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Abstract. The brown dwarf population in the Pleiades cluste30 7
has been probed in a deep 850 arcmii.JK survey. The il
survey is complete td = 21.4 in 76% of the area and to 20 best individual in each comb. I-image |
I = 20.2 in the remaining 24 %. Photometry of 30 previousl median: 0.62" i
known members is presented together with 8 new candidai'®
four of which are below the brown dwarf limit. The faintes
one is the lowest mass brown dwarf candidate found hithe 04 06 08 1 1.2 14 16 18 2 2.2
in the Pleiadesi( = 20.55, 0.04 My). The derived Pleiades
luminosity function is compared to the most recent theoretic3o
mass-luminosity relations and is consistent with a power-Ile
index in the mass function between 0 and 1 to the limit of th20
survey.

all individual I-images

median: 0.78"
10

Key words: stars: late-type — stars: low-mass, brown dwarfs
stars: luminosity function, mass function — open clustersa o4 06 08 1 12 14 16 18 2 22
associations: individual: Pleiades

Fig. 1. Histogram of seeing in thé images

1. Introduction 2. Observations and reductions
The Pleiades cluster has been the major target of several re t; T]cce!(tjel—tyEe (l)bjegt,tthedﬂuz;s_eri fro;ﬂ 10 ltt?] althSt
surveys for brown dwarfs (BDs) (Hambly et al. 1993 (HHJ _g.o IS pe?h va uhe te we rlan th. b erel_rc;re, aJ oug
Jameson & Skillen 1989 (JS): Schultz 1997; Stauffer et al. 1089°V/9ING @ ratheér short wavelength baseline,— J was
1994a; Williams et al. 1996; Zapatero Osorio 1997; Zapate? osen as the primary temperature |nd|'cator. Its efficiency is
Osorio et al. 1997a, b (ZRM, ZMR); Festin 1997; Cossburn E[O"ed by the large gap between the Pleiades sequence and the
al. 1997). Its nearnes$16 + 3 pc, Mermilliod et al.[(1997)) and ;cktground statrs n trgktev_s_l - }]]_dlr?granh MOSt ob;_erv_an[g]nal
youth (120 Myr, Basri et al[ (1996)) makes the rapidly coolin ort was spent on obtaining high-quailty Image itFig. L) .
BDs still rather bright and easy to detect. The first bona fi get. goqd first-epoch coordmate; and tq clean out gala)('es'
Pleiades BD was reported by Rebolo etlal. (1995). This obje ? minimize Fhe effects of nonuniform plxels apd rotation
known as Teidel, passed the lithium tést (Rebolo et al.]19 le, each field was observed at four different field angles
and should thereby have a maximum mass of 0.06 By now, (©; 90,_ 180 and 270 degrees). Complementary photometry was
on the order of 10 BDs have been confirmed in the PIeiadesFaken INRJK.

The presen rvations wer ign r low-m . . . .
e present observations were designed to probe lo aSSAIIobservatmnswere carried out atthe 2.5 m Nordic Optical

BDs inthe Pleladgs andto p'row'de accgrate flrst'-epoch data.‘f‘%ﬁescope (NOT), La Palma. The survey covers 648 arcmin
future proper motion determination. This paper is an extension

. . : in 1.J (of which 240 arcmif were also covered i) + 200
of the [.JK survey described in Festin (1997). arcmir? in RI only. The total area is 848 arcniimear the
centre of the Pleiades (FId. 2). A summary of the observations
is given in Tablé1L.
Send offprint requests th. Festin The ARNICA is a 256x256 NICMOS3 near-IR array. Due
* Based on observations collected at the Nordic Optical Telescdgethe high density of bad pixels each final image was derived as
(NOT), La Palma the median of 5-7 slightly dithered subimages. BROCAM1 is




