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ABSTRACT

Context. The young σ Orionis cluster is an indispensable basis for understanding the formation and evolution of stars, brown dwarfs,
and planetary-mass objects. Our knowledge of its stellar population is, however, incomplete.
Aims. I present the Mayrit catalogue, which comprises most of the stars and high-mass brown dwarfs in the cluster.
Methods. The basis of this work is an optical-near infrared correlation between the 2MASS and DENIS catalogues in a circular area
of radius 30 arcmin centred on the OB-type binary σ Ori AB. The analysis is supported by a bibliographic search of confirmed cluster
members with features of youth and by additional X-ray, mid-infrared, and astrometric data.
Results. I list 241 σ Orionis stars and brown dwarfs with known features of youth, 97 candidate cluster members (40 are new),
and 115 back- and foreground sources in the survey area. The 338 cluster members and member candidates constitute the Mayrit
catalogue.
Conclusions. This catalogue is a suitable input for studying the spatial ditribution, multiplicity, properties and frequency of discs, and
the complete mass function of σ Orionis.
Key words. astronomical data bases: miscellaneous – stars: low-mass, brown dwarfs –
Galaxy: open clusters and associations: individual: σ Orionis

1. Introduction
The σ Orionis cluster in the Ori OB 1b association is getting as
important for the study of the formation, evolution, and characterisation of stars and substellar objects as other famous clusters and star-forming regions, like the Hyades, the Pleiades,
the Orion Nebula Cluster, or the Taurus-Auriga complex. The
σ Orionis cluster is young (3 ± 2 Ma), nearby (d ∼ 385 pc),
and relatively free of extinction (Lee 1968; Brown et al. 1994;
Oliveira et al. 2002; Zapatero Osorio et al. 2002a; Sherry et al.
2004; Béjar et al. 2004b; Caballero 2007d). First identified by
Garrison (1967) and Lyngå (1981), σ Orionis was rediscovered
by Wolk (1996) and Walter et al. (1997). They reported a clustering of young low-mass stars, many of them positionally coincident with X-ray sources, surrounding the Trapezium-like, multiple stellar system σ Ori in the vicinity of the Horsehead Nebula
(see Caballero 2007b, for a description of the multiple system
σ Ori and its surroundings). Previously, the area had been investigated during wide searches in the Orion complex with prismobjective and Schmidt plates, detecting a wealth of emission
stars (e.g. Haro & Moreno 1953; Wiramihardja et al. 1989), but
the cluster had not been treated as an independent entity within
the complex. Complete compilations of the determinations in the
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literature of the age, heliocentric distance, frequency of discs and
mass function of the σ Orionis cluster are found in Caballero
(2007a). A chapter of the Handbook of Star Forming Regions,
edited by B. Reipurth, will be exclusively devoted to σ Orionis
(Walter et al., in press).
After the seminal work by Béjar et al. (1999), who found
for the first time a rich population of young brown dwarfs in
σ Orionis, the cluster has turned into an excellent laboratory for
the study of, e.g.:
– the search for free-floating planetary-mass objects (with
masses below the deuterium-burning limit) and the study
of the substellar mass function down to a few Jupiter
masses (Zapatero Osorio et al. 2000; Béjar et al. 2001;
González-García et al. 2006; Caballero et al. 2007);
– the frequency and the properties of ∼3 Ma-old discs at diﬀerent mass intervals (Jayawardhana et al. 2003; Oliveira et al.
2004, 2006; Hernández et al. 2007; Caballero et al. 2007;
Zapatero Osorio et al. 2007a);
– the masses of OB-type stars in resolved binary systems
(Heintz 1997; Mason et al. 1998; Caballero 2007d);
– the X-ray emission of young stars and brown dwarfs (Mokler
& Stelzer 2002; Sanz-Forcada et al. 2004; Franciosini et al.
2006; Caballero 2007b);
– the characterisitics of jets and Herbig-Haro objects (Reipurth
et al. 1998; López-Martín et al. 2001; Andrews et al. 2004);
and
– the photometric variability of low-mass stars and brown
dwarfs (Bailer-Jones & Mundt 2001; Caballero et al. 2004;
Scholz & Eislöﬀel 2004).
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2. Analysis and results
2.1. The 2MASS/DENIS correlation

