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Abstract. We have examined the radial velocity data for stars spemipically observed by the Sloan Digital Sky Survey
(SDSS) more than once to investigate the incidence of sgmzipic binaries, and to evaluate the accuracy of the SDEiSrst
radial velocities. We find agreement between the fractiostafs with significant velocity variations and the expedtadtion

of binary stars in the halo and thick disk populations. Theesbations produce a list of 675 possible new spectrosdipary
stars and orbits for eight of them.

1. Introduction 2. The Sloan Digital Sky Survey

This paper is based on an investigation of the radial velothe Sloan Digital Sky Survey (SDSS) is a 5-band photometric
ity accuracy obtainable for stars observed in the Sloant@igisurvey of about 10 000 square degrees of the Northern sky to
Sky Survey (SDSS) which we carried out in support of cug depth of about 22.5 (nagnitude, point source) and a con-
rent and upcoming observations of Galactic stellar kinemaurrent redshift survey of up to a million galaxies and 100 00
ics using SDSS spectroscopy.(Beers et al. 2004). In the eousigiasars selected from the imaging survey (York Eft al. 12000).
of this investigation, we were able to identify a large nunFhe primary science goals of the project are to provide the
ber of confirmed and candidate binary stars. While SDSS dgta to investigate the large scale structure of the Urévansl
have been used in several recent studies of binary starsoiRer extragalactic science. The photometric data areimctju
particular of dwarf M-white dwarf pairs and cataclysmicivar aimost simultaneously in five bands g, r, i, andz, centered at
ables|(Szkody et él. 2002, 2003a,b, 2004, 2D05; Raymond efairiiproximate flective wavelengths of 3551, 4686, 6166, 7480
2003;|Pourbaix et al. 2004a; SmolCic etlal. 2004), thiseep and 8932 A l(Fukugita et hl. 1996) using a large-format CCD
sents the first detection of spectroscopic binaries in SD88. camera [(Gunn et Al. 1998) mounted on a dedicated 2.5 me-
paper presents both of these results. The SDSS data aretgletelescope at the Apache Point Observatory (APO) in New
scribed in Secfd2 and 3, and in Sddt. 4 we compare velogiexico. The imaging data are automatically reduced thraugh
ties observed at ffierent epochs and examine their precisioReries of software pipelines which find and measure objects a
Almost all of the stars with repeat observations have been gfovide photometric and astrometric calibrations to paedu
served only twice, and we analyze the distribution of vejocia catalogue of objects with calibrated magnitudes, pasitio
differences to derive the binary fraction. In a small number ghd structure information (Lupton ef al. 2001, 2003; Piealet
cases (19) there areftigient observations that a spectroscopigo03]Ivezic et a1. 2004). The instrumental fluxes are catx
orbit can be derived, but only eight of these orbits provedo Ria a network of primary and secondary stellar flux stan-
robust. These objects are discussed in $éct. 5, where the diakds to AB magnitudes.(Oke & Guhn_1988: Fukugita et al.
list of possible binary stars is also described. 1996;[Hogg et dl. 2001; Smith et al. 2002) which are accurate
to about 1% ing,r, andi, 3% inu and 2% inz for bright (<
20 mag) point sources. The bright magnitude limit is about 14
Send offprint requests to: D. Pourbaix (ULB) Absolute positions are accurate to about 50 mas in each coor-
* Research Associate, F.N.R.S., Belgium dinate (Pier et al. 2003).
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Targets for spectroscopy are selected from the imaging deaignificant template mismatch, and it is included in thalto
on the basis of their photometric properties. As well as tlie pradial velocity error.

mary SDSS targets, stars in manffelient locations of color- For the particular application discussed here, the ingasti

magnitude space are selected to serve as spectrophommﬁglj] of radial velocity changes for a given star which argdar

standards a_nd to provide ba_ckup targets in_regions of IQW n the random errors and therefore may be due to binary mo-
galaxy density. The target objects are mapped (Blanton ety n, the errors introduced by template mismatch are less im