498 L. Festin: Brown dwarfs in the Pleiades. Il

n . . . derived in a standard fashion, resulting in standard star residuals
25%00° L L . 1 oflessthan 0.02 mag across the whole colour range I Fhe
1o - L | colours of our reddest targets indicate spectral typesidbV,
AT T 1 beyond the standard star range-b.3 mag inR — I. This is
- SRR U not a serious problem here, since even for a 50 % change in the
§ 20':; R 7 colour coefficient, the resultinfmagnitude would not be off-
) R & set by more than 0.1 mag from the correct value in the standard
Q 24%007 ¢ S L ] system.
e ) . In JK, standard stars provided by the ARNICA team were
407, 1 used |[(Hunt etal., 7995%; Casali & Hawarden, 1992). The Hunt
1. ) e transformation from ARNICA to the CIT system was adopted:
20T , - o 7 Jorr = Jarnica, Korr = Karnica + 0.12. The errors in
e oL . ] these transformations axe0.05 mag rms. Night-to-night shifts
23°00° s as™ 48" sg"  mam  o4m  inthezeropoint of up to 0.20 mag were noticed during the two
RA (J2000) ARNICA runs. The errors in these shifts axe0.05 mag rms.

. ~Adding these two errors we end up with a fifat calibration
Fig. 2. The observed areaR( + I.J) superposed on proper motiona rar in the K photometry of 0.07 mag
members from HHJ and the "Seven Sisters”. The shaded area outlinesThe colour correction fol iﬁ the IJ.fieIds was done by

the region covered only ifRI. The empty vertical strip is the region - . .
where the first and second epoch plates used by HHJ don't overlaptr,anSformmgI — J (using a zero-point correctelj to R — 1

viarelations in Leggeti (1992). This procedure induced an extra

Table 1. Observations error of 0.03 mag, and the final transformation error id is

0.04 mag.
date filter arcmid instrument  scale The extraction of instrumental magnitudes in the science
"Ipx fields was done with an empirical growth-curve technigue out-
1995 Aug30-Sep09 JK 240 ARNICA 0.56 lined in Festin[(1997).
1995 Nov11-Nov21 [ 468 BROCAM1 0.18
1996 Sep23-Sep27 J 408 ARNICA 0.56 o
1996 Nov04-Nov07 R 200 ALFOSC  0.19 2.2. Completeness limits
1996 Nov04-Nov07 I 396 ALFOSC 0.19

The completeness limit was defined as the magnitude at which
log (Nstars) VS I deviates from a straight line. This is justified by
the model predictions in Fi§] 3, and by star counts in Santiago

a CCD camera equipped with a Tek1K chip, and ALFOSC i<e4 al. (1996), increasing tb= 23.5, well beyond our limit.

combined focal reducer/low—resolution spectrograph equipped The luminosity functions used in the model were taken from
with a Loral2K chip. Gould et al.[(1997) Xy > 8) and Scalo[(1986) Xy < 8).

The halo contribution was estimated from the model in Bahcall
& Soneira [198D), using an axis ratio ©fa = 0.6 and a local
normalization of 1/500 of the local disk density. The disk model
2.1. Reductions and photometric calibrations consisted for stars fainter tharfy, = 5 of two components, with
The reductions were carried out within IRAF (Image Redu cale heights and norrna_llizatioonstaken from GO:]Hd cla. (1.997)’
tion and Analysis Facility{ﬂ. All science frames were bias andT00 pc_(GouId upper fimit), 22 % and 320 pc, 78 A) respectively.
flatfield corrected in a standard fashion. h_e bright stars {/y < 5) were modelled by a disk of scalg
The transformation to the Kron-Cousins systeriinwas height 250 pc. A scale length of 3.5 kpc was adopted for all disk

based on standard stars selected from Landolt (1992). Since >

target objects are very red, care was taken to include the redd%at he completeness limit should be ;et as the magnitude at
dwarf stars from this list. which thel counts start to decrease, which for our data occurs

