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Abstract. — We present results of the spectroscopic and photometric follow-up observations of the ROSAT all-
sky survey in the direction of the Orion cloud complex. The main goal of these observations is the search for X-ray
emitting pre-main sequence stars. 820 X-ray sources were detected with high confidence in about 450 square degrees.
The mean density of X-ray sources in this region is a factor of about two higher than that of the whole RASS. 5%
of the RASS sources in this region are identified with previously known and likely pre-main sequence stars. We have
investigated spectroscopically 181 new RASS sources widely distributed over the entire cloud complex. On the basis
of the presence of strong Li I λ6707 absorption, spectral type later than F0 and chromospheric emission, 112 new
weak-line T Tauri stars could be found. We present coordinates, X-ray count-rates and finding charts of the new
PMS. Optical UBV (RI)KC, near-infrared JHKLM and uvby-β photometry for the new WTTS is also provided. In
addition 24 dKe-dMe stars were also found on the basis of the RASS data.
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1. Introduction

From observations carried out with the EINSTEIN satel-
lite in star forming regions (SFRs), it is well known that
T Tauri stars can be detected in X-rays with luminosi-
ties in the range LX = 1029−1032 erg/s (Feigelson 1987;
Ku & Chanan 1979; Walter et al. 1988, and references
therein). These observations led to the discovery of a large
number of “weak-line” T Tauri stars (WTTS). These low-
mass (M ≤ 3 M�) pre-main sequence (PMS) stars as their
classical counterparts, the classical T Tauri stars (CTTS),
show strong Li I λ6707 absorption in their optical spectra.
Since Li I is rapidly destroyed in the convective layers of
low-mass stars in the early phases of the stellar evolution
(Bodenheimer 1965), its presence is used as an indicator
of extreme youth. While the CTTS can be easily detected
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at the San Pedro Mártir Observatory, UNAM, México

by their strong Balmer emission lines in objective-prism
surveys or through their IR excesses, WTTS lack both
characteristics. This has been ascribed to the absence of
dense circumstellar matter in WTTS. Thus, WTTS are
more easily detected on the basis of their X-ray emission.

Before the survey carried out by the X-ray satellite
ROSAT (Röntgensatellit), all X-ray observations in SFRs
were strongly concentrated towards specific areas contain-
ing CTTS, and no information about the spatial distribu-
tion of X-ray sources far from molecular clouds was avail-
able. The ROSAT all-sky survey (RASS) provides a spa-
tially unbiased sample of X-ray sources at about the same
sensitivity of EINSTEIN pointed mode observations thus
offering the possibility to carry out an extensive study of
the spatial distribution of X-ray emitting PMS stars by
using a spatially complete sample of X-ray sources.
With the aim to identify the RASS X-ray sources in SFRs,
a long-term project was started (Krautter et al. 1994). The
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main purpose of this program is the search for WTTS in
nearby (closer than 500 pc) SFRs.

The Orion cloud complex at a distance of about 460
pc (Genzel & Stutzki 1989), is a suitable region to study
the star formation process, the content of the young stel-
lar population and the interaction of the stellar members
with their environment. X-rays observations in Orion have
been carried out for the first time by the Uhuru satellite
(Giacconi & Gursky 1974) and by the EINSTEIN satellite
(Gagné & Caillault 1994, and references therein). How-
ever, all these observations have been restricted to regions
in or near the Orion nebula, with no information about
the possible presence of X-ray emitting PMS stars far from
the cloud complex.

In this paper we report the observations of the RASS
in the direction of the Orion SFR and focus on the opti-
cal identification of the detected X-ray sources. We give
coordinates, X-ray count rates and finding charts of the X-
ray sources identified spectroscopically as new WTTS. We
also provide UBV (RI)KC, JHKLM and uvby-β photom-
etry for a sub-sample of the new WTTS. In a forthcoming
paper we analyse the optical counterparts identified as
low-mass PMS stars, in particular, relationships between
their location in the cloud and the main stellar parame-
ters, and of the latter with X-ray properties of the studied
stars.

We stress that very large samples of X-ray sources, like
the RASS sample in Orion, require several years of identifi-
cation work. Excluding the sources previously known from
EINSTEIN observations in this SFR, the sample of RASS
sources identified in our spectroscopic study is complete
to about 20% by now. Since the RASS is flux limited and
because of the large distance of the Orion SFR, this sam-
ple may be biased towards the brightest X-ray sources.
Although we knew in advance that such a program of
spectroscopic identifications would require several years
to be completed, we think it is very important to publish
the sample of new WTTS. Such a sample is very suitable
for future studies of PMS stellar activity and its connec-
tion with the evolution of angular momentum in the early
phases of the stellar evolution by measuring rotational ve-
locities through high-resolution spectroscopic observations
and/or photometric determinations of rotational modula-
tions.

2. The ROSAT all-sky survey in Orion

The telescope, the position-sensitive proportional counter
(PSPC) detector and the observing procedure used during
the RASS are discussed in detail by Trümper et al. (1991)
and Pfeffermann et al. (1986). RASS exposure times de-
pend on the ecliptic latitude β. For the Orion SFR, the
exposure times range from 350 s to 800 s.

From previous recent studies of RASS X-ray sources
in nearby SFRs, it is known that WTTS occupy a larger
area on the sky than the CTTS (Alcalá et al. 1995, hence-

forth A95; Wichmann et al. 1995, henceforth W95). For
our study in Orion, we have selected an area within the
(J2000) coordinates: αmin = 5h, αmax = 6h, δmin = −14◦,
δmax = +16◦. This area includes Orion’s bright nebula,
the molecular clouds A (L1641) and B (L1630) described
by Maddalena et al. (1986) and Blaauw (1991). The λ
Orionis region located at the north of the Orion OB1 as-
sociation is also included. Within the selected area, 820
X-ray sources were detected with high confidence using
the processing of the Standard Analysis Software System
(SASS) (Voges et al. 1992a).
Of particular interest is the density of X-ray sources found
in this region. While the mean density of sources for the
whole RASS is about 1, there are about 2 sources per
square degree in the Orion SFR.

2.1. Source detection

The processing of the RASS data was performed us-
ing the Extended Scientific Analysis System (EXSAS,
Zimmermann et al. 1994) as described in A95 and
Neuhäuser et al. (1995). From this processing, the X-ray
count rate for each source, the corresponding count errors
and the likelihood of the detection are obtained. The typi-
cal (2σ) X-ray error circle for most of the sources has a ra-
dius not larger than 40′′, which is in good agreement with
the determination of Neuhäuser et al. (1995) for RASS
sources in the Taurus-Auriga region. All the SASS X-ray
sources were recovered in the EXSAS processing. Thus,
the identification described below was performed on the
820 X-ray sources detected from both the SASS and the
EXSAS processing. For the search of optical counterparts
we used a 40′′ radius as a high confidence level error circle.

The spatial distribution of the RASS X-ray sources in
the Orion SFR has been discussed by Sterzik et al. (1995).
They used 98 of the 112 new WTTS found in the present
work (see Sect. 3.2) as the WTTS training sample to pres-
elect potential PMS candidates. In their predicted spatial
distribution they find the presence of different concentra-
tions of X-ray emitting PMS stars rather far from the star
forming dark clouds.

