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Abstract. We present first results of a spectroscopic study of this work comprising 674 RASS sources contained in six
lithium absorption lines in late-type stars at high galactic latstudy areas has been given by Zickgraf et[al. (1997, hereafter
tude. The investigated stars were identified previously as opti€aper I1). The complete catalogue of identifications is published
counterparts of ROSAT All-Sky Survey sources. They are coimAppenzeller et all (1998, hereafter Paper IlI).
tained in a complete X-ray count-rate limited representive sub- Using the absorption feature of the lithium resonance dou-
sample of the RASS which was completely optically identifielet atA6708A as age indicator, the study of high galactic lati-
by our group. No selection criteria other than requiring RAS&de samplesk| > 20°) of F to K type stars fromthe EINSTEIN
count rates larger than 0.03 cts'swere applied. The stars areExtended Medium Sensitivity Survey (EMSS), e.g. by Favata
located at galactic latitudés'/ | between 28and 45 inanarea et al. [1993), had shown that a large fraction of these X-ray
~ 20° south of the Taurus-Auriga star forming region. In thective stars are in fact relatively young, i.e. comparable to the
sample of 35 stars with spectral types between KO and M5 weeiades, and hence considerably younger than 1 Gyr. Some of
found 9 stars with significant L6708 absorption lines, 8 K them, surprisingly, are even pre-main sequence (PMS) objects,
stars and 1 MO star. No lithium was found in stars with spectiig. younger than the Pleiades. The sky areas investigated by us
types later than MO. The Liequivalent widths (corrected forfor the optical identification programme (cf. Paper I1) are also
the contribution of Fe) are between-150 mA and~400mA.  at || 2 20°, away from known star forming regions (SFRs).
The lithium strength of these stars is consistent with ages on thean intermediate resolution spectroscopic follow-up investi-
order of 10-30 Myr. These stars are still in a pre-main sequenggtion of F to early K type stars from our RASS sample we
evolutionary stage, and belong to the weak-line Tauri stars. detected relatively strong Labsorption lines in a considerable
fraction (=10%) of the investigated stars. This indicates that

Key words: surveys — stars: formation — stars: late-type — staksimilar to the EMSS sample studied by Favata et al., also our
pre-main sequence — X-rays: stars ROSAT sample appears to contain very young, possibly PMS
objects (Zieglelr 1993, Paperll) despite its location at Hégh.

The existence of PMS objects far from the galactic plane
1. Introduction becomes even more important for the understanding of star for-
mation, if recent results on the spatial distribution of weak-line
W Tauri stars (WTTS) are considered. Various studies demon-
. : 7 o 0 Strated that this class of PMS stars extends far beyond the limits
typically with ages ofs 1 Gyr. At[b™"] < 20, ~ 85% of all f the star forming molecular clouds. Examples are provided by
ROSAT All Sky Survey (RASS) sources were found by Motc e Chamaeleon SFR (Aléakt al 1995, Covino et &l. 1997)
et al. (1997) to be active coronae. At high galactic Iatitudﬁ1e Lupus SFR (Wichmann et &l 1996. 1097, Krautter et 1a|.

) 17 o . -
he. at|b”’| 2 20°, an extensive study of a count-rate !|m|te 1997), and an area south of the Taurus-Auriga SFR (Blestr
sample of RASS sources carried out by our group yleldedelalaI 1995 1997, Magagzt al[1997)

significantly smaller fraction of- 12% to ~ 65% stellar X-ray One of our studv areas. which is desianated area 1 in Pa-
emitters, depending on the location in the sky, of which many if ur study » Which | '9 !

i . . . per |l overlaps with the region studied in the above mentioned
not most are likely to be active coronae. A detailed descnptlﬁl&/estigaﬁons by Neuduser et al (1995, 1997), and Magazz

Send offprint requests 1&-.-J. Zickgraf et al. (1997). Their search for PMS stars in this region of the

