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ABSTRA CT

We presen obsenations of 2MASSIJ1835379+32954, a previously unrecog-
nisedlate-type M dwarf within 6 parsecsof the Sun. Identi ed basedanalysisof
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the Two-Micron All Sky Survey, optical spectroscoly and photometry indicate
a spectral type of M8.5. The star has a proper motion of 0.759%®yr ! and is
clearly visible on both POSSI and POSSI| photographicplate material, but may
have escad detection in previoussurveysthrough its proximity to the Galactic
Plane. We discusspotertial implications for the completenes®f the local stellar
census.

Subjet headings: stars: low-mass, brown dwarfs; stars: luminosity function,
massfunction; Galaxy: stellar cortent

1. Intro duction

A reliable censusof the stellar constituerts of the Solar Neighbourhood is a vital ingre-
dient in the determination of sud fundamenal parametersas the luminosity function, the
massfunction, multiplicit y, kinematics and the abundancedistribution. We are currently
engagedin a large-scaleanalysis of data from the Two-Micron All Sky Survey (2MASS;
Skrutskie et al., 1997) with the primary goal of identifying all M and L dwarfs within 20
parsecsof the Sun. Our initial studiescertred on proper motion stars from Luyten's NLTT
catalogue(Reid et al., 2002); more recertly, we have concertrated on candidatesidenti ed
directly from the 2MASS database(Cruz et al., in prep.). In follow-up obsenations of the
latter sample,wehaveidenti ed apreviously-unrecognise#18.5 dwarf within 6 parsecofthe
Sun. This short paper presens the details of that discovery and discusseshe implications.

2. Observ ations
2.1. Identi cation

2MASSIJ1835379+389H (hereinafter2M1835+32)wasselectedn early 2001asa can-
didate nearby dwarf by K. Cruz in the courseof analysisof the Secondincremertal 2MASS
data release,and, as described below, was obsened as part of our follow-up spectroscopic
survey. Almost contemporaneously S Laurie identi ed the star aslikely to be a particularly
closeneighbour basedon his own seard of the 2MASS database. Most red 2MASS sources
at thesebright magnitudesare giants, but 2M1835+32hassigni cant proper motion, evidert
from simple inspection of the POSSI and POSSII imagesin the Digitised Sky Survey (Fig-
ure 1). Using thoseimagesand his own CCD obsenations, S. Laurie derived a preliminary
estimateof 0:75%yr 1.
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Until recenly, 2M1835+32 was not included in proper motion catalogues. Lepine et
al. (2002), howewer, recertly made an independert identi cation of this star (designatedas
LSR1835+3259 = 0:747°%r 1, = 1858°) in a survey for high proper motion stars near
the Galactic Plane. With Galactic co-ordinatesof (I +61°;b +17°), the badground star
density is moderately high, and this presumablyaccourts for it having escad attention in
Luyten's Palomar surveys.

2.2. Spectroscopy

We obtained optical spectroscopy of 2M1835+32with the R-C spectrographon the Kitt
Peak Mayall 4-metre on July 22 2001. We usedthe BL181 grating in rst order to give a
dispersion of 2.8 A/pixel and wavelength coveragefrom 600CA to beyond 1 m. This setup
has a resolution of 5.6A (2 pixels) with the 1.0 arcsecondslit usedfor these obsenations.
Conditions were moderately good, with 1.5 arcsecondseeingand somecloud, precluding
absolute spectrophotometry.

The data were bias-subtractedand at- elded (with dome ats) using the CCDRED
routine in the IRAF padage, and the spectrum extracted, wavelength calibrated and ux
calibrated using standard techniques. The results are plotted in Figure 2, wherewe compare
against similar-resolution obsenations of VB 10 (M8) and LHS 2065(M9). It is clear that
2M1835+32is con rmed asa late-type dwarf, with an estimated spectral type of M8.5 0:5.