2.2. Variable X-ray sources

Following the procedure described in A95, we obtained
X-ray light curves for some 200 RASS sources de-
tected with a count rate greater than 0.08 cts/s. Only
the X-ray sources RXJ0534.0-0221, RXJ0530.3-1308 and
RXJ0534.6+1007 show significant variations (Fig. 1). The
source RXJ0534.6+1007 is identified with a new WTTS
(see Sect. 3.2 and Table 3), while the sources RXJ0534.0-
0221 and RXJ0530.3-1308 are identified with previously
unknown active stars, the former with a dM1e and the
latter with a dK2e (see also Sect. 3.2). Other sources may
have apparently small scale variability. However, the low
signal-to-noise of the RASS data prevent us on carrying
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out a finer analysis of the light curves and to determine
the nature of this variations. Thus, we cannot exclude the
presence of low-level variability observable as scan-to-scan
variations.

3. Identification of the X-ray sources

The identification of the X-ray sources consisted of two
steps: first, all positional coincidences with objects con-
tained in several astronomical catalogues held in the
SIMBAD database and other catalogues (see below) were
searched; secondly, the new X-ray sources were investi-
gated by means of mid-resolution spectroscopic observa-
tions. Since our main goal in this investigation is the search
for X-ray emitting PMS stars, only those sources for which
a likely PMS counterpart was found in the present work
or elsewhere will be considered hereafter.

3.1. Identification in catalogues

In Table 1 we list the coordinates and count rates of the
RASS sources in Orion identified with previously known
and likely PMS stars. In Col. (8) of this table we list the
(broad-band X-ray flux) count rates, while in Col. (10) we
give the distance between the X-ray position and it opti-
cal counterpart. These identifications were carried out by
positional cross correlation with the SIMBAD catalogue,
the Herbig & Bell catalogue (1988) and the catalogues Hα
line emission objects and/or variables associated with the
Orion SFR by Duerr et al. (1982) which is a list of Hα
emission line objects found on the basis of an objective-
prism survey in the λ Orionis region and the catalogue
by Brand & Wouterloot (1990) which compiles a list of
about 1385 variable and emission line stars in the Orion
SFR. An optical PMS counterpart was associated to a
RASS X-ray source when their respective positions were
coincident within the 2σ error circle given by ROSAT. The
source RXJ 0534.7-0524, identified with HBC447, was in-
cluded in our spectroscopic and photometric observations
described below in order to confirm it PMS nature.

Forty-six RASS X-ray sources could be identified with
very likely PMS stars. Most of these stars have been dis-
covered on the basis of their strong photometric variability
or because of their emission line spectra taken in photo-
graphic plates or films with an objective-prism Schmidt
camera. Thus, most of their optical counterparts are ex-
pected to be CTTS. However, this still represents a rather
small fraction (5.6%) of the X-ray emitting PMS popu-
lation discovered with ROSAT, i.e. the WTTS (see Sect.
3.3).

3.2. Spectroscopic identifications

The spectroscopic observations were carried out using
Boller and Chivens Cassegrain spectrographs coupled with
the 1.8 m telescope of the Ohio State University (OSU)

Fig. 1. X-ray light curves of the RASS sources RX 0534.0−
0221, RXJ 0530.3−1308 and RXJ 0534.6+1007

at the Lowell Observatory in Flagstaff, Arizona, and with
the 2.2 m telescope of the Max-Planck Institut für As-
tronomie at the Calar Alto (CAO) Observatory in Spain.
In Table 2 we give information on the observing runs and
the instrumental set-up. The spectral resolution given in
Table 2 was estimated from the FWHM of the lines on the
comparison spectra.

For the observations we produced finding charts us-
ing the HST catalogue database in the form of digi-
tized photographic plates and a program available at the
MPE in Garching (Voges 1992a, b). More informations are
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Table 1. X-ray sources identified with previously known and likely PMS stars

RXJ α(2000) δ(2000) cts/s Ident. θ Ref.
h m s ◦ ′ ′′ [′′]

0506.2−0408 05 06 12.30 −04 08 17.9 0.06±0.02 AQ ERI 21 1
0512.3−1151 05 12 17.50 −11 51 57.3 1.12±0.06 HD 33802B 5 1
0512.3−0255 05 12 20.00 −02 55 46.3 0.05±0.02 V531 ORI 40 1
0520.5−0548 05 20 29.80 −05 48 14.2 0.04±0.02 EM* STHA 39 21 1
0527.7+1446 05 27 43.30 +14 46 15.3 0.04±0.02 DIL07 10 2
0528.8+1121 05 28 48.20 +11 21 20.6 0.03±0.01 DIL10 10 2
0529.0−0334 05 28 59.90 −03 34 02.0 0.10±0.02 V1159 ORI 16 1
0529.4+1152 05 29 22.00 +11 52 20.4 0.09±0.02 V649 ORI 43 1
0532.6−0522 05 32 36.70 −05 22 50.9 0.12±0.02 HR ORI 27 1
0533.2−0131 05 33 10.90 −01 31 37.7 0.03±0.02 KIHA−4−14 40 3
0533.7−0521 05 33 43.50 −05 21 22.0 0.04±0.02 V730 ORI 23 1
0533.7+0156 05 33 44.80 +01 56 46.1 0.55±0.05 GJ 207.1 8 1
0534.2−0407 05 34 09.10 −04 07 19.0 0.03±0.01 V391 ORI 32 1
0534.6−0606 05 34 38.80 −06 06 29.7 0.05±0.02 V938 ORI 6 1
0534.7−0524 05 34 40.70 −05 24 36.2 0.22±0.03 HBC 447 40 4
0534.8−0534 05 34 45.80 −05 34 17.7 0.07±0.02 V1118 ORI 45 1
0534.9−0542 05 34 51.30 −05 42 21.0 0.11±0.03 V776 ORI 5 1
0535.1−0508 05 35 04.20 −05 08 12.0 0.37±0.04 HBC452 9 4
0535.3−0523 05 35 15.90 −05 23 29.3 2.53±0.10 TRAPEZIUM
0535.3−0042 05 35 20.30 −00 42 13.9 0.05±0.02 HARO 5−72 5 1
0535.4−0450 05 35 21.40 −04 50 25.5 0.13±0.03 MW ORI 18 1
0535.4−0654 05 35 23.40 −06 54 52.4 0.05±0.02 V796 ORI 40 1
0535.8−0508 05 35 45.00 −05 08 41.2 0.15±0.03 V388 ORI 5 1
0536.0−0616 05 35 59.30 −06 16 16.0 0.09±0.02 V1178 ORI 6 1
0536.0−0650 05 36 00.10 −06 50 09.1 0.05±0.02 WBHA−33 10 3
0536.1−0541 05 36 05.80 −05 41 30.5 0.06±0.02 KIHA−76−114 20 3
0536.1−0509 05 36 08.70 −05 09 45.5 0.08±0.02 V655 ORI 57 1
0536.2−0522 05 36 10.30 −05 22 08.2 0.06±0.02 V391 ORI 27 1
0536.4−0627 05 36 23.70 −06 27 01.3 0.05±0.02 V582 ORI 60 1
0537.7−0508 05 37 39.50 −05 08 45.3 0.02±0.01 V1185 ORI 8 1
0538.5−0717 05 38 32.00 −07 17 10.3 0.02±0.01 KIHA−76−337 20 3
0539.3+0949 05 39 15.70 +09 49 56.8 0.04±0.01 DIL 60 15 2
0539.5−0248 05 39 31.20 −02 48 53.1 0.03±0.01 V957 ORI 60 1
0540.0−0222 05 39 58.80 −02 22 44.0 0.08±0.02 KIHA4−95 20 3
0540.1−0627 05 40 05.50 −06 27 49.5 0.01±0.02 V897 ORI 22 1
0540.7−0211 05 40 44.70 −02 11 47.3 0.22±0.03 KIHA−4−110 10 3
0542.2+1138 05 42 13.80 +11 38 36.6 0.03±0.01 KIHA−4−133 20 3
0542.6+0850 05 42 37.30 +08 50 50.7 0.03±0.01 DIL 74 25 2
0542.9−0718 05 42 56.10 −07 18 46.7 0.12±0.02 V909 ORI 35 1
0543.0+0910 05 43 00.10 +09 10 23.1 0.07±0.02 DIL 75 10 2
0543.0−0218 05 43 00.40 −02 18 46.6 0.12±0.02 EM* LKHA 291 21 1
0543.5+0909 05 43 32.30 +09 09 27.8 0.04±0.01 DIL 78 24 2
0544.6−0121 05 44 34.00 −01 21 55.9 0.05±0.01 V523 ORI 60 1
0547.3−0000 05 47 17.80 −00 00 45.7 0.20±0.03 EM* LKHA 312 60 1
0547.8+0833 05 47 48.50 +08 33 15.4 0.03±0.01 DIL 92 18 2
0552.1−0525 05 52 08.50 −05 25 11.2 0.03±0.01 CN ORI 25 1

(1) Simbad catalogue ; (2) Duerr et al. (1982); (3) Brand & Wouterloot (1990); (4) Herbig & Bell (1988).