On a typical photometric night 10 different standard fiel Spproximately at the same point as the deviation from a straight
were observed, each containing 3 stars on the average e. The completeness limits for the whole survey as defined

h
colour range covered by the standard starsivaskR— I < 2.2, I =214, R =223 (R =223 = I ~ 20.2 on the Pleiades

by?he worst cases are= 21.4, J = 18.8 in the I.J part, and
the red limit defined by G45-20 (M6V), the reddest dwarf star . L . !
in Landolts list. G3-33 (M5V) and G44-40 (M4V) were alsosgequence) inth&1 part. For|nd|V|d'ua'I f|elds the internal mag-
; X oo nitude error at the completeness limitis0.1 mag.
used. Transformation equations with linear colour terms were

! IRAF is distributed by National Optical Astronomy Observatorieg 3. Classification of objects
(NOAO), which is operated by the Association of Universities for Re-
search in Astronomy, Inc., under contract with the National Sciendée best subframe of each combinkithage was used to iden-
Foundation. tify stars and binaries. Approximately 15000 sources were clas-



L. Festin: Brown dwarfs in the Pleiades. Il

499

Table 2. Photometry of Pleiades members and new candidates. NPL in the first column indicates that the photometric Pleiades candidates were
identified in a survey carried out at the NOT. In the last column, A means a singleBstnd C one or two possible wide-field companions.

A* marks the possible unresolved binaries. The seeing in the best image of each object is also givenirdigates if the proper motion

derived by Hambly (priv. comm.) is consistert)or not (—) with membership. The photometric errors are internal and should be added to the
transformation errors (0.04 mag inand 0.07 mag i/ K) to get the true formal error. Coordinates are accurate tid’. HHJ: Hambly et al.

(1993), WILL: Williams et al.[(1996), JS: Jameson & Skillen (1989), PPL: Stauffer et al. {1989;/11994a), NOT: [Festin (1997)

NPL Ixc Jerr Kcrr RA (J2000) DEC (J2000) previd comment

1 sat 12.78 (0.01) - 3:48:39.84  24:12:44.0 HHJ347 A 0.63"

2 sat 12.51(0.01) 11.68(0.01) 3:47:50.78  24:30:20.3 HHJ389 A 061

3 sat 12.35(0.01) - 3:47:30.60 24:22:15.3 HHJ408 ABC 0.72"

4 sat 13.56 (0.01) 12.46(0.01) 3:47:39.33  24:27:33.3 HHJ272 A 0.63"

5 sat 13.25(0.01) 12.36(0.01) 3:48:07.91 23:44:25.2 HHJ288 A 0.46"

6 sat 12.74 (0.01) 12.00(0.01) 3:48:15.38 23:42:06.9 HHJ336 A 0.62”

7 sat sat 10.99 (0.01) 3:47:33.54  23:41:29.8 HHJ424 A 0.56”

8 sat 12.96 (0.01) - 3:49:10.97 24:20:52.1 HHJ287 A 0.87”

9 13.45(0.01) - - 3:47:46.44 24:03:02.8 HHJ438 A 1.12”

10 14.65(0.01) 13.08(0.01) - 3:48:25.14  24:14:25.0 HHJ314 AB  0.92

11 14.92 (0.01) 13.31(0.01) - 3:48:13.30  23:58:46.8 AB  0.84", pm+
12 15.02 (0.01) 13.49(0.01) - 3:48:06.63 24:00:07.5 HHJ240 A 0.92”

13 15.10 (0.01) 13.65(0.01) - 3:48:09.22  23:58:40.1 HHJ225 0.84"

14 15.14 (0.01) 13.55(0.01) 12.82(0.01) 3:47:44.70 23:42:01.8 HHJ152 A 0.51"

15 15.18 (0.01) 13.72(0.01) - 3:48:46.06 24:10:14.6 HHJ207 AB 0.58”

16 15.20 (0.01) 13.67 (0.01) 12.98(0.01) 3:47:49.84  24:25:44.0 HHJ202 A 058

17 15.22 (0.01) - - 3:49:27.53 24:24:14.4 HHJ192 AB 0.91”

18 15.26 (0.01) 13.78(0.01) 12.95(0.01) 3:48:17.15 23:48:25.5 HHJ188 A 0.48”