2.3. Photometry and astrometry

Following our spectroscopiccon rmation, 2M1835+32was addedto the US Naval Ob-
senatory parallax program. Eighty-one CCD imageswith the USNO 61-inch re ector were
obtained between23 July 2001and 13 July 2002. Following standard policy, the obsenations
were taken closeto meridian passageand the measuremets reducedusing the methods de-
scribed by Dahn et al.(2002). The derived relative parallax is 0.1754 0:0005 arcseconds.
Correcting for the referenceframe givesan absolutevalue of 0.1765 0:0005arcsecondcor-
responding to a distance of 5.67 0:02 parsecs. This is slightly closerthan VB8 and the
Wolf 629/630 system (6:45 0:02 parsecs),and currently places2M1835+32 as the ft y-
ninth nearestsystemto the Sur?. The proper motion calculated from the CCD images,

2Seethe RECONS site, http://www.c hara.gsu.edu/thenry/RECONS/ . Note that this list, and the Henry
et al. (1997) calculations, include only systemswith trigonometric parallaxes determined to an accuracy of
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0.7590 0:0011%yr ! (Table 1), is in good agreemehwith the initial estimate derived from
POSSI/I | plate material.

Photometric obsenations at V, | (Cousins) and z (on the preliminary SDSSsystem)
were obtained with the USNO 40-inch telescop on 18 May 2002,19 May 2002and 9 June
2002. Thesemeasuremets werereducedusing standard techniques(Dahn et al., 2002),and
the averagedresults are listed in Table 1. The dispersionin the individual measuremets
about the meanmagnitude in ead passbandis larger than expected basedon obsenations
of other late-type dwarfs, suggestingpossibleintrinsic variations at the  0:05 magnitude
level.

Figure 3 shows the location of 2M1835+32in the (My, (V-1)) and (M;, (J-K)) dia-
grams. At visual magnitudes,2M1835+32is 0.3 magnitudesfainter than LHS 2065and 0.1
magnitudesfainter than LHS 2924, both classedas spectral type M9 by Kirkpatric k et al.
(1995). The new discovery is 0.06 magnitudesand 0.17 magnitudesbrighter than the two
M9 standardsat M;. Theseresults are consistert with the spectral type of M8.5 derived
from our spectroscopicobsenations.

3. Discussion

2M1835+32is the third late-type M dwarf addedto the local stellar censuswithin the
last two years. DENIS-P J104814.7-39506.1 was identi ed by Delfosseet al. (2001) asan
M9 dwarf at a distanceof 5:2'%Z parsecs(Deacon& Hambly, 2001), while Scholz et al.
(2001) estimatea distanceof 6 1 parsecdor the M6.5 dwarf, LHS 2090. A number of recert
studies, notably by Henry et al. (1997) and Delfosseet al. (1999) have arguedthat thereis
substartial incompletenessn the censusof stellar systemswithin even the immediate Solar
Neighbourhood. Thesenew discoveriesclearly refocus attention on that issue.

The degreeof incompletenesdnferred for a given nearby-star sample dependson the
referencedataset adopted. In their analysis,Henry et al. (1997) set the baselineusing the
all-sky 5-parsecsample,59 starsand onebrown dwarf (LP 944-20)in 45 systems(considering

Cen AB and Proxima as a single system). On this basis,they nd a shortfall of 30%in
the current 8-parsecsample(128 systemsidenti ed, all-sky, versus184predicted) and nearly
40%in the 10-parsecsample (360 systemspredicted versus229 catalogued). Approximately
half of the de cit liesin late-type M dwarfs, My, > 15. These predictions, however, make
no allowancefor the statistical uncertainties inherernt in the 5-parsecsample, an issuewe

better than 20 milliarcseconds(Henry, priv. comm.)
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considerhere.

In calculating the expectednumbersof stellar systemswithin 8 and 10 parsecsHenry et
al. areextrapolating the measuredspacedensity within 5 parsecsthe asseiated uncertainty
is given by the Poissonstatistics for the 5-parsecsample. Table 2 and Figure 4 presen
luminosity function data for 5-parsecand 8-parsecsamples. We limit analysisto northern
systems,adding LHS 2090and 2M1835+32to the compilation givenin Reid et al. (1999).
We alsoinclude the Sunin thesecalculations.