The correlation between the Two-Micron All Sky Survey
(2MASS) Catalog of Point Sources (Skrutskie et al. 2006)
and the third release of the Deep Near Infrared Survey of the
1

See http://www.ivoa.net

Fig. 1. Inverse-colour DSS-1 blue-band (photographip B J ) image centred in σ Ori AB. Its size is 1.5 × 1.5 deg2 . North is up and east is left.
The correlated 2MASS/DENIS sources are marked with (blue) dots.
Compare this figure with Fig. 1 in Caballero (2007a). Colour versions
of all the figures are available in the electronic publication.
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Many interesting star-like objects have been discovered in
the cluster, from the helium-rich, B2.0Vp-type magnetic star
σ Ori E (Greenstein & Wallerstein 1958), through the Class I object candidate IRAS 05358–0238 (Oliveira & van Loon 2004),
to the hypothetical proplyd σ Ori IRS1 (van Loon & Oliveira
2003; Caballero 2005, 2007b). The most interesting objects
in the cluster are, however, below the hydrogen-burning mass
limit. Some of these substellar objects are the ∼T6-type object S Ori 70 (which may be the least massive body directly
detected out of the Solar System, ∼3 MJup – Zapatero Osorio
et al. 2002c, 2007b; Burgasser et al. 2004), the T Tauri substellar analog S Ori J053825.4–024241 (which is the most variable
brown dwarf yet found; Caballero et al. 2006a), the two strong
Hα emitters at the planetary boundary S Ori 55 and S Ori 71
(with masses of only 10−20 MJup and equivalent widths of the
Hα line of up to −700 Å; Zapatero Osorio et al. 2002b; Barrado
y Navascués et al. 2002) and the brown dwarf-exoplanet system candidate SE 70 + S Ori 68 (which could be the widest
planetary system known so far; Caballero et al. 2006b). The
number of known substellar objects in σ Orionis is comparable
to those of other rich, more massive, younger star-forming regions like Chamaeleon, Ophiuchus or the Orion Nebula Cluster.
However, σ Orionis is by far the region with the largest amount
of brown dwarfs with membership confirmation (>30; Caballero
et al. 2007) and planetary-mass object candidates (29; Zapatero
Osorio et al. 2000; González-García et al. 2006; Caballero
2007b; Caballero et al. 2007). Many of these bodies have measured L spectral types and/or flux excess longwards of 5 µm
(Zapatero Osorio et al. 2007a).
A lot of eﬀort has been put into characterising the σ Orionis
cluster in general and investigating the connection between its
stellar and substellar populations in particular (e.g. Béjar et al.
2004a; Sherry et al. 2004; Kenyon et al. 2005; Burningham
et al. 2005; Caballero 2005, 2007a,b,c). The works by Kenyon
et al. (2005), who investigated membership, binarity, and accretion among very low-mass stars and brown dwarfs surrounding
σ Ori, and, especially, Sherry et al. (2004) stand out. These authors presented an ambitious study, estimating the number of
cluster members in the mass range 0.2 M <
∼ M <
∼ 1.0 M and
the radius, age and total mass of the cluster. All these works are,
however, incomplete or biased in some way: no comprehensive,
homogenous, multi-band study, fully covering the whole stellar
mass interval (from ∼20 M down to the substellar boundary)
and the cluster area without gaps (from the very centre to the
border) exists so far for σ Orionis.
I extend the study of the brightest stars of the cluster shown
in Caballero (2007a) down to the hydrogen-burning mass limit
and beyond. I start out from a correlation between the 2MASS
and DENIS catalogues within the environment of the Virual
Observatory1 and a bibliographic search of confirmed cluster
members, and support them with spectroscopic and photometric
data from the X-ray region to 120 µm when available. The outcome of this work is the Mayrit catalogue, which comprises the
majority of the stars and high-mass brown dwarfs of σ Orionis.