2008) onto alum|num°3d|am_eterf|ber pI_ug plates which fee ortant, since the same template will be fitted to the stellar
the spectrographs. The pair of dual fiber-fed spectrografis, .+ m for each epoch of observation (except in very rare
(Uomoto et all 1999) can observe 640 spectra at one tim_e Wlkes such as that shown in Ay. 6 below), and indeed this
a wavelength coverage of 3800 - 9200 A and/ a resolutlon\g s checked for the multiply-observed stars analyzed in the
1800 to 2100. Th_e fibers subtend an aperturgocmthe Sk_V' next sections. Some stars, however, may have no good templat
The spectroscopic observations usually consist of threeefif available because their lines are broadened by rapid oatati

minute exposures per spectroscopic plate. and the velocity errors will not be well determined. Fortiahg
The data are optimally extracted from the CCD imagesuich stars are very seldom found in the SDSS data base.

flgt-flelded_and wavelength calibrated using arc spectrdtaand " The SDSS data are described in the data release papers by
night-sky lines observed on the plate. A mean sky spectri

is subtracted from each object spectrum, which is then ﬂu“gﬁaza_iian et &l1(2003, 2004, 20005) and documented at the web
calibrated with respect to the F star calibration spectegiéhs ltes listed therein and http:/www.sdssorg, where the sky

of the spectrum with bad data (for example, in the immedia(f\gverage of the SDSS observations s also described.
wavelength vicinity of strong night sky lines) are flagged so

that they will not be used in subsequent analysis. The iagult

calibrated 1D spectra are fit to a series of templates of gedax

guasars and stars to derive the spectral classificatioshifed 3. Multiple radial velocity observations

and redshift error of each object (D. Schlegel, in prepanti

There are several extensive libraries of stellar spect;rhe objects which were both targeted and spectroscopically

which can be used as templates for spectral type and @%éfj'f'g% a:”s (;aarti\évstrznegéraCttec)szgma:hi Sngggoggg;csgilh
dial velocity fitting. Our work began with the flux-calibrate using ined up uary =, '

spectra from the Elodie librany) (Prugniel & Soublran 20Ols_DSS observes the high-latitude sky and has a bright limit of

Moultaka et al. 2004). However, since the Elodie spectraado I_zbout 14, most of the stars observed lie in the Galactic halo a

hick disk. In particular, the F subdwarfs, sixteen of wharke
have as large wavelength coverage as do the SDSS spegyra r% df late t : hot tric standaeds i
are not ideal for direct use as templates. The stellar temwpl puservedior every plale to act as pholometric standagisy i

were therefore used as follows. First, the Elodie spectnaw he hiifli Amsor?sltlhf;cgr?geogsttha;rs tgasr:\figg Oszl?trviggoicm
matched against the SDSS spectra and used to extract sﬁ%ﬁma c>)/r occasionally b ’chance (trﬁ)'s is es qec'ally outhe
tra with a good signal-to-noise ratic- (L5 per spectral reso- lonally by IS 1S especially

. : , spectrophotometric standard stars). The data for staesodxb
lution element), to assign best-fit spectral types and toecor

the SDSS spectrum to a velocity of 0 farfthe Elodie spectral more than once, 10647 in all, were then identified.

library has systematic errors less than 1I/&nNext, the cali- Theu—gvsg-r color-color diagram for these stars is shown
brated and typed SDSS spectra were used to select represéntine left panel of Fig.[J1. The stars cover essentially the fu
tive spectra of all observed spectral types. These speera wange of stellar colors observed by SDSS (see Finlatol et al.
used to construct templates by combining individual spec2000). The large number of stars in the F subdwarf region oc-
and defining the principle components (5ee Hever & Schloettirs because of the use of these objects as spectrophatometr
1997) to produce a set of templates simulating a wide rangfandards; they are the only stars for which SDSS observes a
of effective temperature, gravity and metallicity. These tenepresentative sample.

