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ABSTRACT

Aims. We seek to determine whether the late-type star 2MASS JBEE8950245 (2M123539) is a member of the TW Hya
Association (TWA), a hypothesis suggested by its assaciatiith a bright X-ray source detected serendipitously bySRD and
XMM-Newton and its & 3') proximity to the well-studied (AM binary) system HR 4796.

Methods. We used optical spectroscopy to establish the Li andikke strengths of 2M123539, and determined its proper motion
via optical imaging. We also considered its X-ray and n&aflixes relative to the M star HR 4796B.

Resuits. The optical spectrum of 2M123%9 displays strong Li absorption andrémission (equivalent widths of 630 mA aré.7

A, respectively). Comparison of the spectrum with that oéarby field star, along with the DENIS catalodk magnitudes, indicates
the spectral type of 2M12389 is M4.5. We measure a proper motion for 2M12389 that agrees, within the errors, with that of HR
4796.

Conclusions. The Li absorption and bl emission line strengths of 2M12389, its near-IR and X-ray fluxes, and its proper motion
all indicate that 2M123539 is a TWA member. Most likely this star is a wide (13,500 Adparation, low-mass, tertiary component
of the HR 4796 system.

Key words. stars: individual: 2M123539, HR 4796 — stars: pre-main sequence — stars: X-rays

1. Introduction ity of nearby young stars are otherwise unremarkable gie-t
(K through M) dwarfs that do not stand out or even turn up in
As of little more than a decade ago, astronomers were almogtical emission-line or far-infrared (e.g., IRAS) sursey
oblivious to the presence of low-mass, pre-main sequeaes st However, all~ 10-100 Myr-old stars of types F through M
within ~ 100 pc of Earth. The intervening years have seen tQge at or near the peaks of their lives in terms of their X-ray
identification of a few hundred such stars, with ages rangingminosities relative to bolometric (with “saturated” uak of
from 8 to 100 Myr, as part of numerous post-T Tauri associgs /., ~ 1073, ZS04 [their Fig. 4]; see also Kastner et al. 1997
tions (Zuckerman & Song 2004, hereafter ZS04, and refeenggd Preibisch & Feigelson 2005). Hence, X-ray point souate ¢
therein; Torres et al. 2006, 2008). Perhaps the greategeexcalogs, in tandem with recently released, comprehensiedazst
ment associated with the recognition of the existence oftiyea of distances and proper motions of stars in the solar neighbo
young stars has been the opportunity to study, at close jémge hood, have served as the main resources with which to isolate
evolution of youthful planetary systems, via direct thekimeg-  stars that are likely nearby and young. Followup opticakspe
ing of warm massive planets (e.g., Chauvin et al. 2004; Songt@scopy angbr imaging then readily confirms (or refutes) mem-
al. 2006) and via imaging and spectroscopy of debris disks, (e pership in the “nearby young star club,” via determinatidn o
Rebull et al. 2008 and references thereln). YOUng, locdlbste surface Li abundances and re|ati\y_¢\0/\/) Galactic space mo-
groups also fiord unique insight into the early evolution of low-tjgns.
mass stars and ultracool dwarf_s (.., Looper etal. 200¥; € Here, we demonstrate that serendipitous XMM-Newton
al. 2008; and references therein). and ROSAT X-ray detections of 2MASS J1235488950245
The dificulty inherent in identifying young stars and younghereafter 2M123539), combined with its optical spectrum
star groups near Earth reflects the fact that such groups anel proper motion, establishes this star as a member of the
spread over large areas of the sky (ZS04). Furthermoregwhijuintessential local young star group, the TW Hya Assommati
the local young groups are usually “spearheaded” by a harf@WA; Kastner et al. 1997; Webb et al. 1999; Zuckerman et al.
ful of well-studied, individual systems that feature, esirong 2001). Indeed, 2M123839 is, likely, the tertiary component of
Ha emission, enormous IR excesses,/andasily imaged debris the well-studied HR 4796 (AM star) binary system (Jura et al.
disks (TW Hya angB Pic being cases in point), the vast major1993; Stafier et al. 1995), which is designated TWA 11.
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2. Observations and Results

35

2.1. Serendipitous X-ray detections of 2M1235-39 30 7 . E
2.1.1. ROSAT F
No X-ray sources are associated with 2M1238 in the ROSAT T W o,

All-Sky Survey Bright or Faint Source Catalogs. Howeveg th o gA,

HR 4796 system was the subject of a pointed 41 ks ROSAT HRI 05E sl A e
observation (Jura et al. 1998). That observation resutietki oo e ]
tections of HR 4796B and a source withiff Bf the position 6600 S0 avcionsih 7200 7400

of 2M1235-39 (ROSAT HRI count rat@s23.7+0.8 ks and
8.4+0.5 ks1, respectively). The ROSAHRI detection of HR
4796B was used by Jura et al. to establish that the X-ray sourc
was centered on this M star, rather than on the primary (&typ
star. The detection of 2M12339 was not noted by these au-
thors, howevé:

