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Abstract. We present a systematic search for new neighbourhood stars among the Liverpool-Edinburgh high proper motion
survey which we cross-identified with the DENIS survey. Their high proper motions ensure that they are not giant stars. The
distances are estimated using DENIS photometry and we found that 100 stars probably lie within 25 parsec from the Sun.
They are mostly M-dwarfs, and 10 are probably white dwarfs. This is the first distance estimate for 84 stars among them.
10 stars, L 170-14A, DENIS J0146291-533931, DENIS J0235219-240038, LP 942-107, DENIS J0320518-635148, LTT 1732,
DENIS J0428054-620929, DENIS J2210200-701005, DENIS J2230096-534445, and NLTT 166-3 are estimated to be closer
than 15 parsec. In addition, one star, DENIS J2343155-241047, could also lie within 15 pc if it belongs to the halo.
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1. Introduction

Whereas most stars more luminous than MV = 7 have been de-
tected in the solar neighbourhood (Jahreiss 1994), intrinsically
low luminosity objects such as white dwarfs, M dwarfs and
brown dwarfs may have escaped our telescopes. Yet M stars
are the dominant stellar constituent of the Milky Way, and the
number density of brown dwarfs may be comparable to that of
stars (Reid et al. 1999).

From a nearby-star inventory, Henry et al. (1997) estimated
that so far 130 systems are missing from the solar neighbour-
hood sample within 10 pc. Within 25 pc, the distance limit of
the Catalogue of Nearby Stars (CNS3, Gliese & Jahreiss 1991),
the missing fraction could be twice, that is ∼70% (Henry et al.
2002). These numbers were obtained on the assumption that
the census is complete within 5 pc. However, recent discover-
ies of a M 5.5 star at trigonometric distance d = 3.7 pc (Henry
et al. 1997), a M 9 dwarf at spectroscopic distance d ∼ 4 pc
(Delfosse et al. 2001) and a M 6.5 star at spectroscopic dis-
tance d ∼ 3 pc (Teegarden et al. 2003) suggest that even mem-
bers of the immediate solar neighbourhood remain undetected.

Projected on the sky, the apparent velocity of closer
stars is greater that of farther stars. Thus, most of our
known neighbours have high proper motions. From the NASA
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NStars database, we see that almost all of the known stars
within 10 pc have a proper motion larger than 0.2′′ yr−1 (see
http://nstars.arc.nasa.gov). For many stars in high
proper motion catalogues no distance has been determined
yet. As part of the Research Consortium on Nearby Stars
(RECONS) effort to discover new nearby stars, Henry et al.
(2002) obtained spectral types for high proper motion stars and
candidate nearby stars and found that six of them were closer
than 25 pc.

Furthermore, the new surveys in the near-infrared DENIS
and 2MASS provide unprecedented data for a systematic
search for low luminosity cool dwarfs and brown dwarfs. The
use of these data together with existing or new high proper mo-
tion catalogues is a powerful tool for discovering our neigh-
bours. Hundreds of stars closer than 25 pc have been discovered
this way (Phan-Bao et al. 2001, 2003; Reid & Cruz 2002; Reid
et al. 2002; Reylé et al. 2002; Scholz et al. 2002; Cruz et al.
2002, 2003). Nearby stars have also been found in high proper
motion catalogues from spectroscopic follow-up observations
(Lépine et al. 2003a; Rojo & Ruiz 2003).

In a previous paper (Reylé et al. 2002), we presented the
determination of the photometric distances of stars taken from
the Scholz et al. (2000) high proper motion catalogue and
cross-identified with the DENIS survey. Near-infrared photom-
etry was used to determine the distances. 15 new stars were
found to fall within the 25 pc CNS3 limit. Spectroscopic dis-
tances should soon be obtained for selected nearby candidates
from low-resolution spectroscopic observations on the New
Technologies Telescope at La Silla observatory in Chile.
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Recently, Pokorny et al. (2003) published a large catalogue
of high proper motion stars, the Liverpool-Edinburgh high
proper motion survey. One of the purposes of this catalogue is
to identify nearby objects. We have determined the photometric
distance of the stars cross-identified with the DENIS survey.

This high proper motion catalogue is briefly described in
Sect. 2. Section 3 gives the result of the cross-identification
with DENIS, presents the determination of photometric dis-
tances, and gives a list of the stars closer than 25 pc. The accu-
racy of our distance estimates is discussed in Sect. 4.

