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ABSTRACT

Spectroscopy and photometry demonstrate that SSSPM 3835481 is not a cool white dwarf, but a high-
velocity metal-poor halo star.

Subject headings. stars: fundamental parameters — stars: individual (SSSPM 3158&4) —
stars: kinematics — subdwarfs — white dwarfs

1. INTRODUCTION J1549-3544 (184840523, —35°44'25!5; J2000.0) is neither
the nearest cool white dwarf nor a degenerate star, but rather
a very high velocity halo star passing through the solar
neighborhood.

Cool white dwarfs are typically identified through the com-
bination of proper motion and apparent magnitude called “re-
duced proper motion” (Liebert et al. 1979; Gizis & Reid 1997,
Salim & Gould 2002, 2003; Ligine & Shara 2005). At a given
brightness and color, white dwarfs will have larger proper mo- 2. OBSERVATIONS AND DATA

tions than main-sequence stars owing to closer distances from QpticalBVRI photometric data were obtained 2005 February
the Earth implied by their small radii. _ 14 with the Orthogonal Parallel Transfer Imaging Camera

Metal-poor stars, or subdwarfs, also stand out well in reduced (Tonry et al. 2002) on the University of Hawaii 2.2 m telescope
proper motion diagrams due to their lower luminosities (for at Mauna Kea. Observing conditions were photometric with
the same color class) and typically higher velocities. Sublu- seeing~170 and some gusty winds 20—40 mph. Three identical
minous main-sequence stars that distinguish themselves in reexposures of SSSPM J1548544 were taken at each bandpass
duced proper motion are kinematic members of the thick disk for a total integration time of 12-30 s, yieldir§/N>10 at
and halo (Mihalas & Binney 1981; Binney & Tremaine 1987; a|l wavelengths in a'F aperture radius. A standard Landolt
Binney & Merrifield 1998). Subdwarfs have long been a con- field (Landolt 1992) was observed similarly immediately fol-
taminant in surveys aiming to find cool white dwarfs because |owing the science target.

both stellar types are mixed in a reduced proper motion diagram The images were flat-fielded, cleaned of bad pixels in the
at intermediate colors. Cool white dwarfs must be confirmed region of interest, and combined into a sing|e frame at each
spectroscopically (Liebert etal. 1979; Gizis & Reid 1997; Salim wavelength for photometry. Calibration was performed with
& Gould 2002; Farihi 2004; Kilic et al. 2004). _ three stars, and aperture photometry was executed using stan-
Current complete and ongoing large-scale proper-motion sur-dard IRAF packages. Calibrator stars were measured I#a 1
veys are discovering numerous exotic objects, including ex- aperture radius, and the science target data were corrected to
treme subdwarfs, brown dwarfs, and cool white dwarfs (see this standard aperture and adjusted for relative extinction. The
Oppenheimer et al. 2001; Scholz et al. 2004pibe & Shara results are listed in Table 1.
2005 and references therein). Most if not all of these searches Qptical 4200—100007 spectroscopic data were obtained
are utilizing available large-scale optical photographic sky sur- 2005 March 18 with the Double Beam Spectrograph (DBS;
vey catalogs. This is potentially problematic for the identifi- Rodgers et al. 1988) on the Australian National University
cation of cool whl_te dwarfs because optl_cal photographic band.—2_3 m telescope at Siding Spring Observatory. Only the red
passes do not yield broad color baselines, and photographicarm of the spectrograph was operated, with no dichroic in the
photometry has intrinsically Iarge errors. These facts lead to apeam. The 158 line mm grating used gave a Spectra| reso-
large overlap in the white dwarf and subdwarf sequences in|ytion of 10 A (2.5 pixels) with the 2slit. The seeing was
reduced proper motion diagrams (Salim & Gould 2002). Yet 273 and the sky was clear.
even with spectroscopy, subdwarfs and other weak-lined ob- SSSPM J15493544 and the flux calibrator LTT 6248 were
jects can appear featureless in low-resolution and/or onv signc_al—each observed for 600 s, yieldi®N>20 over the majority
to-noise ratio (S/N) measurements; they can be potentially mis-of the science target wavelength shown in Figure 1. The spectral
taken as DC white dwarfs (McCook & Sion 1999; Farihi 2004). images were flat-fielded and cleaned of bad pixels in the region
Identification of degenerates wifly; = 4000-5000 K should of interest, and flux-calibrated spectra were extracted using
include good S/N spectroscopy covering blue-green optical standard IRAF packages. The spectra were trimmed to show

wavelengths (Farihi 2004; Kilic et al. 2004). ~the region of interest, while no attempt was made to remove
This paper presents evidence that contrary to the claim of tg||uric features.

Scholz et al. (2004), the high proper motion star SSSPM

3. RESULTS
* Gemini Observatory, Northern Operations, 670 North A‘ohoku Place, Hilo, . . .
HI 96720; jfarihi@gemini.edu. The combined optical and near-infrared colors of SSSPM
? Department of Physics and Astronomy, University of California, Los An-  J1549-3544 are consistent with a main-sequence star of
geles, CA 90095. T, ~ 4200K, late K spectral type (Bessell & Brett 1988). The

3 Research School of Astronomy and Astrophysics, Australian National Uni- . : .
versity, Cotter Road, Weston Creek, ACT 2611, Australia; wood@mso.anu.edu.au.near infrared magthdes are too bnght for known cool and