Table 2. Journal of spectroscopic observations

Tel. Period CCD Disp. Range Res. No. of Sources No. of new
[Å/mm] [Å] [Å] investigated WTTS

OSU1.8m 20.12.91 - 27.12.91 TI 4849 150 4500–7000 11.5 65 38
CAO2.2m 28.12.91 - 02.01.92 RCA#11 72 5500–6800 3.9 24 18
CAO2.2m 22.12.92 - 29.12.92 TEK#6 72 5500–6800 4.0 29 16
OSU1.8m 02.12.93 - 09.12.93 TEK 72 5500–6800 5.0 28 21
CAO2.2m 16.12.93 - 26.12.93 TEK#6 72 5500–6800 3.7 35 19

obtained from the output of this program apart of the find-
ing chart itself. Namely, the X-ray error circle is drawn and
a list of coordinates and photographic magnitudes, Bph ,
of different types of objects (with the specification if star,
galaxy or faint), sorted by increasing distance from the
X-ray source position, is provided.

In order to avoid any bias in the spatial distribution,
we divided the studied area in 12 regions (6 in the coor-
dinate range 5h ≤ α ≤ 5h:30m with δ running form −14◦

to +16◦ in intervals of 5◦, and the other 6 regions in the
coordinate range 5H : 30m ≤ α ≤ 6h with δ running in the
same way). The number of investigated X-ray sources is
approximately the same (≈ 15 ±1) in each region. Thus,
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the sample of X-ray sources investigated spectroscopically
is spatially unbiased.

For each field observational priority was assigned
mainly on the basis of the brightness of the objects and
their relative position to the error circle: highest priority
was given to stars inside the error circle and brighter than
about Bph=17. From Einstein observations in SFRs and
from the fx/fv ratio for known T Tauri stars, it is ex-
pected that X-ray emitting T Tauri stars have V magni-
tudes in the range 10−16. Furthermore, the T Tauri stars
identified in catalogues (Sect. 3.1) are normally brighter
than V =15. Since typical B − V colours of T Tauri stars
are in the range of 0.3−1.6, we adopted Bph=17 as a
reasonable limiting magnitude in the search for WTTS
(which was also the limiting magnitude of our set-up to get
a good sinal-to-noise ratio in reasonable exposure times).
If no star brighter than about Bph=17 was inside the er-
ror circle, the stellar object nearest to the X-ray PSPC
position (within a radius of about 60′′) and brighter than
about Bph=17 was observed. Sometimes more than one
star brighter than Bph=17 was found inside the error cir-
cle. In such cases, all these stars were observed.

Typically, 2–3 candidates were observed in each X-ray
error circle. The exposure times for the spectroscopic ob-
servations were in the range 10−15 minutes for the bright-
est stars (V≤ 13m), and up to 20−35 minutes for the
faintest ones (V≤ 16m). With these exposure times, a
S/N ≈ 70 was achieved in the best cases. For the wave-
length calibration of the stellar spectra, a He-Ar lamp was
used to obtain comparison spectra immediately after each
object exposure. For flux calibration purposes, 2 to 3 stan-
dard stars per night were also observed nightly.
In order to carry out the spectral type classification, a grid
of bright (3m ≤ V ≤ 6m) standard stars with very well
determined spectral types was observed using the same
instrumental set-up.

All the spectra were reduced following the standard
procedure of MIDAS software package. A relative flux cal-
ibration of each spectrum was performed using a mean
response function for each observational run. Since most
of the nights were not photometric, only a relative flux
calibration of the spectra could be performed.

To classify a star as a WTTS we adopted the same cri-
teria as in A95, namely: presence of the Li I λ6707 absorp-
tion line, spectral type later than F0 and eventually the
presence of chromospheric Hα emission with equivalent
width less than 10 Å. However, the latter is not necessarily
a PMS indicator (Walter et al. 1988), since chromospher-
ically active dMe stars show rather strong emission lines
like Hα and Ca II H+K, but they are not PMS stars. The
K and M stars with Hα in emission but lacking Li I ab-
sorption have been classified by us as dKe and dMe stars,
respectively.

181 spatially unbiased RASS X-ray sources were in-
vestigated spectroscopically in Orion. Of these, 110 were

found to be associated with 112 stars showing PMS char-
acteristics (two of these identifications are ambiguous, see
below). Other 9 sources are identified with stars showing
clear Hα emission or filled-in with emission and marginal
evidence of lithium in absorption, but need confirmation
because of the low signal-to-noise of their spectra. In ad-
dition, 24 sources were found to be associated with pre-
viously unknown dKe-dMe stars unrelated to the SFR.
Some of these active stars display clear emission at Hα but
others show some emission filling-in the line. For the rest
of the sources, no stellar counterpart with V ≤ 17m, i.e.
fainter than the limiting magnitude of our spectroscopic
observations, could be found. By inspecting the finding
charts, we find that the error circles of a major part of
these sources contain extragalactic objects and/or faint
(V ≥ 18m) stellar-like objects. Thus, very likely the opti-
cal counterparts of these sources are extragalactic objects.

In total, some 438 spectra were obtained. About 60%
of the 181 investigated X-ray sources resulted in posi-
tive WTTS identifications. This number is fully consis-
tent with the detection rate of RASS discovered WTTS
in the Chamaeleon and Taurus-Auriga SFRs (A95, W95).
The coordinates and the (broad X-ray flux) count rates of
the X-ray sources identified with new WTTS are given in
Table 3. In this table, we also include the 9 WTTS candi-
dates for which the presence of lithium absorption has to
be confirmed. In Fig. 2 typical spectra of the new WTTS
in Orion are shown.

A few sources have ambiguous optical identification,
since more than one new PMS star is found in the
same error circle. Two sources (RXJ0532.4+0131 and
RXJ0538.4-0637) have two WTTS in the same error cir-
cle. Also, a WTTS and a dKe star were fount to be as-
sociated to the source RXJ0532.4-0713 and two sources
(RXJ0500.9+0222 and RXJ0549.7-1158) have two dKe-
dMe stars in the same error circle.

The total number of CTTS and WTTS in Orion is
still very uncertain. The spectroscopic identification of the
RASS sources is far from being complete, and there are
many emission line objects in this region for which the
PMS nature is not yet confirmed. However, already the
RASS WTTS in Orion outnumber the stars in Table 1 by
a factor of about 2.5.

3.3. Spectral types and equivalent widths

Spectral types were determined by comparison with a grid
of bright spectral standard stars (from F0 to M5) observed
with the same dispersion and the same instrumental set-
up in each observing run, using the same procedure as
described in A95. The accuracy of the spectral types is
estimated to be about ±1 sub-class in most cases. The
spectral types of the WTTS are listed in Table 3.