plates were then fit to all SDSS spectra directly in flux demsit

wavelength space, using’ minimization to assign the Mostseryations of/ + e, the heliocentric radial velocity and its un-

likely spectral type and redshift. For the subset of objelas- certainty. The right panel of Fi§l 1 shows the meaversus

sified as stars, the assigned spectral type of each startisfthg,q|or for the sample of stars. As expected, the uncertaihty o
the best fit stellar template, and the radial velocity is@@ted i, (adial velocities is color-dependent, with large valéer

from the redshift necessary to bring the template spectnan g, _ g < 05. This occurs because many of the blue stars are

object spectrum into optimum alignment in wavelength spacgite dwarfs, whose very broad lines preclude the measure-

This process produces both a radial velocity and a radiaent of the radial velocity to accuracies of 10 knt,swhich
velocity error for the best fit template, but there is a secoidle typical for the observations of main sequence starssee
source of radial velocity error, that arising from templatis- low). Note also that the 45-minute exposure time for the spec
match. To evaluate this error, each SDSS stellar spectritn igroscopic observations will lead to broadening of the géct
to all 900 Elodie spectra and the standard deviation of ttiaka lines of stars with rapidly- varying velocities, and thadad
velocities of the 12 best-fit templates computed. This gtianttional uncertainties can be introduced by the assumptica of
can sometimes be much larger than the random error if themegle radial velocity for all spectral lines.

For a given multiply-observed star, we have a set of ob-
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Fig. 1. (Left panel) Color-color diagram of the 10 647 stars with tipld SDSS spectral observations. The colors are uncedect
for interstellar extinction. (Right Panel) Mean radialaety uncertainty (kn/s) versus color.

4. Velocity Accuracy and Incidence of Binary Stars of € are almost always very similar, so we make the simplify-
ing assumption of a constant value efjust the average) for

First, we check the quoted accuraciesi the radial velocities all the observations of that star. We then conclude that engiv

by comparing them with the velocity dispersiorior multiply- star shows significant velocity variationsAV > 3fe. For the

observed stars. In most of these cases, the star has bee 8 47 stars with multiple observations, TaBle 1 lists tre di

serveq onlyftV\l/!ce, buE 183 st:?rs n the |SDSSh SOL‘;the.ml SurV(?}/ibution of the number of observations and the correspandi
'anr r((‘e]%lg 800) Seﬁtgs rligh tegs'zzgg::)zg;gto; (feh:l‘?/t'eabzzlrj]ailalues off determined from Monte-Carlo simulations.
observed often enough (six or more times) that a reasonable
estimate can be made of the dispersionn radial velocity.
The resulting values af were compared witl for each star,
and the ratiar/e computed (upper left panel of Fifl 2). Thi
distribution is expected to have a tail to high values beeads \
the presence of spectroscopic binaries in the sample, th if ©€Xt) @nd grows wittNops.
fracthn of plnarles is small (sge below) the med|a_n value 3*;\]Obs Noy T Noww Moy T Noww Moy T
o/e will be little affected by their presence (upper right panet; 9108 141 6 25 268 10 54 317
of Fig.[d). We find the median to be 1.5, and it does not depengd 938 1.91 35 283 11 7 3.27
on the available number of observations for each star -Hee. t 4 287 224 34 296 12 9 3.35
same median is found for stars with six or more observationsg 132 2.48 27 3.08 13 1 3.42
seven or more, and so on. Thus the data suggest that the fitted

velocity uncertainties may underestimate the true errordy
a factor of about 1.5.