19 15.26 (0.01) 13.77(0.01) 12.90(0.01) 3:48:08.99  23:42:25.3 HHJ156 A 0.65

20 15.41(0.01) 13.70(0.01) - 3:48:31.69 24:02:01.2 HHJ197 A 0.71”

21 15.43(0.01) 13.76(0.01) - 3:48:33.63 24:02:01.6 HHJ184 A 0.71”

22 15.52 (0.01) 13.57(0.01) - 3:47:15.38  24:23:30.8 A*  0.67", pm+
23 15.55(0.01) 13.90(0.01) 13.13(0.01) 3:47:52.11 23:39:48.2 HHJ122 A 0.50”

24 15.58 (0.01) 13.71(0.01) - 3:48:32.64 23:52:41.3 WILL1 A 0.91", pm-
25 15.62 (0.01) 13.86(0.01) - 3:48:29.78  23:58:07.8 HHJ132,WILL3 A  0.72"

26 15.70 (0.01) 14.00(0.01) - 3:47:07.81 24:23:36.6 A 0.67", pm+
27 15.95(0.01) 14.19(0.01) - 3:48:35.46 24:12:03.6 HHJ96 AB 0.67”

28 16.06 (0.01) 14.38(0.01) - 3:47:07.77  24:21:39.0 JS9 A 079", pm-
29 16.19 (0.01) 14.36(0.01) - 3:48:42.65 24:27:20.5 HHJ44,WILL6 AB? 0.91”

30 16.32 (0.01) 14.37(0.01) - 3:48:10.15 23:59:19.8 PPL12 A 0.83", pm?
312 16.69 (0.01) - - 3:47:44.09  24:03:56.8 HHJ26 A 1.12", phot. nonmember
32 16.90 (0.01) 14.61(0.01) 13.58(0.01) 3:48:03.61 23:44:13.1 NOT1 A* 0.61", pm?
33 16.92 (0.01) 14.81(0.01) - 3:48:23.60 24:22:35.7 A 0.95”, pm-
34 17.05(0.01) 15.03(0.01) - 3:48:55.68  24:21:41.0 HHJ8 A 065

35 17.91(0.01) 15.43(0.01) 14.48(0.02) 3:48:04.82 23:39:32.0 PPL15 A*  0.63”

36 18.66 (0.01) 15.95(0.02) 15.12(0.02) 3:48:19.07 24:25:15.0 A 0.65”

37 19.06 (0.01) 16.36 (0.02) - 3:47:12.06  24:28:31.4 AB? 0.63"

38 19.18 (0.01) 16.30(0.03) - 3:47:50.37 23:54:48.6 A 0.87”

39 19.26 (0.01) 16.18(0.01) - 3:47:17.90 24:22:31.9 Teidel A 0.67”

40  2055(0.07) 17.15(0.03) - 3:48:49.12  24:20:25.4 A 062

41 21.15(0.04) 18.39(0.17) - 3:48:04.73 23:51:02.3 A 0.93”

42 21.49 (0.07) 18.43(0.10) - 3:48:32.32 24:13:18.5 A 0.70”

43 21.79(0.13) 18.36(0.04) 16.71(0.09) 3:48:27.36  23:46:20.3 NOT3 A 0.46

44 22.01(0.06) 19.28(0.17) - 3:48:19.48 23:56:25.7 A 0.66”

45 22.29(0.12) 19.20(0.20) 17.38(0.21) 3:47:33.15 23:49:12.8 NOT2 A 0.48"