N(I)

668

400

400

300

300

200

200

100

100

0

6

8

10

12

14

I [mag]

16

18

0

6

8

10

12

14

16

18

J [mag]

Fig. 2. Histograms of the number of sources as a function of DENIS I
(left) and 2MASS J magnitudes (right).

Southern Sky (DENIS) database (Epchtein et al. 1997; DENIS
Consortium 2005) were performed with the cross match tool of
the Aladin sky atlas. I used a cross-match threshold of 1 arcsec,
which is more than 10 times wider than the expected astrometric
errors of the catalogues. The methodology and the survey area, a
circle of 30 arcmin radius centred on σ Ori AB, are identical to
those in Caballero (2007a), where further details can be found.
The survey area and its surroundings are shown in Fig. 1.
Of the 5721 2MASS sources in the 2830 arcmin2 -wide area,
4951 (∼87%) were correlated with DENIS sources. Most of the
770 non-correlated 2MASS sources are very faint and are expected to have fainter optical counterparts than the DENIS completeness. To avoid subsequent problems associated to high photometric uncertainties (e.g. faint blue sources with apparent red
colours and vice versa), I only considered 2MASS sources with
photometric errors δKs < 0.1 mag. With this restriction, the final
sample size was 2332 optical/near-infrared sources.
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The histograms of the number of sources as a function of
magnitude in the DENIS I and 2MASS J passbands are shown
in Fig. 2. The bulk of the correlated sources have I- and J-band
magnitudes in the intervals ∼12−17 mag and ∼11−16 mag, respectively. The number of sources peaks at I ∼ 16 mag and
J ∼ 15 mag (and at H ∼ Ks ∼ 14 mag), which is expected
from the increasing number of faint stars and the completeness
and limiting magnitudes of the DENIS and 2MASS catalogues
(DENIS I5σ = 18.0 mag; 2MASS J3σ = 17.1 mag, Ks,3σ =
14.3 mag). Both surveys are complete at magnitudes brighter
than I ≈ 16.5 mag, J ≈ 14.6 mag and Ks ≈ 12.8 mag, which are
the magnitudes of the (non-reddened) faintest stars and brightest
brown dwarfs in σ Orionis (Caballero et al. 2007). Besides, 98%
(91%) of the correlated sources have I − J colours in the interval
0.4 mag <
∼I−J<
∼ 2.5 mag (0.7 mag <
∼I−J<
∼ 2.1 mag), which
are typical of normal dwarfs. Since the galactic latitude of the
cluster is b = −17.3 deg, a large contamination by red giants is
not expected (Caballero et al., in prep.).
Other optical catalogues oﬀered by the Virtual Observatory
that could have been correlated with 2MASS are, for example, the United States Naval Observatory USNO-B1.0 (Monet
et al. 2003), the SuperCOSMOS Sky Survey SSS (Hambly
et al. 2001), the Guide Star Catalogue2 GSC-II, or the Carlsberg
Meridian Catalog3 CSC14. All of them are digitisations of
Schmidt photographic plates. In spite of possible photometric
uncertainties (see Sect. 2.3), the DENIS catalogue is deeper than
they are. Besides, it is a CCD-based survey, which easily allows magnitudes to be transformed into fluxes and guarantees
linearity within the dynamical range of the survey. Photographic
magnitudes, in contrast, are not reliable at the faintest (especially
GSC-II and CSC14) and brightest (especially SSS4 ) magnitudes.
An optimum alternative to DENIS would be using USNO-B1
and SSS at the faintest and brightest magnitudes, respectively.
This option still has a big drawback compared to DENIS (apart
of a complex implementation): the incomplete coverage of the
cluster centre due to the glare of σ Ori AB. The inner 3 arcminradius circle contains about 40 cluster members and candidates and a large fraction of the cluster total mass (Caballero
2007a,b). On the one hand, DENIS tabulates optical data for all
the sources with near-infrared magnitudes J <
∼ 16.0 mag from
the outer radius of the survey at 30 arcmin to a few arcseconds
to the Trapezium-like star system; more than 60 DENIS sources
are in the central circle of radius 3 arcmin. On the other hand,
USNO-B1 tabulates only three sources in the central circle (the
OB-type stars σ Ori AB, D, and E) and is complete and relatively free of glare artifacts only at more than ∼6 arcmin. The
eﬀect of “glare incompleteness” is also detectable surrounding
other bright early-type stars in the area with known nearby companions (e.g. HD 294271; Caballero 2005).
There are other non-virtual observatory optical data covering
the σ Orionis region, but they are not available to the author (e.g.
Sherry et al. 2004), are too deep (i.e. all high- and intermediatemass stars are saturating; e.g. Béjar et al. 2004a,b), or avoided
on purpose to survey the cluster centre (e.g. Caballero 2006).
To sum up, the DENIS/MASS combination provides the most
2
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suitable optical/near-infrared correlation in the area. This combination is, nevertheless, incomplete for magnitudes brighter than
I ∼ 6 mag and oﬀers incorrect magnitudes of objects brighter
than I ≈ 10 mag due to saturation and non-linear eﬀects. To enhance the optical data from the DENIS catalogue, I have collected the I magnitudes of the 18 brightest stars in the area from
the USNO-B1 catalogue and from Caballero (2007b). Likewise,
the 2MASS J and H photometry of σ Ori AB is also aﬀected
by saturation, so I have used the respective values provided by
Johnson et al. (1966). These incorporations led to simultaneously investigating in the survey all the sources with J-band
magnitudes in the range 4.5−15.5 mag. Therefore, all the cluster
stars and many of the high-mass brown dwarfs can be identified
in the optical/near-infrared data.
2.2. Membership classification
2.2.1. Known cluster members