The northern ( > 3(°) 8-parsecsample encompassed 07 systems, including 142
main-sequencestars, three brown dwarfs (Gl 229B and Gl 570D, both with My > 20, and
LP 944-20)and eight white dwarfs (four isolated, four companions). Thirt y-three systems,
including 44 main-sequencestars and three white dwarfs (Sirius B, Procyon B and vMa 2),
fall within the 5-parsealistancelimit. Table 2 givesthe statistics for the main-sequencstars,
both for systems(binned by the absolutemagnitude of the brightest menmber) and on a star-
by-star basis. The parameter lists the numerical di erence betweenthe obsened number
of systems/starsin the 8-parsecsampleand the predicted numbers, in the sensepredicted-
obsened, and — normalisesthat di erence in terms of the Poissonstatistics asseiated with
the two samples.

Table 2 shaws that, in most casesthe di erence betweenthe obsened and predicted
numbersis lessthan 1 . Notable exceptionsare the My = 9:5 and 12.5 bins, where every
star lies beyond 5 parsecs. Consideredas a whole, the net di erence betweenthe 8-parsec
sampleand the 5-parsecpredictions is 29 systemsand 38 stars, correspnding to de cits of
only 1.2 and 1:3 respectively. Subdividing the samplemore coarselyinto three absolute
magnitude intervals, My < 10,10 My < 14,and My > 14, 4= 53 at the brightest
absolute magnitudes, correspnding to an excessof 18% (0.4 ) in the 8-parsecsample. At
intermediate magnitudes, the net de cit in the 8-parsecsampleis 8 systems,or -15%
(0.5 ). Not unexpectedly, s risesto -26in the faintest bin, or -58%(1.5 ). We note that
most luminosity and massfunction analyses,including our own (Reid et al., 1999), adopt a
5-parseclimit at the latter absolute magnitudes.

Given thesestatistics, it seemsoptimistic to assignall of the discrepancybetweenthe
two samplesto incompletenessn the 8-parsecdataset. We suspect that the shortfalls in
the current 8-parsecand 10-parsecsamplesare likely to be lessdramatic than proposedby
Henry et al. "Missing' systemsin the 10 M\, < 14rangeshouldhave apparert magnitudes
brighter than V=13.5, su cien tly bright for most stars to be detectableon early twertieth

3Note that the statistical uncertainties for the 5-parsecsample are given by the number of actual sys-
tems/stars in ead bin, not the predicted numberslisted in Table 2.
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certury photographicsurveys, sud asthe Bruce proper motion survey. The bright limiting

magnitudesof thosesurvey (m,y  155) leadsto lesscrowding in high star density regions,
and therefore favours detection of nearby stars closeto the Galactic Plane, as indicated by
the (; ) distribution of bright NLTT stars (illustrated in Reid et al., 2001, Figure 1).

In cortrast, most of the intrinsically faintest starsin the 8-parsecsamplewereidenti ed
only from Luyten's surveyswith the Palomar 48-incdh Schmidt, wherethe higher sensitivity
(m(lim) > 195) leadsto greaterconfusionat low Galactic latitudes. Incompletenessn the
current 8- and 10-parseccataloguesis much morelikely at thosemagnitudes,particularly at
low Galactic latitudes. and all three recert additions fall in this regime,although LHS 2090
was, of course, rst identi ed by Luyten.

The new proper motion starsidenti ed by Lepineet al. (2002) have characteristicscon-
sistert with this hypothesis. All of the sample have R> 13, correspnding to V> 145
for late-type dwarfs. Fifty-sewen of the 141 stars lie within the region covered by the
2MASS Secondincremertal Releaseand seweral, notably LSR0602+3910 LSR0510+2712
and LSR0539+4038, are clearly late-M or L dwarfs within 10 parsecsof the Sun. The
majority, however, are either cool white dwarfs or halo subdwarfs.

