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Abstract. This paper reports updated results on our systematic mining of the DENIS database for nearby very cool M-dwarfs
(M B6V-M 8V, 2.0 < | — J < 3.0, photometric distance within 30 pc), initiated by Phan-Bao et al. (2001, hereafter Paper I). We

use M dwarfs with well measured parallaxes (HIP, GCTP, ...) to calibrate the DBINIS £ J) colour-luminosity relationship.

The resulting distance error for single dwarfs is about 25%. Proper motions, as \Balhakk magnitudes, were measured on

archive Schmidt plates for those stars in the DENIS database that meet the photometric selection criteria. We then eliminate
the giants by a Reduced Proper Motion dijtavhich is significantly more selective than a simple proper motionftuito

greatly reduces the selection bias against low tangential velocity stars, and results in a nearly complete sample. Here we present
new data for 62 red dwarf candidates selected over 5700 square degrees in the DENIS database. 26 of those originate in the
2100 square degrees analysed in Paper I, with improved parameters here, and 36 were found in 3600 additional square degrees.
25 of those are new nearby dwarfs. We determine from that sample of 62 stars a stellar densitQ forMI2 < 14.0 of

D) cor = (2.2 + 0.4) x 1073 stars pc® magt. This value is consistent with photometric luminosity functions measured from
deeper and smaller-field observations, but not with the nearby star luminosity function. In addition we cross-identified the
NLTT and DENIS catalogues to find 15 similar stars, in parts of the sky not yet covered by the colour-selected search. We
present distance and luminosity estimates for these 15 stars, 10 of which are newly recognized nearby dwarfs. A similar search
in Paper | produced 4 red dwarf candidates, and we have thus up to now identified a total of 35 new nearby late-M dwarfs.

Key words. astrometry — stars: low mass, brown dwarfs — solar neighbourhood

1. Introduction shown by Gliese et al. (1986) the census of the solar neigh-
The stell tent of th | iahbourhood i hourhood is rather incomplete for late M dwarfs, and their ac-

€ steflar content ot the solar neighbournood IS once agajil,, number density is not very well established.
a very active research field, revived in large part by the vast

amounts of new data from the near-Infrared surveys DENIS [N Paper | (Phan-Bao et al. 2001), we presented 30 nearby
(Epchtein 1997) and 2MASS (Skrutskie et al. 1997) and the offfonot < 30 pc) late-M dwarfs (B < 1 - J < 30, M 6-
tical Sloan Digital Sky Survey (York et al. 2000; Hawley et al'V! 8) With high proper motions: 26, a few of which were previ-

2002). These surveys have identified much fainter and coofd#sly known from other sources, were photometrically selected

objects, and required the extension of the spectral classificatigfim 2100 square degrees of DENIS data, and 4 were identi-

system by two new spectral classes, the L and T dwarfs (Marfied by cross-identifying the LHS (Luyten 1979) and DENIS

et al. 1997; Kirkpatrick et al. 1999). As expected, the survey&talogues over a larger sky area. Here we repeat the anal-

also detect large numbers of less extreme late-M dwarfs. X&iS Of Paper | with an improved ¢ J, M) relation, cal-
ibrated specifically for the DENIS filter set, and extend the

Send offprint requests to: F. Crifo, colour selection to a further 3600 square degrees. We also
e-mail: francoise. crifo@obspm. fr use an improved dwardiant discrimination criterion, based
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on the reduced proper motion rather than the simple proper
motion cutdf which is commonly used for that purpose (e.g. 8 [
Scholz et al. 2001; and Paper I). This allows us to dig down to
significantly lower proper motions, and thus to identify addi-
tional dwarf candidates. Finally, we systematically search the
DENIS database for southern NLTT stars (Luyten 1980) that
have colours in the same &1 — J < 3.0) range. 8

Section 2 presents the DENIS colour-magnitude relation,
and Sect. 3 reviews the sample selection. Section 4 discusses
the proper motion measurements and the calibration of the
B and R photographic photometry. Section 5 presents the gi-
anfdwarf discrimination from Reduced Proper Motion plots,
and Sect. 7 a rough estimation dfextive temperatures. We
discuss the completeness of the sample in Sect. 6 and indicate
future directions in Sect. 8.

—— Our polynomial

- - - Reid & Cruz 2002

10

,/'

=
2. DENIS colour-magnitude relation

The DEep Near Infrared Survey (DENIS) (Epchtein 1997) sys- .
tematically surveyed the southern sky in two near-infraded ( N

andKs) and one opticall) band. Its extensive sky coverage, [ X F%’H
broad wavelength baseline, and moderately deep exposures
(I = 185,J = 16,Ks = 135) make it a very fiicient tool 14 | i
at identifying faint and cool nearby stars. + -

In Paper I, we estimated distances to potential DENIS red
dwarfs using the Cousins-CITd — Jcir, M) relation for M -
dwarfs of Delfosse (1997b). We also noted that for red stars 3
the DENIS photometric system and the standard Cousins-CIT
system difer by ~0.1 mag for theK band, but by less than '8 [ — . 5 Gyr model of Baratfe et al. 1998 T
0.05 mag for thé andJ bands (Delfosse 1997b). The Delfosse
(1997b) | — J relation therefore applies reasonably well to R P T TN
DENIS photometry, but with progress in the DENIS data reduc- 1 1.5 2 25 3
tion it has now become possible, and preferable, to directly cal- I-J
ibrate a DENIS colour-magnitude relation. Of the three colou
that can be formed from DENIS photometdy;- K is a very
poor spectral type diagnostic for M dwarfs, while- J and
| —K are both excellent. From a practical point of view, DENIS o
is significantly more sensitive to M dwarfs athan atk. We {© @pply no correction in such cases. The errors on the paral-
therefore chose to calibrate tHe{ J, M,) relation. laxes are fortungtely smal!, so that neglecting that correction

We searched the following trigonometric parallax catéd0€S notappreciably contribute to the overall errors.
logues for reference M dwarfs with a DENIS counterpart Figure 1 shows the resulting{ J, My) plot, and the corre-
fainter than the saturation limit ofl = 9 and withl — J > 1.0:  SPonding 4th order polynomial fit:

. the Hipparcos catalogue (ESA 1997) for 63 relatively brighll = 80 +au(l = ) +az(l = ) + ag(l — J)°
stars. As the limiting magnitude of the HIP catalogue is +ay(l - J)* (1)

V ~ 120, it contains few very red dwarfs; _ _ _ _
«» the GCTP catalogue (van Altena et al. 1995) for 29 mostyNeredo = 11370,a1 = -19.175,8; = 21.587,a3 = ~7.877,

e &, = 0.9710, valid for 09 < | — J < 3.1.
. 6 faint stars from Tinney et al. (1995), Tinney (1996): on% Reid & Cruz (2002) established a similar relation for

12| .

=9

El'g. 1. (M|, — J) HR diagram for single M dwarfs with known
trigonometric parallaxes (data in Table 1).

from Henry et al. (1997) and one late M dwarf from Deaco ENﬁguigfer C(_)I_Iﬁ:trs;e\?g:!g: inyudf?rrafgghiy :‘:r_o m ;heto-
& Hambly (2001). urs. ion is illus in Fig. 1,

gether with the theoretical prediction of B&&(1998). In the
We excluded known doubles as well as large amplitude vaft.7, 3.1] range we could collect 22 data points, significantly
ables, but had to accept a number of low amplitude flare stansore than the 14 objects that we count in Fig. 11 of Reid &
with peak visible light amplitude of 0.1 to 0.3 mag. Cruz (2002).

We did not correct the resulting absolute magnitudes for the In the [10, 1.4] interval the three curves are very close,
Lutz-Kelker bias, since the complex selection pedigree of obut they then disagree over the intermediatd,[18] region
sample makes a quantitative analysis of that bias almost imhere the colour-luminosity relation steepens considerably.
possible. Arenou & Luri (1999) conclude that it is preferabl®eid & Cruz (2002) choose to describe thiffidult region by



Table 1. Single red dwarfs with accurate trigonometric parallaxes and good DENIS photometry, used for the absolute magnitude calibration.
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Stars 2000 02000 DENIS | 1-J  J-K eml err] erK & erm M, Ref.
epoch mas mas

