189733 is listed as a possible micro

Fig. 9. HD 170527 V-band long-term variability; the vertical bars invariable (i.e. a variable with an amplituge0.03 magnitude).

dicate the peak-to-peak amplitude of the light curves Thevsiniis 4+1 kms™! from the CORAVEL data, and-82

kms~! from the McMath data.

6.80 | =

700 F =

from our high-resolution spectra yields a minimum stelld£XO 202513.7+2809.8 = HD 334413he A component of
radius~ 1 R, consistent with a G2/3V star having-i90°. the triple visual system IDS 20221+2800 (Jeffers et al. 1963).
Components A (HD 334415, V=8.81) and B (BD+27 3728B,
EXO 181915.4+5038.7a late-type star which shows no LiV ~ 11.2) are separated by about’3@omponents B and C
line and a filled-in H. (BD+27 3738C, V~11.3) are about 4 apart. Our uvby
photometry carried out in October 1991 shows clear indication
EXO 182457.6+6448.4 = HD 170523 star showing a strongof optical variability with an amplitude of at least 0.05
Li line (EW = 370 m), a partially filled-in Hx line and Ca magnitudes and possible periods of 2:6008 and 6.8:0.4
Il H& K emission lines. X-ray emission was also detected bgays. This star was classified as B8 by Nesterov et al. (1995).
ROSAT (Kolman et al. 1993). HD 170527 (146 pcDy < In our medium-resolution spectra thexHine shows a large
177 pc) is listed as an unsolved variable (6:81<6.87) in profile with narrow central absorption, typical of the Be-type
the Hipparcos Variability Annex. The APTCT revealed opticatars. Our high resolution spectra show that HD 334415 is an
variability with a mean photometric period of 25:6.9 days SB2 system and from the strength of the He | 6678 lines we
(Fig.8) and clear evidence of long-term variability of thénfer a B5:Ve + B6:Ve classification.
photospheric spottedness (Fig.9). Further photometry is in
Gunn & Stryker (1983), who classified HD 170527 as a G5I#X0 231752.9+1630.9 = BD+16 490®as already studied by
star, but such a classification is not in agreement with /e Cutispoto et al. (1996), who inferred its binary nature. Here we
gotvsinimeasurements of 22 kms™! and of 24t2 kms™!  revise its spectral type to KOIV + F5V fg=586 pc) and note
from the McMath and CORAVEL spectra, respectively. Ththat also a system G5V + K2V fg= 181 pc), whose primary
CORAVEL data also indicate that HD 170527 is single. Theomponent is in very good agreement with the classification
vsinivalues lead us to compute a minimum stellar radius bfted in SIMBAD, fits equally well the observed colors. We
the order of 10 R. Hence, this star is not on the MS, in facfind evidence for optical variability (Fig.10), with a period
a G9:lll classification (g,=150 pc) would fit reasonably well in the 2.27-0.01 - 2.472-0.01 day range, and for long-term
both the observed colors and,DFinally, we note that the high variability of the photospheric spottedness (Fig. 11). Strong Li
rotation rate and the strong Li line we observed are both prelitye and partially filled-in Hv line were also detected by us.
unusual for a single giant star, therefore we propose that HD
170527 is a PMS star. EXO231827.4+1658.7 = HD 220091a star, classified as
A9lll in the SIMBAD database, also detected by the ROSAT
EXO195834.1+2234.6 = HD 189733 high proper-motion satellite (Simon et al. 1995). Our observations shawerd Ca
star. Our medium-resolution spectra reveal the presencelldil & K absorption lines and no Li line. In the Hipparcos cata-
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ern sample (Tagliaferri et al. 1994). The solid line represents the L
. ysini relation which was fitted to the sample (logL= 28.3 +

logue a 62-70 pc distance range is reported, and the star is Iis\JiS logvsini

as a possible micro variable. Our photometric observations
carried out at San Pedro Martir in August 1990 show an almostsz ‘ =
constant luminosity. Only one observations showed the starsl; ’ ]
almost 0.04 magnitudes fainter than in any other. The observgd g
colors (Oja 1983) are best matched by an FO/1 star and thé’ ¢
distance by a luminosity class IV or IV/V. We exclude the A9IIFS 20 |-
classification that would imply a photometric distance of 116 pc. ,5 |-

s ! ! ! 4

EX0 233530.1+4555.4 = HD 22214& high proper-motion 32 34 36
star, also detected by the ROSAT (Huensch et al. 1998) and log Lbol

EUVE (Bowyer et al. 1996) satellites, for which the metamdt}!&ig. 13.EXOSAT X-ray luminosity vs. bolometric luminosity; symbols

[m/H]=0.02 was measured by Carney et al. (1994). The colgfg as above. Note the strong correlation that is present also bewteen
reported in the Hipparcos catalogue and by Oja (1991) are c@i- and Ly, (logLx = 8.58 + 0.63109 l.:)

sistent with those of a G3/4V star, whose photometric parallax
(dp,n=23pc) is in excellent agreement with the trigonometric
value (22.7pc< Dy < 23.6pc). In August 1990 and Octo-star, which depends on the star’s surface. In fact, in a regime
ber 1991 we revealed optical variability, with an amplitude @jf “saturation”, the level of activity per unit area is constant
about 0.02 magnitudes in the y-band and a tentative period(bécause at the maximum level) and the total stellar activity can
7.5+ 0.6 days. This low amplitude variability is confirmed ironly be increased by increasing the stellar surface (and not the
the Hipparcos catalogue. Our low resolution spectra revealegtar rotation). A flux-limited X-ray selected sample of late-type
weak Li line, and kv and Ca Il H&K absorption lines. From stars should preferably contain stars close to this upper limit.
our high resolution spectraothe RV appears to be constant, &ith our data we can now check if this is also true for the
we measured an EW of 50Arfor the Li line. EXOSAT sample of cool stars. We considered the 17 stars in
our Northern sample (we excluded the B star from this analysis)
plus another 22 stars from the Southern sample (Tagliaferri et
al. 1994) for which we have determined theini. In Fig. 12
Although our sample is quite heterogeneous, some interestimg plot the X-ray luminosities against the projected rotational
results can be drawn. First, we have observed 16 stars, widlocities. Although there is a large scatter at any given values,
spectral types from F to M, for which no extensive photometprobably also due to the hetereogeneity of our sample, a clear
devoted to optical variability studies had been previously oberrelation is apparent, as expected. By considering a simple
tained. We have indeed detected variability for 10 of them. THigear fit we obtain a coefficient of r=0.64 for 39 points (the null
is alower limit, butitis already a significantly high fraction. Thénypothesis can be rejected with a confidence level higher than
periods so far determined are all between 1 and 28 days, andale99).
amplitude of the detected variability is typical of spotted active In Fig. 13 we plot the X-ray luminosities against the bolo-
stars. The rotation rates are much larger thafirformal” stars metric luminosities. Again, a clear correlation is apparent, with
of the same spectral type, consistently with the expectation thdinear correlation coefficient of r=0.66 for 49 points (also in
active coronal sources are also fast rotators (Pallavicini et thiis case the null hypothesis can be rejected with a confidence
1981). level higher than 0.999). Thus, we confirm the existence of a
The level of activity in cool stars is linked to their rotatiorcorrelation between the stellar rotation rate and activity level
rate up to d'saturation” level (Fleming et al. 1989a; Staufferand also between the X-ray and the bolometric luminosities for
et al. 1994; Randich et al. 1996). Namely, there seems to dui sample of X-ray selected active stars. These stars are likely
an upper limit to the coronal activity exhibited by any late-typelose to their activity saturation level.

5. Discussion and conclusions
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