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The Catalina Real-time Transient Survey

Optical transient survey using the Catalina Sky Survey, 
covering 30000 deg2 of sky (-80o < d < +70o)

Telescopes: 
• 0.68-m CSS telescope at Catalina (Arizona)
• 1.5-m   Mt Lemmon (Arizona)
• 0.5-m   Siding Springs Observatory (Australia)

Avoiding the Galactic Plane (|b| < 10o) and Magellanic Clouds

23 nights/months (avoiding full Moon): 
• 2000 deg2 / night to V ~ 19 - 20 
• 200 deg2 / night to V ~ 21.5 
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The Catalina Real-time Transient Survey

Processing pipeline similar to Palomar Quest Event Factory

Objects that vary by 2 mag or more are classified as transients

Reported in open ‘real-time’ through various interfaces:
• web
• skyalert.org 
• ipod apps

Discovered to date: 
• ~ 1250 Supernovae, 
• ~ 800 Cataclysmic variables (DNe, and fair fraction of polars)
• ~ 5500 Optical Transients in all 
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The Catalina Real-time Transient Survey
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The Catalina Real-time Transient Survey

CSS sky coverage (as at 2011 September).  Image from Andrew Drake.
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The Catalina Real-time Transient Survey

Rapid addition of southern CRTS CVs since 2010

How to follow up these targets and to identify interesting 
(AM CVn) targets for full characterisation?
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A photometric study of CRTS dwarf novae

de Budé (2012): MSc dissertation
CRTS CVs at 2011 October
red (small/big):         all CRTS CVs with known periods (N=100)
blue circles (small):   CRTS CVs with unknown periods (decl > +20o)
blue circles (big):      CRTS CVs with unknown periods (decl < +20o)
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A photometric study of CRTS dwarf novae

Woudt et al. (2012) - CV Survey VII
CRTS CVs as at 2011 October
red squares:    CVs with known periods (N=100)
blue circles:     CVs accessible from Sutherland (SALT)
black circles:    CVs with periods from UCT CCD CV Survey (N=15)
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A photometric study of CRTS dwarf novae

Woudt et al. (2010) - CV Survey VI
Woudt et al. (2012) - CV Survey VII

Object Type Porb (h) PSH+ (h) PSH- (h) r Remarks

CSS1028-08 DN SU 0.868 (10) [0.914] 16.1-19.0 DNOs/QPOs

CSS2333-15 DN SU 1.0283 (2) 1.06 (1) 17-20.3 Shallow eclipse

CSS1404-10 DN SU 1.42990 (1) 1.464 (1) 16.6-19.6 Eclipsing, SHs in outburst

CSS0826-00 DN SU 1.4342 (2) 1.394 (1) 20.0 Eclipsing, SHs in quiescence

CSS0332+02 DN SU 1.469 (1) 1.5030 (2) 1.4386 (4) 20.2 Superhumps in quiescence

CSS1300+11 DN SU 1.5041 (2) [1.545] 19.8

CSS0345-01 DN 1.684 (1)  18.6

CSS1443-17 DN SU 1.685 (4) [1.7295] 19.1

SSS0221-26 DN 1.692 (2) 19.3

CSS0814-00 DN 1.796 (1) 18.6

CSS1626-12 DN 1.811 (1) 20.4 Eclipsing

CSS2325-08 DN SU 1.823 (2) [1.892] 19.3

CSS1126-10 DN 1.8581 (1) 18.3 Eclipsing

CSS0810+00 Polar 1.9358 (1) 18.2 High State

CSS1503-22 Polar 2.2229 (4) 17.2 High State

SSS0617-36 CV 3.4404 (12) 17.7

Tuesday 17 April 12



Ultra-compact binaries
in the Catalina Real-time Transient Survey

A photometric study of CRTS dwarf novae

Woudt et al. (2012) - CV Survey VII

Eclipsing CRTS CVs (CSS0826-00)

Large spread at quiescence (CRTS LC)

CSS0826-00: SHs at quiescence

⬇
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A photometric study of CRTS dwarf novae

Woudt et al. (2012) - CV Survey VII

Eclipsing CRTS CVs (CSS1404-10)

Large spread at quiescence (CRTS LC)

CSS1404-10: followed through 
superoutburst (missed by CRTS)

⬇
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A photometric study of CRTS dwarf novae

Woudt et al. (2012) - CV Survey VII

CSS 1028-08

Porb = 52.1 ± 0.6 min   Psh = 54.85 min
Regular (super)outbursts
QPOs/DNOs after its outburst (312 s in S7921)

⬇
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A photometric study of CRTS dwarf novae

Woudt et al. (2012) - CV Survey VII

CRTS CVs as at 2011 October

115 CRTS CVs with periods, 
including three short period 
(AM CVn) systems:
• CP Eri            Porb = 28.36 min
• CSS 1028-08   Porb = 52.1  min
• CSS 1122-11   Porb = 65.40 min