2 Rk = 18.21 (0.04)
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Fig. 3. The observed counts (dots) compared to the model (solic
line) consisting of a halo (dotted line), thin (dashed line) and thick dit
(dot-dashed line) added together. For details, see[SeLt. 2.2

sified by eye as stars, binaries, galaxies or too faint for cle S
sification. The finall J sample consists of 1513 stars brighte 1 15 2 25 3 35 4 45
than the completeness limits in both filters. The correspondi -3

number forR1 is 693. i 4. Col tude di for all stars detected in bb#nd
. . . =10. 4. olour-magnitude diagram tor all stars aetected In
Binaries and stars close to galaxies were checked by p0|'§|'9in 648 arcmifi, Ticks (Ms): 0.035, 0.045, 0.055, 0.060, 0.070,

spread function fitting in addition to the routine procedurg 75, o5 Baraffe et al., 1998). The naked error bars show the field

(Festin, 199_7)' Binaries t_hat were resolved/ilut rl_s-mained VLMSs. The pentagram is GD 165B at the Pleiades distance and red-
unresolved in the other filterq, .J or K') were considered as gening. The error bars ate including internal and transformation
unresolved systems in the colour-magnitude diagrams. errors

3. Extraction of the Pleiades candidates
Finding charts are provided in Fig. 5 for all Pleiades candi-

The distance modulus of the Pleiades was adopted from Mg#tes not previously published and for the five faintest objects
milliod et al. (1997),m — M = 5.32. Uncertainty in the mean jn Taple[2.

distance and internal spread causkcaaerror in the absolute  No additional candidates were found in the 200 aréniid
magnitude for a single member 6f0.1 mag. The mean colour fie|ds. This is consistent with theJ findings and is due to the
excess in this ared/g v = 0.04 (Stauffer et al., 1989), gives smaller area covered and the shallower depth in the photometry.
via relations in Winkler[(1997); = 0.07 and E;—; = 0.04. All previously known Pleiades in the area were detected and

The areainthé vs7—.J diagram (Fig.#) which the Pleiadesrecognized as photometric members, a good reliability test of
should occupy is defined by the most recent evolutionary modigis survey.
of |. Baraffe (Baraffe et al., 1998) and a sequence of late disk
stars [(Leggett, 1992) including extinction, colour excess and - L
distance error as defined above. The bright part of the PIeia&e%‘ Wide field binaries?
is well fitted, but as no present model is able to fit the colours Bbxes of 10”x10” were centred on all objects in Table 2 and
dwarfs later than M6| (Allard & Hauschildt, 1997), we choosgearched for companions. Additional stellar sources were
to define the faint limit for/ — J > 2 by the empirical disk found in 6 cases (see Talile 2). For NPL29 and 37 (marked with
sequence. ? in Table2) some signal is seen, but it is not clear whether it

The question of age spread is unclear and has not been taggses from a galaxy or a star. By comparing these counts to
into account. For a discussion see Stauffer et al. (1995). Tihe field background we conclude that there is no statistically
bright limit of the Pleiades zone is the binary envelope, offssignificant excess of stars within the boxes.
from the single-star sequence by 0.75 mag.

The 29 objects within the defined limits (Fig. 4) are listed
in Table2 together with additional Pleiades members that weye,
saturated irf or not measured id. The five very red objects at
the bottom are possible very-low-mass stars (VLMSSs) or evelmresolved galaxies, background giants and field M dwarfs are
BDs in the field, and also of great interest. NPL43 deservd® main possible contamination sources of the Pleiades candi-
special attention, since it fits in as a GD165B-type object in tiiates. The galaxy/star separation is believed to be reliable to the
Pleiades [ = 21.9, I — J = 3.5, Jones et al| (1994)). completeness limit and is not discussed further.

Contamination
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Fig. 5. Finding charts for the new likely Pleiades members and the field VLMSs in [hble 2

4.1. Giants tions (LFs) in Fig. 12 of Bahcall (1986) as red giants. From the
disk and halo models in the same paper by Bahcall, the hum-