The stellar component of the soft X-ray sky at high and lo
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sky which is located at a rather large distance from the actigl Stocke et al.[(1991). We obtained low resolution spectra
star forming molecular cloud resulted in the detection of ngA\ ~ 3 — 4,&) for 37 stars with spectral types KO and later
merous previously unknown PMS stars. Based on these resatt85 RASS source positions. The two RASS sources not ob-
we may expect to find PMS stars also in our RASS sampleserved are RXJ0330.7+0305 and RXJ0336.7+0035. The first
area |. For their study the mentioned authors used a selectidnject has been observed by Magagt al. [199[7) who found
method developed by Sterzik et al. (1995). It is based on certaim Li1 absorption in both components of a spectroscopic bi-
assumptions about the X-ray characteristics of PMS stars. ey, RXJ0330.7+0306N (K5e) and RXJ0330.7+0306S (K7).
selection was applied in order to increase the detection prob&e second object is the RS CVn star V711 Tau.
bility of PMS stars. The sample created in this way contained
predominantly spectral types early G to mid K (e.g. Magdeaiz .
al.[1997) mainly due to the optical brightness limit of their samgi Observations
ple. In contrast to these studies, however, we did not pre-selght stars of the sample described above were observed during
RASS sources for our optical identification programme by athree observing campaigns, Sep. 20-23, 1996, Jan. 31 - Feb. 3,
plying any X-ray selection criteria or optical brightness limits1997, and Jan. 2-7, 1998, at the 2.2m telescope of the Calar Alto
with the exception of the requirement that the RASS count ragbservatory, Spain. For the observations the focal reducer cam-
was larger than the completeness limit of 0.03 cts@f. Pa- era CAFOSwas attached to the telescope. In 1996 and 1997
per II). Our sample is therefore unbiased with respect to X-r@ye instrument was equipped with a LORAL-80 264848
properties. pixel CCD chip with a pixel size of 1&m. In 1998 a SITeld
In order to study the age distribution of the late-type coron2048x 2048 pixel CCD chip with 24m pixel size was used.
emitters in our high galactic latitude RASS sample we started 8pectra of the wavelength range 4800-7A5@ere obtained
observing programme for the investigation of the absorption (grism green-100) with a linear dispersion of A@x—! and
line. In this paper we present first results for study area I, i.e2alApx—! with the LORAL and the SITeld CCD chip, re-
region of the sky in which PMS stars have already been fourgphectively. With the Loral chip the measured spectral resolution
Further results of this ongoing investigation on the remainirghieved with a 0.7slit was 3.2&(FWHM). The SITeld chip
five study areas will be given in a forthcoming paper. In Secnd a 1 slit yielded a spectral resolution of 432Wavelength
[@ the sample is presented. The observations are describedailibration was obtained using He and HgRb lamps yielding an
Sect[B. The results given in Selct. 4 are discussed in Bectinfernal accuracy of 0.1 px, i.e, ~ 0.15 to 0.2A, depending
Conclusions are finally given in Sett. 6. on the CCD chip used. For flat-field correction spectra of the
dome illuminated with a halogen lamp were recorded. The data
were reduced with the standard ESO-MIDAS imaging process-
ing software package. The signal-to-noise rag/{) of the
Study area | is located about28outh of the Taurus-Auriga spectra at 6708 is typically 80 to 120. According to Cayrel
SFR and about just as far to the west of the Orion SFR. T{i288) this yields an approximate uncertainty of Ehe equivalent
12° x 12° area is centred omR.A.(2000.0) ~ 3"40™ and widths of oy ~ 1.5v/Fd (S/N)~! ~ 25 — 60mA, with F
DEC(2000.0) ~ +3°. The galactic latitude is betweer28° being thef:WHM (§.2A and 4.2A, respectively) and pixel
and-45°. The location of our study area and of the region irsized (1.3A and 2.1A, respectively).
vestigated by Magazzu et dl. (1997) is depicted infrig 1. 65 of
the 100 RASS sources in this area were identified as stellari(-Results
ray emitters (cf. Paper Ill), including 37 RASS positions with"
K and M type stars. The remaining 28 stellar counterparts wefbe Hx egivalent widths measured from our spectra clearly
identified with stars having spectral types earlier than KO. Indicate that no classical T Tauri stars (CTTS) are present in
two RASS error circles two stars were found which both coutslir sample. The emission-line equivalent widths are all smaller
contribute to the observed X-ray flux. They are counted indivithan |V | ~ 10 A, whereas CTTS typically showddemission
ually here (cf. Tabl€]l). Of the 21 K stars 18 are KO-K6 starbnes stronger than this limit. The ddemission line strengths
of which 6 are listed as Ke stars in Paper Ill, and 3 are dK7are more indicative of WTTS. In nine cases we found even H
9e stars. Eighteen stars have spectral types later than K9 akb$orption lines.
which are dMe stars. In order to identify Lit absorption features, the wavelength
The relevant data of all 39 stars are summarized in T8bledf.the absorption line of Ce\6718A and of possible absorp-
Spectral types and X-ray fluxes were taken from Paper lll. \fion features around 6768wvere determined. If this difference
sual magnitudes are either from the HubBaide Star Cat- deviated less thatt0.6A i.e. less than 3, from the difference
alogue(GSC) (Lasker et al. 1988) or from Paper Il for starsf the laboratory wavelengths, the absorption feature at 8708
fainter than the limit of the GSC. The GSC magnitudes weveas considered to be at least partly due to. M/e found nine
colour transformed using the colour coefficients given by Rusases with an absorption feature which we ascribed toAll
sell et al. [(1990) and thé — V' colours of main sequencestars with Lit absorption have spectral types earlier than M1.
stars for the corresponding spectral type. The ratio of X-r&he spectra normalized the estimated continuum are displayed
to optical flux, f,/ fv, was calculated with the formula givenin Fig.[2. They were shifted to the rest wavelength frame us-

2. The observed sample
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Fig. 1. The area studied by us is enclosed by the solid line rectangle. The larger area studied byunagh42997) is marked by the dashed
line. M and K0-K9 stars are plotted as circles and squares, respectively. Filled symboles are plotted for stansab@hrpiion lines. Ke and

Me stars are additionally marked with a cross. kh&ymbols denote the locations of stellar X-ray emitters identified in the study area with
spectral types earlier than KO. Galactic latitudés = —30° and—40° are indicated by the dotted lines.

