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EXPLORING THE VARIABLE SKY WITH LINEAR. II. HALO STRUCTURE
AND SUBSTRUCTURE TRACED BY RR LYRAE STARS TO 30 kpc
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We present a sample of ~5000 2 yrae stars selected from the rec ated LINEAR data set and detected
at heliocentric distances betw 5 kpc and 30 kpc over ~8000 deg® of M. The coordinates and light curve
properties, such as period and §osterhoff type, are made publicly available gVe analyze in detail the light curve
properties and Galactic distributiOWygt the subset of ~4000 type ab RR L€ (RRab) stars, including a search for
new halo substructures and the number Miakistcibution oo on of Oosterhoff type. We find evidence for
the Oosterhoff dichotomy among field RR Lyrae stars, with the ratio of the type II and I subsamples of about 1:4,
but with a weaker separation than for globular cluster stars. The wide sky coverage and depth of this sample allow
unique constraints for the number density distribution of halo RRab stars as a function of galactocentric distance:
it can be described as an oblate ellipsoid with an axis ratio ¢ = 0.63 and with either a single or a double power law
with a power-law index in the range —2 to —3. Consistent with previous studies, we find that the Oosterhoff type I1
subsample has a steeper number density profile than the Oosterhoff type I subsample. Using the group-finding
algorithm EnLink, we detected seven candidate halo groups, only one of which is statistically spurious. Three of
these groups are near globular clusters (M53/NGC 5053, M3, M13), and one is near a known halo substructure
(Virgo Stellar Stream); the remaining three groups do not seem to be near any known halo substructures or globular
clusters and seem to have a higher ratio of Oosterhoff type II to Oosterhoff type I RRab stars than what is found in
the halo. The extended morphology and the position (outside the tidal radius) of some of the groups near globular
clusters are suggestive of tidal streams possibly originating from globular clusters. Spectroscopic follow-up of
detected halo groups is encouraged.

Wy ) [}

Key words: Galaxy: halo — Galaxy: stellar content — Galaxy: structure — stars: variables: RR Lyrae

Online-only material: animation. color fieures. machine-readable and VO tables. supplemental data (FITS)
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Cataclysmic variables from the Catalina Real-time Transient Survey
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We presd@t 855 cataclysmic variable candidates Jetected by the Catalina Real-time Transient
spectroscopically confirmed and 705 are new
discoveries. The sources WCIC 1dentified from the analysis of five years of data, and come
from an area covering three quarters of the sky. We study the amplitude distribution of the
dwarf novae cataclysmic variables (CVs) discovered by CRTS during outburst, and find that in
quiescence they are typically 2 mag fainter compared to the spectroscopic CV sample identified
by the Sloan Digital Sk owever, almost all CRTS CVs in the SDSS footprint have
ugriz photometry. We am:palial distribution of the CVs and find evidence that many




2 OBSERVATIONAL DATA

The Catalina Sky Survey' began in 2004 and uses three telescopes
to repeatedly survey the sky between declination § = —75 and +65°
in search of Near-Earth Objects (NEOs) and Potential Hazardous
Asteroids (PHASs). In addition to asteroids, all the Catalina data
are analysed for transient sources by CRTS (Drake et al. 2009a;
Djorgovski et al 2011).

Each of the survey telescopes is run as separate sub-surveys.
These consist of the Catalina Schmidt Survey (CSS), the Mount
LemmgQz memileaniding Spring Survey (SSS). In
1s paper we analyse data taken by all threC"mdgscopes, namely the
0.7-m CSS telescope and the 1.5-m MLS telescopg in Tucson, AZ,
and the 0.5m (SSS) Uppsala Schmidt at Siding S#fing Observatory,

1a_Transient processing Q fala by CRTS began on
2007 November 8, while for MLS data 1t began on 2009 November
6, and for SSS on 2010 May 5.