Intensity

CE LR

0.5 -

2.1.2. XMM-Newton

LHS337

ol

The serendipitous XMM-Newton detection of 2M123® is s e e S0 e @50 e

summarized in Lopez-Santiago et al. (2007), who analyzed 58

bright (EPIC-MOS2 0.5-4.5 keV count rate 10 ks) X-ray

sources with stellar counterparts that were detected iXhtl  Fig. 1. Spectra of 2M123539 and a field star (LHS 337) of
Bright Serendiptious Survey (XBSS). In the Lopez-Santiago M4 spectral type, obtained with the Double Beam Spectrdgrap
al. study, 2M123539 was identified as a star of M4 spectrabn the 2.3 m Siding Spring Observatory telescope (top: @ntir
type, where this spectral type is an estimate based its 2MAS®ctral range, bottom: closeup of the ldnd Li spectral re-
colors. A better defined color-index for spectral typing dfim gion). Note the deep Li absorption and strong Eimission in
M-type stars is +K which, from DENIS, indicates a spectralthe 2M1235-39 spectrum. These spectral features are typical of
type of M4.5. the 8 Myr-old stars of the TWA.

Given the relative paucity of serendipitous XMM sources

as bright as that associated with 2M1239 (Lopez-Santiago ; -

et al. 2007), the proximity of the 2M12389 X-ray source to 2.3. Proper motion of 2M1235-39

HR 4796AB (angular displacement of3’) as well as the sim- To ascertain the proper motion of 2M123%0, we obtained a

ilarity of the X-ray fluxes and temperatures determined far t set of| band images of the field with a 5%¥812 CCD cam-

2M1235-39 and HR 4796B sources by Lopez-Santiago et ara on the 1 m telescope of the University of Tasmania Mt.

(2007) suggested to us that 2M123® might be an as-yet un- Canopus Observatory on 10 June 2008 (epoch 2008.44). The

recognized member of the TWA and, perhaps, a widely sepmmera pixel scale is 0.428.003 arcsec pix. With these im-

rated companion to HR 4796AB. ages and the ESO 1982.37 epoch archival digitized sky image
of the 2M1235-39 field, the proper motion of 2M12339 was
measured using the IRAF tagkomap (D. Rodriguez 2008, per-

2.2. Optical spectroscopy of 2M1235-39 and reference star  sonal comm.). The resulting proper motion-i¢9.6 + 3 and

) ) ) —-25.1+ 3 mas yrt in RA and dec, respectively. Within the re-
To test the foregoing hypothesis, we obtained moderaigsective errors, these proper motions agree with an averfage
resolution R ~ 1.16 A) red (6500-7500A region) spectra othose measured for HR 4796A in the Hipparchos, TYCHO, and

2M1235-39 and the nearby, M4 spectral type field star LHS 33%pM catalogs, i.e.{55.9, -24), (-53.3,-21.2), and (46,-18)
with the Double Beam Spectrograph (DBS) grating spectromhas yr?, respectively.

eter on the 2.3 m Siding Spring Observatory (SSO) telescope.
Results for the spectral range covering 6663 Hr and.16708 _ _
Li 1lines are displayed in Fig. 1. As expected for a member of tRe Discussion

TWA, 2M1235-39 displays strong Li absorption andrkémis- The strong Li absorption measured for 2M1239 is compati-

sion, .Wi_th respective equivalen_t widths 630 mA a'.qﬁ% A. e with TWA membership (e.g., Kastner et al. 1997; Webb.et al
The lithium measurement confirms the youth of this star, as Mygg. 7\,ckerman et al. 2001 S,ong etal. 2003) Spécifidhldy

dwarfs do not retain measureable abundances of Li bey@ . .
X previously established member stars of the TWA that are of M
Myr (see 2S04 and references therein). Furthermore, trarsgpe spectral type have 6708 A Li absorption line EWs in the range

similarity of 2M1235-39 to LHS 337 (apart from the Li andd A ddition. i ission-li hi
lines) confirms that its spectral subtype is consistent tighs.  360-650 mA. In addition, its ki emission-line strength is near
the median for M stars in the TWA.