ing the emission line of H if present or Ca\6718 otherwise. of Fer at A6703,6705,6710, and 6713 is indeed important
The wavelength region around 1i6708A of the same stars is for early to mid K stars, decreasing in strength towards late K,
plotted in an expanded scale in Higy. 4. and negligible for M stars. The latter confirms the conclusion
The equivalent widths of the absorption featuresgitog of Favata et al. who found spectra of M stars with a resolution
were measured by fitting Gaussian profiles and integrating fig that of our data adequate for the determination of lithium
fitted profiles. The results are listed in TaBle 2. For those casegfyndances.
which the Wavelength shift was too large or in which no features |n order to correct the observed equivalent widths of the
stronger than-60 mA were present, which is the appr0X|matQietected absorption features 708 for the contribution of
detection limit, we list an equivalent width %, (A6708) < the Fe lines we fitted multiple Gaussian line profiles to the
60 mA. observed spectra. An example is shown in Eig. 3. The observed
Recently, Favata et al. (1997) compared high and low rdste profile was fitted by the superposition of Gaussian profiles
olution spectra of late-type stars and found rather large uncar Li 1 6707.84\ and for Fe lines with central wavelengths
tainties of the measured low-resolutioniléquivalent widths A = 6703, 6705, 6710, 6713A and fixed relative intensities. The
for several G-K stars. Likewise, Covino et al. (1997) comparétkr line at 6707.44\ was not taken into account because in K
high and low resolution Li equivalent widths and derived ra-stars it is weakJ/¥/, < 20 mA (e.g. Pallavicini et al[_1987).
tios of W (high) — W (low) /W (high) of up to 2.5. This effect The strength of the Felines was adjusted relative to the Ca
is to a large part due to the problem of separating thelihe 6717. 69A line which was also included in the fit. The relative
from other absorption lines near this wavelengths. Particuladirengths were estimated from the spectra shownin Covino etal.
for the G stars they can contribute a significant fraction of afff997) and Gaie Lopez et al[(1994). Witlh. being the central
sorption to the absorption line profile observed with low resolline depths measured in units of the continuum flux, ratios of
tion. Comparison of our spectra with higher resolution spectfgFeiA6703)/1.(Cai\6718) ~ 0.3 gave good fit results for
of late-type stars in the Pleiades andhiPerseus obtained bythe early to mid K stars. For the later spectral types the strength
Garda Lopez et al.[(1994) and in the Chamaeleon SFR disf Fer\6703 was reduced te: 0.15 to 0.2x Cai\6718 for late
played by Covino et al. show that the contribution of the linds and 0.05 to 0.k Cai\6718 for MO. We finally estimated the
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Table 1.Basic data of the sample of late-type X-ray emitters in study area | with spectral types KO and later. Spec&& gmeX-ray flux
fx in the ROSAT band (0.1-2.4 keV) in 0% erg s cm~2 were taken from Paper IlI; for the visual magnitudesee textlog( fx/fv) was
calculated from the relation given by Stocke etlal. (1991).

Star SP V[mag] fx log(fx/fv) Comments

RXJ0328.2+0409 KO 9.6 49.3 —2.09 SAO 111210

RXJ0330.7+0305 K1 11.0 49 -—2.54 Magazi et al. [1997): RXJ0330.7+0306N, K5e
RXJ0331.1+0713 K4(e) 10.9 16.4 —2.06 Paper Ill: K4e

RXJ0331.4+0455 M4e 135 50 -1.52

RXJ0336.5+0726 KO 11.1 52 —247

RXJ0336.6+0329 M5e  13.7 29 -1.66

RXJ0336.7+0035 K1 5.7 837.9 —2.42 V711 Tau, RSCVn

RXJ0337.9-0230 Mle 5.1 no photometry available, Paper Ill: MO
RXJ0338.7+0136 K5e 10.8 3.7 —-275

RXJ0338.8+0216 K4 8.8 13.8 —2.97

RXJ0339.9+0314 K2 12.0 22 —248

RXJ0341.4-0013 K3 9.6 no photometry available, close to HD22993 (AO star)
RXJ0342.6+0606 M4e  16.8 6.2 -0.14

RXJ0343.9+0327 K1 9.0 23 -3.67

RXJ0344.8+0359 Kle 12.4 28 —2.23 cf. Neutauser et al[ (1995)

RXJ0347.1-0052 K3 12.1 19 —-250

RXJ0347.3-0158 M3e 115 27.2 -1.61

RXJ0347.4-0217 K7e 4.8 no photometry available

RXJ0348.9+0110 K3(e) 10.7 54 -2.62

RXJ0350.4+0528 M3e 14.0 35 -—1.50

RXJ0355.2+0329 K3e 11.6 3.0 -253

RXJ0356.8-0034 K4e 12.9 26 —2.06

RXJ0357.4-0109A M3e 11.5 2641 -—1.16 GJ157A

RXJ0357.4-0109B K5 8.0 261 -3.01 GJ157B

RXJ0358.1-0121 K4e 11.8 24  -2.53

RXJ0358.9-0017 K3e 11.4 19 277

RXJ0403.3+0639 M4e  15.6 27 -0.96

RXJ0403.8+0846 K9e 12.6 44 —-1.95

RXJ0405.6+0140 M3e  15.6 31 -0091

RXJ0405.6+0544 M3e 128 9.6 —1.52

RXJ0405.9+0531 M3e 155 27 -1.02

RXJ0406.8+0053 K8e 12.6 29 -213

RXJ0408.6+0334 MOe 119 6.0 —2.07

RXJ0411.5+0235A M2e 418 no photometry available, SW star of close pair
RXJ0411.5+0235B M2e 4's no photometry available, NE star of close pair
RXJ0413.4-0139 M4e  13.9 56 —1.34