. . ber of contaminators is estimated to less than 0.1 in our total

F:on;lder the rgglod > 17andl - J > 2 (‘./ . I < 3.5) field. Thus it is highly improbable that the Pleiades BD region

in Fig.[4. The light from such apparently faint giants Passes . taminated by giants

through approximately all the interstellar matter in this di- '

rection (Ay ~ 0.6 (Burstein & Heiles, 1982)Fy _; ~ 0.25

(Winkler, 1997)). Thus, only giants redder théih— I = 3.2 4.2. M dwarfs

are left as possible contaminators, i.e. red giants brighter than

My = —2. We adopt here the conservative limif,; = 0, and The Galaxy model used for the completeness limit (Seck. 2.2)

consider all brighter stars in the halo and disk luminosity funevas also used to check the possible M-dwarf contamination. In-
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Fig. 6. M-dwarf contamination. The thin dashed lines show the N‘fi 7. A comparison to other recent surveys. (squares: Stauffer et al
dwarf isonumbers. The contours correspond to 0.1, 1 and 10 stars e - P ys. (84 . i

il [e]) . - 1 1 . H .
indicated square respectively in the 648 ardiiid part of the survey. (19891 1994a), dots: HHJ-stars in Steele et al. (1893:11995), triangles:

The solid lines are the Pleiades zone as defined iriFig. 4. The rings\r/ia\lr/%’g'?n:;i et alkélgg‘ot),glgrlgolndcs: Zat?artr?rotOf?g’;gf'#ﬁ””ﬂﬁ (;Een
our background stars gs: this survey, star: , Cossburn et @l. (1997). The so es

are the Pleiades zone as defined in Hg. 4

terstellar reddening was included as a dust component of scale
height 100 pc(Bahcall & Soneira, 1980), normalized by the tfrom Hipparcos data that the Pleiades cluster is peculiar in the
tal galactic extinction in the Pleiades directiod;( ~ 0.35, Sense that its main sequence~is0.4 mag fainter than other
E;_; ~ 0.2 (Burstein & Heiles, 1982; Winkler, 1997)). nearby clusters, such as the Hyades and Praesepe. The reason
The photometric LF in Gould et al, (1997) was transformé@ this peculiarity is not known, and may also hide part of the
to I andI — J via relations in Legget{ (1992) and scaled aghodel deviation.
propriately. The number of stars per magnitudiegnd colour
interval (I — J) was integrated to the magnitude limit of this; 2 |ndividual objects
survey. The derived M-dwarf isonumbers are compared to our
data in Fig[B. The conclusion is that it is not likely that thdhe objectsin Tabld 2 that are of special interest are individually
proposed new Pleiades BDs are field M dwarfs. discussed and compared to other papers below.
NPL11, 22 and 26 have proper motions consistent with
membership (Hambly, priv. comm.), although not present in
HHJ. NPL22 is also a possible binary, best fitted by two com-

Eight new Pleiades candidates have been identified, fourRsnents of equal brightness, = /g = 16.3
which are possible BDs. Three of the four brightest new candi- NPL24, 28and33have proper motions that are not consis-
dates have proper motions consistent with Pleiades member@fp with membership.
(Hambly, priv. comm.). Two probable members (NPL22 & 32) NPL30 (PPL12) and32 have uncertain proper motions.
stick out from the single-star sequence and are analyzed as bMBL30 has a radial velocity consistent with membership
ries together with the spectroscopic binary PPL15 (NPL35). (&tauffer et al., 1994b). NPL32 is very close to a bright star,
number of faint very red objects were also found. Two of thog#hich due to blending makes the photographic proper mo-
were measured also i and show colours similar to GD165Btion uncertain. If NPL32 is a member, its position above the
and are possible field BDs. Pleiades sequence indicates an unresolved binary, best fitted by
Ix =174, Ig = 18.0.

NPL31 (HHJ26) is, as also found by Steele etlal. (1993), an
RI nonmember.
In Fig.[4 this survey is compared to several other recent surveys. NPL35 (PPL15) has been measured by several authors re-
Known nonmembers have been excluded. The dispersion of teatly (Stauffer et al. 1994a; Basri et al. 1996; ZMR), and
Steele et al.[{1993; 1995) data can probably be explaineddlgo found to be a spectroscopic binary (Basri & Martin, 1997).
photometric uncertainty, since most of théimagnitudes are From the primary component’s possible locii in our colour-
photographic. Note that the faint Pleiades sequence is slightiagnitude diagrams, the secondary’s mass (503 M, con-
bluer than the Baraffe et al. (1998) model. Part of this may Béstent with ZMR. Thel magnitudes would béy, = 17.96 &
due to incomplete line lists and not yet included dust formatidig = 21.3. A heavier and brighter secondary would force the
in the models. Note also that Mermilliod et al. (1997) foundrimary below the disk sequence.