Table 1. Number of starsNoy;) versus the number of repeated
Sobservationsl‘ﬂobs). f is the multiplier for the standard devia-
tion when the maximum excursion of the data is measured (see

© o~

The lower left panel of Fidd2 shows the percentage of stars

b Let uf nowfturn r;[o tbm_ary deltlectlon. Smﬁ? the g_urglbcler %r which AV > 3fe as a function of color. The mean percent-
observations of €ach staris smal, we search for raciatuglo age (for 07 < u—g < 2.2) is about 15% but it does not seem
variations by determining the maximum excursion of the ob-

d velocitiesAV — V. Vo d asking if it ue i 0 be constant with color. After a steep raiseuat g ~ 1, it
served veloCitiesAV: = Vimax — Vimin, and asking ifits value is o voaqes ata nearly constant rate up-t@ ~ 2.7. It is likely
consistent with the quoted uncertainties. (..., pn) aren

o that such a decrease is related to the capacity of the meathod t
values drawn from &l(m, o) distribution, then detect binaries rather than to a genuine feature of theydisr
max@s, . . ., Pn) — MIN(Ps, - . ., Pn) ~ N(O, f(N)or) tribution. Still, this mean percentage is g_bout 50 timeshéig

than the rate expected if the radial velocities were corstiah
wheref depends on the number of observations, &.. V2 the velocity errors Gaussian. The quantity/1.5fe was com-
for two observations. We determinefd for larger n using puted for the entire sample of 10 647 stars. The fractionasbst
Monte-Carlo simulations. For a given star, the individuales for which this quantity is greater than 3 drops to 6.5%. Faffir
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AR o e R T Table 2. Stars for which there are enough observations to po-
I ) ] ] tentially derive a spectroscopic orbl. is the humber of ob-
I ] ] servations ande) the mean of the quoted radial velocity un-
or ] ] certainties (kifs). The remaining columns list theyriz mag-

i ' 10T ] nitudes and the derived spectral type Sp.

30 —

a/<e> Nz6
#

°r . 1wl ] Name (SDSSJ.) N (¢) u g r i z Sp

i s . 1 ] 003106.8%004135.7 10 3.2 18.93 17.79 17.26 17.04 16.91 F9
003546.95001303.5 9 3.1 17.49 16.41 15.93 15.77 15.71 G2
005146.88010841.8 9 2.9 17.75 16.56 16.07 15.89 15.78 F9
005406.06-:003432.0 10 4.3 18.09 17.28 16.99 16.88 16.85 F2
022036.08-002309.7 8 3.1 17.54 16.44 15.99 15.84 15.79 F9
022216.99000611.9 2.1 16.76 15.92 15.60 15.50 15.49 F2
022426.98004236.4 2.8 16.97 15.90 15.48 15.35 15.30 G2
022502.06:001541.0 4.4 18.69 17.89 17.51 17.39 17.33 F2
022555.65010850.3 2.5 17.03 16.20 15.92 15.82 15.77 F2
030225.13%010843.8 3.2 17.95 16.84 16.35 16.15 16.07 G2
030953.46:002747.5 4.1 20.65 18.80 17.78 17.70 16.99 K5
031404.97-011136.6 6 5.7 20.78 19.95 19.12 17.80 17.01 M3

% AV>3fe

[o2 N« >RN{e (e I (o J{e]

031505.3%002120.4 7 14.4 25.51 22.27 20.44 19.18 18.33 M2

031540.79002830.0 6 3.2 19.60 18.21 17.46 17.15 16.92 F9

031559.14002803.2 7 9.1 23.11 22.54 20.97 18.87 17.77 M4

032937.14011315.8 7 2.7 17.54 16.44 15.95 15.74 15.62 F5

. . L 032937.49000443.7 6 5.7 19.40 18.52 18.10 17.95 17.83 F2
Fig.2. (Upper left panel) Ratio of the standard deviation 0f33509.68005658.1 8 3.1 18.36 17.36 16.86 16.67 16.57 F5
the velocity of stars observed six times or more reckoned §34137.62011027.6 6 3.8 18.78 17.63 17.17 16.98 16.87 F5

mean quoted velocity uncertainty versus color. (Uppertrigh
panel) Distribution of that ratio. (Lower left Panel) Pentzge

of stars withu — g > 0.5 and significant velocity excursions A . o
(see text). (Lower right panel) Color distribution of the@l} therefore, on the significance of the largest radial vejodit