RXJ0416.2-0120 M3e 16.0 23 -0.87

RXJ0417.2+0849 M4e 14.2 74 —1.10

RXJ0417.8+0011 MOe 12.0 57 —2.06

T total X-ray flux of both components, A and B

total equivalent widths of th&6708 A feature and the correctedfit procedure was carried out for all stars with spectral types KO
Li 1 equivalent from the fitted Gaussian profiles. For the totad MO. For later types the inceasing strength of the molecular
equivalentwidth the Liline and the Felines at 6703, 6705, and absorption bands does not allow a meaningful fit of the metal
6710A were taken into account. The results are listed inTab.2lines and was therefore not attempted. However, none of the
columnW, (A6708) andW, (Li 1), respectively. The correction objects later than MO showed evidence for an absorption feature
factors derived in this way are in very good agreement with tle\6708A. For these stars we list an upper limit of 6@nfor
directly measured factors of Covino et al. (1997) for stars bbth, W (\6708) andW,(Li 1).
similar spectral types. Test calculations with different kee
strengths and different continuum levels showed that equivalent RXJ0344.8+0359 had already been found by Neusder et
widths smaller thar: 60 mA were notsignificant. Inthese casesl. (1995) to show Li absorption. They measured an equivalent
we listan upper limit of 60 i for the Li1 equivalent width. The width of W (Li 1) = 310 mA from a spectrum with a resolution

of about 1A. This star was observed by us in order to check
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Table 2.Results of the spectroscopic observations. The equivalent widths afélgiven inA (negative sigh meaning emission). The equivalent
widths of the absorption feature at the wavelength@?08A and the resulting equivalent width of Li6708A corrected for the contribution
of Fer lines are given in R. In 20 cases a significanis708A feature was found of which 9 require a contribution of A6708A stronger than
60 mA. Lithium abundancekg N (Li) were obtained from the curve-of-growth by Pavlenko efal. (1995) and Pavlenko & Ma{Ba36).7.«

(K) values are from de Jager & Nieuwenhuijzén (1987).

Star SP Teorr Wix(Ha) WA(6708&) Wi(Lit) log N(Li) Comments
RXJ0328.2+0409 KO 5150 +1.9 340 180 +2.6
RXJ0331.1+0713 K4e 4540 —0.9 540 410 +2.9
RXJ0331.4+0455 M4e 3288 —4.2 < 60 < 60 < —0.6
RXJ0336.5+0726 KO 5150 +1.5 245 < 60 S +1.9
RXJ0336.6+0329 M5e 3170 —9.7 < 60 < 60 S —0.8
RXJ0337.9-0230 Mle 3664 —-2.7 < 60 < 60 < —0.1
RXJ0338.7+0136 K5e 4405 —1.2 200 < 60 S +1.0
RXJ0338.8+0216 K4 4540 +0.8 150 < 60 S +1.2
RXJ0339.9+0314 K2 4833 +1.8 290 140 +2.0
RXJ0341.4-0013 K3 4690 +1.3 300 < 60 S +14
RXJ0342.6+0606 M4e 3288 —1.0 < 60 < 60 S —0.6
RXJ0343.9+0327 K1 4989 +1.9 270 < 60 < +1.8
RXJ0344.8+0359 Kle 4989 —0.3 480 250 +2.7 1)
RXJ0347.1-0052 K3 4690 +1.4 260 < 60 S+1.4
RXJ0347.3-0158 M3e 3404 -3.2 < 60 < 60 < —0.4
RXJ0347.4-0217 K7e 4150 —-2.7 100 < 60 S 0.7
RXJ0348.9+0110 K3(e) 4690 +0.2 480 250 +2.3 2
RXJ0350.4+0528 M3e 3404 —5.2 < 60 < 60 < -04
RXJ0355.2+0329 K3e 4690 —2.5 530 350 +2.7
RXJ0356.8-0034 K4e 4540 —0.2 330 S115: S +15 ?3)
RXJ0357.4-0109A M3e 3404 —2.2 < 60 < 60 < -04
RXJ0357.4-0109B K5 4405 +0.8 135 < 60 S +1.0
RXJ0358.1-0121 K4e 4540 —0.7 510 310 +2.4
RXJ0358.9-0017 K3e 4690 —1.2 530 265 +2.4
RXJ0403.3+0639 M4e 3288 —4.8 < 60 < 60 S —0.6
RXJ0403.8+0846 K9e 3941 —1.4 120 < 60 <404
RXJ0405.6+0140 M3e 3404 —5.9 < 60 < 60 < —-04
RXJ0405.6+0544 M3e 3404 —9.5 < 60 < 60 S —04
RXJ0405.9+0531 M3e 3404 —5.6 < 60 < 60 S —04
RXJ0406.8+0053 K8e 4046 —2.1 80 < 60 < +0.5
RXJ0408.6+0334 MOe 3837 —2.1 < 60 < 60 < +0.2
RXJ0411.5+0235A M2e 3524 —3.0 < 60 < 60 S —0.3
RXJ0411.5+0235B M2e 3524 -2.1 < 60 < 60 < —0.3
RXJ0413.4-0139 M4e 3288 —9.0 < 60 < 60 S —0.6
RXJ0416.2-0120 M3e 3404 -538 < 60 < 60 S —04
RXJ0417.2+0849 M4e 3524 —8.2 < 60 < 60 < —0.6
RXJ0417.8+0011 MOe 3837 —2.4 445 380 +1.7

(1) Neutauser et al. (1995)¥, (Li 1) = 310 mA
(2) Ha partly filled-in by emission
(3) wide absorption feature AB708A, possibly with contribution of LiA6708A

consistency of our results with similar studies. The correctedhission lines weaker than 10A. In three cases H appears
equivalent width ofi¥/, (Li 1) = 250 M is in good agreement even in absorption.
with that reported by Netduser et al/ (1995).
The equivalent widths of the Labsorption lines determined

_ ) as described above are plotted in Hifj. 5 as functiofT.gf.
5. Discussion Included in this figure are the upper envelopes of the measured
Li 1 equivalent widths for the Pleiades (age80 — 100 Myr)
and IC 2602 (age- 30 Myr). These curves were adopted from
Our observations showed that 9 of the 35 observed stars of aXealauser et al. (1997). For the Pleiades the upper and lower
| exhibit significant Lit absorption lines. These stars exhibit H lines refer to rapid and slow rotating stars, respectively.