The equivalent widths of the Hα and Li I lines were
obtained using the same procedure as described in A95.
The mean standard deviations resulting from several
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Fig. 2. Examples of typical WTTS spectra in Orion. Each spectrum is normalized to the continuum at λ = 6000 Å and arbitrary
shifted for the sake of comparison
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Table 3. RASS sources identified with new WTTS in Orion

RXJ α(2000) δ(2000) Sp.T. W(Hα) W(Li) cts/s
h m s ◦ ′ ′′ [Å] [Å]

(1) (2) (3) (4) (5) (6) (7)

0500.4−1054 05 00 26.7 −10 54 47.9 K6 −1.80 0.30 0.049±0.018
0501.1+0642 05 01 05.8 +06 42 03.0 K5 −0.55 0.42 0.043±0.013
0502.4−0744 05 02 21.1 −07 44 02.9 G7 +1.70 0.30 0.050±0.015
0503.8−1130 05 03 49.5 −11 30 59.0 K3 +1.50 0.45 0.057±0.016
0506.2+0439 05 06 13.2 +04 39 47.4 M3 −6.50 0.27 0.189±0.028
0507.5+1010 05 07 31.2 +10 10 47.6 K2 +2.30 0.40 0.103±0.026
0507.8−0931 05 07 48.0 −09 31 44.3 K2 +0.80 0.42 0.045±0.015
0509.0−0315 05 08 59.5 −03 15 10.3 K1 +1.80 0.33 0.060±0.016
0510.1−0427 05 10 04.8 −04 27 54.2 K4 −0.20 0.25 0.137±0.031
0510.3−0330 05 10 15.9 −03 30 00.4 G9 +1.40 0.36 0.059±0.023
0511.7−0348 05 11 39.5 −03 48 49.8 K3 +1.85 0.38 0.029±0.017
0512.3−0255 05 12 20.0 −02 55 46.3 K3 −6.70 0.45 0.045±0.016
0513.1+0851 05 13 05.9 +08 51 19.6 K3 −19.50 0.25 0.037±0.015
0513.4−1244 05 13 22.0 −12 44 50.4 G6 +3.00 0.30 0.112±0.029
0515.6−0930 05 15 36.3 −09 30 49.5 G5 +2.50 0.25 0.207±0.036
0517.9−0708 05 17 54.9 −07 08 24.4 K3 +2.10 0.35 0.071±0.025
0518.0−1146 05 17 57.2 −11 46 07.8 K3 −0.01 0.40 0.084±0.023
0518.0+0712 05 18 01.5 +07 12 28.0 K3 +0.30 0.57 0.034±0.016
0518.3+0829 05 18 20.0 +08 29 18.0 G9 +1.50 0.45 0.065±0.019
0518.6+0959 05 18 37.8 +09 59 48.9 K2 +1.70 0.45 0.023±0.012
0519.9+0552 05 19 51.1 +05 52 10.7 K6 −1.25 0.58 0.059±0.019
0520.0+0612 05 20 00.3 +06 12 57.0 K3 −0.20 0.60 0.085±0.023
0520.5+0616 05 20 32.4 +06 16 12.9 K3 −0.90 0.50 0.123±0.028
0520.9−0452 05 20 55.9 −04 52 42.4 F5 +5.00 0.22 0.028±0.014
0522.1−0844 05 22 03.3 −08 44 18.5 K1 +1.45 0.40 0.035±0.015
0522.7+0014† 05 22 43.8 +00 14 32.2 M2 −4.85 – 0.078±0.024

0522.8−1144† 05 22 47.6 −11 44 34.9 M1 −4.90 – 0.027±0.012
0522.9+0857 05 22 54.8 +08 57 50.5 K1 −1.05 0.20 0.261±0.042
0523.0−0850 05 22 57.5 −08 50 20.1 K7-M0 −5.43 0.37 0.072±0.021
0523.1−0440 05 23 03.2 −04 40 36.7 K5 −11.60 0.50 0.026±0.016
0523.7+0652 05 23 42.6 +06 52 01.2 K6 −4.40 0.60 0.055±0.021
0524.1+0730 05 24 06.4 +07 30 56.0 K4 −0.30 0.50 0.026±0.014
0525.3+0208 05 25 15.8 +02 08 56.0 M4 −10.00 0.45 0.056±0.019
0526.5+1510 05 26 32.5 +15 10 02.4 G5 +3.86 0.20 0.019±0.010
0526.7+0143 05 26 42.9 +01 43 48.7 K0 +0.20 0.50 0.041±0.016
0526.8+0222 05 26 47.8 +02 22 02.4 G5 +2.80 0.27 0.070±0.020

0527.7+0153† 05 27 41.3 +01 53 30.3 K7 −1.45 – 0.032±0.015
0528.0−0053 05 27 59.3 −00 53 19.3 K0 +0.25 0.30 0.028±0.014
0528.3+0326 05 28 16.7 +03 26 39.1 K0 +0.50 0.40 0.044±0.016
0528.8+0048 05 28 47.3 +00 48 31.4 K0 +0.40 0.28 0.032±0.014
0528.8+0105 05 28 46.8 +01 05 39.6 K4 +0.30 0.35 0.050±0.015
0529.2−0615 05 29 13.7 −06 15 04.9 K1 +1.10 0.20 0.049±0.018
0529.4+0041 05 29 22.5 +00 41 09.1 K2 −0.01 – 0.048±0.017
0530.1+0041 05 30 05.3 +00 41 18.3 G2 +2.80 0.30 0.193±0.030
0530.7−0434 05 30 43.3 −04 34 59.3 K3 −0.04 0.53 0.050±0.018
0530.9+1015 05 30 55.5 +10 15 05.6 K3 +0.80 0.52 0.067±0.019
0531.2+0118 05 31 09.6 +01 18 52.3 K0 +0.45 0.38 0.022±0.012
0531.6−0326 05 31 38.6 −03 26 55.9 K0 +1.50 0.20 0.083±0.030
0532.1−0732 05 32 05.8 −07 32 43.9 K4 −0.01 0.31 0.050±0.015
0532.2−1340 05 32 14.5 −13 40 58.3 F5 +4.10 0.20 0.082±0.023

measurements of the equivalent widths are: σ = 0.25 Å for
Hα and σ = 0.15 Å for the Li I line. For late type stars
(K and M stars) and for stars with a low S/N ratio, the
uncertainty comes mainly from the fit to the continuum.
The equivalent width was also measured for the stars with
Hα in absorption. These stars have Hα absorption weaker
than normal stars of the same spectral type. The equiva-
lent widths are listed in Table 3. In this table, a negative
equivalent width means an emission line.

The source RXJ 0534.7-0524 is identified with the star
HBC447 (see Table 1). Since its PMS nature was dubi-
ous, we decided to include this star in our spectroscopic
and photometric observations. The spectrum of the star

shows a double-lined peak at Hα and strong Li I λ 6707
Å absorption. We classified the star as a new WTTS. The
spectral type we derived is in very good agreement with
that given by Herbig & Bell (1988).