Adopting a conversion factor of 1x 10! erg cn1? count*

1 The HRI X-ray count rates listed here were obtained from tHelura et al. 1998), thelgeSpeai\ée BO%]Rl (0-1_%4 keV) )é_
HEASARC ROSAT archive; the count rate for HR 4796B is comsist 'ay fluxes are 2x 107" erg cnt“ s and 28 x 10~ erg cnv
with that determined by Jura et al. (1998). s for the 2M1235-39 and HR 4796B X-ray sources, respec-
2 Indeed, the recognition that HR 4796 is a member of the TWively, whereas Lopez-Santiago et al. (2007) derive rebmec
(Webb et al. 1999) came subsequent to publication of Jula@e®8). intrinsic (0.5-10 keV) X-ray fluxes dfyx = 2.2x10 13 erg cn1?
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standFyx = 1.4 x 10°*? erg cnt? s7* from spectral modeling Cruz, K., Kirkpatrick, J. D., Burgasser, A., Looper, D., Matty, S., Prato, L.,
of the XMM-Newton EPIC CCD data. As the X-ray spectra of glsfgerty, J-a%hsgljomog,é- 200% lltlmf}\\/s\giés‘ﬂoﬁ %ﬂ COS' IS?SZ Sdlﬁfg
H : : : ems, an e 3Un, ed. G. van belle, ont. >er., Vol. , P.
bOthl sgg(;c;es ﬂ'sﬁ’lay e_ssenuall);lno abslorpuorl\I(Lopezée&gni ' Jura, M., Zuckerman, B., Beckiin, E. E., & Smith, R. C. 1999,JA418, L37
et al. ), the latter intrinsic fluxes also well repre @r Jura, M., Malkan, M., White, R., Telesco, C., Pina, R., & [eisiR. S. 1998, ApJ,
observed 0.5-10 keV fluxes as measured by XMM. The discrep- 505, 897
ancies between the fluxes of the 2M1239 and HR 4796B Kastner, J.H., Zuckerman, B., Forveille, T., & WeintrauhAD1997, Science,
X-ray sources as measured by XVBPIC vs. ROSATHRI — 277b67|_ 5 A 3. Kirkoatiick. 1. D.. & Swi 3. 2007. Aod. 669
i.e., a factor~ 2.5 for 2M1235-39 and~ 5 for HR 4796B — -0°fC, B - BUIGASSEn A 2, KIKPACk, 2 B, & SWIE, & 2507, AP, B85,
are likely due in |arg_e part to the superior hard X-ray sénsit |opez-santiago,] J., Micela, G., Sciortino, S., FavataCBccianiga, A., Della
ity of XMM /EPIC, since each source displays not only a soft Ceca, R., Severgnini, P., & Braito, V. 2007, A&A 463, 165
(KT ~ 0.3 keV) but a hardKT ~ 1.0 keV) X-ray component Preibisch, T. & Feigelson, E. 2005, ApJS, 160, 390

in XMM /EPIC spectra (Lopez-Santiago et al.). It is also "ke@ﬁﬁ;‘"]_L'z‘ffcak'éﬁﬁ;’ﬁ' £, n press ﬁfgofz%%%?’i%”‘%gg -

that these sources display X-ray source variability tylmtﬂre', sSong, |., Schneider, G., Zuckerman, B., Farihi, J., BecldirE., Bessell, M. S.,
MS stars. In any event, the flux of the X-ray source associated Lowrance, P., & Macintosh, B. A. 2006, ApJ, 652, 724
with 2M1235-39 is compatible with TWA membership, givenStaLﬁer, J., Hartmann, L.W., & Barrado y Navascues, D. 1995, Ap4, 910
its mid-M spectral type (e.g. Kastner et al 1997) Turner T.J., George, I.M., Nandra, K., & Mushotzky, R.F. 198pJS, 113, 23
g ' . ’ T ... Torres, C.A.O., Quast, G. R., da Silva, L., de La Reza, R.0OMElL H. F., &
The proper motion of 2M123839 is also consistent with Sterzik. M. 2006. A&A. 460. 695
TWA membership and, as noted in Section 2.3, agrees withigtres, C.A.0., Quast, G.R., Melo, C.H.F., & Sterzik, M.§08, inHandbook of
the errors with that of the HR 4796AB=(TWA 11AB = Sar Forming Regions, ed. B. Reipurth, Astron. Soc. Pacific, San Francisco,
CD-39 7717A) binary system. If 2M123539 is at the re- :_negﬁ/eén E 2007 AGA 474 653
vised Hipparcos-measured distance of HR .4796A’ 78.5 pc (\)\@gbb, R., Zuékérman,’ B., P]atais:, I., Patience, J., Whitel. RSchwartz, M. J.,
Leeuwen 2007), then the absolute K magnitude of 2M+:233b & McCarthy, C. 1999, ApJ, 512, L63
is 4.5, based on the 2MASS and DENIS catalogs. This Mzuckerman, B., Webb, R. A., Schwartz, M., & Becklin, E. E. 208pJ, 549,
places 2M123539 within or perhaps slightly above the locus L233
of 5-8 Myr-old stars in the TWA and the Cha cluster, very Zuckerman, B., & Song, |. 2004, ARAA, 42, 685 (ZS04)
near the position of a binary M4.5 systemsirCha (e.g., Fig.
2 in Song et al. 2003 and Fig. 2 in ZS04). Its similarity to the
latter system suggests that 2M123® may be a close binary.
Given these considerations and the very low areal density of
known TWA members, most likely 2M12389 (“TWA 11C")
and TWA 11AB are physically bound, with a projected separa-
tion of 13,500 AU. This would make TWA 11AB and TWA 11C
the widest known binary in the TWA by a large margin (the pre-
viously identified TWA binary systems all have separati@ss|
than~ 15", or ~ 750 AU).

4. Conclusions

All measured properties of 2M12389 presented here — its Li
absorption and H emission line strengths, its near-IR and X-
ray fluxes, and its proper motion — are compatible with TWA
membership. Based on these results and on the similaritg of i
common proper motion to that of HR 4796A, we conclude that
2M1235-39 is most likely a wide (13,500 AU) separation, low-
mass, tertiary component of the HR 4796 system.
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