(1) (2 (3) (4) (%) M @G © @ @11 @1 @13 @
G 158-027 0006 43.37 -073210.5 1996.693 1036 194 096 0.03 0.06 0.07 213.0 36 1200 b
LHS 1026 0009 04.32 -2707 19.8 1999.833 9.77 1.08 065 0.03 0.06 0.07 42.8 2.6 793 a
HIP 1399 0017 30.41 -595704.3 1998.600 966 1.12 097 0.02 0.10 0.09 22.5 2.3 6.42 a
GJ 2003 0020 08.37 —-170340.7 2000.589 970 121 0.77 0.03 0.08 0.10 39.3 3.1 767 a
GJ 1009 002156.03 -312421.9 1999.756 9.03 121 111 0.03 0.06 0.08 54.9 2.2 773 a
LHS 1064 0023 18.55 -505338.1 2000.860 952 119 089 0.04 0.08 0.09 47.4 2.8 790 a
BRI 0021-02* 0024 24.63 -015820.0 1998.734 15.13 326 131 0.04 0.10 0.09 825 34 1471 b
LHS 1106 003559.98 -093056.0 2000.762 959 1.04 083 0.03 0.08 0.08 28.5 2.3 6.86 a
LHS 1122 003958.88 -441511.8 2000.688 948 1.19 083 0.03 0.09 0.07 43.6 2.6 768 a
LP 646-17 0048 13.33 -0508 07.4 2000.548 991 110 0.87 0.03 0.08 0.08 38.9 4.7 786 a
RGO 0050-2722 005254.67 -270559.5 1998.729 16.67 3.19 1.06 0.08 0.12 0.14 41.0 40 1473 b
G 70-22 0056 30.25 -042515.0 2000.603 12.18 1.71 0.83 0.03 0.08 0.06 33.3 3.8 9.79 b
LP 706-69 0056 50.41 -113519.7 2000.603 963 135 0.89 0.03 0.08 0.06 41.7 2.5 773 a
G 268-110 0104 53.70 -180729.2 1998.718 11.09 1.72 097 0.03 0.10 0.09 99.8 50 11.09 b
LP 293-94 011759.36 -480901.0 1999.805 9.74 107 084 0.03 0.07 0.07 24.6 4.4 6.69 a
LP 707-58 0118 15.97 -125359.6 2000.575 960 1.19 096 0.03 0.06 0.07 45.2 3.6 788 a
L 367-82 014103.64 -433809.9 1998.923 990 1.03 0.87 0.04 0.06 0.08 23.7 2.6 6.77 a
LHS 6033 0146 36.78 -083857.4 1998.710 10.28 142 0.85 0.03 0.09 0.12 70.1 14.2 951 b
G 271-177 015345.45 -060302.1 1996.688 10.02 0.95 0.84 0.03 0.08 0.07 19.0 3.6 6.41 a
L 297-54 0236 38.98 -465418.8 1998.929 953 093 091 0.02 0.07 0.07 25.8 3.4 6.59 a
LHS 1426 0237 29.71 +002127.8 2000.838 12.10 151 090 0.03 0.07 0.08 40.2 43 1012 b
LHS 1438 02 4353.24 -084946.0 2000.899 983 1.07 084 0.03 0.08 0.07 42.2 3.4 796 a
LHS 17 0246 1497 -045921.5 2000.655 12.66 176 0.83 0.03 0.07 0.08 60.3 82 1156 b
LP 771-21 0248 40.98 -165121.9 2000.803 15.29 273 1.20 0.04 0.08 0.10 59.5 54 1416 ¢
T*831-161058 025113.25 +0047 36.8 2000.901 16.51 2.74 1.19 0.08 0.11 0.14 20.5 22 1307 b
T*831-165166 025142.68 -010205.6 2000.896 16.52 229 1.09 0.08 0.12 0.18 19.5 39 1297 ¢
LP 994-59 0309 27.87 -422850.7 1999.885 10.24 1.17 0.81 0.03 0.07 0.08 34.0 2.4 790 a
G 077-055 0329 04.06 +014007.8 2000.759 999 105 080 0.03 0.08 0.09 21.2 3.6 6.62 a
Gl 145 033255.83 -444207.1 1999.896 9.09 129 090 0.03 0.06 0.08 92.0 1.8 891 a
LHS 1565 033559.61 -443045.5 1998.753 953 200 0.77 0.03 010 0.14 2734 52 1171 e
LP 944-20 033935.26 -352543.6 2001.049 1396 3.27 1.19 0.05 0.09 0.10 200.0 42 1547 c
LHS 1604 035100.03 -005244.6 1999.907 13.75 256 099 0.03 0.07 0.09 68.1 1.8 1292 b
LHS 1832 06 1059.85 -651220.3 1998.877 940 1.12 083 0.02 0.05 0.06 33.6 4.4 7.03 a
L 309-4 0629 01.40 -452159.2 2000.145 9.12 098 080 0.03 0.08 0.07 30.2 1.5 6.52 a
LP 839-11 06 3208.83 -270158.7 2001.085 970 1.06 0.88 0.03 0.07 0.07 37.0 2.6 754 a
LHS 1855 06 3350.14 -583145.6 1996.066 946 158 082 0.02 0.07 0.08 61.3 1.8 840 a
G 108-024 0644 13.94 -005531.5 1999.019 976 1.00 082 0.04 0.05 0.06 23.8 3.1 6.64 a
LHS 234 074019.31 -1724455 1999.192 1236 220 0.85 0.02 0.05 0.07 1124 27 1261 b
HIP 39436 0803 40.87 -242835.1 1998.964 963 094 074 0.03 0.05 0.11 22.2 3.1 6.36 a
L 98-45 08 19 16.07 -674814.3 1996.964 10.16 1.01 0.86 0.02 0.05 0.06 26.9 2.4 731 a
LP 665-21 083121.75 -060201.4 1996.038 9.26 1.21 089 0.03 0.05 0.06 46.0 6.4 757 a
LHS 6149 08342591 -010839.3 2000.022 10.11 1.34 0.69 0.02 0.06 0.06 73.4 9.6 944 b
LP 98-62 0841 32.69 -682540.6 1999.238 9.24 099 088 0.02 0.04 0.06 32.1 1.6 6.77 a
LHS 2145 09 28 53.34 -072216.1 2000.326 969 1.28 0.76 0.03 0.07 0.07 58.2 4.1 851 a
LHS 2264 1026 07.80 -175843.5 1996.044 960 1.02 0.75 0.02 0.06 0.07 29.1 2.3 6.92 a
LHS 292 1048 12.64 -112009.8 2000.200 11.25 2.30 0.98 0.03 0.07 0.06 220.3 36 1297 b
DENIS 1048-39 1048 14.42 -395608.2 2001.359 1264 3.00 1.13 0.03 0.07 0.07 192.0 37.0 14.06 d
LP 672-4 1109 12.28 -043624.9 1999.378 949 140 0.77 0.03 0.06 0.06 39.9 2.4 749 a
LHS 2397a 112149.21 -131308.3 2000.501 1497 3.09 125 0.10 0.11 0.08 70.0 21 1409 b
LP 793-34 11453540 -202105.2 2000.241 1384 2.15 0.88 0.05 0.05 0.10 49.6 36 1232 a
LHS 314 1146 42.93 -140051.8 2000.205 933 1.30 096 0.03 0.07 0.07 49.0 2.9 778 a
LHS 2475 115507.44 +0058 25.9 1996.208 9.39 1.18 0.87 0.03 0.05 0.07 35.8 3.2 716 a