. . L ) ference, our inferred percentage of binaries is a lower Boun
stars (dashed line) and those with significant velocity excu P 9

sions (solid line).
5. Spectroscopic orbits

shows the histogram of velocityfisets. Almost all of the data Nineteen multiply-observed stars have enough obsenstion
(> 90%) are consistent with Gaussian velocity errors. and a large enough velocity excursion with respect to the er-
Since we have only a few (mostly only two) observation§'s that an o.rbit can in principle be found (a minimum of six
of each star, and these are randomly distributed in termiseof PPServations is required to define an orbit, but these mustbe
orbital periods, we do not expect to be able to identify ewsgry Curately measured and well distributed with phase), as show
nary star even for those with velocity amplitudes sevenagti Py the simulations described above. Since the maximum num-
the SDSS velocity uncertainties. In order to estimate the deer of observations per object available from our obseowati
tection rate. synthetic observations with same time dlistion IS thirteen and these are not necessarily well distribuieo;
and uncertainty as the original observations are generatedPust orbit determination is unlikely and the orbits caléeda
ing the compilation of orbital elements for 2 405 spectr@ico IN this section must be regarded as preliminary. The nimetee
binary stars fronSgs® (Pourbaix et 8l 2004b). Each one of th@bjects are listed in Tab[d 2 along with their SD&Biz mag-
10 647 stars is tested against every single orbit. The maximfiitudes and the spectral type assigned by the velocitydittin

velocity excursions\V is derived and so is the percentage dirogram. Upon examination of the data, four of these were dis

tion shows that only 39% of these synthetic binaries would B, the orbit fit to SDSS JO30953-4802747.5 is very ec-
identified by the existing SDSS observations. The percentfntric € = 0.978), which would make it an outlier in the
reaches 57% for stars observed six times or more. Combinfhg 109 P diagram (Pourbaix et 5l. 2004a), and discarding the
this result with the 6.5% of @ binaries within the sample of Most discrepant observation leaves only five points, todéew
stars observed more than once by SDSS which show detectzﬁ_ﬂé)rb'tal fit. The situation for the three other stars is Bsse
velocity variations, one ends up with 16.7% of stars in thie hdially the same. These four stars are among the faintesteof th
which are spectroscopic binaries, very consistent witivéiige Sample Even when the most discrepant velocity is removed,
of 18%+ 4% found by_Carney et Al (2003). Owing to the efthe remaining data still exhibit a significant velocity ersion,

fect of the rotation on the precision of the radial veloaitamd, SUPPorting their identification as binary stars. For seviéreo
stars, either the amplitude or the period is poorly conséai

1 httpy/sh9.astro.ulb.ac.be and these preliminary solutions are not included.
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Table 3. Orbital elements and their uncertainty andK are inkm/s, w in degreesP in days, epocfy is in days+ 24400000,
ag sini in 1P km andf (M) in solar masses.

Name Vo e w K P To apsini f(M) ¥’
Ty Te T o op o1y Tagsini T i(m) F2
003106.8%004135.7 66.80 0.222 271 28.4 14.18 51793.7 5.4 0.0312 2.26
0.77 0.057 17 0.7 0.98 0.55 0.4 0.0082 -0.060
005146.88010841.8 -11.60 0.343 71 18.4 5.98 518142 1.4 0.0032 1.73
0.62 0.045 24 1.9 0.58 0.24 0.2 0.0015 -0.34
005406.06003432.0 -61.6 0 (fixed) 345 15,58 15.9 51806.3 3.40 0.0062 .6314
1.2 - - 0.62 11 0.54 0.27 0.0017 2.53
022036.08002309.7 11.4 0.234 275 18.6 8.85 51820.5 2.2 0.0054 0.84
11 0.071 27 2.4 0.35 0.54 0.3 0.0023 -0.42
022502.06001541.0 -56.2 0.179 222 23.48 3.57 51819.3 1.136 0.0045%4 2.
0.6 0.046 12 0.8 0.11 0.13 0.054 0.00071 0.12
030225.13010843.8 24.99 0.448 276.0 35.8 117.3 51822.2 51.7 0.401 e-4.1
0.87 0.034 5.6 2.1 2.3 0.95 3.3 0.078 -
031404.97-011136.6  -52.0 0.361 14.8 88 32.8 518735 37.0 90 1. 7.82
25 0.034 8.8 4 1.3 0.36 2.3 0.38 -
032937.14011315.8 26.26 O (fixed) 97 18.7 21.77 51869 5.60 0.0148 0.19
0.78 - - 21 0.54 2.3 0.64 0.0051 -0.43