As a first step in the cluster member selection, a list of confirmed
cluster members from the literature with a 2MASS/DENIS counterpart was made up, given in Table A.1. A confirmed cluster
member must display at least one of the following features of
youth, characteristic of ∼3 Ma-old stars or brown dwarfs:
– early spectral type (“OB”): O-, B-, and early-A-type stars
taken from Caballero (2007a);
– Li i λ6707.8 Å in absorption (“Li i”): mid- and late-type
pre-main sequence stars mostly taken from Wolk (1996),
Zapatero Osorio et al. (2002a), Kenyon et al. (2005), and
Caballero (2006);
– strong and/or broad Hα λ6562.8 Å line in emission (“Hα”):
accretors and emission stars and brown dwarfs mostly taken
from Haro & Moreno (1953; Haro objects), Wiramihardja
et al. (1989, 1991; Kiso objects), Zapatero Osorio et al.
(2002a), Weaver & Babcock (2004), and Caballero (2006);
– features of low-gravity (“low g”): stars and brown dwarfs
with weak alkali absorption lines (in particular, the
Na i λλ8183, 8195 Å doublet) taken from Burningham et al.
(2005);
– spectral energy distribution characteristic of objects with
discs (“Class I”, “II”, “trans. disc”, “ev. disc”, “mIR”):
Class I and Class II objects and stars with evolved or transition discs mostly taken from Oliveira & van Loon (2004)
and Hernández et al. (2007);
– very strong X-ray emission (“XX”, “XXX”): optical/nearinfrared counterparts of: (i) X-ray sources with count rates
in the intervals 0.01−0.10 s−1 (“XX”) or >0.10 s−1 (“XXX”)
in the EPIC/XMM-Newton observations by Franciosini
et al. (2006), or of (ii) X-ray sources out of the
EPIC/XMM-Newton survey area detected by at least two independent surveys carried out with the space observatories
Einstein, ASCA and ROSAT and with count rates >0.01 s−1 in
the WGACAT/ROSAT catalogue, mostly taken from Harris
et al. (1994), Nakano et al. (1999) and White et al. (2000).
Table A.1 provides the Mayrit identifications of the 241 confirmed young stars and brown dwarfs in σ Orionis that I was
able to identify among the correlated 2MASS/DENIS sources.
It also gives some of their alternative names from the literature, their features of youth, and corresponding abbreviated
bibliographic references. The complete reference list is given
in Table A.7. Some additional features of youth are also indicated in Table A.1 (“Em.”, “Ca ii”: emission lines diﬀerent from
Hα; “Si”: silicon features in mid-infrared spectra, characteristic
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of dust coagulation in protoplanetary discs; “debris disc”: flux
excess detected only at the 24 µm passband of MIPS/Spitzer;
“X-flare”: flares detected at 0.2−2.0 keV; “jet”: central source associated to a Herbig-Haro object; “nebular”: nebular appearence
of the Hα emission; “X”: stars with EPIC/XMM-Newton count
rates in the interval 0.0005−0.01 s−1 ). Some marginally-detected
features are marked with a question mark. Of the 241 identified cluster members, 187 have at least two known features of
youth (and 95 have three or more features). Stars and brown
dwarf candidates with only spectral-type determination from
low-resolution spectroscopy have not been considered as confirmed cluster members.
There are also several cluster member candidates, like
Kiso A–904 69 ([WB2004] 17), Haro 5–28 (Kiso A–0904 89),
IRAS 05352–0227, or Haro 5–24, with published strong
Hα emission and magnitudes that would make them detectable
in this survey. However, because of the large errors in their coordinates, I was not able to identify them.
The Mayrit designation of the σ Orionis cluster members
and candidates used throughout this work follows the nomenclature introduced by Caballero (2007b).
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Fig. 3. Proper-motion diagram (µδ vs. µα cos δ) of foreground stars with
µ > 10 mas a−1 . Non-cluster members from the literature and new noncluster members from this work are shown with asterisks (“∗”) and
tensorial product symbols (“⊗”), respectively. The threshold used by
Caballero (2007a) to separate Ori OB 1b members from stars with
high tangential velocities is marked with a big ellipse. The high-propermotion star G 99–20 (LP 598–162; µ = 288 mas a−1 ) is not shown for
the sake of clarity.