discontinuities at — J = 1.45 andl — J = 1.65, with a con- polynomial fit, just as clearly, runs the risk of smoothing out
stant value with large error bar81( = 10.2 + 0.7) used in- a steeper intrinsic slope which could reflect a real physical
between. The discontinuities clearly are non-physical, but oahange or transition in the stellar structure.
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Table 1. continued.
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Stars 2000 02000 DENIS I-J J-K el errdJ erfK n err M, Ref.
epoch mas mas
LHS 2477 115549.22 -381649.7 2001.104 988 1.12 0.75 0.03 0.07 0.09 428 3.0 8.04 a
LHS 2509 1204 36.61 -3816 25.2 2000.233 9.74 1.15 0.87 0.04 0.08 0.05 37.3 4.9 760 a
LP 794-30 121111.78 -195738.1 1999.148 9.48 157 0.89 0.03 0.05 0.08 781 31 894 a
LP 852-57 12133293 -255524.5 1999.153 948 1.08 0.84 003 006 008 421 25 760 a
LHS 2587 123649.29 -765717.8 1998.197 9.37 0.96 0.85 0.02 0.07 0.07 27.8 1.7 6.59 a
LHS 2595 123847.34 -041917.0 1999.414 10.80 146 0.86 0.02 006 008 50.7 31 933 b
LP 617-37 13202496 -013926.3 1999.211 957 123 085 003 006 009 482 29 798 a
LP 855-14 132753.95 -265701.8 2001.151 9.60 125 0.88 0.03 008 009 480 29 801 a
LHS 2770 13382473 -025151.9 1999.279 1254 1.43 0.95 0.04 0.07 0.07 263 6.7 964 b
LP 912-26 135319.76 -3046 37.6 2000.364 10.02 1.06 0.97 0.03 0.06 0.09 270 38 7.18 a
LHS 2876 1412 12.17 -003516.2 1999.444 1559 250 1.01 0.05 0.08 008 327 41 1316 c
T*868-110639 151016.86 -024107.4 1999.384 15.73 3.09 1.32 0.05 0.07 0.09 57.5 19 1453 b
LHS 392 151150.60 -1014 17.8 2000.277 11.24 1.47 0.90 0.04 0.09 0.12 674 3.1 1038 b
LP 915-16 1517 21.16 -275949.8 1996.422 958 127 091 0.02 0.08 0.12 412 3.7 766 a
LHS 3092 1536 34.53 -375422.3 1999.211 991 147 0.79 0.03 0.05 0.06 816 137 947 b
LHS 3093 1536 58.69 -1408 00.7 1998.373 10.02 1.63 0.88 0.02 0.05 0.05 749 38 939 b
LP 336-71 154938.34 -473633.8 1999.290 9.46 1.13 088 003 005 006 375 26 733 a
LP 744-46 16 0235.07 -143836.5 1996.359 9.71 1.16 0.85 0.03 0.06 0.09 314 41 719 a
LHS 412 16 08 15.03 -1026 11.7 1998.323 11.78 151 0.81 0.03 0.07 009 471 27 1015 b
LHS 3185 16 22 40.97 -483919.7 1999.570 9.70 1.26 0.78 0.04 0.08 0.05 410 3.7 776 a
LP 625-34 16 40 05.98 +0042 19.3 1999.625 10.67 157 0.84 0.02 0.06 0.06 89.0 23 1042 b
LHS 3242 16 48 24.40 -7258 33.9 2000.537 9.27 1.22 0.80 0.03 0.08 0.06 62.7 19 825 a
LHS 3272 17 1340.46 -082514.6 2000.573 954 139 0.83 0.04 0.07 0.27 528 4.2 8.15 a
HIP 86938 17 4553.36 -131822.1 2000.551 10.14 1.06 0.81 0.04 0.08 0.06 269 38 729 a
HIP 91644 184119.73 -602547.4 2000.381 9.45 1.01 0.76 0.02 0.06 0.09 275 25 6.65 a
LHS 3421 1852 52.30 -570738.1 2000.773 9.84 135 0.89 0.03 0.07 0.07 375 38 771 a
L 850-62 190316.64 -133405.4 2000573 1193 157 0.81 0.03 0.07 0.07 524 3.8 1053 b
LTT 7598 1912 25.27 -555207.6 1999.512 947 1.19 0.87 0.02 0.05 0.06 500 25 797 a
LP 635-46 204341.32 -001041.3 1999.605 954 1.02 0.88 0.02 0.06 0.07 384 31 746 a
LP 211-96 205951.36 -584531.1 2001.359 9.71 1.14 0.85 0.04 0.08 0.07 320 29 724 a
LHS 3639 21114956 -433648.8 1999.540 959 1.14 0.77 0.08 0.08 0.07 698 42 881 a
LHS 3666 21241832 -464135.3 1999.559 10.20 1.20 0.86 0.03 0.06 0.07 37.2 48 8.05 a
HB 2124-4228 212726.12 -421518.1 1998.652 16.02 2.47 145 0.06 0.13 0.16 2800 6.2 13.26 ¢
HIP 106043 212844.42 -471542.2 1998.501 10.36 1.04 098 0.05 0.11 0.12 267 40 7.49 a
LHS 513 213900.66 -24 09 26.7 1996.638 10.68 1.55 0.74 0.04 0.06 0.08 73.3 120 1001 b
LHS 5374 21544525 -465934.5 2000.605 9.73 132 0.88 0.03 0.08 0.08 66.1 3.3 883 a
HIP 108523 215908.30 -464547.3 1998.679 9.74 1.10 1.03 0.03 0.11 0.11 378 38 7.63 a
LP 283-3 220327.19 -503839.2 2000.512 9.83 1.14 0.87 0.04 0.07 0.14 459 83 814 a
LHS 3776 22134290 -174108.8 2000.504 10.65 1.70 0.84 0.08 0.06 0.06 96.0 39 1056 b
T* 890-60235 22230556 +003011.1 1999.614 16.62 2.43 1.18 0.07 0.10 0.14 194 22 13.06 c
HIP 110655 222502.83 -331216.2 2000.458 9.02 0.92 0.75 0.04 0.08 0.08 30,7 52 6.46 a
LHS 523 222854.38 -132517.8 1998.729 12.87 2.19 0.89 0.04 0.11 0.13 888 49 1261 b
LHS 526 223453.61 -010458.0 1998.723 11.89 147 1.04 0.03 0.09 017 425 3.7 1003 b
LHS 3850 2246 26.28 -063925.0 1998.474 1262 194 0.80 0.02 0.10 0.12 533 46 1125 b
HIP 114252 23081955 -152435.8 1999.466 9.17 1.15 093 0.02 0.07 0.06 4538 27 747 a
G 157-52 232111.25 -013544.9 2000.578 9.77 1.11 0.82 0.03 0.07 0.08 37.0 37 761 a
LHS 546 233510.45 -022319.9 1999.696 11.01 187 0.97 0.03 0.07 0.07 1383 35 1171 b
HIP 118180 235822.03 -534833.6 1999.874 9.21 0.97 0.68 0.03 0.07 0.07 297 30 657 a
T TVLM.

* Hipparcos, for LP 793-33.

* BRI 0021-02. This object is also listed in the NLTT, as LP 585-86. That name is clearly an NLTT typo: another star (the much bright
HIP 3061) bears the same name, with coordinates that are consistent with the LP numbering sequence. The NLTT proper motion is o
other hand valid: 0.212, 320 degrees.

Columns 1-4: object name, DENIS Position for equinox J2000 at DENIS epoch, and DENIS epoch.

Columns 5-7; and 8-10: DENIS I-magnitude and colours; and associated standard errors.

Columns 11, 12: trigonometric parallax and its standard error.

Column 13: M, absolute magnitude, calculated from DENFhagnitude and parallax.

Column 14: parallax reference: (a) HIP; (b) GCTP; (c) Tinney et al. (1995) and Tinney (1996); (d) Deacon & Hambly (2001); (e) Henr
et al. (1997).
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Which of the two description is preferable largely rests ong
a small group of stars in this colour range: LHS 1855 (Gl 238),% , |
LP 794-30, LHS 3093 (Gl 592), G 70-22, and to a lesser exagf’ *
tend, LHS 3850 (GJ 4294). If those stars are single, the polys [ ak o q

nomial fit is clearly preferable to the Reid & Cruz prescriptionz" “é" Pog S e o° o, ¢ oo,
but an alternative hypothesis is that they are photometric Bf -

naries. Of the five, two have been examined for companion§ I o .
(LHS 1855, Scholz et al. 2000; LHS 3093, Skrutskie et al.’& . *
1989) and found single, but only with seeing-limited resolu~2 -2 | .

tion. LP 794-30 has a known companion, but at’8butside <
any photometric diaphragm. We observed both G 70-22 an
LHS 3850 with adaptive optics at CFHT, and found the for-c , |

mer resolved witl\(K) = 1.5 at a separation of 0”8 For now f °
we lack objective reasons to excise the other 4 stars from tp_? - *‘ e . a
list and have thus left them in, but we did add them to the ot ) 50' ® o0 0° o o
serving lists of our adaptive optics and radial velocity programs_o 0 - . : o’ e, °
(Delfosse et al. 1999). < | o °

In the | — J range of primary interest here ([2.0,3.0]) all g * ¢

three relations again agree well with the data, as seen in Figg 27
which plots the residuals of the observed data points from the oy
three fits. Over the [9, 3.1] range the rms dispersion of the S
data around our fit is 0.26, corresponding to a 12% error o
distances; it is respectively 0.30 and 0.31 for the Barat al.
(1998) and Reid & Cruz (2002) relations. Over the0[3.0]
range the Eqg. (1) polynomial is therefore a small but significa
improvement, and we use it for the reminder of this paper.

paper

-2 T

(Ml)empirical_ml)this

3. Sample selection

3.1. Star selection from the DENIS survey - 1 — -1.5- — 2 — .2.5- — 3 -

We systematically search the DENIS database (available at the

Paris Data Analysis Center, PDAC) for potential members &fg. 2. Empirical M, absolute magnitudes compared with values ob-

the solar neighbourhood, with simple and well defined critgained from the theoretical tracks of Béiaet al. (1998; top), from

ria. Specifically, we start by selecting all high galactic latitudée piecewise polynomial calibration of Reid & Cruz (2002; middle)

DENIS sources|by| > 30°) that are redder thah— J = 1.0 (e_xcept for 145 < | — J < 1.65), and from the calibration derived in

(approximately the colour of an MO dwarf, Leggett 1992)this paper (bottom).

We then compute photometric distances to retain stars with

Dphot < 30 pc. We used the Paper | colour-magnitude rela-

tion for this selection since the colour-relation presented abokgstrict the present analysis to stars inth@ 2 1 - J < 3.0

was not yet available when we queried the DENIS databa&@|our interval, or approximately to spectral types M 6 to M 8.

but later recomputed all distances with the new relation. At that stage in the selection, the candidate sample contains
When the search program was last run in mid-200&pproximately equal numbers of nearby dwarfs and distant gi-

5700 square degrees (slightly over half of the southern higts. A cutin thd — J/J — K colour-colour diagram (Fig. 3)

galactic latitude sky) were available in the database (Delfos§i€ects a sizeable fraction of the giants, but the DENIS photom-

& Forveille 2001). 2100 of those 5700 square degrees had bedfy is not sificiently accurate to eliminate all of them without

considered in Paper | and are reanalysed here with slightly iffsing some dwarfs. That step needs proper motion informa-

proved tools, and 3600 square degrees are new. The numi, and is discussed in Sect. 5.

of potential early-M dwarfs M Oto M 6,.0 < | - J < 2.0)

with photometric distances with.in 30 pc is significantly Iargeé_z_ Searching in the NLTT catalogue

(~5000) than the total population expected for the sampled

volume 1400, Henry et al. 2002), and therefore must b&o extend our search to lower galactic latitudes, we turned to

dominated by contamination from distant M-giants with simknown high proper motion stars, and looked for faint NLTT

ilar colours. Its analysis will require considerable follow-up(Luyten 1980) stars with DENIS colours and magnitudes com-

which is beyond the scope of the present work. Very late-ldatible with a nearby late M-dwarf. As the brighter NLTT stars

and L dwarfs [ - J > 3.0) will be considered in a forthcoming have usually been better characterised, we restricted that search

paper (Delfosse et al., in preparation). As in Paper |, we thts NLTT stars fainter tharR yyen = 14.0 and redder than
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MO M2 M M WS W uld LI Table 2. a) Proper motions of the 24 high-PM & 0.1 yr~1) late-M

dwarfs selected in the 3600 square degrees.