5.1. Age of the lithium-rich stars
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1.0 i) RXJ0417.8+0011, MOe Fig.3. Sections of the spectra of the lithium-rich KO star

RXJ0328.2+0409 and of a K3 star showing no lithium,
L ‘ ‘ 4 RXJ0341.4-0013, around the line of LA6708. The observed
c e b b b L1l spectra are plotted as solid lines. The different components of the

6550 6600 6650 6700 6750 multiple Gaussian fit discussed in the text are overplotted. The dotted
line shows the contribution of the four Flnes to the total fit which is
A [A] shown as the lower short-dashed line and which includes the lines of

Li 1, Fer, and Ca. The upper long-dashed line represents the resulting
Fig. 2.Sections of the spectra between 6500 and 88ffithe nine stars residual Lir absorption feature from which the corrected equivalent
showing significant LiA6708 absorption lines. The spectra have beeidth of Lit was derived.
rebinned to the rest wavelength frame and normalized to the continuum.
The tick mark at the bottom of the figure indicate the wavelengths of
Li 1A6708 and Ca)6718. The wavelength region around thelline With log N(Li) ~ 2 — 3 the lithium abundances of the K
is shown in more detail in Fifl 4. stars in area | are close to the cosmic valubgfV (Li) = +3.2.
The M type stars on the other hand definitely show much lower
Li abundances. With cosmic lithium abundances these stars are
expected to exhibit Li absorption lines with equivalent widths
The equivalent widths of Li\6708A can be converted to of the order of 600 to 12004 for early to late M spectral
lithium abundances by using e.g. the curves of growth putype. Lines with this strength would be easily detectable in our
lished recently by Pavlenko et &l. (1995) firy < 3500 K and low resolution spectra. We derived upper limitslog N (Li)
Pavlenko & Magazz (1996) forT.z > 3500K. Thelog N(Li) of < 0. The only M star exhibiting Li absorption is the MO
values given in Tablg]2 onlag N (H) = 12 scale, were derived star RXJ0417.8+0011. Its lithium abundancexi$.7. Taking
from the respective NLTE curves of growth flog g = 4.5. For  the upper limits fodog /N(Li) into account, it appears that the
the conversion of spectral typelby we applied the temperaturelithium depletion of the M stars is more thas8 dex, except for
scale of de Jager & Nieuwenhuijzén (1987) for luminosity clag$XJ 0417.8+0011 for which the depletion is only 1.5 dex.
V using the corresponding values given in Table 6 of Mart  Forthe lithium-rich stars atrend for larger lithium equivalent
et al. [1994). The estimated uncertaintiedgf are on the or- widths with increasing strengths ofoHs indicated. However,
der of AT, ~200K. Taking this and an error &¥,(Li 1) of no correlation of the lithium abundance with the strength aof H
~ 60 mA into account the estimated uncertaintylog NV (Li) seems to be present. Obviously, the correlation of the equivalent
is on the order of 0.3 to 0.4 dex. We converted the Li equivaddth of Ha with T, present in our data cancels the curve-
lent widths for the stars in IC2602 observed by Randich et af-growth dependence of the lithium abundanceZap and
(1997) to Li abundances in the same way. They can therefd#g (Li 1). Likewise, no correlation ofV(Li 1) with the X-ray
be directly compared with the results for area I. flux appears to exist.
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Fig. 5.Equivalent widths of Lithium versuB.x for stars with sgnificant

Li 1 absorption lines, i.d4 (Li 1) = 60 mA. The open square is the Li
equivalent width of RXJ0344.8+0359 measured by Neiger et al.
(1995) from a higher resolution spectrum. The dotted lines represent
the upper envelopes of thi&gs — log N(Li) relation for rapidly and
slowly rotating stars, respectively, in the Pleiades. The dashed line
correspondingly is the upper envelope for IC 2602.

flux

rel.

and even in IC 2602 is also evident in Hig. 5, although for the
early K stars an overlap with these clusters is present.

Model calculations show that in low-mass stars lithium is
destroyed very fast. Recent results for evolutionary tracks of
PMS stars by D’Antona & Mazzitell[ (1994) demonstrated that
at stellar masses around 0.2 to RL8,, corresponding to spec-
tral types of M5 to KO, respectively, lithium has disappeared
at an age oks 1 — 2107 yrs. Stars with higher masses, i.e.
earlier spectral types than KO, on the other hand, preserve a
ol L Ly 0 01 large fraction of lithium even after £0yrs when these stars
6680 6700 6720 6740 have already reached the zero-age main sequence. [0 Fig. 6 we

have included isochrones from D’Antona & Mazzitelli (1994)
wavelength [A] for Kurucz-Rogers & Iglesias opacities and MLT convection.
Given the uncertainties of the location of the isochrones (cf.
the discussion in D’Antona & Mazzitelli 1994) the absence of
ithiumin the later M-type stars and the presence of lithiumin the
stars suggests an age of the lithium rich stars-eR2 107 yrs.
The lithium-rich MO star could be even younger tharf 6.
Using Canuto & Mazzitelli (CM) convection models or Alexan-

In the upper panel of Fid.] 6 the lithium abundances ant¢r opacties (cf. D’Antona & Mazzite(li 1994) would somewhat
the estimated upper limits, respectively, are plotted over thbange the location of the isochrones, however, not affect our
effective temperature. Also included are the lithium excess stamnclusions onthe age ofthe stars. The comparison with IC 2602
discovered by Netduser et al[(1997) in the same sky area &ower panel of Figl ) leads to a similar result, namley an age
studied by us. The trend of tHEg — log N(Li) dependence of less than or equal te- 30 Myr. In particular, the lithium-
suggests that significant depletion starts to occur around leité M star seems to be younger than IC 2602. In any case, the
K- early M, i.e. at temperatureS 4000 K. In the Pleiades and lithium-rich stars found in our sample appear to be significantly
the o Perseus cluster significant Li depletion starts at mid punger tharl0® yrs, after which early K stars have reached the
i.e. at higher temperatures of 4500K (Garda Lopez et al. main sequence.