Basedon theseargumerts, we estimatethat the de cit in the current northern 8-parsec
sampleamourts to no morethan 15 systems,with most (perhapsall) of the missingsystems
fainter than My 14 and lying within 20 degreesof the Galactic Plane. This correspnds
to 15% incompletenessrather than the higher value favoured by Henry et al. (1997).
Similarly, we estimate that the current 10-parsecsampleis  75% complete. The level
of incompletenesgamay be somewhathigher in the southernmostskies, not included in our
statistical comparison.In any case,further analysisof the 2MASS database,particularly at
low Galactic latitudes, will provide de nitiv e answers on theseissues.

4. Summary and conclusions

We have presetted spectroscopic,photometric and astrometric obsenations of 2MASSI
J1835379+389%54, an M8.5 dwarf within 6 parsecsof the Sun. We estimate that up to 15
additional late-type M dwarfs with distancesof lessthan 8 parsecmay remain undetected
within the areaof the celestialspherecoveredby our analysis.

Despite a substartial proper motion, 2M1835+32 eluded detection until the availabil-
ity of a digitised sky survey (2MASS) equipped with appropriate tools for searding the
resultant database(IRSA). There is considerablecurrent interestin establishinga National
Virtual Obsenatory, providing ready accesdo, and cross-referencindpetween, substartial
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astronomical datasets. The independen discovery of 2M1835+32by a knowledgeablenon-
professionalastronomer,using publicly-available survey data and analysistools, emphasises
the bene ts of providing wide accesdo sud resources.

This researty wassupported partially by a grant from the NASA/NSF NStarsinitiativ e,
administeredby Jet Propulsion Laboratory, PasadenaCA. KLC adknowledgessupport from
a National Science~oundation Graduate Researt Fellowship. This researtt hasmadeuseof
data products from the Two Micron All Sky Survey, which is a joint project of the University
of Massatusetts and the Infrared Processingand Analysis Certer/California Institute of
Tednology funded by the National Aeronauticsand SpaceAdministration andthe National
Sciencd~oundation; of the SIMBAD database operatedat CDS, Strasbourg, France;and the
NASA/IP AC Infrared ScienceArchive, which is operated by the Jet Propulsion Laboratory,
California Institute of Technology under cortract with the National Aeronauticsand Space
Administration. We alsomadeuseofthe RECONSnearly star site, maintained by T. Henry.
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Tablel. Basicdata for 2M1835+32

Parameter Value Source
\% 18.27 0.03 USNO
| 13.46 0.02 USNO
z 12.63 0.02 USNO
J 10.27 0.03 2MASS
H 9.58 0.05 2MASS
Ks 9.15 0.04 2MASS
rel 1754 0:5mas USNO
abs 1765 O0:5mas USNO

7590 I:l1mas.yr ' USNO
1861 0:1degrees USNO
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Table 2. Nearby star statistics

My Nsys(8 pc.) Nsys(5 pc.) sys( 8 = N (8pc) N (5pc) G 8 —
0.5 1 0 -1.0  -1.00 1 0 -1.0 -1.00
15 2 1 21 0.48 2 1 21 048
25 2 1 21 0.48 2 1 21 048
35 0 0 0.0 0.00 0 0 0.0 0.00
45 2 1 21 0.48 2 1 21 048
5.5 7 1 -29 -0.60 7 1 -29 -0.60
6.5 6 1 -1.9  -0.40 7 1 -29 -0.60
7.5 2 1 21 0.48 4 1 0.1 0.02
8.5 4 1 0.1 0.02 7 2 1.2 019
9.5 8 0 -8.0 -2.83 9 0 -9.0 -3.00
10.5 11 5 9.5 0.97 11 5 9.5 097
115 14 5 6.5 0.65 21 6 36 032
125 16 0 -16.0 -4.00 21 0 -21.0 -4.58
135 8 4 8.4 0.97 13 6 116 1.09
145 7 4 9.4 1.09 8 4 84 097
15.5 7 4 9.4 1.09 16 10 250 1.84
16.5 2 2 6.2 1.04 4 3 83 1.12
17.5 2 1 21 0.49 3 1 11 048
18.5 1 0 -1.0 -1.00 4 1 0.1 0.02
Totals 102 32 29.1 1.19 142 44 382 132
Note. | Column 2 lists the number of systems within 8 parsecs of the Sun, segregated based on the