E 1 DENIS name Ha Us Hiotal My

[ i 1 "y [7yrt [Tyt [y
1k *HF* 4 J0020231234605 +0.322 -0.066 0.329 0.370
x ik ] J0103119535143* -0.094 -0.218 0.238
2o T T J0120491074103* -0.013 -0.115 0.116
[ ] J0144318460432* +0.117 -0.049 0.127
05 - ] J0218579061749 +0.367 -0.097 0.379 0.375

J0235495071121* +0.284 +0.093  0.299
J0306115364753* -0.181 -0.700 0.723
J0320588552015% +0.302 +0.259 0.398 ...
L J0351006005244  +0.035 -0.475 0.477  0.525
1 15 2 25 3 35 J0517377334903* +0.464 -0.342 0576 ..
- J1006319165326 -0.318 +0.181 0.366  0.391

Fig. 3. DENIS colour-colour diagram for all 62 late-M dwarf candi- 1021513032309 +0.202 -0.147  0.249 0.269
dates detected in the 5700 square degrees (Paper | and this paper) %048126112009 +0.604 -1.521  1.637 1.644
far examined in DENIS. Stars selected from the NLTT outside this 11106569124402 = -0.314 ~ +0.001  0.314 0.355

area are not shown. The (indicative) spectral type labels on the top]1141449223215* -0.141  +0.400 0.424
axis are adopted from Leggett (1992). J1145354202105 +0.149 +0.063 0.161 0.186

J1147423001506 -0.262 -0.083 0.275 0.303
J1155429222458 -0.377 -0.185 0.420 0.412
(B—R)Luyten = 1.5 (approximately later than M1, Leggett 1992). J1201421273746  -0.289 -0.187 0.344  0.302
The resulting 7424 stars were searched for in the 14 000 squaré1250526212113*  +0.441  -0.340  0.557 ...
degrees of DENIS data that are presently processed and avajl1610584063132  -0.051 -0.180  0.187 0.229
able on-line at PDAC. This cross-identification is made some-jgg;ggigiéigg ig';gi :8'222 g'gig 8'228
what difficult by the interplay of crowded fields at low galactic 1337383125027 +0:205 _0:312 0:373 0:365
latitudes with the often poor coordinates of the southern stars in
the NLTT catalogue. We therefore expect to have missed some Nt previously known as a high-PM star.
significant fraction of the true matches. These NLTT stars were Column 1: object name.
then handled as those extracted directly from DENIS, except Columns 2—4: u,, s, fioras OUF Measurements, in arcseclyr
that they obviously were ignored during the statistical analysis Column 5: total proper motion from Luyten (1979, 1980), when
of the DENIS sample. We present here 15 candidates match- available.
ing our previous criteria (B < | — J < 3.0; and photometric
distance within 30 pc).

degrees. Table 2b lists the proper motions for 15 high-PM can-
4. Proper motions and B, R magnitudes didates initially selected from the NLTT catalog.
For some bright low-PM objects, we us&andR mag-
des available in the USNO-A2.0 catalogue (Monet et al.
1998), as well as more accurate proper motions from the
UCACL1 (Zacharias et al. 2000) & Tycho-2 (Hag et al. 2000)
8atalogues.

We searched for plates containing the dwarf candidates in th.?
collection of the Centre d’Analyse des Images (Ci#dtp: // nitu
www.cai-mama.obspm. fr/): POSS | £30° < 6§ < 0°), SRC-
J 90 < 6 < 0°), SRC-R (17 < 6 < 0°) and ESO-
R (6 < -17°), depending on the declination. We then use
the MAMA microdensitometer (Berger et al. 1991) at CAl to
digitize the survey plates, and analysed the resulting imagézs
with SExtractor (Bertin & Arnouts 1996). We calibrated these’
measurements using the ACT (Urban et al. 1998) and GSP@&-Paper | probable giants were rejected on a proper motion
2 (Postman et al. 1997; Bucciarelli et al. 2001) catalogues, @staf, by requiringu > 0.1” yr~. This criterion, while ef-
respectively astrometric and photometric references. fective, is not optimal, in that it completely ignores the photo-
A least-square fit to the positions at the 3 to 4 availabl@etric information: an apparently fainter star, everything else
epochs (including the DENIS survey epoch), determines abdseing equal, is farther away than a brighter one, and is thus on
lute proper motion. The time baseline spans 13 to 49 years, angrage expected to have a smaller proper motion. The com-
results in proper motion standard errors of 29 to 7 fye&. bination of kinematic and photometric information embodying
The photometric standard errors a#®.3 mag for B and that simple idea is the Reduced Proper Motion (RPM), exten-
+0.2 mag forR. Tables 2a and 2c respectively list the propegively used by Luyten and initially coined by Hertzsprung. The
motion determinations for 24 high proper motions (high-PMRPM is defined in terms of the observable parameters as:
u > 0.1” yr~1) in the 3600 square degrees and 11 lower proper
motions (low-PM,u < 0.1” yr~t) in the full 5700 square H = m+ 5+ 5logu (2)

Reduced proper motions
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Table 2. b) Proper motions of the 15 high-P\ ¢& 0.17 yr~1) late-M Br ' ' '

dwarfs initially selected from the NLTT (same Cols. as Table 2a).

DENIS name Ma Ms Mtotal M
[y 7yl [Pyl [y
J0002063011536 +0.474 +0.068 0.479  0.445
J0410486125142 -0.117 -0.382 0400  0.426
J044023:053009 +0.313 +0.101 0.329  0.243
J0520293231848 +0.222 +0.250 0.334  0.334
J0931223171742 -0.286 -0.131 0315  0.296
J1346466314925 -0.336 +0.158 0372  0.371
J1504163235556 -0.317 -0.078 0.326  0.322
J1546115251405 -0.218 -0.310 0379  0.377
J1552446262313 +0.227 -0.475 0526  0.492
J1553573231152 -0.112 -0.281 0.303  0.299
J1625503240008 -0.158 -0.026 0.161  0.184
J1641436235948 -0.111 -0.185 0216  0.212
J1645282011228 +0.013 -0.220 0.220  0.231 2
J1917045301920 +0.191 -0.207 0.281  0.212
J2151276012713  +0.220 +0.023  0.221  0.223

20

wheremis the apparent magnitude in a given photometric band
andy is the total proper motion in arcsecyr Its usefulness 'S [
becomes more apparent after it is rephrased in terms of intringtc

stellar parameters, to: ol

H =M + 5log(Vi/4.74) (3)

whereM is the absolute magnitude in the same photometric5 L
band and/; is the tangential velocity (knT8). Under this form
it is clear that, unless it serendipitously has a veryunusually L. . . . . . . . ., . >, . . .
low tangential velocity, a dwarf will have a much larger RPM
than any giant. Subdwarfs have even larger RPMs than nor-
mal dwarfs, through a combination of fainter magnitudes (atfig.4. | band reduced proper motions .- | and| - J. Dashed
given colour) and a larger velocity dispersion. RPM vs. colowurve:H™ for giants. Objects above this curve must be dwarfs. Solid

plots are therefore extremelffective at statistically separatingCircles: high-PM objects in this paper, Tables 3a, 3b; Triangles: late-
giants, dwarfs, subdwarfs, and white dwarfs. M dwarf candidates from Paper | (Table 2); Squares: low-PM objects,

The largest possibé for a star bound to the Galaxy is thatTableS 3c and 4. In the upper diagram, the many dots are HIPPARCOS

L . single giants withv — | > 1.0 (28 022 stars), all of which are located
of a retrograde star orbiting at the escape velocity, and Iocalﬁ Il below the dwarfiant separation curve
in the direction of either the galactic center or anticenter: '

-J

Vimax = Ve+ Visr+ Vo (4)  from Thé etal. (1990), Bessell & Brett (1988), and used Eq. (5)
to obtain:
where:
max _ _ _ LY
Ve ~500+ 40 kms?! is the escape velocity in the H™ = 1882 9'97(;/ ) +2.83(V-1)
solar neighbourhood (Leonard & Tremaine 1990; -025(V-1) (6)

Meillon 1999),
Visr ~220 kms? (Kerr & Lynden-Bell 1986) is thero- ~ 1©" ¥V —1 €[1.5,5.0]
tation velocity of the Local Standard of Rest, HM* = 1897 - 17.04( — J) + 8.08(1 — J)?

