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History of LSR 1610
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Fig. 1.—New high proper motion star LSR 1610!0040. Left: red plate of
the first-epoch Palomar Observatory Sky Survey, obtained in 1953. Right: red
plate of the second-epoch Palomar Observatory Sky Survey, obtained in 1992.
Both fields are 4!.25 on a side, with north up and east to the left. Circles are
drawn centered on the location of LSR 1610!0040 at each epoch. The star
is moving with a proper motion ".46 yr!1.m p 1

TABLE 1

Basic Data for LSR 1610!0040

Datum Value

R.A. (J2000.0) . . . . . . . . . . . . . . . . . . . . . . 16h10m28s.85
Decl. (J2000.0) . . . . . . . . . . . . . . . . . . . . . !00!40!53".0
m . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1".46 yr!1

Angle of proper motion, pma . . . . . . 212!.0
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Vhel !130 km s!1

ba . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21.1 " 0.3 mag
ra . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17.5 " 0.3 mag
ia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14.8 " 0.3 mag
Jb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12.91 " 0.02 mag
Hb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12.32 " 0.02 mag

b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Ks 12.02 " 0.03 mag
Spectral type . . . . . . . . . . . . . . . . . . . . . . . . sdL:
Distance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 " 4 pc
U . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . !111 " 18 km s!1

V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . !85 " 29 km s!1

W . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . !24 " 21 km s!1

a Photographic B, R, and I magnitudes are from the USNO B-
1.0 catalog.

b Infrared J, H, and magnitudes are from the 2MASS All-Ks

Sky Point Source Catalog.

Fig. 2.—Optical spectrum of the high proper motion star LSR 1610!0040.
Note the extreme slope of the pseudocontinuum, indicative of a low temper-
ature. Also note the weakness of the TiO bands and the complete absence of
the VO bands, usually prominent in late-type M dwarfs. The strong Rb i lines
are reminiscent of L dwarfs, although the hydride bands are unusually weak.
We interpret this spectrum as a clear indication that the star is both very cool
and metal-poor and assign a spectral type “sdL:”.

found counterparts of the star in the USNO-B1.0 catalog (Mo-
net et al. 2003). The object is identified from the blue, red, and
infrared POSS-II plates, and the calculated USNO-B1.0 pho-
tographic magnitudes are , , and .b p 21.1 r p 17.5 i p 14.8
The USNO-B1.0 lists this star as having a proper motion [mR.A.,
mdecl. !370] mas yr!1, which suggests an incorrect] p ["162,
pairing to a first-epoch object on the POSS-I plates. Indeed,
the USNO-B1.0 gives for that star a first-epoch POSS-I blue
magnitude but no first-epoch POSS-I red magnitudeb p 21.21

( ). As it turns out, visual examination of scanned sur-r p 0.01

vey images reveals that the star does not show up on the POSS-
I blue (103aO) plate at the position extrapolated from the proper
motion, although is shows up very clearly on the POSS-I red
(103aE) plate. But the reality of this high proper motion star
cannot be cast into doubt, as the star clearly shows up on 10
other optical survey plates: as a faint star on two different
SERC-EJ (IIIaJ) plates, as a much brighter star on two other
SERC-ER (IIIaF), and also on two each of POSS-II blue (IIIaJ),
red (IIIaF), and infrared (IVN) plates. In each case the position
accurately matches the extrapolated proper motion of the star
at the epoch of the plate.
The high proper motion star also shows up as a bright star

in the 2MASS survey, and we find it to be a perfect match to
a bright object in the 2MASS All-Sky Point Source Catalog.
Identified as 2MASS J16102900!0040530, it has infrared mag-
nitudes , , and (see Table 1).J p 12.91 H p 12.32 K p 12.02s

3. SPECTROSCOPY

The star LSR 1610!0040 was observed on the night of 2003
February 19, at the 2.4 m Hiltner telescope of the MDM Ob-
servatory. A spectrum of the star was obtained with the
MkIII spectrograph equipped with a front-2048# 2048
side–illuminated, thick LORAL CCD (“Wilbur”). We used a
300 line mm!1 grating blazed at 7500 Å, with a red order
blocking filter. The star was imaged through a 0".8 slit, yielding
a nominal spectral resolution of 7 Å. Standard spectral reduc-
tion was performed with IRAF using the CCDPROC and
SPECRED packages, including removal of telluric features.
Calibration was derived from observations of the standards
Feige 66 and Feige 67 (Massey & Gronwall 1990). Both the
target and the standard were observed at the smallest possible
air mass (!1.3) and with the slit at the parallactic angle to
minimize slit loss due to atmospheric diffraction, providing
excellent spectrophotometric calibration.

The spectrum of the star is displayed in Figure 2. The main
spectral features of the very red object are identified. The most
prominent features are the molecular bands of CaH, TiO, FeH,
CrH, and H2O, and atomic lines of K i, Rb i, and Na i. We
measured the radial velocity of the star from the centroids of
the K i ll7665, 7699 and Rb i ll7800, 7947 atomic absorption
lines. After correction for Earth’s motion in space and ac-
counting for uncertainties, we find that the star has a large
heliocentric radial velocity km s!1.V p !130" 15hel

4. SPECTRAL CLASSIFICATION

A comparison with the standard sequence of M dwarfs (Kirk-
patrick, Henry, & McCarthy 1991) and L dwarfs (Kirkpatrick
et al. 1999), shows no clear similarity between LSR
1610!0040 and any single one of the subtypes of the metal-
rich sequence. Rather, our star shows a variety of features that

Lepine et al. (2003, ApJ, 591, L49)

LSR 1610 was discovered by Lepine et al. as a high 
proper motion star (μ=1.46 arcsec / yr).