— T 7] I e e L S e S A s T — T 7]
J003106.81+004135. J005146.88+010841.8 J005406.06+003432.0 J022036.00+002309.7
1 5.0 L I . - -40.0

3adial ‘velocify (km{s)
‘Radl‘al vel‘ocny ‘(km/s‘)
l?adlal ‘veIOC|$y (km{s)
i Ragial \(elocf\y (k‘m/s)‘

e %00 Y TR N B Y NS S RS R  HE: Bt

01 Phase 11 01 Phase 11 01 Phase 11

S E N Y T
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] .,
J030225.11+010843,|

— ]
J022502.06+001541.

i R‘adia‘l vel‘oci\y‘ (qu/s) i
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i Radla‘l veloat){ (km/s) i
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- -100.0

G vy 3800 e 980

01 ‘Phase‘ — 1[1
Fig. 4. Plots of the orbits given in Tab[@ 3. The dashed line showsylstemic velocity.

The orbits for the remaining eight stars are reasonably rmAd is< 3 for all the stars (though it is undefined when the
bust and are given in Fifll 4 and Tdb. 3. This table lists tmeimber of observations equals the number of orbital parame-
name of the object, its systemic velochy, the eccentricity ters). Based on the algorithm by Ever & Bartholdi (1999), the
e, the argument of the periastran the projected radial ve- Nyquist frequency is one per day, and none of the derived peri
locity amplitudeK, the periodP, and one epoch of periastronods is below that limit. The eccentricities of the eight tslaire
passagédy. Also listed are the projected semi-major axis of theonsistent with those of similar systems (spectral typkitair
absolute orbit of the primarg; sini, the mass functiori(M) period) found inSgs.

(Binnendijkl 1960), the value of? and the goodness of fit F2

(Kovalevsky & Seidelmanh 2004) SDSS J031404.97-011136.6 has the largest signal to noise
ratio of the sample and also exhibits the largest mass fomcti
F2 = \/g(i/z + 3 ~1) f(M). The colorsy —i = 1.32 andi — z = 0.78, correspond to
2 v 9 an M3 star|(Hawley et @l. 2002) and the fits to all 7 spectra also

wherev is the number of degrees of freedom, i.e. the nurgield M3. Examination of the spectra (one of which is shown
ber of observations minus 62 follows aN(0, 1)-distribution, in Fig.[H) shows that this is a diMD pair, consistent with the



6 Pourbaix et al.: Spectroscopic binaries in SDSS

—
‘2500

SDSSJ031404.97-011136.6 1
20 -
[ MJD 24452202 1

2500
2000

1500

2000 1000

1500

f, (1077 erg/sec/cm?/R)

1000

ol e
4000 5000 6000 7000 8000 9000

500
Fig.5. Spectrum of SDSS J031404.97-011136.6. This star is
an example of a white dwarf-M dwarf pair, as shown by the
P S — blue continuum (well in excess of that expected from a dM3
star) and the strongddemission, which may be due to irradia-
tion of the dM secondary by the white dwarf.
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Fig.3. Distribution of errors for multiply- observed stars,
showing the number of stars versus the normalized velogity e 190
cursion,AV/o (see text). The inset shows the full range of this
quantity. The distribution is plotted twice: the light ldgram
shows the distribution with the vertical axis magnified by 1€
The vertical dotted line shows the-Zriterion used to identify £ 100 -
possible binary stars (see text). A Gaussian with dispersio o
and total number of objects equal to that in the sample is cor%—
pared (light curve) with the observed distribution (histrg,
heavy line).