New one (see later):
• CSS 2333-15   Porb = 61.70 min

CSS1028, 1122 and 2333 could belong
to the ‘evolved CV channel’ of AM CVns
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A photometric study of CRTS dwarf novae

Monitoring known AM CVn systems

CP Eri

CR Boo

ES Cet

2QZ J1427-01

CR BooTuesday 17 April 12



Monitoring known AM CVn systems

Facilities in South Africa to possibly monitor known AM CVn systems:
• MONET (MOnitoring NETwork)
• Las Cumbres Observatory Global Telescope Network (LCOGT)

Target of Opportunity trigger SALT / VLT observations when object 
goes into outburst (see Gavin’s talk on Wednesday)

Ultra-compact binaries
in the Catalina Real-time Transient Survey

A photometric study of CRTS dwarf novae
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Multi-wavelength facilities in South Africa
for astronomical transients

Phase-resolved spectroscopy with SALT IRSF

SALT

KAT-7
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Phase-resolved spectroscopy with SALT

First semester of SALT Science Operations underway

2011 September - 2012 February (extended to 2012 April)
2011-3-RSA_OTH-009 (Phase-resolved spectroscopy of helium-rich cataclysmic variables)
CSS1028-08, CSS1122-11  CSS2333-15 (outburst)  - 8.5 ks

Second semester: 2012 May - 2012 October
2012-1-RSA_OTH-019 (Phase-resolved spectroscopy of helium-rich cataclysmic variables)
CSS1028-08, CSS1122-11, CSS2333-15 (quiescence)  - 24.2 ks

2012-1-RSA_OTH-018 (Quiescent properties of classical novae: the THEA sample)
V382 Vel, V630 Sgr  - 21 ks
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Phase-resolved spectroscopy with SALT

The Southern African Large Telescope: Track lengths

Track times equivalent to orbital periods of AM CVn systems, 
excellent facility for phase-resolved spectroscopy of compact binaries
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Phase-resolved spectroscopy with SALT

The Southern African Large Telescope: The Robert Stobie Spectrograph

Low to intermediate resolution (R ~ 800 - 6000)
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Phase-resolved spectroscopy with SALT

The Southern African Large Telescope:  Seeing characteristics

Q1 SALT: Sept - Nov 2011
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Phase-resolved spectroscopy with SALT

The Southern African Large Telescope:  Detection limits (RSS)

Grating Central lambda Resolution (R) Mag limit (V)

PG0300 620 nm 350 21.9

PG0900 605 nm 1065 21.5

PG1300 665 nm 1800 21.1

PG1800 677 nm 2890 20.6

PG2300 566 nm 3220 20.7

PG3000 434 nm 3215 20.7

Numbers based on guide for SALT observers (2012): 
30 minute exposure, 1.5” slid width, 1.3” seeing, dark, S/N of 5 per pixel in 2x2 binning over a 
2x FWHM aperture spectral extraction at the central wavelength.
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Phase-resolved spectroscopy with SALT

2011-3-RSA_OTH-009 / 2012-1-RSA_OTH-019

CSS1122-11: SDSS spectrum

⬇⬇
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CSS2333-15

Outburst in 2011 October.

WW on 40-inch for science 
commissioning of SHOC

Immediate follow-up during 
outburst with SHOC and 
triggered SALT spectroscopy

⬇
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SHOC: Sutherland High-speed 
Optical Cameras (2x)
• Andor iXon X3 888 UVB camera
• Conventional and EM mode
• Science commissioning ongoing
• Replacement for UCT CCD

Two nights in October 2011:
• Psh = 63.6 min  
• Porb = 61.7 min
• shallow eclipse 

Woudt & Warner (2011, ATel 3705)

Tuesday 17 April 12



Ultra-compact binaries
in the Catalina Real-time Transient Survey

CSS111019:233313-155744

SALT spectroscopy: 
• PG2300 grating
• resampled at 1Å/pixel
• spectrophotometric standard
• 12 x 215 s exposures
• Excellent ToO machine!

CSS2333-15 in outburst ( V~17.3) 

Very unusual spectrum
• strange continuum shape
• unclear line ID

Need spectrum at quiescence (2012)
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CSS111019:233313-155744

Photometry in quiescence:
• 3 nights in December 2011
• V ~ 20.3 mag
• Porb = 61.70 ± 0.01 min
• shallow eclipse confirmed
• double-humped profile (amplitude 0.15 mag)
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Summary

Catalina Real-Time Transient Survey an excellent source for 
monitoring and discovering outbursting AM CVn systems

Three new short-period outbursting systems discovered in CRTS 
to date: CSS1028-08, CSS1122-11 and CSS2333-15

Rapid increase in new southern systems with CRTS

Follow-up is key!   
• Photometry (not just monitoring) on small telescopes
   (must be made more efficient given coming data deluge)
• Phase-resolved spectroscopy on 8-m class telescopes
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