3.4. CTTS candidates ?

The dividing line between WTTS and CTTS is some-
what controversial. A parameter used to classify low-mass
PMS stars as WTTS or CTTS is the equivalent width of
the Hα emission line. The limiting value of W (Hα)=−10
Å has been generally adopted (negative equivalent widths
indicate emission lines in our convention). Neverthe-
less, this criterion is purely empirical and may lead to
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Table 3. continued

RXJ α(2000) δ(2000) Sp.T. W(Hα) W(Li) cts/s
h m s ◦ ′ ′′ [Å] [Å]

(1) (2) (3) (4) (5) (6) (7)

0532.4+0131a 05 32 22.6 +01 31 41.6 K2 +1.50 0.40 0.025±0.013
0532.4+0131b 05 32 22.6 +01 31 41.6 K5 −0.60 0.60 0.025±0.013
0532.4−0713 05 32 24.6 −07 13 12.5 K3 −1.45 0.38 0.110±0.032
0532.5−0421 05 32 31.7 −04 21 40.8 K4 −3.50 0.48 0.032±0.014
0532.6−0522 05 32 36.7 −05 22 50.9 K3 −4.00 0.47 0.120±0.024
0533.1−0758 05 33 05.0 −07 58 52.6 K3 −0.30 0.35 0.082±0.028
0533.1+0224 05 33 08.1 +02 24 56.8 K4 −0.20 0.44 0.038±0.015
0533.5−0646 05 33 30.5 −06 46 00.5 G8 −0.35 0.31 0.035±0.015
0534.6+1007 05 34 34.9 +10 07 12.8 K3 −0.25 0.36 0.735±0.056
0534.7−0423 05 34 40.5 −04 23 35.0 K2 −0.31 0.29 0.050±0.015

HBC447‡ 05 34 40.7 −05 24 36.2 K3 −1.80 0.35 0.219±0.034
0534.7+1114 05 34 44.3 +11 14 39.2 K4 +0.90 0.32 0.023±0.015
0535.0−0411 05 35 01.3 −04 11 54.4 K1 −0.10 0.41 0.038±0.014
0535.3−0059 05 35 15.2 −00 59 40.0 K3 −2.75 0.39 0.050±0.015
0535.6−0152 05 35 34.1 −01 52 22.8 G9 +2.40 0.32 0.018±0.011
0535.8−0508 05 35 45.0 −05 08 41.2 K6 −2.40 0.48 0.147±0.029
0535.7−0418 05 35 42.0 −04 18 08.7 K3 −0.15 – 0.050±0.015
0536.0−0650† 05 36 00.1 −06 50 09.1 M1 −8.57 – 0.056±0.020
0536.2−0519 05 36 11.8 −05 19 59.0 K4 −24.70 0.45 0.050±0.015
0536.7+0907 05 36 39.6 +09 07 16.4 K1 +0.60 0.54 0.049±0.014
0536.9+0608 05 36 52.8 +06 08 09.3 K0 +1.50 0.44 0.050±0.015
0537.0−0300 05 36 57.6 −03 00 39.0 G2 +1.85 0.25 0.127±0.025
0537.6−0054 05 37 33.7 −00 54 00.9 K4 +0.35 0.31 0.039±0.014
0538.4−0637a 05 38 24.0 −06 37 47.2 K1 −0.15 0.45 0.060±0.018
0538.4−0637b 05 38 24.0 −06 37 47.2 K2 −0.35 0.42 0.060±0.018
0538.6−0856 05 38 34.8 −08 56 39.4 G7 +1.35 0.35 0.242±0.035
0538.8+1302 05 38 45.9 +13 02 57.4 K2 +2.67 0.22 0.032±0.011
0538.9−1321 05 38 51.3 −13 21 21.4 G0 +3.05 0.19 0.031±0.015
0538.9−0249 05 38 54.1 −02 49 00.5 K3 −0.01 0.40 0.063±0.019
0538.9−0624 05 38 56.8 −06 24 35.2 G9 +2.22 0.25 0.101±0.028
0539.2+0101 05 39 14.1 +01 01 01.3 G2 +0.20 0.30 0.076±0.017
0539.3+0918 05 39 20.7 +09 18 26.3 K1 +0.90 0.43 0.044±0.014
0539.4−0346 05 39 26.8 −03 46 54.0 G8 +2.78 0.35 0.060±0.015
0539.6−0242 05 39 36.1 −02 42 03.4 K0 −2.38 0.38 0.071±0.016
0539.8−0205 05 39 45.0 −02 05 00.3 K4 −4.70 0.53 0.052±0.014
0539.8−0138 05 39 48.2 −01 38 39.6 K3 −0.25 0.45 0.038±0.013
0539.9−0443 05 39 53.0 −04 43 25.3 F9 +3.15 0.25 0.052±0.013
0539.9+0915 05 39 55.4 +09 15 38.3 K0 +0.55 0.36 0.058±0.014
0539.9+0956 05 39 56.7 +09 56 40.8 K4 −0.10 0.31 0.377±0.036
0540.1−0627 05 40 05.5 −06 27 49.5 K7-M0 −4.90 – 0.013±0.000
0540.1−0737 05 40 05.8 −07 37 59.0 K3 −2.64 0.25 0.050±0.015
0540.2−0708 05 40 13.8 −07 08 28.6 K0 +0.45 0.35 0.033±0.013
0540.5−0121 05 40 32.6 −01 21 57.0 K5 −0.50 0.40 0.048±0.013
0540.8−0806 05 40 45.9 −08 06 36.1 K5 −0.80 0.58 0.028±0.010
0541.3+0027 05 41 18.5 +00 27 41.2 K2 +0.10 0.46 0.038±0.013
0541.4−0324 05 41 23.8 −03 24 43.3 K1 +0.85 0.45 0.049±0.013
0541.8+0944 05 41 45.1 +09 44 35.5 G6 +2.70 0.22 0.044±0.014
0541.9−0556 05 41 56.1 −05 56 43.7 K5 −2.51 0.56 0.052±0.015
0542.4−0626 05 42 25.9 −06 26 17.6 G7 +1.87 0.30 0.043±0.014
0542.7−0925 05 42 39.6 −09 25 06.1 K1 +1.20 0.38 0.034±0.012

0542.9−0718† 05 42 56.1 −07 18 46.0 M3 −8.90 – 0.115±0.021

misclassifications, since the Hα emission can be strongly
variable in some WTTS (Alcalá et al. 1993).

The Hα emission of most of the new PMS stars found
in Orion is indeed weak, but with a few exceptions. The
Hα emission line in the spectrum of RXJ0513.1+0851
is broad (FWHM ≤ 300 km s−1) with W (Hα) = −19.5
± 0.30 Å . The He I λ5876.7 and λ6678.7 lines are also
present in emission (Fig. 3). The He I λ5876.7 line is the
43D→33P transition, and the He I λ6678.7 line is its sin-
glet 41D→31P analogue. The ratio of the intensities of
these two emission lines in the spectrum of this star is
3:1, which corresponds to the ratio for a dense gas in
thermodynamic equilibrium. The star is relatively bright

(V≈13.0), its photospheric spectrum is that of a K3 star
and its near IR colours (H − K=0.15 and J − H=0.65)
indicate the lack of IR excess (see Fig. 5).