1994) suggesting a younger age of the lithium rich stars in our
sample than of the Pleiades am&erseus stars. The lower pan 2
of Fig.[d shows that the Li abundances of IC 2602 and area |
are comparable. The trend for the later-type K stars to exhiBib important question is whether we see an excess of young
lithium lines close to or stronger than the limits in the Pleiadesars with respect to standard models for galactic stellar distribu-

Fig. 4. Spectral region around LA6708A0f the stars a) to i) displayed
in Fig.[2. The dashed vertical lines mark the positions af\6i708 and

of Car\6718A, respectively. Also shown are the total fit (dotted lines
and the fitted contributions of IA6708 A (dashed lines).

. Comparison with galactic distribution models
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L e ) B per square degree fof! = 30°. Taking a small decrease of
KO K5 K7 MO M5 ~ 10% of the surface density withinto account (cf. Table 4 in
- Guillout et al 1996) we expect in area40.096 deg 2.

In the youngest age bin, 0-0.15 Gyr, 0.060 stars pef deg
are expected according to the model. We found 8 lithium rich
K stars which belong to this age bin, and which comprise 40%
of the total number of K stars. Their surface density thus is
0.054+0.019 deg 2, and hence agrees with the expected num-
ber of 0.060 deg?. However, we must take into account that
the lithium-rich K stars we identified are obviously significantly
younger than 150 Myr, namely 10-30 Myr. If we adopt a mean
age of 15 Myr for these stars as suggested by the isochrones
in Fig.[8 and assume a constant star formation rate, we would
i expect only 10% of the predicted number of young stars in the
0-0.15 Gyr age bin with an age of 15 Myr, namely 0.006 tfeg
This is equivalent to less thal K star in the entire sample of
study area | in contraspt8 K stars detected. With an age com-
parable to IC 2602 which is suggested as upper limit by[Fig. 5
and the lower panel of Fifl] 6, and assuming that all lithium-rich
stars have about the same age, the expected number of K stars
is about 2.

We thus find an excess of a factor of five to ten times more
15-30 Myr old K stars than predicted by the model of Guillout et
al. (1996) for this spectral bin. The model predicts a probability

KO K5 K7 MO M5 of p = 0.06 (=0.006/0.096) for finding a star within the age bin
ST SRS BN T NS SN R R R R AR 0-15 Myr. Hence, the probability?(8) for detecting by chance

5500 5000 4500 4000 3500 3000 8 stars of this age bin in a sample of 20 is
Terr [K] P = (2 )@ -p)2 =110,
Fig. 6. Lithium abundances versg. Filled circles and upper limits The observed number of 8 lithium-rich 15 Myr old K-type stars
are from this work. Open squares are for stars from NMesbr et al. is therefore significantly different from the model prediction of
(1997) in the region around area |. The crosses in the lower panel refegss than 1 star in this age bin. Assuming an age 86 Myr, the
sentthe Liabundances for IC 2602. Some symbols were slightly shiftgebdicted probability for finding a star in the age bin 0-30 Myr
in temperature for reasons of graphic representation. The isochrofig§eases tov 0.12. This corresponds td’(8) = 1.2103
displayed in the upper panel are from D’Antona & Mazzitélli (1994 h:~h means that the observed numbigd & stars also for this
for51¢°, 710, 107, 210, and 16 yrs. : : ; -
age is not in agreement with the model prediction.

Further evidence for the presence of an excess of young
tion. Motch et al.[(1997) compared the number counts of RASEars in area | comes from a comparison with study area VI
sources in a lowb| study area of the ROSAT galactic plandcf. Zickgraf et al [ 1997) for which first preliminary results of
survey in the Cygnus region with a galactic distribution model similar study as presented here for area | are available (the
by Guillout et al.[(1996). The model takes three age groups irftdl results will be reported in a forthcoming paper). This area
account, i.e. ages younger than 0.15 Gyr, 0.15 to 1 Gyr, anddlocated at a similar galactic latitude aroudd ~ —40° and
10 Gyr. Motch et al. found a good agreement of the observEd ~ 70°. It contains a total of 12 X-ray active K starsin an area
log N(> S) —log S distribution with the model predictions for of 148 deg, i.e. 0.08 1-0.023 deg~2. Although the observations
|b] = 0°. This shows that the model describes well the |bjv in this area are not yet completed, it appears from preliminary
stellar distribution. results that the number of lithium-rich K stars is much smaller