Vo, ~5kms? (Dehnen & Binney 1998) is the solar 3
velocity relative to the LSR. -1220-9) (7)
forl — Je[1.0, 3.0].

Figure 4 shows the resultirg"®vs. (V- 1) and vs. (- J)
curves, and our candidates.

To produce the H, V — I) diagram, we interpolated a
HMX = My = (V = 1) + 510g(Vmax/4.74). (5) Very approximate/-magnitude from the th& andR photo-

graphic magnitudes. This is obviously very crude, but nonethe-

To estimate the maximum RPM for giants at a given colour, wess proves adequate: tH¢"®* vs.V -1 curve for giants is fairly
fitted polynomial functions to th& — | andl — J colours data flat, so that even large errors ¥+ | do not significantly &ect

Taking safe margins on all componentgyax is thus at most
800 kms*. For a given stellar luminosity, and in thegphoto-
metric band, this translates into a maximum RPM of:
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Table 2. ¢) Proper motions of 11 low-PMu(< 0.1” yr~1) probable late-M dwarfs found in the 5700 square degrees.

DENIS name Ha Us err i, err us Hiotal
[masyr'] [masyr'] [masyrl [masyrl] [masyr?]
J0013093002551 +97 +4 25 25 97
J010002%:615627 +78 -41 21 21 88
J0436278411446 +22 +4 18 18 22
J0518113310153 +41 -5 10 10 41
J1236396172216 +14 -60 20 20 62
J153831#103850 -8 -18 9 9 20
J1552237#033520 -8 -30 9 9 31
J1553186025919 +14 -24 8 8 28
J20224806564556 -1 -84 17 17 84
J220622%#204706 +28 -57 29 29 64
J2226443750342 +48 +14 19 19 50
the position relative to the curve. As an illustration of the very WT, ...) but without previous distance estimate.

effective giantdwarf separation in RPM plots, the diagram also  + 32 completely new discoveries (13 in Paper I; 19 in this

displays 28 000 single Hipparcos giants with adequate colour paper).

information, which all do lay well below the giants curve. « 12 previously known nearby stars (2 in Paper I; 10 in this
We divide the photometric candidates into 3 categories, one).

plotted in Fig. 4, according to their position relative to the. 52 probable giants, or dwarfs with very small PM.

max -

H_' St‘;‘ﬂ;vsv'ith# > 0.1” yr~! are listed in Tables 2a and 3al'he 50 new nearby late-M dwarfs represent a very significant
(24 objects). As expected from the conservative limits usédldition to the known sample of 12 in this part of the sky. Our
in Paper |, they are well above the giants curve, and ha§etting of the limiting distance to 30 pc rather than 25 pc (to
standard errors oH, of ~0.1. Figure 5 gives finding chartsavoid losing trued < 25 pc to distance errors) accounts for
forthe 9 Comp|ete|y new Objects; some but not most of this increase.

« Stars withy < 0.17 yr %, but with H, — HMe > 1o, The 15 high-PM red dwarfs initially selected from NLTT
with o the uncertainty o, (11 objects, Table 3c). Their are also listed in Tables 2b and 3b.
proper motions (Table 2c) have large relative uncertain- Tables 5a and 5b summarize the available physical pa-
ties, and, because of the logarithmicdependency, their rameters of the red dwarfs candidates listed in Tables 3a
RPM measurements are thus quite noisy. A few of th&nd 3b (DENIS origin) and 3c (NLTT origin): absolute mag-
noisiest antbr closest to the giants curve might possiblylitude M;, distance, tangential velocity, and the approximate
be giants, but the vast majority are dwarfs. One, DENISiTective temperature derived from- J (Sect. 7). Two new
P J2206227204706, detected in Paper | and ignored thed@te-M dwarfs have distance estimates within 10 pc in this
because of its small proper motion, was in fact indepefaper: DENIS-PJ155223D33520 and LP 860-41 (DENIS-P
dently recognized as a late-M dwarf by Gizis et al. (2000§1552446262313). Five additional new stars are closer than

« Stars withH, — H™ < 15 (Table 4), are overwhelmingly 15 pc: DENIS-P JO30611864753; LP 851-346 (DENIS-P
giants, with a minor admixture of very low tangentiad1155429222458); DENIS-P J125052@12113; LP 788-1
velocity dwarfs. The well known K5 dwarf Gl 710, for (DENIS-P J0931223171742) and LP 911-56 (DENIS-P
instance, lies outside our spatial and colour coveraghl346466314925).
but with H, = 0.23 it otherwise lays firmly within the Table 6 compares our distance determinations with litter-
“giants” region of the RPM diagram. This list (52 objectspture values for the 10 stars with a previous measurement or
includes a number of bright stars referenced as giar@stimate. The agreement is generally good, except for a slight
in the SIMBAD database. Our measured proper motiogystematic discrepancy with Cruz & Reid 2002: for the 5 stars
for those stars are usually not significant. This resuli8 common the Cruz & Reid distances are significantly larger.
in error bars orH, that are occasionally so large (up td=or the one star with three determinations, LP 655-48, our esti-
5 mag) that some objects could not be included in Fig. @ate and that of McCaughrean et al. (2002) agree and are both
without obliterating the diagram. Whenever possible (i.emaller than the Cruz & Reid distance.
for the brightest objects), we therefore replaced our own
measurements by the much better proper motions availalgle
in the UCACL1 (Zacharias et al. 2000) and Tycho-2 (Hgg’
et al. 2000) catalogues.

The 114 star sample identified by the photometric criterigince the stars which were initially fetched from proper mo-

(2 <1 = J < 3,dphot < 30 pc) within the 5700 square degreegon catalogues have a veryfidirent (and poorly controlled)

search area can therefore be divided into: selection function, we restrict the discussion in this section to

« 50 new nearby late-M dwarfs, consisting of: the colour-selected dwarf candidates in the full 5700 square de-
+ 18 stars already found in high-PM catalogues (NLTTgrees (this paper and Paper ). We also ignore the 52 probable
giants of Table 4, which are of aftirent physical nature, and

Sample completeness, and the local late-M
dwarf density



Table 3. a) Observational data and Reduced Proper Motions for 24 high-PM nearby late-M dwarf candidates selected in the 3600 square
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967

degrees.

DENIS name Other name azggo 02000 DENIS B R | I-J J-K H, Hma&
epoch

(€] (2 3 4 (5) ® @ ® 9 (10 (@11 @12
J002023+234605 LP 825-35 002023.17-234605.7 2000.589 204 175 1465 239 0.98 172 7.8
J0103119535143 01031198 -535143.6 1999.879 20.1 175 1454 227 1.19 164 7.7
J0120491074103 012049.15 -074103.5 1999.926 ** 194 1571 277 119 16.0 7.9
J0144318460432 ... 014431.88 -460432.1 1999.882 19.3 16.7 14.10 219 0.81 146 7.6
J0218579061749 LP 649-93 02 1857.90-06 1749.7 2000.551 215 190 1556 2.65 1.22 185 7.9
J0235495071121 02354956 -071121.1 1999.912 210 18.0 1471 232 101 171 7.7
J0306115364753 0306 11.57 —-364753.2 1999.975 209 17.7 1441 279 1.03 187 7.9
J0320588552015 ... 032058.85 -552015.8 1999.890 20.1 17.2 1430 223 1.03 173 7.7
J03510006005244 GJ 3252 035100.03-005244.6 1999.907 19.8 16.7 13.75 255 0.99 171 7.9
J051737#334903 ... 0517 37.70 -334903.2 1999.962 21.1 182 1493 2.89 1.19 18.7 7.8
J1006319165326 LP 789-23 1006 31.99-165326.3 2000.164 20.3 17.4 1455 244 1.14 174 7.8
J1021513032309 LP610-5 102151.36 -032309.6 2000.260 20.0 17.8 1455 231 0.88 165 7.7
J1048126112009 GJ 3622 1048 12.64-112009.8 2000.200 169 14.7 1125 230 0.98 173 7.7
J1106569124402 LP 731-47 110656.91-124402.2 2000.247 199 173 14.18 241 0.82 16.7 7.8
J1141446223215 .. 114144.06 -223215.1 2000.258 21.7 19.1 1542 272 121 186 7.9
J1145354202105 LP793-34* 114535.40-202105.2 2000.241 19.0 16.6 13.84 215 0.88 149 7.6
J114742%001506 GJ 3686B 1147 42.11+001506.4 2000.197 18.6 157 13.19 2.06 0.96 154 75
J1155429222458 LP851-346 115542.94-222458.2 1996.208 19.6 16.8 1348 258 1.05 16,6 7.9
J1201421273746  LP 908-5 1201 42.10-273746.5 1999.129 198 16.3 1430 221 0.91 170 7.6
J1250526212113 ... 125052.66 -212113.9 2000.249 19.3 16.8 13.78 259 1.11 175 7.9
J1610584063132 LP 684-33 16 1058.45-06 31 32.2 2000553 185 16.0 1346 2.08 1.09 148 7.5
J2132297051158 LP 698-2 213229.76 -051158.9 2000.408 19.1 16.3 1352 212 1.13 163 7.6
J2205357110428 LP 759-25 220535.74-110428.5 1998.816 19.4 165 13.67 2.13 0.99 162 7.6
J2337383125027 LP 763-3 233738.33-125027.3 1998.805 19.1 16.2 13.67 213 1.10 165 7.6

*%

A companion to HIP 57361.
Too faint for the Schmidt plates.
Columns 1, 2: object name in the DENIS data base, and other identification if available.