2.2.2. Fore- and background stars and galaxies

To complement the list of known cluster members, I compiled
85 non-cluster member stars and 18 galaxies among the correlated 2MASS/DENIS sources, shown in Table A.2. Nine stars
are presented here for the first time, while the remaining noncluster members were taken from the literature. In particular,
these stars are:
– bright stars with high tangential velocity and K- and M-type
foreground stars taken from Caballero (2007a); and
– stars whose high-quality spectra show no lithium in absorption (“no Li i”), no low-gravity features in the alkali
lines (“no low g”), and/or discordant radial velocity with respect to the cluster systemic radial velocity (“no Vr ”), taken
from Kenyon et al. (2005), Burningham et al. (2005), and
Caballero (2006).
I also got the proper motion tabulated by USNO-B1 (very
similar to those tabulated by SSS and NOMAD1 – Zacharias
et al. 2004) for all the correlated 2MASS/DENIS sources
brighter than I = 12.5 mag that were not investigated in the
Tycho-2/2MASS correlation by Caballero (2007a). I estimate
that the average error of the USNO-B1 measurements in the in−1
vestigated magnitude interval is δµ >
∼ 5 mas a . There are, however, some stars with relatively high proper motions and larger
uncertainties (e.g. SO430116, with the second highest proper
motion in the area after G 99–20, has a SSS µ = (+103 ± 5,
−123 ± 5) mas a−1 , while USNO-B1 tabulates a proper motion
∼30% less). Of the 85 non-cluster members, 29 have propermotion moduli larger than 10 mas a−1 , which was the value
used to separate young stars and candidate Ori OB 1b association members from probable foreground stars with higher
tangential velocities in Caballero (2007a). The proper-motion
diagram shown in Fig. 3 illustrates the study of the star tangential velocities. Seven of the nine new non-cluster mem−1
bers first listed here have proper motions µ >
∼ 20 mas a .
The remaining two new non-cluster members, with proper motions consistent with membership in σ Orionis, probably are
foreground K- or early-M-type stars because they have very
red colours, but they are much brighter than cluster members of a similar expected spectral type and do not show
any characteristic feature of T Tauri stars. These two stars