We now consider the K-type stars and compare our higian in area |, suggesting an average age; of00 Myr. The
|b| sample with the model by Guillout et al. for= 30° and total number of K stars observed thus probably represents at
[ = 180° which is the approximate location our study arekast the youngest age group of the model. Within the statistical
I (b1 = —28° to —48°, [/ = 178° to 192). Our sample uncertainties the observed surface density agrees well with the
contains 20 RASS sources with counterparts of spectral typesdel predictions of Guillout et all. (1996) of 0.096 dégas
K0-K9 above the count-rate limit of 0.03 cts's excluding the above including a correction of 10% to account for the higher
RS CVn star V711, but including the K-type component df). Hence, the model appears to predict the correct number of
RXJ0357.4-0109. With an area of 149 déghe observed sur- K stars for the considered galactic latitude igf~ 40° as well
face density of K stars thus is 0.1:84.030 deg 2. Counting all as for |o| = 0°(cf. Motch et al.”1997). This strengthens the
age groups the model of Guillout et al. predicts 0.107 K stazenclusion of the presence of an excess of young stars in area l.
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For the M0O-M4 stars the model predicts also 0.094 tteg Table 3.Photometric distances of the lithium-rich stars estimated from
for all age groups taken together. The observed densityD#ntona & Mazzitelli (1994) isochrones. The ranges for luminosities,
0.1140.03 deg2 and hence close to the predicted value. Hovbsolute visual magnitudes, and distances are given for ages of 10 and
ever, if for the M stars the same age as for the K stars is assurd@!yr, except for RXJ0417.8+0011 (spectral type MO), for which a
they would also display an excess in numbers. Unfortunateffunger age range of 5 to 10 Myr was assumed.
our observations do not allow to draw a definite conclusion an
the age of the M stars and hence on the proposed existence $tar L[Lg) My d[pc]

an M star excess. RXJ0328.2-0409 0.60-1.41 4.70-5.62 63-95
RXJ0331.3-0713 0.26-0.59 5.89-6.77 67-100

5.3. The lithium-rich stars and the Gould Belt RXJ0339.9-0314  0.40-0.90  5.00-6.18  146-251
RXJ0344.8-0359 0.48-1.10 5.03-5.93 196-298

Interestingly, area | is located close to the Gould Belt, a kpcRXJ0348.9-0110 0.32-0.71 5.63-6.49 70-103

size expanding structure of gas and young stars that incorp&xJ0355.2-0329  0.32-0.71  5.63-6.49  105-156

rates most of the nearby star forming regions, including Taurug?XJ0358.:-0121  0.26-0.59  5.89-6.77  101-152

Auriga, Lupus and Orion (cf.&bpe[1997). Several independent RXJ0358.9-0017  0.32-0.71  5.63-6.49  96-143

studies yield age estimates of 50-60 Myr which should be an upBXJOA'l?'&OOll 0.10-0.14 8.21-864 4757

per limit for the young objects associated with the Gould Belt.

A connection of WTTS with the Gould Belt has been recently

found by Wichmann et al[ (1997) for a region in Lupus and b§pectively, in accordance with the observed lithium abundance.

Neutauser et al[{1997) for a region in Taurus-Auriga nearby With bolometric corrections taken from Schmidt-Kaler (1982)

the region studied here. However, in both studies the selectfon luminosity class V, we then calculateédy, and using the

of the X-ray sources was biased towards a PMS nature, becatisgal magnitudes given in Tablg 1, obtained finally a distance

only X-ray sources with a high PMS probability (cf. e.g. Sterzikange for the two adopted ages. The results are summarized

et al.[1995) were chosen for a detailed study. In this paper theTable[3. The distances are distributed between about 60 pc

selection of the X-ray sources was totally unbiased with respégd 300 pc. It therefore seems that the majority of the stars are

to a PMS nature, since the identification is based on a complatglistances at least roughly in agreement with the distance of

flux-limited sample. Taurus ¢ 140 pc). Their minimum or maximum distances are

Guillout et al. [1998a) recently studied the large scale di#ithin ~ +40 pc aroundd = 140 pc. According to Neuauser

tribution of X-ray active stars and found a density enhancet al. (1995) the star RXJ0344.8+0359 shows a radial velocity

ment which closely follows the Gould Belt. At galactic longiconsistent with Taurus membership. Our estimate suggests that

tude! = 185° the mid plane of the density enhancement is #tis behind Taurus at a distanced& 200 pc, and thus may be

b ~ —25° and thus very close to area |. The possible connectitfifated near the suggested inner rim of the Gould Disk. The MO

of the lithium-rich stars in area | with the Gould Belt gives an e§tar RXJ0417.8+0011 probably is in the foreground of Taurus-

timate of 50-60 Myr for the age of the WTTS, i.e. the age of thuriga. Note, that most of the M stars in our sample would be at

Gould Belt. However, we would like to note that this would b@&bout the distance of Taurus if an age of 5-10 Myr is assumed.

an upper limit only; the WTTS could be considerably youngerence, most of the lithium-rich stars appear not be typical mem-

since - as e.g. the very young star forming regions show - thgrs of the Iarge-scale structures formed by the Gould Belt or

Gould Belt did continuously form stars over the last 50-60 Mythe Gould disk, but rather seem to represent a foreground pop-

Whether the lithium-rich stars in area | are really members Bftion of very young,s 30 Myr old, stars which is possibly

the Gould Belt is, however, uncertain. In the direction to Taur@¥sely related to the Taurus-Auriga star forming region. How-

the Gould Belt is at distance of 600 pc whereas the Taurus-€Ver, keeping in mind the large uncertainties of the distances, a

Auriga star forming region is 0n|y at a distance~of 140 pc relation to the suggested Gould disk cannot be ruled out.

and therefore is not part of the Gould Belt. Note, that this is

different in the case of the Lupus SFR which is at the distange

of the Gould Belt. '