Columns 3-5: DENIS Position with respect to equinox J2000 at DENIS epoch, and DENIS epoch.

Columns 6, 7: B andR photographic magnitudes.
Columns 8-10: DENIS |-magnitude and colours.
Columns 11, 12: | band Reduced Proper Motion, and maximum RPM for an M giant of the $arikecolour.

Table 3. b) Observational data and Reduced Proper Motions for 15 high-PM nearby late-M dwarf candidates initially selected from the NLTT
(same Cols.as Table 3a).

DENIS name Other name azqgo 02000 DENIS B R | I-J J-K H, Hma&
epoch

(€] (2 3 4 (5) ® @ ® ) (100 11) (12
J000206%011536 LP 584-4 000206.18 +011536.6 1998570 20.8 18.0 1480 253 1.11 182 7.9
J0410486125142 LP 714-37 04 1048.06 -125142.7 2000.896 17.8 154 1299 2.05 1.05 16.0 7.5
J044023:053009 LP 655-48 04 4023.17-053009.1 1996.044 19.0 158 1335 261 1.19 159 7.9
J0520293231848 LP 836-41 052029.37-231848.4 1999.847 19.2 16.6 14.02 227 1.12 166 7.7
J0931223171742 LP 788-1 09312230-171742.4 2000.186 19.2 16.0 1336 232 1.01 159 7.7
J1346466314925 LP911-56 1346 46.07-314925.8 1999.301 18.0 15.8 13.27 224 1.07 16.1 7.7
J1504161235556 LP 859-1 1504 16.15-235556.4 2001.436 20.0 17.8 1472 270 1.10 173 79
J1546115251405 LP 860-30 1546 11.53-251405.9 2001400 19.0 165 14.09 2.09 0.89 170 75
J1552446262313 LP 860-41 1552 44.61-262313.7 1999.534 17.7 15.0 1261 224 1.07 162 7.7
J155357+231152 LP 860-46 155357.14-231152.2 1996.301 184 16.0 13.64 2.05 1.02 16.0 7.5
J1625503240008 LP 862-26 16 2550.33-240008.5 1999.463 18.0 15.2 14.39 238 1.39 154 7.8
J1641436235948 LP862-111 164143.00-235948.5 2000.545 179 150 14.13 215 1.20 158 7.6
J1645282011228 LP 626-2 16 4528.20 -011228.8 2000.474 20.1 172 1428 214 0.94 16,0 7.6
J1917045301920 LP 924-17 191704.51-301920.1 1999.353 19.1 164 13.81 211 0.95 16.1 7.6
J2151276012713 LP 638-50 215127.02-012713.7 2000.718 17.9 156 1321 2.02 0.81 149 75
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Fig.5. I-band finding charts for the 9 new high-PM objects listed in Table 2a. The chartgléfe< 4.0, with North up and East to the left.
No finding charts are provided for the lower proper motion objects, which are easily identified from their accurate coordinates.

therefore use a sample of 62 late-M dwarfs in the density cal- * ' '

culation:

« 26 colour-selected high-PM stars from the 2100 square de-
grees explored in Paper | (Table 2, excluding 4 stars fetched »
from the LHS outside this area);

» 25 colour-selected high-PM stars from the addmon@
3600 square degrees explored here (Table 3a). This E’]-
cludes the colour-selection of LHS 5165, identified irg
Paper | from the LHS catalog and which happens to lay
within the additional sky coverage; °r — [ ]

« 11 colour-selected lower proper motion probable dwarfs, J
found over the full 5700 square degrees (Table 3c).

0 L L

The diterential photometric distance distribution of that sam- 0 0 etonce (npe) 2 30

ple (Fig. 6) is well fitted by al? distribution, as expected for

a constant-density population, out t®2—25 pc. The dier- Fig.6. Number of red dwarf candidates per 2.5 pc photom_etric _dis-
ence from the initial 30 pc selection ctitoeflects the slightly tance bin over 5700 square degrees. The errorbars are Poissenian 1
different colour-magnitude relations used in the selection afigo"s and the curve is the expectefd distribution, normalized at

in the final photometric distance estimate. We conservativ JIy
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Table 3. ¢) Observational information and Reduced Proper Motions for the 11 low-PM< (0.1” yr!) red dwarfs candidates with
H — H"™ > 1 in the full 5700 square degrees.

DENIS name 2000 02000 DENIS B R I-J J-K H, err H™  Ref.
epoch H,

1) 2 ®3) 4) 6 ® O ® (100 (11 (@129 (13
J0013093002551 001309.34 -002551.5 1999.838 19.8 17.2 1437 222 0.88 143 06 7.6 a
J0100021615627 010002.13 -615627.1 1999.964 21.8 17.8 15.01 242 0.94 147 07 7.8 a
J0436278411446 04 3627.84 -411446.9 1999.893 ** i 16.04 292 1.12 128 21 7.8 a
J0518113310153 051811.32 -310153.0 2000.011 195 16.8 14.17 230 1.00 123 06 7.7 a
J1236396172216 123639.61 -172216.9 1999.384 18.2 16.2 1391 214 1.14 129 09 76 a
J153831#103850 153831.70 -103850.6 2000.414 18.3 16.4 1436 2.18 0.95 109 14 76 a
J1552237033520 1552 23.78 -033520.7 1999.534 15.8 13.2 12.02 2.07 1.37 95 08 75 a
J1553186025919 155318.65 -025919.3 1999.581 17.0 15.1 13.12 2.04 1.36 104 09 75 a
J20224806564556 202248.01 -564556.8 2000.477 19.2 158 13.81 2.06 0.80 134 05 75 a
J220622#204706* 220622.78 -204706.0 1999.611 20.1 179 1509 267 1.22 141 14 7.9 a
J2226443 750342 222644.36 -750342.7 1999.814 215 183 1520 2.84 1.20 137 11 79 a

* Previously listed by Gizis et al. (2000).

** Too faint for the plate.
Columns 1-4: DENIS name, position with respect to equinox J2000 at DENIS epoch, and DENIS epoch.
Columns 5, 6: B andR photographic magnitudes.
Columns 7-9: DENIS I-magnitude and colours.
Columns 10, 11: H, I-band reduced proper, and its standard error.
Column 12: maximum RPM for a giant of the sante- J colour.
Column 13: references for the proper motion and tBeand R photometry: (a) our measurements; @andR from the USNO-A2.0
catalogue (Monet et al. 1998) and proper motion from the UCAC1 catalogue (Zacharias et al. 20B@n@d} from the USNO-A2.0
catalogue (Monet et al. 1998) and proper motion from the Tycho-2 catalogue (Hgg et al. 2000).

adopt 22 pc as the completeness limit of our sample, and wsEmponent of the Malmquist bias is therefore irrelevant, since
the 45 stars within that distance to determine the local dens#@ywe do not look for any significant luminosity resolution, and
of late-M dwarfs. Using the Reid & Cruz (2002)< J, M) re- b) the luminosity function is sticiently flat over the M 6—M 8
lation would give slightly larger distances and change the corspectral range (Delfosse & Forveille 2000) that a small shift in
pleteness distance to 25 pc. the average luminosity will not measurabl§ext the resulting

A sample limited by photometric distance ifextively a density. The second component of the bias, on the other hand, is
magnitude-limited sample, with a colour-dependent magnitudenificant. For a Gaussian dispersion of the colour-luminosity
limit. As such, and since the colour-luminosity relation has sigelation it can be computed analytically (Stobie et al. 1989):
nificant dispersion, it is subject to the well-know Malmquisiagp 1 @®)

bias (Malmquist 1936), through two separate but interrelateg,” = 502(06 In10y
where® is the luminosity function and- is the intrinsic rms

effects (e.g. Stobie et al. 1989 and Kroupa 1998):
. The average luminosity at a given colour is brighter for gcatter in the colour-luminosity relation. The scatter in khe
vs.| — Jrelation isc ~ 0.2 mag (Fig. 1), which corresponds to

magnitude-limited sample than for a volume-limited sam X :
% overestimate of the stellar density.

ple, since the brighter stars are included to Iargerdistancé“s‘,‘_rh : density of 660 0.11 ob
hence in larger numbers, than the fainter ones. This is the | '€ Mean surface density of our sampl&eQ: 0.11 ob-

classical Malmquist bias; Jects per 100 square degrees out to 22 pc, corresponds to
» A magnitude-limited sample includes more stars at a givgggncorr&c_tled I_ugmxwf?sny funct_lon f@D' h: M(2'|3 * Q4)b'x
colour than the equivalent volume-limited sample for the¥ ~ StarsM;~— pc™. After correcting _03” e a_rlnqu_lit 1as,
average colour-luminosity relation: since the volume grow#is becomesd cor = (2.2 + 0.4) x 10 starsM; = pc™, av-
asd?®, the additional volume from which brighter stars geraged over 19 < M; < 140. Using relations from Leggett

included is larger that the missing volume from whic1992) and Dahn et al. (2002) to translateMs, this gives
fainter stars are lost. Oy cor = (1.7 £ 0.3) x 1073 starsMy* pc3, averaged over

154 < My < 187.
Here we are only interested in the colour-integrated stellar den- Stellar luminosity functions for the solar neighborhood
sity over 20 < | —J < 3.0 (or 119 < M| < 14.0). The first come in two kinds: photometric luminosity functions, with
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Table 4. Observational informations and Reduced Proper Motions for the 52 probable giantis withl"®* < 10~ in the full 5700 square
degrees (same Cols. as Table 3c).