are 2MASS J05400217−0253423 (I = 10.97 ± 0.06 mag, Ks =
7.74 ± 0.03 mag) and 2MASS J05390143–0253431 (I = 11.28 ±
0.03 mag, Ks = 8.40 ± 0.03 mag). Table A.2 gives the 2MASS
designations of all the fore- and background stars, alternative
names if they exist, a flag indicating if they have been spectroscopically studied (“Sp.” = Yes/No), their USNO-B1 proper
motions if they are larger than 10 mas a−1 , remarks and abbreviated references (see again Table A.7 for complete references).
The nine new non-cluster members have a blank in the reference
column.
In Table A.3, I list the 2MASS designations of 18 galaxies found in the survey area. All except one (2E 1448, which
is a very strong X-ray emitter; Caballero & López-Santiago,
in prep.) are tabulated in the Final Release of 2MASS Extended
Sources (2MASS 2003). Some of these galaxies were also identified in the Spitzer Space Telescope study in σ Orionis by
Hernández et al. (2007). As an additional test, I checked the extended FWHMs of the ten reddest galaxies (J − Ks >
∼ 1.4 mag)
using the SSS digitisations.
2.2.3. Candidate young stars and brown dwarfs

I have selected 109 cluster member candidates without membership information based on their position with respect to the
241 confirmed cluster members in the I vs. I − Ks colourmagnitude diagram shown in Fig. 4. The cluster members with
known features of youth define a quite broad photometric sequence in the diagram. I classified as candidate cluster stars
and brown dwarfs those correlated 2MASS/DENIS sources that
are neither known cluster members (Sect. 2.2.1) nor non-cluster
members (Sect. 2.2.2) and that fall redwards of the solid line
shown in Fig. 4 or are brighter than I = 11.5 mag. The solid line
leaves redwards of it ∼75% of the confirmed cluster members.
All the stars in the area brighter than I = 9.5 mag are confirmed
cluster members.
Figure 1 shows that the survey area partially overlaps with
a nebulosity that forms an extension of the Orion B cloud associated to the Alnitak-Horsehead Nebula-IC 434-Flame Nebula
complex (Alnitak = ζ Ori). Twelve candidate cluster members
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Fig. 4. I vs. I − Ks colour−magnitude diagram in the survey area. Filled (red) stars: stars and brown dwarfs with known features of youth from the
literature; open (red) circles: photometric candidate cluster stars and brown dwarfs; (blue) pluses: galaxies; open (blue) down triangles: reddened
sources in the northeastern cloud; (blue) x-marks: fore- and background stars; tiny (black) dots: unresolved galaxies, probable fore- and background
stars and cluster stars and brown dwarfs with blue I − Ks colours for their I magnitudes; solid (black) line: criterion for selecting candidate cluster
stars and brown dwarfs without known features of youth; dashed (red) lines: approximate completeness and detection limits of the survey.

to the northeast of the survey area, together with three known
non-cluster members with spectroscopic information, fall exactly below the densest (filament-shaped) part of the nebulosity.
This area is shown in detail in Fig. 6 (see also the upper part of
Fig. 2 in Hernández et al. 2007). The cloud shred also coincides
with an alignment of mid-infrared sources in the IRAS Catalogue
of Point Sources and in the IRAS Serendipitous Survey Catalog
without known optical or near-infrared counterparts (IPAC 1986;
also in the IRAS Point Source Reject Catalog). Although some
of these sources might be bona-fide, embedded young sources
associated to the filament, I list them in Table A.4 as probable reddened sources that do not belong to the σ Orionis cluster. Three of them were also photometric cluster member candidates in the work by Sherry et al. (2004). Besides, Béjar et al.
(2004a) proposed that an overdensity of IZ-band photometric
cluster members to the northeast of σ Orionis could be associated to a hypothetical cluster surrounding Alnitak. The existence
of the nebulosity adds further complexity to the topic. The solution to this dilemma requires more spectroscopy.
After taking into account the 109 sources redwards of the
solid line in Fig. 4 and the 12 probable reddened sources in
Table A.4, then 97 reliable candidate cluster members without
membership information, of which 40 are new, remain from the
survey. Their designations and alternative names, together with
remarks and references, are provided in Table A.5. Remarks column indicates, if known, spectral type, the period of photometric
variability and X-ray emission (“X”: count rate in the interval
0.0005−0.01 s−1 in Franciosini et al. 2006; “X?”: source possibly associated to X-ray events in the WGACAT/ROSAT catalogue by White et al. 2000). The marginal detections of youth
features (Li i, Hα, low g) are indicated with a question mark.