The optical counterparts of RXJ0523.1-0440 and
RXJ0536.2-0519 show Hα in emission with W (Hα) =
−11.60 ± 0.20 Å and W (Hα) = −24.7 ± 0.25 Å (see Ta-
ble 3) respectively. Unfortunately, near IR photometry for
these two stars is lacking. On the basis only of their Hα
emission, these three stars could be classified as CTTS.
However, the forbidden lines [SII] λλ 4068, 4132, 6717
and 6731 Å and [OI] λλ 6300 and 6363 Å are not present
in their spectra, suggesting that the emission lines are of
chromospheric origin. Thus, we conclude that these stars
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Table 3. continued

RXJ α(2000) δ(2000) Sp.T. W(Hα) W(Li) cts/s
h m s ◦ ′ ′′ [Å] [Å]

(1) (2) (3) (4) (5) (6) (7)

0543.5−0642 05 43 27.4 −06 42 57.0 G9 +1.41 0.19 0.032±0.011
0544.2−0941 05 44 08.3 −09 41 36.9 G9 +2.40 0.30 0.035±0.012
0544.2−1306 05 44 10.3 −13 06 30.8 K1 +0.72 0.25 0.025±0.011
0544.2+0115 05 44 12.4 +01 15 42.6 K3 +0.70 0.32 0.049±0.014
0544.6−0121 05 44 34.0 −01 21 55.9 K4 −1.95 0.41 0.052±0.013
0545.6−1020 05 45 35.0 −10 20 26.3 G7 +1.85 0.20 0.054±0.015
0546.1+1232 05 46 03.4 +12 32 36.2 G9 −0.30 0.30 0.023±0.012
0546.7−1223 05 46 42.5 −12 23 28.8 G5 +2.90 0.20 0.033±0.019

0546.9−0506† 05 46 51.4 −05 06 57.0 K4 −0.20 – 0.027±0.013
0549.6+0232 05 49 37.8 +02 32 59.7 K2 +0.95 0.47 0.030±0.012

0550.6−1249† 05 50 34.6 −12 49 10.0 K6 −1.20 – 0.023±0.013

0551.2+0748† 05 51 09.3 +07 48 57.0 K6 +1.05 – 0.029±0.014
0551.2−0653 05 51 10.8 −06 53 29.7 K1 +1.50 0.43 0.037±0.015
0552.3−0557 05 52 19.8 −05 57 48.9 K2 +1.35 0.33 0.027±0.013
0554.6−0736 05 54 34.1 −07 36 29.3 G6 +2.68 0.22 0.025±0.013
0556.1−0800 05 56 08.0 −08 00 17.5 G8 +2.09 0.30 0.046±0.017
0556.5+0619 05 56 28.1 +06 19 37.3 G9 +2.79 0.19 0.033±0.015

0556.8−0611† 05 56 46.8 −06 11 13.5 K5 −0.15 – 0.038±0.015
0558.0+0929 05 57 57.5 +09 29 03.4 G9 +3.50 0.27 0.025±0.013
0558.0−0145 05 58 02.1 −01 45 29.5 K1 +2.05 0.27 0.036±0.016

† Li I λ 6707 Å absorption to be confirmed because of the low signal-to-noise of the spectrum.
‡ optical counterpart of the source RXJ 0534.7−0524. The X-ray position of the the RASS source is given.

Fig. 3. Spectrum of the optical counterpart of the source
RXJ0513.1+0851

are not CTTS, but most probably WTTS with very active
chromospheres or WTTS which presented flare activity
during the spectroscopic observations. The latter hypoth-
esis is supported by studies of flare activity in WTTS in
Orion (Preibish et al. 1995, and references therein) and the
recent finding that some of the RASS discovered WTTS
in the Chamaeleon SFR show flare activity too (Guenther
1995). A few of these stars, while displaying normally a
typical WTTS spectrum, sometimes show a spectrum with
characteristics very similar to those of the spectrum in
Fig. 3 (Alcalá et al. 1993; Alcalá et al., in preparation).

3.5. Spatial distribution of the new WTTS

The spatial distribution of the new WTTS and the known
CTTS from the Herbig & Bell catalogue (1988) in the
Orion cloud complex is shown in Fig. 4. The outlines of the
CO maps by Maddalena et al. (1986) are also overplotted
for comparison purposes. While the WTTS are more or
less uniformly spread over the whole star forming region,
the CTTS are concentrated in the denser parts or cores of
the molecular clouds. This confirms previous results found
for the Chamaeleon and Taurus-Auriga SFRs (A95; W95).

Most of the CTTS in the Orion complex are located
in the Orion nebula, the NGC 2023 and NGC 2024 clus-
ters and in the λ Orionis region. Many WTTS are located
also in these areas, but plenty of them are also scattered
southwards and northwards of the nebula, where no known
CTTS are found and they extend even farther off the lim-
its of the “A” molecular cloud. There are also WTTS lo-
cated near the NGC 2023 and NGC 2024 clusters and the
λ Orionis region, but they are much more scattered than
the CTTS. Note that some WTTS are more than 6◦ dis-
tant from the cloud cores. Assuming typical T Tauri ages
of ≤107, the outermost WTTS should move with mean
velocities greater than the typical space velocity given by
the velocity dispersion of the CTTS. The existence of low-
mass PMS stars rather far from SFRs has been interpreted
in terms of “run-away T Tauri stars” (RATTS) by Sterzik
et al. (1995), who used 98 of the 112 new WTTS as train-
ing sample to preselect potential PMS candidates. The
rest of the new WTTS were identified later but indepen-
dently form the Sterzik et al. (1995) criterion. We investi-
gated the statistical status of these 14 X-ray sources in the



16 J.M. Alcalá et al.: New weak-line T Tauri stars in Orion from the ROSAT all-sky survey

Table 4. Journal of photometric observations

Period Telescope Detector Photometric No. of target
system stars

November 1991 0.8 m P07029 UBV (RI)KC 6
November 1992 2.1 m InSb JHKLM 45
November 1992 0.8 m P07029 UBV (RI)KC 10
December 1992 1.5 m P07029 UBV (RI)KC 8
January 1994 1.5 m EMI9789QA uvby-β 20
November 1994 1.5 m EMI9789QA uvby-β 23
December 1994 0.8 m P07029 UBV (RI)KC 15

context of the pre-selection criterion and found that most
of them can be classified as potential T Tauri candidates.
We have also checked the status the sources with dubious
lithium absorption and obtained similar results. A more
complete study of the relation between spatial distribu-
tion of the WTTS and their ages will be published in our
forthcoming paper.

3.6. Finding charts of the new WTTS in Orion

Finding charts for the new WTTS (excluding RXJ 0534.7-
0524 which is identified with the star HBC447, see Sects.
3.1 and 3.2) were produced using the Palomar digitised
photographic plates and are provided in Fig. 6. In these
finding charts North is up, and East is to the left. Each
finding chart covers a field of 5′×5′ on the sky. The finding
charts are sorted by right ascension, and the name of the
corresponding X-ray source is also reported for identifica-
tion in Table 3.

4. The photometric observations

UBV (RI)KC, JHKL and uvby-β photometric observa-
tions for 39, 45 and 42 new WTTS respectively, were car-
ried out at the San Pedro Mártir National Astronomi-
cal Observatory (SPMO) in Baja California, México. The
data were gathered during several observational runs in
the period from November 1991 to December 1994. The
basic information on the observing runs, the telescopes
and the instrumental set-up used are reported in Table 4.

4.1. UBV (RI)KC photometry

The 84 cm telescope and the Lowell I pulse counting pho-
tometer of the Sierra San Pedro Mártir National Astro-
nomical Observatory in Baja California, Mexico (SPMO)
were used to acquire the UBV (RI)KC photometry of the
new Orion WTTS detected with ROSAT. The photometer
consists of a P07029 photomultiplier in the pulse counting
mode cooled to −70◦C and a set of Johnson-Kron-Cousins
(UBV (RI)KC) filters. Details about the instrument can
be found in a technical report by Echevarria et al. (1991).
A set of 15 reference stars were observed nightly in or-
der to tie the observations to the UBV (RI)KC standard
system. The reference stars were selected from the list by

Fig. 4. Spatial distribution of the newly discovered WTTS
(◦) and of the known CTTS (·) in the Orion SFR. The
crosses (×) represent WTTS candidates for which the Li I λ
6707 Å absorption line has to be confirmed. The outlines of
the CO line radio-survey by Maddalena et al. (1986) are over-
plotted as a shaded line. See Sect. 3.5 for further explanations
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Landolt (1983) and span from B7 to M0 spectral types.
The observations consisted of a of several (10−15 s) inte-
grations on each filter on the star and on the near back-
ground. A 20 arcsec diaphragm was used. The data were
reduced following the procedures by outlined by Harris et
al. (1981). Seasonal mean extinction coefficients given by
Schuster (1982) were adopted for the atmospheric extinc-
tion correction. The resulting UBV (RI)KC photometry
of the program stars is presented in Table 5. The typical
observing errors were estimated from the zero point scat-
ter of the standard stars and are the following: σU=0.05,
σB=0.04, σV =0.03, σRKC =0.02 and σIKC=0.02.