2. The Liverpool-Edinburgh high proper motion
survey

Luyten (1979, 1980) compiled two huge high proper mo-
tion catalogues, based on observations with the Palomar
Observatory Sky Survey (POSS) and the Bruce Proper
Motion Survey (BPM): the Luyten Half Second proper
motion catalogue (LHS) and the New Luyten Catalogue
of Stars with Proper Motions Larger than Two Tenths
of an Arcsecond (NLTT). Together, they contain more
than 60 000 stars with proper motion higher than 0.15′′ yr−1.
Many of these stars are actually from the Lowell Observatory
proper motion survey (Giclas et al. 1971, 1978). Still, these
catalogues are not complete at faint magnitudes and large
proper motions (Dawson 1986), particularly south of declina-
tion −33◦ which is the southern limit of the POSS. Several
studies have contributed to improve the completeness in the
Southern hemisphere: Wroblewski & Torres (1997) and refer-
ences therein; Wroblewski & Costa (1999, 2001); Ruiz et al.
(1993); Scholz et al. (2000); Ruiz et al. (2001). In the Northern
hemisphere, new large proper motion stars were also found
(Lépine et al. 2002,2003b).

Pokorny et al. (2003) published the Liverpool-Edinburgh
high proper motion survey (hereafter LEHPMS), obtained us-
ing digitized plates from the ESO, UK and Palomar Schmidt
surveys with the SuperCOSMOS machine. The average epoch
difference between plates is 8.5 years. This catalogue contains
6206 stars over 3000 square degrees in the South Galactic Cap,
with proper motions from 0.18′′ yr−1 to 20′′ yr−1 and magni-
tudes 9 ≤ mR ≤ 19.5, with a completeness of about 90%. The
proper motion accuracy is better than 0.1′′ yr−1 for most of the
stars.

3. Distance determination using
DENIS photometry

3.1. Cross-identification with the DENIS database

The DEep Near-Infrared Survey (DENIS, Epchtein et al. 1997)
is a survey of the Southern sky in three optical and near-
infrared bands simultaneously (I at 0.85 µm, J at 1.25 µm,
Ks at 2.17 µm). The survey, using a 1-m telescope at ESO
La Silla, started in 1996 and was completed at the end of 2001.
Results for about half of the area of the Southern sky were
released in May 2003. Source extraction and calibration have
been performed at the Paris Data Analysis Center (PDAC). The
astrometric accuracy is 0.5′′ and the photometric precision is
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Fig. 1. (I, I − J) colour−magnitude diagram of the LEHPMS stars
cross-identified with DENIS. Dots: G, K, or M-dwarfs. Circles: white
dwarfs. Solid line with I − J > 1: theoretical relation for M dwarfs
with solar metallicity at 10 pc (Baraffe et al. 1998). Solid line with I −
J < 1: theoretical relation for white dwarfs of 0.6 M� at 10 pc
(Bergeron et al. 1995). Dashed line: calibrated relation at 10 pc from
Phan-Bao et al. (2003).

better than 0.1 mag. At the time of this work, about 80% of the
data have been processed.

We found that 4167 objects of the LEHPMS catalogue
have a counterpart in the DENIS database. Most of the non-
recovered stars lie in the unprocessed regions of the DENIS
survey. We have checked that they have no USNO A2.0 coun-
terpart at the position at the epoch of the DENIS observa-
tion, as expected for proper motion objects. We made the
cross-identification with a search radius of 3′′ (3σ given
the DENIS astrometric precision). Within this area, 1% of the
cross-identifications may be false, as discussed in Reylé et al.
(2002). The colour−magnitude diagram of the cross-identified
stars is shown in Fig. 1. Three regions appear in this graph,
from the lower left to the upper right: white dwarfs, halo subd-
warfs, and disc main sequence stars.