Guillout et al. [1998b) suggest an alternative model for th@ur spectroscopic observation of significantr labsorption

Gould Belt, which they call the Gould Disk. In the direction ofines in 9 of 35 K and M stars reveals the existence of very

Taurus, the precise distance towards the inner disk rim is oglgung, most likely PMS, stellar X-ray emitters in our RASS

loosely constraint from their data, but probably not much clossample in study area I. This region is locatec®0° south of

than 200-300 pc. They assume the young population foundtire Taurus-Auriga SFR. All but one of these stars have K spec-

the vicinity of Taurus-Auriga as foreground population which igal types. Eight out of the 20 K-type stars (not counting the

not directly part of the Gould Disk. In order to obtain an estimafS Vn star V711 Tau) and one of the 18 M stars in the sample

for the distance of the lithium-rich stars in our study area ware lithium-rich. The measured strengths of the emission

used isochrones of D’Antona & Mazzitelli (1994) for determinlines of the lithium-rich stars suggest that they are WTTS. The

ing the luminosity of the stars assuming ages of 10 and 30 Mgstimated age of 3 107 yrs suggests that most of these stars

For the MO star we adopted a younger age of 5 and 10 Myr, kelong to the older group of the WTTS, the post-T Tauri stars.

Conclusions
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These stars, which were defined by Herhig (1978) repres@uvino E., Alcah J.M., Allain S., Bouvier J., Terranegra L., Krautter
the evolutionary stage between the CTTS as well as part of the J., 1997, A&A 328, 187
WTTS, and the main sequence. D’Antona F., Mazzitelli I., 1994, ApJS 90, 467

Contrary to Bric@o et al. [1997) and Palla & Galli (1997)de Jager C., Nieuwenhuijzen H., 1987, A&A 177, 217
we find that the WTTS constitute a significant fraction of thgavata F., Barbera M., Micela G., Sciortino S., 1993, A&A 277, 428
young stellar population. Our results provide further evidengY2t F-» Micela G., Sciortino S., 1997, A&A 326, 647

that the majority of the Li-rich stars found in the RASS ar&3;?§ult‘%pe;§yd8§je&0|?w§t’chMénER'I(;'b’irl]?s?:’ A&gg%&i}gm 89

indeed younger than the foreground population of 100 Moyt p,, Sterzik M.F., Schmitt J.H.M.M., Motch C., Egret D., Voges
ZAMS stars predicted by the Bride et al. (1997) model. A \y Neuuser R., A&A, 1998a, 334, 540

direct comparison with the results of Neurser et al. (1997) Guillout P., Sterzik M.F., Schmitt J.H.M.M., Motch C., Neiuser R.,
and Magazzu et al. (1997) is difficult. Based on X-ray proper- 1998b A&A, submitted

ties of known WTTS they pre-selected WTTS candidates froerbig G.H., 1978. In: Problems of Physics and Evolution of the Uni-
a sample of more than 1000 RASS sources as faint as the detecverse, ed. L.V. Mirzoyan (Yervan: Academy of Sciences of the
tion limit of the RASS. Our sample is limited to sources brighter Armenian SSR), p. 171

than the completeness limit of 0.03 cts'sas discussed in Pa-Lasker B.M., Sturch C.R,, Lopez C., et al. 1988, ApJS 68, 1

per Il (cf. also Guillout et al._1998a) but otherwise comp|eté<_fautterl,chhmann R., Schmitt J.H.M.M., et al., 1997, A&AS 123,
In the selected sample of 92 off-cloud sources Newder et al. 329

- . Magazzi A., Martin E.L., Sterzik M.F., Neuauser R., Covino E., Al-
(1997) classified- 25% as PMS stars younger than30Myr. cal J.M., 1097, AGAS 124, 449

In our complete count-rate limited sample we found an evgp, E.L., Rebolo R., MagazzA., Pavlenko Y.V., 1994, AGA 282,
larger fraction of PMS starsy 40%. This suggests that the  5g3

number of wide-spread PMS stars detected in previous stud\@sich C., Guillout P., Haberl F., Pakull M.W., Pietsch W., Reinsch K.,
has even been underestimated rather than overestimated, and997, AGA 318, 111

further strengthens the conclusion that they represent a sigmifieutauser R., Sterzik M.F., Torres G., MartE.L., 1995, A&A 299,
cant fraction of the young X-ray active stellar component of the L13

RASS. Neutiuser R., Torres G., Sterzik M.F., Randich S., 1997, A&A 325,

The comparison of the surface densities of K stars with pre- 647

dictions of galactic distribution models and with another study :'av'i:g":?";‘z"i %é rlrz?s‘.gg‘]MMGD’ul;wiZn D.K. 1987 AZA 174 116
area at the same galactic latitude strongly suggests that in %\%:nko Y.\, Rebolo R., Mar E.L., Garéa Lopez R.J., 1995, A&GA

| an excess of young stars is present. It is not clear whether he303 807
!|th|um—r|ch stars are mgmbers qf Taurus-_Aunga, glthough thesglenko Y.V, MagazzA., 1996, ASA 311, 961
is evidence for this. High precision radial velocity measurggsppel W., Fundamental Cosmic Physics, Vol. 18
ments which are presently available only for RXJ0344.8+03%&ndich S., Aharpour N., Pallavicini R., Prosser C. F., Stauffer J. R.,
would help to investigate this question for the new lithium-rich 1997, A&A 323, 86
stars. Russell J.L., Lasker B.M., McLean B.J., Sturch C.R., Jenker H., 1990,
AJ 99, 2059
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