Each telescope currently has a 4k x 4k CCD camera, which
for the CSS, MLS and SSS cover 8.2, 1.1 and 4 deg?, respectively.
In general each telescope avoids the Galactic latitudes less than
10 to 15° due to reduced source recovery in crowded stellar re-
gions. Because of its smaller field-of-view the MLS 1.5-m telescope
predominately observes only ecliptic latitudes —10° < 8 < 10°,
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Figure 1. The distribution of CRTS CV candidates in Galactic coordinates
(Aitoff projection). The radii of the points are proportional to the peak
magnitude with the brightest points largest. Gaps are present in the regions
not observed by Catalina, 1.e. near the celestial poles and in the galactic
plane.
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Figure 5. The colour and brightness distribution of CRTS CV candidates. CV candidates are large blue dots. Red squares are sources with SDSS spectra. The
black points are the point sources (stars, QSOs and other unresolved sources) from the SDSS that lie within an arcmin of each CV candidate.
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Figure 11. Palomar 5-m spectra of CRTS CVs. In the left panel (top to bottom), we show spectra of three CVs (CSS100108:081031+4002429,
CSS110114:091937—-055519, CSS100313:085607+123837) exhibiting strong hydrogen and helium emission lines typical of CVs near quiescence. In the right
panel (top to bottom), we show the spectra of CRTS CVs that were observed during outburst (CSS120113:040822+141516, CSS100507:164354—131525,
CSS110623:173517+ 154708, CSS080606:162322+121334, CSS110501:094825+204333).
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Figure 16. The normalized CV period distribution. On the left panel, we plot the distribution of CV periods for sources detected by CRTS (solid line) and the
distribution of all CV periods given by Ritter & Kolb (2003, dashed line). On the right panel, we plot the cumulative distribution of CV periods. In the right
panel CV, the period-minimum is plotted with a dotted line, while the period gap is indicated by the region between the two long-dashed lines.
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Figure 3. (a) Model light curve for KIC 6034120 (Figure 1(a)). The model

parameters are given in Table 3, (b) and (¢) Model images of the visible area of

the photosphere with a starspot. (d) Observed light curve (solid line; the same
as in Figure 1(a)) and model light curve (dashed line) for KIC 6034120.
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Figure 4. (a) Model light curve for KIC 6691930. The model parameters
are given in Table 3. (b) and (¢) Model images of the visible area of the
photosphere with two starspots. (d) Observed light curve (solid line; the same
as in Figure 1(b)) and model light curve (dashed line) for KIC 6691930.
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Stellar mergers are common
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ABSTRACT

The observed Galactic rate of stellar mergers or the initiation of common envelope phases
brighter than My = —3 (M; = —4) is of the order of ~0.5 (0.3) yr~" with 90 per cent confidence
statistical uncertainties of 0.24—1.1 (0.14-0.65) and factor of ~2 systematic uncertainties.
The (peak) luminosity function is roughly dN/dL o< L~"403 5o the rates for events more
luminous than V1309 Sco (My =~ —7 mag) or V838 Mon (My =~ —10 mag) are lower at
r ~ 0.1 and ~0.03/year, respectively. The peak luminosity is a steep function of progenitor
mass, L o« M*> ~ 3. This very roughly parallels the scaling of luminosity with mass on the main
sequence, but the transients are ~2000—4000 times more luminous at peak. Combining these,
the mass function of the progenitors, dN/dM o« M~2? %98 is consistent with the initial mass
function, albeit with broad uncertainties. These observational results are also broadly consistent
with the estimates of binary population synthesis models. While extragalactic variability
surveys can better define the rates and properties of the high-luminosity events, systematic,
moderate depth (/ 2 16 mag) surveys of the Galactic plane are needed to characterize the
low-luminosity events. The existing Galactic samples are only ~20 per cent complete, and
Galactic surveys are (at best!) reaching a typical magnitude limit of < 13 mag.

Key words: stars: individual: M85 OT2006-1 —stars: individual: M31 RV —stars: individual:
V838 Mon - stars: individual: V1309 Sco —stars: individual: V4332 Sgr—stars: individual:
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Table A1. Properties of merger candidates.

Object Peak mag Dist E(B —YV) Peak abs mag Progenitor Mass
V / (kpc Mpc") (mag) My M; My M; M@
V4332 Sag 8.5 6.9 1.8 0.30 -3.7 —4.9 5.1 4.0 I
V838 Mon 7.0 5.5 6.1 0.80 -9.4 -98 =03 0.1 5-10
OGLE -BLG-360 16.5 11.3 8.2 2.00 —4.3 -67 -15 -19 1 -2
V1309 Sco 8.0 7.0 3.0 0.80 —6.9 —6.7 2.1 1.2 1 -3
M31 RV 17.0 155 1.0 0.30 -89 —10.0 —
M85 OT 19.7 18.5 17.8 0.20 —-122 —-13.1 =]

Note: The appendix provides a more detailed discussion, parameter ranges and references for each object. The
distances are in kpc (Mpc) for the Galactic (extragalactic) objects. We have included the estimated circumstellar
extinction for OGLE-2002-BLG-360 in the estimate of E(B — V). Due to extinction and light-curve sampling, the
peak V magnitude of this event is more uncertain that the other table entries.
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