The pictogramme of the spatial distribution of confirmed
cluster members, non-cluster members, galaxies, and candidate
cluster members is displayed in Fig. 5. Since most of the spectroscopic, mid-infrared and X-ray follow-ups are focused on the
cluster centre, photometric candidate cluster members do not
concentrate towards the cluster centre as sharply as confirmed
cluster members do5 .
2.3. Refinement of optical photometry

As a final step in the analysis, I improved the DENIS I data
of the correlated sources. The DENIS database sometimes tabulates two or more detections separated by only ∼0.1−0.3 arcsec
with slightly diﬀerent magnitudes. A visual inspection shows
that the detections are associated to the same source. Often,
one or some detections have very large photometric uncertainties, of up to δI = 1.00 mag. During the the 2MASS/DENIS
cross match, only one DENIS source (the nearest one to the
2MASS counterpart) was correlated, which may have larger
photometric errors than the other sources. Therefore, I investigated the possible multiple detections in the DENIS database of
the 241 confirmed cluster members and the 97 candidate cluster members. Of them, 55 sources (∼16%) have such multiple
(double) detections, I1 and I2 .
5

Caballero (2007c) used a previous version of the Mayrit catalogue
to investigate the spatial distribution of stars and brown dwarfs in
σ Orionis. The only diﬀerence was that the X-ray galaxy 2E 1456 was
considered as a photometric cluster member candidate. Even accounting for this diﬀerence, the results of that paper (clustering parameter
Q ≈ 0.88, volume density ρ(r) ∝ r−2 , mass-dependent radial distribution, azimuthal asymmetry) remain unchanged.
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λλ6548.0, 6583.4 Å. North is up and east is the left; approximate size is
17 × 7 arcmin2 .

The diﬀerence between the two tabulated I-band magnitudes,
I1 and I2 , as a function of the most accurate measurement is
shown in Fig. 7. While the mean of the quantity (δ2 I1 + δ2 I2 )1/2 ,
which measures the combined photometric uncertainties, is
0.56 mag, the standard deviation of the diﬀerence I1 − I2 is only
0.26 mag. There are only three objects with I1 − I2 > 0.56 mag
(V603 Ori, Haro5–18 and SWW 34), of which two are known
to be intense accretors and one is known to be a photometric
variable (Haro & Moreno 1953; Salukvadze 1987; Wiramihardja
et al. 1989; Andrews et al. 2004). These values must be compared with typical uncertainties of normalised magnitudes from
plate digitisations, of no less than ∼0.3 mag (Hambly et al.
2001). These facts indicate that (i) the large DENIS photometric uncertainties in the optical (especially δI = 1.00 mag) are
overestimated, and (ii) the uncorrected DENIS magnitudes can
still be used with uncertainties at the 0.26 mag level, except for
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IDENIS, 2 (mag)

16
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18

Fig. 7. I1 − I2 vs. I2 of stars with double detections in the DENIS
database. The errorbars associated to stars with photometric uncertainties δI = 1.00 mag are plotted with dotted lines. Horizontal lines denote
I1 − I2 = 0.0 mag (solid) and I1 − I2 = ±0.5 mag (dashed).