“Institute for Astronomy, University of Hawaii, 2680 Woodlawn Drive, ultracool white dwarfs (Farihi 2005). For example, the reddest
Honolulu, HI 96822; bstalder@ifa.hawaii.edu. known degenerates have colors that peak neaK < 1.1 ,
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TABLE 1
OPTICAL AND NEAR-INFRARED RO ‘ ' ]
PHOTOMETRIC DATA | SSSPM J1549-3544 4
[ sdKb ]
No SSSPM J15493544 r 1
Band  (um) (mag) Lor ]
B....... 0.44 16.13 [ ]
Vi 0.55 14.78 =] prl” /’W\\ Alas M.
Ro.o... 0.64 14.00 £ 10fF MMKMZL Iig | \ﬂ‘ A
oo 0.80 13.20 st i V s | e
N 1.25 12.34 3 i H)WW ‘W Ne V ® ]
H..... 1.63 11.77 L | 1
Keorven 2.16 11.62 05 *W MgH M‘f ‘ -
Note.—The uncertainties are aff5%. I et © ]
JHK, data are taken from 2MASS (Cutri r 1
et al. 2003). i 1
00 1 | | | 1 i
after which they become bluer again as shown by observation 4500 5500 BiO% 7500 8500
and models (excepting pure helium modelsTat=< 4250 K; ®)
Bergeron et al. 1995, 2001), while SSSPM J158844 has Fic. 1.—Optical spectrum of SSSPM J1548544 taken with the DBS on
| — K, =158 the 2.3 m telescope at Siding Springs Observatory. The data are flux calibrated

The spectrum in Figure 1 confirms the status of SSSPM and normalized near 5508 . The most prominent stellar absorption features
J1549-3544 as a nondegenerate star, and the deep MgH featurgre labeled, along with telluric Oand HO bands. The spectral type should
near 5200A indicates that it is metal-poor (Reid & Hawley @ considered preliminary (8 3).

2000). Other unlabeled spectral features present include weak

Ha and several Fe and Ca lines, plus some weak CaH and TiO.conservative assumption, the 114 pc distance estimate and space
These latter features are difficult to distinguish as they are motions should be considered preliminary as subdwarfs can span
located, for the most part, within and around the prominent a wide range of absolute magnitudes. If SSSPM J1338%4
telluric bands (Kirkpatrick et al. 1991) that are also seen in the is closer to 150 pc, or around 1.5 mag below the main sequence,
calibrator star spectrum. it would have a total heliocentric velocity in the range 550-590

Following the methodology of Gizis (1997), the spectral type km s*. At 1 mag below the main sequence, or 180 pc, SSSPM
and subdwarf class of SSSPM J154%544 were estimated by  J1549-3544 would have a total galactocentric velocity-@f70
measuring the TiO5, CaH1, CaH2, and CaH3 spectroscopic in-km s and would be among the fastest moving stars ever seen
dices, which are listed in Table 2. Using equations (1)—(3) of (Carney et al. 1988, 1996).

Gizis (1997), a spectral type of K5 is found consistently across

all three relations, and type sdKS5 is found using equation (7) of 4. CONCLUSION

the same work. However, given the fact that the spectral reso- i

lution achieved here is3 times lower than that of Gizis (1997), The star SSSPM J1548544 is shown to be a metal-poor
the spectroscopic measurements may be unreliable but are pre3dK star rather than a cool white dwarf as previously claimed
sented here as a rough guide. There are no distinctions betweefS¢cholz et al. 2004). It is possible that this star is an extreme K
sdK and esdK stars before spectral type K7, and, combined withSubdwarf, but in any case it is a very high velocity halo star
the uncertain spectroscopy, it is difficult to say whether or not Passing through the solar neighborhood. With many new proper-
SSSPM J15493544 is an extreme subdwarf without a direct Motion objects being discovered and studied, it is critical to
metallicity measurement. The MgH band near 5200 is quite _correctly distinguish cooll white dwarfs from subdwarf contam-
strong, and an extreme subdwarf classification might be appro-inants. There is great science potential in the oldest degenerates.
priate (Reid & Hawley 2000).

In order to assess the kinematics of SSSPM J1R844, a Some data used in this paper are part of the Two Micron
distance must be estimated. Conservatively assuming that thiAll Sky Survey, a joint project of the University of Massa-
star lies 2 mag below the main sequence at spectral type K5, itchusetts and the Infrared Processing and Analysis Center, Cal-
would haveM, =~ 9.5 mag (Drilling & Landolt 2000; Reid & ifornia Institute of Technology, funded by the National Aero-
Hawley 2000). This would place the starcat= 114  pc with a nautics and Space Administration (NASA) and the National
tangential speed of 430 km’shased on the astrometric datain Science Foundation. J. Farihi acknowledges support by grants
Scholz et al. (2004). Furthermore, 14 spectral lines (many with- from NASA. P. R. W. acknowledges the support provided by
out high S/N) were used to measure the radial velocity, the crudea grant from the Australian Research Council.
result beingy, = +210+ 70 km &', corrected for the motion
of the Earth along the line of sight on the date of observation. TABLE 2
Combining all this data, a GalactidVW space motion was
calculated, corrected for the solar motiok), (v, W) = (-9,

SPECTROSCOPIC MEASUREMENTS

+12,+7) km s* (Mihalas & Binney 1981), relative to the local Band Strength
standard of rest positive toward the Galactic anticent#f, TiO5 .......... 0.986
positive in the direction of Galactic rotatiow positive toward CaHl......... 0.983

the north Galactic pole). The result I9,(V, W) = (—46, —465, canz.. 1o
+42) km s, making SSSPM J15493544 a halo star (Jahreiss v :

& Wielen 1997; Beers et al. 2000). If we instead assume Nortes. —Spectroscopic _band
0due to the potential unreliability of the measured radial velocity, measurements of SSSPM J1549

3544, using th thod of Gizi
the result becomesdJ( V, W) = (143, —392, —10) km s*, (1097). A Spectral type of sdKb

which is still consistent with halo membership. Despite a fairly is found on the basis of these data.
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