According to Leggett (1992) all objects with I − J > 1 are
M dwarfs or later. The reddest object (I − J = 3.2) is a
brown dwarf. Stars with I − J ≤ 1 are G and K dwarfs. Stars
with I − J < 0.7 can be either distant red dwarfs or close white
dwarfs. As shown by Pokorny et al. (2003), white dwarfs in
the LEHPMS can be separated from red dwarfs using the re-
duced proper motion. Close white dwarfs are expected to have
a higher proper motion at a given apparent magnitude, or to
be fainter at a given distance. Thus they have higher reduced
proper motions than distant red dwarfs. We isolated the white
dwarfs using the reduced proper motion HI = I +5× log µ+5.
Figure 2 shows the colour-reduced proper motion diagram.
Stars left of the solid line are most probably white dwarfs.
Indeed, if not considered white dwarfs, their distance would
be very large and consequently their tangential velocity vt =
4.74 × µ × d would be above the Milky Way escape speed of
about 400 km s−1 (Leonard & Tremaine 1990; Meillon et al.
1997). Our sample contains 42 white dwarfs. However, given
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Table 2. Ultra-cool dwarfs candidates.

Name αJ2000 δJ2000 ESO µ BJ RESO RUK I (I − J) d Type

epoch (′′ yr−1) DENIS (pc)

00 05 47.68 −21 57 17.62 1984.79 0.71 22.58 19.32 19.42 16.02 2.82 29.3 M 8

CS2 1601 00 07 07.76 −24 58 03.67 1990.73 0.20 21.53 18.78 18.56 15.77 2.76 27.7 M 8

00 51 22.92 −22 51 29.88 1987.86 0.35 21.41 18.55 18.46 15.62 2.59 30.0 M 7

00 58 06.91 −53 18 04.76 1981.80 0.32 21.16 18.47 18.57 15.59 2.70 26.7 M 7.5

22 48 50.55 −26 41 59.74 1984.81 0.29 21.41 18.54 18.60 15.83 2.64 31.3 M 7

23 56 10.76 −34 26 01.19 1988.79 0.29 22.21 19.02 19.31 15.96 2.92 26.2 M 8
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Fig. 2. (HI , I − J) colour-reduced proper motion diagram of the
LEHPMS stars cross-identified with DENIS. The limit we defined to
separate the white dwarfs is shown by the solid line. The white dwarfs
are on the left side of this line.

the photometric and astrometric uncertainties, our red dwarfs
sample may still contain white dwarfs that lie on the right side
of our limit and are misidentified.

3.2. Distance determination

Given the I − J colour of each star, we computed its distance
modulus and distance using (I − J, MI) colour−magnitude re-
lations. For the objects considered white dwarfs, we used the
theoretical relation obtained from the Bergeron et al. (1995)
model atmosphere of 0.6 M� white dwarfs (solid line in the left
part of the diagram in Fig. 1). All white dwarfs in our sample
are beyond 10 pc. For the G and K dwarfs, we used the Lejeune
et al. (1997) relation at solar metallicity. For the remaining ob-
jects, the M dwarfs, we used the relation at solar metallicity
from Baraffe et al. (1998) (solid line on the right of the dia-
gram in Fig. 1). The dashed line in Fig. 1 shows the relation
computed by Phan-Bao et al. (2003), obtained by a polyno-
mial fit on DENIS M dwarfs with known trigonometric par-
allaxes. The discrepancy between both relations is quite large
for 1 < I − J < 2, where the difference in absolute magnitude
can be as high as 0.8 mag. The use of both relations for distance
determination is discussed in Sect. 4. However, the intrinsic

scatter of the Phan-Bao et al. (2003) sample is about ±1 mag,
and, as the authors pointed out, their sample may contain un-
resolved binaries that would bias their relation. We therefore
chose to use the Baraffe et al. (1998) theoretical relation.

Few objects are above the solid line in Fig. 1, that is closer
than 10 pc. One should be aware of the saturation that occurs in
the I band for stars brighter than I � 9. Thus, a wrong I value
of the brightest object brings it to a distance of 1.3 pc, whereas
the trigonometric distance measured by HIPPARCOS is 8.8 pc
(Perryman et al. 1997). The reddest object is the already known
brown dwarf LP 944-20 at trigonometric distance d = 5 pc
(Tinney 1996).

97 stars have a photometric distance smaller than 25 pc.
Their characteristics are given in Table 1. Approximate spec-
tral types derived from the Leggett (1992) colour-spectral type
relation are indicated. These stars are mostly M-dwarfs, ex-
cept 10 probable white dwarfs. M-dwarfs are mainly from
spectral type M 3 to M 6. Three objects that have a M 7 spec-
tral type are ultra-cool dwarfs, as defined by Kirkpatrick et al.
(1997). Six additional ultra-cool dwarfs with spectral type M 7
to M 8 are found to be within 25 to 32 pc of the Sun. Although
they are just beyond the CNS3 limit, we think they are impor-
tant enough to be listed in Table 2.