DENIS name @2000 02000 DENIS B 1 -J J-K H, err Hlmax Ref.
epoch H,

J010340%854203 010340.19 -854203.7 1996.978 114 9.0 9.25 219 0.92 6.4 03 7.6 b
J013406#101408 013406.71 -101403.6 2000.660 13.3 109 11.38 201 114 4.7 23 75 b
J0136144082710 013614.44 -082710.5 1999.940 184 151 14.01 2.47 1.16 9.1 24 7.8 a
J0250072860930 025007.20 -860930.0 1999.712 135 114 9.26 209 141 5.8 21 75 b
J044124%271453 04 4124.70 -271453.6 1999.063 11.3 9.3 892 219 120 4.8 03 7.6 b
J0451504 750338 045150.48 -750335.7 1998.816 150 13.8 13.69 214 242 12.1 1.1 7.6 a
J0457108 131240 04 57 10.85 -131240.3 1996.060 14.1 13.2 1057 216 1.26 5.6 28 7.6 a
J050426+%744821 0504 26.74 -744821.8 1996.964 193 16.0 13.79 211 1.36 55 326 7.6 a
J0538515645534 05385159 -645534.4 1996.964 17.3 149 1359 203 151 7.7 170 75 a
J0543339782122 054333.95 -782122.4 1996.964 155 135 10.67 246 1.44 5.8 29 7.8 b
J0953338014950 095333.87 -014950.2 2000.164 16.3 13.7 1031 225 1.37 5.4 24 7.7 a
J1021323 204407 1021 32.30 -204407.4 2000.263 ** ** 16.09 298 1.11
J1034458175302 1034 45.89 -175302.5 2000.197 16.8 143 1201 264 1.26 8.7 13 79 b
J1125068 001513 112506.87 +001513.9 2000.268 154 133 10.60 232 124 4.6 40 7.7 a
J1221525135310 12215250 -135310.3 1999.148 175 10.7 1038 256 1.25 04 196 79 a
J1338306294135 133830.05 -294135.2 2000.129 16.0 139 1153 235 1.27 6.1 39 77 b
J1351326291851 135132.68 -291851.9 2000.362 164 132 11.19 228 1.30 7.4 14 7.7 b
J1400335271656 1400 33.51 -271656.2 1999.348 146 115 9.69 209 1.26 5.6 02 75 a
J1405376221515 14 0537.64 -221515.0 1999.285 ** ** 949 209 129
J1409294 164227 14 0929.49 -164227.0 2000.510 155 135 1046 224 1.29 4.3 22 77 b
J142729%264040 1427 29.71 -264040.8 1999.419 159 10.8 9.68 212 1.20 55 18 7.6 b
J1437524 183824 14 3752.45 -183824.0 2000.414 142 120 1286 2.10 0.92 8.3 21 75 b
J1503326113217 150332.06 -113217.3 2000.551 180 15.0 1125 281 1.38 6.4 11 79 b
J1503339185239 15033392 -185239.1 2000.551 145 126 10.39 205 1.26 3.8 70 75 b
J151039%212524 151039.72 -212524.9 1999.384 14.1 126 10.06 222 1.18 6.8 14 7.6 b
J1512333103241 1512 33.30 -103241.3 2000.277 ** ** 16.00 290 1.18
J1525014032359 152501.46 -032359.5 1999.351 14.1 116 9.25 209 1.08 5.0 08 75 c
J1539153004404 153915.30 +004404.0 2000.411 158 125 1178 210 131 53 41 75 a
J1552551045215 15525519 -045215.3 1999.534 141 118 1021 201 138 8.5 16 75 a
J1601227#093816 1601 22.79 -093816.2 2000.323 143 116 1047 207 125 4.7 32 75 a
J1615446040526 16 1544.69 -040526.2 1999.353 143 115 9.67 2.03 1.19 4.2 73 75 a
J1952026553558 195202.08 -553558.8 2000.477 16.6 136 11.26 235 1.27 5.1 6.2 7.7 b
J200440%395151 2004 40.14 -395151.7 2000.515 144 121 9.72 200 131 4.7 35 75 b
J2015585712313 20155852 -712313.2 2000.529 17.2 111 1089 259 1.26 4.5 63 7.9 b
J2016341772709 2016 34.12 -772709.4 2000.537 17.3 145 1158 244 1.29 8.1 14 7.8 a
J2023115283921 20231154 -283921.5 2000477 147 125 1021 219 1.28 5.8 30 76 b
J2024329294402 20243296 -294402.6 1999.392 148 143 1045 213 1.26 6.0 30 7.6 b
J2032276273058 203227.03 -273058.4 1999.534 150 123 10.76 245 1.18 7.6 24 7.8 a
J2036432170727 203643.24 -170727.1 2000.592 149 115 940 200 124 4.6 10 7.5 b
J2044066 173457 2044 06.68 -173457.3 1999.606 16.1 13.3 11.28 242 1.29 5.5 52 7.8 b
J20552406322600 205524.07 -322600.8 1999.669 144 134 10.73 210 1.30 8.1 10 75 b
J2056329782540 2056 32.90 -782540.1 1999.660 155 124 1043 2.08 1.20 7.9 13 75 b
J2058075730350 2058 07.55 -730350.4 1999.660 176 14.1 1189 235 1.29 6.5 66 7.7 a
J2103375783831 210337.56 -783831.5 1999.658 16.2 139 1142 208 1.30 4.8 81 75 b
J2107076361729 210707.01 -361729.8 1996422 159 130 1161 2.09 1.30 6.8 34 75 b
J210833621205¥ 210833.06 -212051.3 2000.567 17.0 11.7 980 213 1.27 7.8 1.8 76 a
J2124575341655 21245751 -341655.9 1999.559 180 13.7 13.60 237 1.32 8.6 64 7.8 a
J2130021815158 213002.15 -815158.6 1999.510 15.2 122 10.33 217 1.37 3.4 96 7.6 b
J2141296844040 214129.02 -844040.1 2000.616 149 120 11.02 211 1.29 54 53 76 b
J2203522593300 220352.29 -593300.7 1999.649 125 122 1129 243 1.16 7.8 20 7.8 b
J2225004 121606 222500.48 -121606.9 1999.447 150 124 1038 225 1.19 3.7 24 1.7 b
J2239371715950 223937.13 -715950.0 2000.616 145 121 10.17 203 1.27 7.4 13 75 b

** Too faint for the plate.
9 Previously known giants.
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Table 5. a) Estimated distances and other parameters for the 24 high-PM of Tables 2a and 3a and 11 low-PM DENIS red dwarf candidates of
Tables 2c and 3c.

DENIS objects M, D \"A Ter Ref. | DENIS objects M, D \"A Ter Ref.
[pc] [kms™] [K] [pc] [kms™] [K]

J0013093002551* 1259 22.7 104 2630 J1141446223215 1356 23.6 474 2350
J0020231234605 1299 214 334 2520 J1145354 202105 1239 195 149 2670
J010002:615627* 13.05 246 10.3 2510 J1147423001506 1210 165 215 2740 a
J0103119535143 1272 23.1 26.1 2600 J1155429222458 13.34 10.7 21.3 2420
J0120492074103 13.64 26.0 14.3 2320 J1201421273746 1257 222 36.2 2630
J0144318460432 1251 208 125 2650 J1236396172216* 12.36 20.4 6.0 2680
J0218579061749 1345 264 474 2380 d| J1250526212113 13.35 122 322 2410
J0235495071121 12.84 236 334 2570 J1538317#103850* 12.48 23.8 2.3 2650
J0306115364753 13.67 14.0 48.0 2310 J1552237#033520* 12.14 9.5 1.4 2730
J0320588552015 12.62 21.7 409 2620 J1553186025919* 12.03 16.5 2.2 2750
J0351006005244 13.29 124 28.0 2430 a| J1610584063132 12.17 181 16.0 2720
J0436278411446* 13.92 26.6 2.8 2250 J2022486564556* 12.10 22.0 8.8 2740
J051737#334903 13.85 16.4 448 2270 J2132297051158 1230 175 294 2690
J0518113310153* 12.80 18.8 3.7 2580 J220535%#110428 12.33 185 279 2690 b
J1006319165326 13.09 196 34.0 2490 e | J220622%#204706* 13.48 21.0 6.4 2370 ¢
J1021513032309 12.82 222 26.2 2570 J2226443750342* 13.76 19.4 4.6 2290
J1048126112009 12.80 49 38.0 2580 a | J2337383125027 12.33 185 327 2690 d
J1106569124402 13.03 169 25.2 2510 b