5. Results

5.1. Overall appearance
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NPL36-38are all below the BD limit. NPL37 shows a slightTable 3. The luminosity function
brightness enhancement at the edge of the stellar profile. It is . . _ _
not clear wether this is a background star or galaxy or if NPL37_interval _included objects # objects/bin
itself is a compact galaxy. 15 —-16 mean surface density fromHHJ 7.5

NPL39 (Teidel). Our result i§ = 19.26, J = 16.18. The 16— 17  NPL224,223, 29, 30

4
; ; 17—-18  NPL34, 3%, 324 3

values given in ZMR and ZRM are = 18.80 andJ = 16.37. o g NPL32y, 36 5
3

1

1

TheJ magnitude agrees fairly well, but the differencd ift).46 10-20 NPL37, 38, 39
mag) is clearly exceeding the error-bar limits. Teidel is presenf; _ 51  NpL40

on the samd frame as J& & 9 in the RGO La RIma archive. 91 _99  NPL35g

Our magnitudes for 8& 9 agree withir).03 mag with JS. The
relative magnitude offset to Teidel in the archive frame gave

I =19.3, in good agreement with our= 19.26. Since two of 16

the measurements give almostidentical magnitudes and the tl 1al |
deviates, it is likely that the explanation to the discrepancy s

in the photometry of ZRM and not in intrinsic variability. This 15| ]
conclusion is supported by thé magnitude staying roughly

constant. g 10+ 1

NPL40 would be the lowest mass BD found so far in th'g l
Pleiades{ 0.04 M) if it can be confirmed as a member. ; 81 i

NPL41-45are probably not Pleiades members, but still (& 6 | N i
interest. NPL43 & 45 hav& magnitudes which place them as™ “\

GD165B-type objects, i.e. possible field BDs. 4+ | g ) ]
“‘ \\\ s \

All the JS candidates except JS9, fall outside our Pleiac 2 | T ~\"/» J ™ 1
limits, confirming the result of ZRM. JS9 itself has a prope ‘ ‘ ‘ 11] I
motion inconsistent with membershjp (Hambly et al., 1991). 15 16 17 18 19 20 21 22

|
5.3. The luminosity function and the mass function Fig. 8. The LF from this survey (Tablel 3). The solid and dashed lines

. . . . . showCase land2 respectively (Sect. 5.3). The error bars are only
In Fig.[8 we show the derived Pleiades LF. The included objetg|yded forcase 1and are Poissonian, defined by the number of stars
are listed in Tablel3. in each bin. The bars are the LFs derived for MF indices 2 (uppermost),
Case 1in Fig.[3 treats the proposed binaries NPL22 and 32(mid) and 0 (lowest). The incompleteness in the two last bins have
as separate components, with magnitudes as in[SekC&s2. not been corrected for
2 rejects NPL22 and 32 as nonmembers, since if they are not

binaries they are too bright to be members. Bo#se1& 2treat dates which are brighter than the BD limit At~ 17. If those

PPL15 as two separate components. companions all are below the BD limit, 8 BDs would have been
The theoretical LF was derived from evolutionary modelgst. Of course, we do not know their possible distribution, but

in Baraffe et al.[(1998), which are based on the latest generatigftiing 8 BDs to the LF still leaves it close to the= 1 curve.

of non-grey atmosphere models (Allard & Hauschildt, 1997}rom this crude discussion it follows that lost companions are

Three different MF-indices were considered=- 0,1and 2 unlikely to raise the MF index significantly above 1.