4.2. JHKL photometry

The SPMO near-IR photometer consists of a InSb diode
as detector (cooled at the liquid N2 temperature) and a
JHKLM set of filters. The photometer was attached to
the 2.1 m telescope in its infrared configuration (f/27)
with a chopping secondary mirror (see Roth et al. 1984
for details). A 40 arcsec throw in declination axis and a 10
arcsec diaphragm were used during the observations. In or-
der to fix the observations to the local photometric system,
we observed 5 ± 1 near IR standard stars nightly. These
stars were taken from the list by Tapia et al.(1986). The
data at each night were reduced independently following
a standard procedure (e.g. Mitchell 1960). The resulting
photometry of the program stars is given in Table 5. Typ-
ical errors of the derived magnitudes of the program stars
were estimated from integrations in each filter and from
the nightly zero point dispersion of the standard stars.
The mean errors are: σJ=0.03, σH=0.03, σK=0.05 and
σL=0.30.

The IR colour-colour diagram for the newly discovered
WTTS in Orion is shown in Fig. 5 together with the sam-
ple of class I and class II IR-sources in the Taurus-Auriga
SFR taken from the literature (Herbig & Bell 1988). The
normal reddening vector is also shown. Except for three
stars (RXJ0534.7-0423, RXJ0535.0-0411 and RXJ0539.8-
0205), it can be seen that the WTTS tend to follow the line
given by the intrinsic colour line for normal field dwarfs,
indicating the lack of (significant) near IR flux-excesses. In
the two-colour diagram of Fig. 5, three groups are clearly
distinguished: the first group is represented by the IR-
sources, the WTTS form the second group and the third
group is defined by the field stars. The apparent difference
between WTTS and field stars in the IR colour-colour di-
agram can be ascribed to their different spectral type dis-
tributions. While most WTTS have spectral types later
than G4, most field stars are earlier than G5.

The spectra of the three discrepant WTTS in the IR
colour-colour diagram do not show any untypical char-
acteristic, but we cannot exclude the possible presence of
residual circumstellar matter in these stars. For a subsam-
ple of 16 WTTS with both UBV (RI)KC and JHK pho-

tometric measurements, we derived the spectral energy
distributions (SEDs) and confirmed that the new WTTS
are “class III” IR sources.

Fig. 5. IR colour-colour diagram for three groups of stars:
the new WTTS in Orion (open circles), the class I and class II
IR-sources in Taurus-Auriga (filled circles) and normal field
stars (crosses). The solid line represents the intrinsic colours
for dwarfs from Bessel & Brett (1988) and arrow indicates the
normal reddening vector

4.3. uvby-β photometry

The SPMO “Danish” grating spectrophotometer for the
uvby-β photometry is described in detail by Nissen (1984)
and by Schuster & Nissen (1988). For a brief description of
the photometer consult Terranegra et al. (1994). The pho-
tometer consists of six rectangular slots, their correspond-
ing “spectral edge smoothing” filters and sic photomulti-
pliers in a photon counting mode. Four channels are used
for simultaneous uvby observations and the two remaining
channels (the “wide” and “narrow” passbands) are used
for the β-index measurements. In both modes, the chan-
nels are measured simultaneously but independently from
another. Uncooled EMI 9789 QA type photomultipliers
are used as detectors in the photon counting mode. The
system closely reproduces the uvby-β systems of Craw-
ford & Barnes (1970) and of Olsen (1983, 1984). About 15
secondary standard stars were observed from a list kindly
provided to us by W. Schuster. Care was taken to include
standard stars covering the spectral types and luminosity
classes of the program stars. A 20 arcsec diaphragm was
used during the observations. The integration time was
fixed in order to achieve a photon noise less than 1% for
the net signal. All the standard stars were observed at
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Table 5. UBV (RI)KC and near IR photometry of the new WTTS in Orion

RXJ U B V RKC IKC J H K L

0500.4−1054 14.11 13.00 12.31 11.58
0510.3−0330 12.53 11.74 11.29 10.87
0513.1+0851 10.20 9.55 9.40
0515.6−0930 10.46 9.79 9.39 +9.02
0518.0+0712 10.40 9.89 9.74
0518.3+0829 12.54 12.04 11.15 10.54 10.11 9.40 8.91 8.78
0520.0+0612 13.46 12.50 11.31 10.60 10.09 9.17 8.58 8.46 8.62
0520.5+0616 13.88 12.68 11.49 10.80 10.14 9.18 8.61 8.47 8.41
0520.9−0452 9.98 9.53 9.24 8.97
0522.1−0844 13.59 12.95 12.09 11.60 11.13
0522.9+0857 11.27 10.28 9.08 8.12 7.52 7.38 7.30
0523.7+0652 14.18 13.87 12.47 11.37 10.83 9.83 9.15 9.00 8.78
0526.7+0143 10.01 9.66 9.58 8.84
0526.8+0222 12.29 12.18 11.51 11.11 10.71 10.05 9.69 9.62 7.42
0528.0−0053 10.74 10.23 10.15
0528.3+0326 13.09 12.66 11.76 11.18 10.81 9.97 9.45 9.35 8.89
0528.8+0048 11.31 10.90 10.77
0528.8+0105 10.19 9.51 9.37 8.79
0529.2−0615 12.42 12.12 11.27 10.77 10.31
0529.4+0041 10.32 9.69 9.59
0530.1+0041 10.33 10.23 9.54 9.19 8.72 8.15 7.74 7.66 8.00
0530.7−0434 13.90 12.57 11.51 10.79 10.25 9.28 8.60 8.45 7.90
0531.2+0118 13.68 12.84 12.36 11.88
0532.1−0732 10.55 9.94 9.83
0532.2−1340 10.21 9.67 9.32 9.07 8.63 8.43 8.45 7.99
0532.4−0713 14.03 13.97 12.86 12.23 11.57 10.70 10.05 9.91
0532.5−0421 13.80 13.05 11.93 11.27 10.65
0532.6−0522 14.62 13.19 12.05 11.32 10.37 9.72 9.03 8.87
0533.1−0758 9.87 9.25 9.10 9.93
0533.5−0646 12.11 11.85 11.12 10.70 10.28
0534.7−0423 12.55 11.53 11.06 10.73 9.92 10.12 9.86 9.80
HBC447 13.88 13.61 12.34 11.80 11.25
0535.0−0411 10.27 9.92 9.57
0535.3−0059 15.10 14.06 13.22 12.61
0535.8−0508 15.61 14.41 12.91 12.09 11.31
0536.7+0907 10.43 9.82 9.70
0536.9+0608 10.81 10.36 10.26
0537.0−0300 11.11 10.97 10.25 9.79 9.37 8.91 8.48 8.39 8.59
0537.6−0054 9.67 9.04 8.91
0538.6−0856 8.50 8.04 7.93 7.69
0538.9−1321 11.20 10.63 10.29 9.96
0538.9−0249 10.93 10.32 10.16
0538.9−0624 9.63 9.23 9.16 8.55
0539.2+0101 9.73 9.20 9.08 8.68
0539.4−0346 9.78 9.33 9.23
0539.6−0242 11.21 10.92 10.06 9.51 9.11 8.53 8.01 7.91 7.78
0539.8−0205 10.75 9.95 9.64
0539.9−0443 9.61 9.25 9.20 10.00
0540.1−0737 9.66 9.20 9.02
0540.2−0708 10.81 10.29 10.21
0540.8−0806 14.23 12.87 12.10 11.29
0541.3+0027 10.95 10.26 10.09
0541.4−0324 12.63 12.70 11.75 11.18 10.66 10.07 9.51 9.43
0541.8+0944 10.88 10.73 10.07 9.67 9.28
0541.9−0556 10.74 10.02 9.96
0542.4−0626 10.52 10.14 10.06 9.80
0542.7−0925 10.51 9.96 9.86
0543.5−0642 10.62 10.19 10.10 9.42
0544.2−0941 13.21 12.93 12.22 11.77 11.35
0544.2−1306 9.11 8.49 8.35 7.76
0544.2+0115 10.01 9.42 9.34
0545.6−1020 12.33 12.10 11.43 11.01 10.61
0549.6+0232 13.86 13.24 12.33 11.75 11.20
0551.2−0653 12.51 12.08 11.24 10.73 10.26
0554.6−0736 12.43 12.33 11.71 11.31 10.93
0556.1−0800 13.11 12.78 12.04 11.59 11.19
0556.5+0619 11.53 11.19 10.41 9.96 9.52
0558.0−0145 13.55 12.93 12.08 11.55 11.08
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least twice during the run. The instrumental magnitudes
and colors were transformed to the standard system fol-
lowing usual procedures (cf. Terranegra et al. 1994). The
NABAPHOT utility package of the San Pedro Mártir Ob-
servatory was used to reduce the data (Arellano-Ferro &
Parrao 1988). The resulting uvby-β photometry of the pro-
gram stars observed is listed in Table 6. In this table we
give the quantities c1, m1 (cf. Strömgren 1966) and the β
index (Crawford 1979). The typical mean errors of these
measured quantities are σy=0.20, σb−y=0.05, σc1=0.08,
σm1=0.05 and σHβ=0.06.