absolute magnitude of the brigh test component;

Column 3 givesthe number of systems within 5 parsecs.

Column 4 lists sys(5 8), the dierence betweenthe expected number of systems within 8 parsecs, extrap-
olated from Nsys(5 pc.), and the observed numbers;

Column 5 scalesthat dierence based on the Poisson uncertain ties of the respective samples.

Columns 6 to 9 present the same data, but on a star-by-star basis (that is, including fainter components in
binary and multiple systems).
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Figure captions

Fig. 1.| 5 5 arcminute regionscertred onthe 2MASS-determinedposition of 2M1835+32
from the POSSI E plate (left) and POSSII F plate (right). The imagesare orient with
North at the top and East on the left. 2M1835+32lies 6 arcseconddNorth of certre on
the latter plate, taken on 27 June 1993,and is clearly visible 32 arcsecondgurther north
on the rst epoch plate, from July 5 1951.

Fig. 2.| The far-red optical spectrum of 2M1835+32comparedto similar resolution obser-
vations of the M8 standard VB 10 and the M9 standard LHS 2065.

Fig. 3.] The open circle marks the location occupied by 2M1835+32in the (My, (V-))
and (M3, (J-K) planes. Data for nearby stars are plotted as crosseqphotometry by Bessell,
1990, and Leggett, 1992); ultracool M dwarfs (sp. type >M7.5) are plotted as crosseswith
errorbars; L dwarfs are plotted assolid points; and v e-point stars mark T dwarfs. Data for
the last three subsetsare all from Dahn et al. (2002).

Fig. 4. The 5-parsec(dotted line) and 8-parsec(solid line) stellar system luminosity
functions. The error barsindicate 1 courting uncertainties, with the 5-parsecdatapoints
scaledto match the 8-parsecsampling volume and slightly o set (in My) for clarity.



{12

' E ‘ "
n Ll a . .
=
¥ " i
b |
. i i
5 L]
' - B tp— .
-
] - i . Ll
- - "
[ = L]
- = = . - &
- L
o m . ’ ™

Fig. 1.| 5 5arcminute regionscertred onthe 2MASS-determinedposition of 2M1835+32
from the POSSI E plate (left) and POSSII F plate (right). The imagesare orient with
North at the top and East on the left. 2M1835+32lies 6 arcseconddNorth of certre on
the latter plate, taken on 27 June 1993,and is clearly visible 35 arcsecondgurther north
on the rst epoch plate, from July 5 1951.
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Fig. 2.| The far-red optical spectrum of 2M1835+32comparedto similar resolution obser-
vations of the M8 standard VB 10 and the M9 standard LHS 2065.
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Fig. 3.] The open circle marks the location occupied by 2M1835+32in the (My, (V-))
and (M;, (J-K) planes. Nearhy stars from the pCNS3 (photometry by Bessell,1989, and
Leggett, 1992)areplotted ascrossesultracool M dwarfs areplotted ascrossesvith errorbars;
L dwarfs are plotted as solid points; and v e-point stars mark T dwarfs. Data for the last
three subsetsare all from Dahn et al. (2002).
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Fig. 4. The 5-parsec(dotted line) and 8-parsec(solid line) stellar system luminosity
functions. The error barsindicate 1 courting uncertainties, with the 5-parsecdatapoints
scaledto match the 8-parsecsampling volume and slightly o set (in My) for clarity.