is defined byl N = const x m™"dm, m = mass and.N = the There is also a normalization error, which does not affect

number of stars per mass intervah). We normalized to 7.5 the falling trend, however.

stars in the interval5 < Ixc < 16, the mean density of HHJ  The model in Baraffe et all (1998) is state-of-the-art and

stars (corrected for the 80 % completeness estimated in Hiddsed on the latest generation of non-grey atmospheres and

in this part of the Pleiades. Our fields should not be used f&fould provide the best possible mass-luminosity relations for

the normalization, since they were selected to contain HHJ stafi@ Pleiades BD sequence. Since it has not yet been possible
to derive an empirical mass-luminosity relation for substellar

Fig.[8 suggests a rising MF towards lower masses withogjects, we do not try to estimate the uncertainties in mass that
power-law index between 0 and 1, but there are several ung@gy arise from the model.

tainties one should be aware of.

The observed number of objects is small, but it remains C|G‘éir
that the LF drops froni = 15 to the survey limit. '
We cannot say how many Pleiades BDs that are lost in Ve have performed a deep 850 arcmiRI JK survey in the

resolved binaries. However, we estimate a likely upper limientral area of the Pleiades cluster. Photometry,id or K
by assuming that the 30% multiple fraction for M dwarfés presented for 30 previously known and 7 new likely mem-
(Reid & Gizis, 1997) applies to all our single Pleiades candbers. Four of those are below the BD limit, and the faintest one

Summary
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would be the lowest mass BD found in the Pleiades so far, if Binfield D. J., Jameson R. F., Hodgkin S. T., 1997, The mass of the
membership could be confirmed. Pleiades In: R. Rebolo, E. Martin, M. R. Zapatero Osorio (eds.),

The overall agreement in the photometry with other sur- Brown dwarfs and extrasolar planets: ASP Conf. Ser., in press
veys is satisfactory. Teide1 is an exception. We find 19.26, Rebolo R., Zapatero Osorio M. R., Martin E. L., 1995, Nat 377, 129
~ 0.5 mag fainter than ZRM. Based on RGO archive data an&gP0/0 R--Martin E. L., BasriG., Marcy G. W., Zapatero Osorio M. R.,
roughly constant/ magnitude we conclude that the reason fog 1996, ApJ 469, L53

Lo . Lo eid I. N., Gizis J. E., 1997, AJ 113, 2246
this discrepancy most likely sits in the photometry of ZRM an antiago B. X., Gilmore G., Elson R. A. W., 1996, MNRAS 281, 871

notinintrinsic variability. Scalo J. M., 1986, Fund. Cosm. Phys. 11, 1

A number of very red faint objects were found below thechyitz G., 1997, Searching for new brown dwarf candidates in a
Pleiades sequence. Two of those were measurédirand K Pleiades 1JK imaging survey In: R. Rebolo, E. Martin, M. R.
and fit in as GD165B-type objects, possible field BDs. Zapatero Osorio (eds.), Brown dwarfs and extrasolar planets: ASP

After splitting PPL15 and two other probable binaries into Conf. Ser., in press
components, the Pleiades LF was compared to model LFs 8tuffer J., Hamilton D., Probst R., Rieke G., Mateo M., 1989, ApJ
rived from the most recent theoretical mass-luminosity rela- 344, L21
tions. The observed LF supports an MF-index between 0 ap@uffer J. R., Hamilton D., Probst R. G., 1994a, AJ 108, 155
1. Thus, even if the MF seems to rise for low-mass BDs in tiRiauffer J. R., Liebert J., Giampapa M., et al., 1994b, AJ 108, 160
Pleiades, it is not steep enough to leave more than a few per%tgyﬁer J.R., Liebert J., Giampapa M., 1995, AJ 109, 298

, . - . . ele I. A., Jameson R. F., 1995, MNRAS 272, 630
of the cluster's mass in BDs, which is consistent with dynammgLaeleI A.. Jameson R. F.. Hambly N. C., 1993, MNRAS 263, 647
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