Table 6. uvby−β photometry

RXJ V b− y m1 c1 Hβ

0500.4−1054 13.03 0.67 0.43 0.27 2.46e,v?

0501.1+0642 12.62 0.64 0.44 – 2.55
0502.4−0744 11.21 0.46 0.20 0.38 2.58
0506.2+0439 13.58 1.15 – 0.30 2.37e

0507.5+1010 10.45 0.47 0.24 0.27 2.60
0509.0−0315 11.27 0.48 0.21 0.32 2.57
0510.1−0427 11.58 0.61 0.51 0.12 2.53
0510.3−0330 11.38 0.52 0.22 0.32 2.57
0511.7−0348 11.93 0.51 0.33 0.23 2.59
0512.3−0255 10.47 0.46 – 0.20 2.43e

0513.1+0851 13.08 0.80 0.37 0.26 2.60
0513.4−1244 10.77 0.38 0.21 0.34 2.61
0515.6−0930 9.84 0.42 0.27 0.28 2.59
0517.9−0708 10.70 0.52 0.35 0.27 2.56
0518.0−1146 11.51 0.55 0.36 0.25 2.58
0518.0+0712 13.08 0.63 0.32 0.36 2.63
0518.3+0829 11.68 0.54 0.25 0.35 2.58
0520.0+0612 11.56 0.70 0.47 0.27 2.55
0520.5+0616 12.20 0.69 0.43 0.28 2.56
0520.9−0452 9.48 0.31 0.16 0.40 2.64
0522.9+0857 11.13 0.61 0.21 0.36 2.59
0523.7+0652 12.79 0.84 0.45 0.23 2.60

0526.7+0143 12.82 0.62 0.25 0.50 2.45e,v?

0526.8+0222 11.75 0.46 0.18 0.43 2.62
0528.3+0326 12.04 0.59 0.27 0.37 2.60
0528.8+0048 14.04 0.59 0.23 0.33 2.62
0529.2−0615 11.19 0.53 0.26 0.27 2.54
0529.4+0041 12.56 0.64 0.41 0.28 2.55
0530.1+0041 9.53 0.44 0.19 0.39 2.63
0530.7−0434 11.57 0.72 0.41 0.27 2.59
0532.1−0732 12.57 0.64 0.37 0.34 2.55
0532.2−1340 9.61 0.35 0.17 0.41 2.54
0532.4−0713 12.82 0.67 0.32 0.33 2.62
0532.5−0421 11.89 0.63 0.46 0.24 2.58
0532.6−0522 12.19 0.73 0.43 0.26 2.57
0533.1−0758 11.76 0.71 0.43 0.35 2.56
0534.7−0423 13.22 0.68 0.43 0.32 2.66
0535.0−0411 12.02 0.58 0.28 0.33 2.49e

0535.3−0059 12.79 0.73 0.38 0.44 2.69
0537.0−0300 10.14 0.47 0.17 0.46 2.60
0538.6−0856 9.92 0.48 0.25 0.35 2.59
0541.8+0944 10.09 0.42 0.20 0.35 2.51

e: Hβ in emission; v?: possibly variable Hβ.

5. Conclusions

X-ray data from the RASS in an area of about 450 square
degrees in direction to the Orion cloud complex were ob-
tained. The mean spatially projected density of X-ray
sources in this region is a factor of about two higher than
that for the RASS elsewhere 5.6% of the RASS sources in
this region are identified with previously known pre-main

sequence stars. X-ray light curves were obtained for more
than 200 sources detected with a high S/N ratio. Only
three sources were found to show significant variability in
X-rays, but we cannot exclude the possibility of low-level
X-ray variability, observable as scan-to-scan variations, in
the rest of the sources.

181 (spatially unbiased) RASS sources, widely dis-
tributed over the entire cloud complex, were investigated
spectroscopically. 62% of them could be identified with
WTTS. The new WTTS are found to be widely dis-
tributed throughout the entire Orion star forming region,
while the CTTS in this region tend to be concentrated
mainly in the cloud cores.

A sample of 39 WTTS was observed in the
UBV (RI)KC photometric system. Near-IR JHKL pho-
tometry for 45 WTTS was also obtained. In addition,
uvby-β photometric measurements were obtained for a
sample of 42 WTTS. The spectral energy distributions
of these WTTS and their position in the IR colour-colour
diagram, confirms that they are “class III” IR sources.
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México

Feigelson E.D., 1987 in Protostars and molecular clouds.
In: Montmerle Th. and Bertout C. (eds.), CEN Saclay,
Gif-sur-Yvette, p. 123
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Trümper J., et al., 1991, Nat 349, 579
Voges W., 1992a, Satellite Symp. No. 3 ESA ISY-3, p. 155
Voges W., 1992b, The ROSAT all-sky survey and the first iden-

tifications of X-ray sources using digitised optical plates. In:
MacGillivray H.T., Thomson E.B. (eds.), Digitised optical
sky surveys. Kluwer, p. 452-463

Walter F.M., Brown A., Mathieu R.D., Myers P.C., Vrba F.J.,
1988, AJ 96, 297

Wichmann R., et al., 1995, A&A (submitted) (W95)
Wiramihardja S.D., et al., 1989, PASJ 41, 155
Zimmermann, et al., 1994, EXSAS user’s Guide MPE Report

No. 257
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Fig. 6. Finding charts for the new WTTS. In these finding charts North is up, and East is to the left. Each finding chart covers
a field of 5′×5′ on the sky. The finding charts are sorted by right ascension, and the name of the corresponding X-ray source is
at the top of each field for identification in Table 3
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Fig. 6. continued
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Fig. 6. continued
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Fig. 6. continued