SDSSJ090628.25+052656.9 1

f, (1077 e

white dwarf being the more massive of the pair. However, the ‘ ]
mass function, B+ 0.4 solar masses is about 8lifferent from I VLY R P e W W o]

. R !
typical values found for these objects. 0000 m00  soo0. . 000 “sooo
In all, we found 675 stars with velocity excursions large wavelength (&)

enough that they are likely to be spectroscopic binariegs Th
list is given in Table 4 (available only in electronic fornt. Fig.6. Spectra of the CV SDSS J090628:2152656.9 la-

includes 13 M dwarf-white dwarf (djVD) pairs and 7 cat- belled b_y MJID (_-24400 000)_of observation. Thg system is ob-

aclysmic variables (CVs), easily identified by eye examinégrved in both its low and high sta.\tes.. In the high statg,— rota

tion of the spectra. These latter are describell by Szkody etinally broadened Balmer absorption lines are seent-anis

(2002,[200351H. 20D4. 2005), but one observation of noteflf€d in by emission.

not included in those papers. The second observed specfrum o

SDSS J090628.2852656.9,on MJD 24 452 674, is presente _Conclusions

by ISzkody et 2l.1(2005) and shows both red and blue stellar

components and hydrogen Balmer line emission. A spectrivife examine some 10 000 stars for which multiple SDSS spec-

obtained a month earlier, however (MJD 24 452 649) catchiea have been obtained. The dispersion of the measured-veloc

the star in its high state. These spectra are shown il Figd6 ées is found to be about 1.5 times the quoted uncertainty of

are available at the SDSS web site (they can be located uding radial velocity fits for stars of all observed colors (spe

the information in Table 4). Szkody etlal. (2005) note thé thtral types) and magnitudes. A group of objects with large ve-

star is a likely dwarf nova, and the outburst spectrum shawnlpcity excursions is identified and the percentage of suatsst

Fig.[d lends support to this classification. Further, the fin (6%) shown to be consistent with the expected fraction of bi-

servations of this object (Fif] 6 and Szkody etlal. (2005)) fimary stars.

it in outburst twice - thus the outbursts likely repeat onidyfa We identify 675 possible new binary stars. Most of these,

short timescale. like most of the observed stars, are F subdwarfs, but the list
Finally, none of the 35 carbon stars with multiple observaacludes 13 dMWD pairs and 7 CVs. One of these, SDSS

tions shows significant radial velocity deviations. J090628.25052656.9, is observed in both its low and high
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states. The identification of these 675 stars as binariesris vHogg, D. W., Finkbeiner, D. P., Schlegel, D. J., & Gunn, J. E.
preliminary, being based on a very small number of observa-2001, AJ, 122, 2129

tions. The number of false positive identifications is eatied Ivezi€, Z., Lupton, R. H., Schlegel, D., et al. 2004,
to be about 40 from simulations. However, since these starsAstronomische Nachrichten, 325, 583

will not be further observed by SDSS, they are presented h&w®valevsky, J. & Seidelmann, P. K. 2004, Fundamentals of
as candidates for possible future study. Astrometry (Cambridge University Press)

Eight of the stars have enough observations (6-13) ahdpton, R. H., Gunn, J. E., Ivezi&., et al. 2001, in ASP
show large enough velocity excursions with respect to the un Conference Series # 238, ed. F. R. Harnden, F. A. Primini,
certainties that the fitted orbitis reasonably robust. €ebits & H. E. Payne, 269
and the corresponding radial velocities are availabl&§en  Lupton, R. H., lvezicZ., Gunn, J. E., et al. 2003, Proc. SPIE,

4836, 350
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