4. Discussion

Our results include stars with a previously known distance,
17 of them being among our candidates closer than 25 pc.
Their distance and the method of its determination are given
in Table 3, as well as our determinations using Baraffe
et al. (1998) and Phan-Bao et al. (2003) (I − J, MI )
colour−magnitude relations. The upper panel in Fig. 3 shows
already published values d′ versus our value d. The different
symbols indicate different methods of determination: trigono-
metric (filled circles), photometric (open circles) or spectro-
scopic (filled squares). The error bars are those of the deter-
mination from other authors. Black symbols indicate when
the Baraffe et al. (1998) relation is used, and gray symbols
when the Phan-Bao et al. (2003) relation is used. Neither
of the two relations seems to give results that are signifi-
cantly better according to already published distances, in par-
ticular trigonometric distances which are the most accurate.
Indeed, the standard deviation of the difference between our
distances and other determinations is 4 pc regardless of the
colour−magnitude relation we used. The mean of the difference
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Table 3. Stars with previously known distance d′. The method used to determine the distance is indicated. Our two determinations obtained
with Baraffe et al. (1998) and Phan-Bao et al. (2003) colour−magnitude relations are also given for comparison.

Name Other determination Our determination d (pc) using

d′ (pc) Method Ref. Baraffe et al. Phan Bao et al.

LHS 1008 13.2 Trigonometric 1 17.5∗ –

LHS 1070 7.4 Trigonometric 1 5.9 6.5

L 291-115 15.7 Photometric 2 15.7 20.8

LHS 1126 9.9 Trigonometric 1 14.7∗ –

LHS 1146 30.2 Spectroscopic 3 29.8 32.7

LHS 129 13.0 Trigonometric 1, 4 16.0 14.1

LHS 134 10.0 Trigonometric 1 10.4 13.9

LHS 1197 14.9 Photometric 5 10.2 13.9

LP 826-603 17.2 Photometric 5 25.5 30.3

LHS 1217 21.5 Photometric 5 25.7 26.8

LTT 692 17.8 Photometric 5 24.6 18.8

LP 940-20 19.6 Photometric 2 19.6 25.8

L 223-77 29.6 Photometric 2 29.6 35.8

LHS 1408 22.4 Photometric 5 29.7 25.1

L 225-57 9.6 Photometric 2 9.6 12.0

LP 831-1 21.3 Photometric 2 21.3 20.0

LP 837-37 33.0 Spectroscopic 3 28.7 30.5

LP 831-45 11.7 Photometric 2 11.7 14.1

LP 944-20 5.0 Trigonometric 6 7.8 7.7

J2213504-634210 16.2 Photometric 7 14.3 16.2

LHS 3793 21.3 Photometric 5 16.9 22.9

LHS 3799 7.4 Trigonometric 1 6.7 9.1

LHS 3970 24.4 Spectroscopic 3 27.4 33.6

LHS 547 10.7 Trigonometric 1 12.8 17.1

LHS 4038 26.5 Trigonometric 1 29.5 27.2

LP 987-60 28.9 Photometric 2 28.9 31.2

* Distance obtained with the Bergeron et al. (1995) colour−magnitude relation for white dwarfs.
1- Yale Parallax Catalogue; 2- Reylé et al. (2002); 3- Cruz et al. (2002); 4- HIPPARCOS catalogue; 5- CNS3; 6- Tinney (1996); 7- Phan-Bao
et al. (2001).

is larger when we use the Phan-Bao et al. (2003) relation (3 pc)
than when we use the Baraffe et al. (1998) relation (1.5 pc).
This could be due to the presence of unresolved binaries in the
Phan-Bao et al. (2003) sample.

The comparison between published distances and our de-
termination obtained with the Baraffe et al. (1998) relation is
shown in the lower panel of Fig. 3. The difference ∆d is plot-
ted as a function of our distance d. The stars which distance
has been determined by Reylé et al. (2002) are not included in
the plot as the values are identical, the method used being the
same. The meaning of symbols and error bars is the same as
before. The plot tends to show that our method suffers no sys-
tematic bias. The largest differences are with other photometric
distances for which the errors are large and that may be biased.
The errors in our estimations are also large. An error of 1 mag

in the absolute magnitude MI can lead to an error in the dis-
tance as large as 45%. On the one hand, given the uncertainties
on the DENIS colour, the error on the absolute magnitude can
reach 1 mag in the steepest part of the colour−magnitude rela-
tion, for I − J ≤ 1.5, that is for M 4 stars and earlier. For stars
later than M 4, the error is twice as small. On the other hand,
the uncertainties in the (I − J, MI) relations can also be of the
order of 1 mag.