high-amplitude variables. The latter objects have, however, extremely red J − Ks colours (of 2.14 ± 0.03 mag in the case
of V603 Ori) and are easy to recognise among fore- and
background sources. Therefore, the DENIS multiple detections
barely aﬀect my selection criterion.
2.4. The Mayrit catalogue

Finally, Table A.6 tabulates the Mayrit designations, the most accurate DENIS I-band and 2MASS JHKs magnitudes, and J2000
coordinates of the 338 cluster members and member candidates
that constitute the Mayrit catalogue. The last column indicates
with a filled star (“”) if the object is a confirmed cluster member with at least one known feature of youth. Of the 338 objects,
only 16 have no cluster membership information and are fainter
than the completeness of the search; likewise, only 3 member
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candidates are fainter than the detection limit. However, the
numbers of confirmed cluster members fainter than the completeness (43) and detection (15) limits are larger. The correspondingly larger photometric uncertainties might explain the
width of the bottom of the cluster sequence.
The catalogue has advantages and disadvantages. On the one
hand, its most noticeable pros are:
– comprehensiveness: tabulated Mayrit sources outnumbers
previous studies in σ Orionis;
– very wide investigated magnitude interval: it translates into
a very wide mass interval that ranges four orders of magnitude, from the 18 + 12 M of σ Ori AB to the ∼0.03 M
of B05 2.03–671 (Caballero & Chabrier, in prep.). The cluster stellar and substellar populations had been traditionally
studied in mass bits;
– continuity and symmetry of the survey area: in contrast to
previous searches in the cluster, there are no gaps between
detectors or asymmetric layouts.
– data homogeneity: only DENIS and 2MASS astrometric and
photometric data are tabulated for all the objects (except for
a few bright stars – see Sect. 2.1);
On the other hand, some disadvantages of the Mayrit catalogue are:
– extreme heterogenity of the list of confirmed cluster members: I examined several dozens works, including spectroscopy, mid-infrared photometry, and X-ray emission, for
making up the catalogue;
– moderate size (0.78 deg2): a search radius larger than
30 arcmin would lead to surveying the Horsehead NebulaIC 434 complex, where the extinction is very high and background objects are reddened (just as in Sect. 2.2.3). The variable extinction would make the cluster member selection
very diﬃcult;
– incompleteness and contamination, which depend on the
brightness interval and the spatial distribution of young stars
in the Ori OB 1 b association. Both incompleteness and
contamination of this catalogue will be discussed in a future work.

3. Summary
The ∼3 Ma-old σ Orionis cluster is a new cornerstone for observational and theoretical studies with the aim of understanding the
general processes of collapse and fragmentation of a molecular
cloud, formation of stars and substellar objects, and evolution of
circumstellar discs. I present a comprehensive, fairly complete
catalogue of cluster members that can be used for further studies
in σ Orionis (e.g. spatial distribution, multiplicity, mass function
and frequency, and characterisation of discs). This investigation
covers the whole stellar and part of the brown dwarf domain of
the cluster from ∼18 to ∼0.03 M .
I performed an IKs survey in a 30 arcmin-radius region centred on the O9.5V+B0.5V binary σ Ori AB using the Aladin
tool and optical and near-infrared data from the DENIS and
2MASS catalogues. The photometric data were complemented
with information from the literature regarding the membership
of known sources. I have compiled a list of 241 cluster stars and
brown dwarfs with known features of youth (e.g. early spectral
types, Li i in absorption, near and mid infrared excess attributed
to surrounding discs, strong X-ray, and Hα emissions), 85 foreand background stars with astrometric and spectroscopic data
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(nine are new), 18 galaxies with extended FWHMs, and 12 probable reddened sources in a nebulosity northeaster of the survey area, associated to the Horsehead Nebula. From the I vs.
I − Ks diagram, I have selected 97 additional photometric cluster
member candidates without reliable membership information.
This makes a list of 338 σ Orionis members and member candidates, the Mayrit catalogue, of which more than 70% display
features of extreme youth. I tabulate precise coordinates, IJHK s ,
and supplementary information of all the cluster members, member candidates and non-members.
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