History of LSR 1610, sdL

Lepine et al.→sdL 

• Rb, CrH, FeH → L dwarf

• CaH, TiO, VO → subdwarf

• Redder than LSR 1425 
(sdM8)
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History of LSR 1610, sd/dM6

• SED, CO, Ca, Na, K → dM 

• Ti, CIA H2(?) → sdM

• 0.93 μm band, Al → ?  

Cushing & Vacca (2005, AJ, 131, 1797)

Cushing & Vacca → sd/dM6
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History of LSR 1610, sd/dM6

Reiners & Basri (2005, AJ, 131, 1806)

Reiners & Basri came to a similar conclusion based
on high resolution red optical spectra.

LSR 1610,  Gl 406 (M6 V), 2M 1439 (L1)



Astrometric Observations

• Parallax observations of 
LSR 1610 at the USNO 
began in June 2003 and 
consist of 219 observations 
over 4 yrs.

• Residuals to parallax and 
proper motion fits indicate 
that LSR 1610 is a 
(unresolved) binary. 
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Fig. 1.— The positions in Right Ascension and Declination for the LSR1610−00AB pho-
tocenter after removing the parallactic and proper motions. The curves show the orbital
motion fit to these residuals and represented by the orbital elements given in Table 3.



Astrometric Observations

Result Value

d 
MV(A+B)

U
V

W

32.3 pc
16.56 mag

+36 km s-1 
-232 km s-1

-61 km s-1
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Fig. 2.— LSR1425+71 and LSR1610−00 in the MV versus V−I diagram. A selection of M-
type dwarfs (solid circles), M-type subdwarfs (open circles), and early L-type dwarfs (solid

triangles) are plotted for reference and comparison. The solid blue lines are the Baraffe et al.
(1997) isochrones for metallicities of [M/H] = −1.0, −1.5, and −2.0 for an age of 10 Gyrs.

The solid black line is the isochrone for solar metallicity stars with masses ≥ 0.10 M! and
with ages of 0.5 Gyr from Baraffe et al. (1998). The solid red and dotted red lines represent
the isochrones for DUSTY models from Chabrier et al. (2000) with masses ≤ 0.10 M! and

with ages of 0.5 Gyr and 0.1 Gyr, respectively. Three of the latest dwarfs plotted that are
either known or suspected double stars are flagged with ‘d’ or ‘d?’. The two other labeled

stars (LHS377 and GL406) are discussed in the text.

LSR 1610 looks normal in  
Color-Magnitude Diagrams

Dahn et al. (2008, astroph, 0806.2336)
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Fig. 5.— LRS1425+71 and LSR1610−00 in the MKs
versus J−Ks diagram. The symbols

and isochrones shown are the same as in Fig. 4.
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Fig. 3.— LSR1425+71, LSR1610−00AB, and GL406 in the B−V versus V−I diagram.

Solid circles and open circles are M-type dwarfs and subdwarfs, respectively, as in Figure 2.
Open triangles are stars spectroscopically classified as subdwarfs but lacking reliable parallax
distances at this time.

LSR 1610 is very red in B-V

Dahn et al. (2008, astroph, 0806.2336)



Astrometric Observations

• Residuals to the parallax and proper motion fits indicate 
that LSR 1610 is a (unresolved) binary. 

•  The photocentric orbital parameters are:

Result Value

Period 

α 

a
i

e

1.66 yr 
8.91 mas

0.276 AU
83 deg

0.444



Viable LSR 1610 Components

Dark Secondary Dim Secondary

MA = 0.095 M⊙
aA = 0.287 AU

MB = 0.059 M⊙
aB = 0.462 AU

MA = 0.095 M⊙
aA = 0.366 AU

MB = 0.082 M⊙
aB = 0.424 AU

IB / (IA + IB) = 0.0 IB / (IA + IB) = 0.1

• Assuming LSR 1610A dominates the total 
light, MA ~ 0.095 M⊙ using the NIR MLR of 

Delfosse et al. (2000)
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Can its binarity explain spectral 
peculiarities of LSR 1610A?

• Peculiar abundances point to accretion of 
material, but LSR 1610B is too low mass 
to be a WD.

• Start with a 0.05 M⊙ star with [Fe/H] ~ -2 
and accrete <0.05 M⊙ from a massive 
AGB star.  Results in enhanced Ti, C, Na 
and Al, etc.



– 27 –

Fig. 3.— LSR1425+71, LSR1610−00AB, and GL406 in the B−V versus V−I diagram.

Solid circles and open circles are M-type dwarfs and subdwarfs, respectively, as in Figure 2.
Open triangles are stars spectroscopically classified as subdwarfs but lacking reliable parallax
distances at this time.

LSR 1610 is very red in B-V

AlH band heads 
at ~400 nm?