* Low-PM red dwarf candidates.
Column 1: object name.
Columns 2, 3: M, absolutd -band magnitude and photometric distance.
Column 4: V; tangential velocity. The small values (all below 55 ki) point to a sample dominated by disk populations.
Column 5: T effective temperature, derived from our< J, Te) calibration (see below).
Column 6: reference for a previously known trigonometric parallax: (a) Gliese & Jahrei3 (1991) (CNS3 catalogue); for a spectrophotometric
distance: (b) Kirkpatrick et al. (1997); (c) Gizis et al. (2000); (d) Cruz & Reid (2002); () McCaughrean et al. (2002); or for a photometric
distance: (f) Reid & Cruz (2002).

somewhat uncertain distances and luminosities estimated fromspite of serious kinematic fliculties. The true explanation
colour-luminosity relations, and nearby star luminosity funamost likely will have to be found in a bias of the photometric
tions, with distances (mostly) from trigonometric parallaxelsiminosity function methodology, such as the neglecting of un-
but with typically smaller samples and sometimes an unceesolved binary systems (Kroupa 1995b), or potentially the use
tain completeness. Figure 7 compares the above stellar defan incorrect colour-luminosity relation (Reid & Gizis 1997;
sity measurement with the photometric luminosity functions ddelfosse & Forveille, in preparation). For a constant-density
Kroupa (1995a) and Zheng et al. (2001), as well as with thgopulation, a systematic error in the stars luminosity function
nearby star luminosity functions of Kroupa (1995a) and Reiof Amresults in a luminosity function that is incorrect by:

et al. (2002). We measure the stellar density from a nearby

sample, as the nearby luminosity functions do, but with the® _ 0.6 In10Am ~ 1.38Am. (9)
distance method from photometric luminosity functions. Our®

measurement is thus of interest to the long-standing discrgp-the ( — J) range of interest here, Fig. 1 shows that the
ancy between the two measurement techniques. Our valuéy@fpersion of the calibration stars around our adopted rela-
Dy cor = (1.7 0.3) x 10°° starsMy* pc® turns out to be in tion is 0.25 mag. Similarly, the rms fiftrence between our
excellent agreement with all recent measurements of the photgration and that of Reid & Cruz (2002) is only 0.13 mag,
metric luminosity function (e.g. Fig. 7 and caption). The nearbyng the maximum dierence is below 0.2 mag. A 0.2 mag
star luminosity function is, by contrast, over an order of Magsrror on the color-luminosity relation is thus a conservative
nitude larger. This clearly excludes that a local faint star ovefipper bound. This would fiect the luminosity function at
density can explain the discrepancy, as sometimes suggestd25-30% level at most, well below theffdience between
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Table 5. b) Estimated distances and other parameters for tHe%°
15 DENIS red dwarf candidates initially selected from NLTT of
Tables 2b and 3b (same Cols. as Table 5a).
DENIS objects M, D \YA Ter Ref. 3000 |
[pc] [kms'] [K] I
J0002063011536 13.25 20.4 46.3 2440 >
J0410486125142 12.07 15.3 29.0 2740 d L
J044023:+053009 13.39 9.8 153 2400 d,e 2000
J0520293231848 12.72 18.2 28.8 2600 I
J0931223 171742 12.84 127 19.0 2570
J1346460314925 12.65 13.3 235 2620
J1504161235556 13.53 17.3 26.7 2360 f 1000 = 5 2 25 3 35 . a5
J1546115251405 12.20 23.8 4238 2710 I-J
J1552446262313 12.65 98 244 2620 Fig.8. The polynomial (- J, T¢;) relation, fitted to data from Leggett,
J155357+231152 12.07 20.6 29.6 2740 f Basri et al., Tinney et al., and Bessell, see text.
J1625503240008 1297 19.2 147 2530
J1641436235948 12.39 223 22.8 2670
J1645282011228 1236 242 252 2680 Since parallaxes out to 30 pc can be measured very accu-
J1917045301920 12.27 203 27.0 2700 rately (Dahn et al. 2002; Henry et al. 1997), though certainly
J2151276012713 11.96 17.8 18.6 2760 d with significant dforts, true distances could be measured for

the present well understood sample, and would certainly help
clarifying the source of this discrepancy.

J 7. Effective temperature

0.02 1 The dfective temperatur@g; of a star is one of its basic phys-
ical parameters, and we felt that a convenient rough estimate
would be useful. We compiled the data from Leggett et al.
(1996, 2000, 2001); Basri et al. (2000); Tinney et al. (1993),
Bessell (1991), transformed when necessary to the CIT system
with the relations from Leggett (1992) and Casali & Hawarden

1992), and adjusted the following cubic relation (Fig. 8):

® (s!avs.pc’.mug')

o
e
T
ig!
HoHHEpHH
-
HE-EHH
2
>
——
——
1

'? g I Ter = bo+by(l = J) +by(l = J)? + bs(l — J)3 (10)
g B
, l f? B | whereby = 52973, by = 19263, b, = 4000, b; = -333
10 15 20 validforl0<Il-J<4.1.

" It strictly speaking is only valid for CIT photometry, but

Fig. 7. The My luminosity function. Open symbols are photometric |UFig. 1 shows that the DENIS and CIT systems améiciently

minosity function (triangles and squares are two Galactic models frfiyy g that it provides an acceptable determinatiofig@ffrom
Zheng et al. 2001; polygons are from Kroupa 1995a). Filled symtB\ENIS photometry.

represent nearby star luminosity functions (triangles from Reid et al. . . .
2002, and polygons from Kroupa 1995a). The filled grey area shoyws Tables 5a and 5D lists thefective temperatures derived

our stellar density estimaterfé 6 to M 8 stars, which is in excellent rom the DENISI — J colour index with this formula.
agreement with other photometric luminosity functions.

8. Future prospects

Compared with the cruder proper motion diitcselection
photometric and nearby stars luminosity functions. We obtaincen reduced proper motion contributes 11 additional probable
more realistic estimate of the probable star density error stedwarfs in a sample of 62. This 18% fraction, which may be a
ming from colour-luminosity uncertainties by using the Reidbwer limit if a few additional dwarfs hide amongst the proba-
& Cruz (2002) calibration (Fig. 1) instead of our own. Theble giants, is much larger than the 6% loss estimated in Paper .
completeness limit is then 25 pc, with 51 stars within that dis- It is therefore important to obtain spectroscopy to make
tance, for a luminosity function oDy cor = (1.55+ 0.3) x surethatall 11 low-PM dwarf candidates are really dwarfs, and
1073 starsM\‘,1 pc3. This is just~10% smaller than our bestto determine which, if any, of the 52 probable giants are actu-
estimate, and actually well below its Poisson probable error.ally very low tangential velocity dwarfs. We additionally plan
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Table 6. Comparison between our photometric distances fromJ, M,) and literature distances, based on either trigopnometric parallaxes or
spectrophotometric distances with stated accuracies better than 4 pc. The Hipparcos distance quoted for LP 793-34 results from the parallax of
its common proper motion companion, LP 793-33.

DENIS name Other name  Our distance Previous distance  Source
[pc] [pc]

J0351006005244 GJ 3252 12.4 144#70.4 Gliese & Jahreil3 (1991)
J0410486125142 LP714-37 153 1942.1 Cruz & Reid (2002)
J044023:053009 LP 655-48 9.8 8816 McCaughrean et al. (2002)

9.8 15.3+ 2.6 Cruz & Reid (2002)
J1048126112009 GJ 3622 4.9 450.1 Gliese & Jahreil3 (1991)
J1106569124402 LP731-47 16.9 18.8 Kirkpatrick et al. (1997)
J1145354 202105 LP 793-34 195 2021.5 Hipparcos, for LP 793-33
J114742%001506 GJ 3686B 16.5 15:62.9 Gliese & Jahreil3 (1991)
J2132297051158 LP 698-2 175 23¥2.8 Cruz & Reid (2002)
J2151276012713 LP 638-50 17.8 21015 Cruz & Reid (2002)
J2337383125027 LP 763-3 18.5 215623 Cruz & Reid (2002)

to extend the systematic search to the rest of the DENIS datagchtein, N. 1997, in the 2nd DENIS Euroconference, The impact of
as they become available, as well as to the much more numer- large scale near-infrared surveys, ed. F. Garzon et al. (Dordrecht:
ous early M-dwarfs candidates &1 — J < 2, M 0-M 6). A Kluwer), 15

larger fraction of those is probably already known however. ESA 1997, The Hipparcos and Tycho Catalogues, ESA SP-1200
Gizis, J. E., Monet, D. G., Reid, I. N., et al. 2000, AJ, 120, 1085

. Gliese, W., Jahreil3, H., & Upgren, A. R. 1986, in The galaxy and
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