Our nearby candidates listed in Table 1 all lie in the right
part of the colour-reduced proper motion diagram where stars
are most probably disc stars (Fig. 4). Thus their distance has
been determined with the theoretical relation with the correct
metallicity. But the use of a theoretical relation (I − J, MI)
at solar metallicity leads to an overestimate of the distances
of the old population stars. According to Baraffe et al. (1998)
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Fig. 3. Upper panel: already published determination d′ versus our de-
termination d. Black symbols: d obtained with the Baraffe et al. (1998)
relation. Gray symbols: d obtained with the Phan-Bao et al. (2003)
relation. Filled circles: trigonometric determination of d′. Open cir-
cles: photometric determination of d′. Filled squares: spectroscopic
determination of d′. Lower panel: difference ∆d between our distance
determinations and other determinations as a function of our determi-
nation d.

theoretical relations at different metallicities, the stars with the
mean halo metallicity (−1.8 dex) are expected to be 3 to 4 mag
brighter than those with solar metallicity.

Using the colour-reduced proper motion diagram, Pokorny
et al. (2003) found that about 20% of the stars in the LEHPMS
are halo subdwarfs. To isolate the halo subdwarfs using the
reduced proper motion is even more difficult than the sep-
aration of white dwarfs as described in Sect. 3.1. We used
both (I − J, HI) and (B j − I, HB j) diagrams to try to isolate
halo subdwarfs. We computed their distance using a theoretical
colour−magnitude relation at metallicity −1.8 dex, interpolated
from the Lejeune et al. (1997) and Baraffe et al. (1998) rela-
tions at different metallicities. Three stars that could be halo
subdwarfs are found to be closer than 25 pc. Their characteris-
tics are given at the end of Table 1 and Fig. 4 shows their locus
in the colour-reduced proper motion diagram. Most of them
lie close to the limit we defined to isolate the subdwarfs. Our
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Fig. 4. (HI , I − J) colour-reduced proper motion diagram of the
LEHPMS stars closer than 25 pc. Squares: white dwarf candidates.
Circles: halo subdwarf candidates. Triangles: M dwarf candidates. The
solid lines indicate the limits we defined to isolate the white dwarfs
and subdwarfs.

sample probably contains misidentified halo subdwarfs also
close to the limit but on the right hand side.

5. Conclusion

We made a systematic search for nearby stars by cross-
identifying the Liverpool-Edinburgh high proper motion
survey with the DEep Near-Infrared Survey DENIS. The
photometric distance is determined using DENIS photometry.
100 stars are found to be closer than the 25 pc limit of
the CNS3. 10 are white dwarfs, 3 may be halo subdwarfs,
the remainder are disc M dwarfs, mainly from spectral
type M 3 to M 6. It is the first distance determination for 83
among them. 20 stars are found to be closer than 15 pc, of
which for 10 stars there was no previously known distance:
L 170-14A, DENIS J0146291-533931, DENIS J0235219-
240038, LP 942-107, DENIS J0320518-635148, LTT 1732,
DENIS J0428054-620929, DENIS J2210200-701005,
DENIS J2230096-534445, and NLTT 166-3. If it is a
halo subdwarf, DENIS J2343155-241047 may also be closer
than 15 pc.

Given the large uncertainties in the photometric distances
(up to 45% in some cases), follow-up observations of these can-
didates are needed. Low-resolution spectroscopy would assess
the spectral type and provide more accurate determinations.
This work should help in increasing the solar neighbourhood
census. The nearest stars provide accurate data on fundamental
parameters of stellar physics, such as luminosity, temperature,
and mass. In particular, our understanding of low-mass stars
relies upon the nearby stars, as they provide the only sample
of intrinsically faint stars. They also are interesting targets for
the future missions Terrestrial Planet Finder and DARWIN that
will concentrate on very nearby stars to search for Earth-like
exoplanets.
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