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New CV discoveries from MASTER-SAAO Buckley et al.

The detection of optical transients is escalatjayticularly with the advent of deeper, faster and
wider panchromatic imaging surveys of the sky. Feiptical transient detection systems, like those
of PanSTARRs and LSST, will result in an explosidrtransient alerts, probably up to ldlerts
per night. Over the last ~7 years or so, seveig field optical imaging surveys have begun from
which new transient detections are continually eirade. They include CRTS, MASTER, PTF and
ASAS-SN, the latter two aimed at discovering newpe&unovae. These have begun to be
supplemented by larger scale surveys, like PanSBARFAIA and SKkyMAPPER, which although
not dedicated to detecting transients, will nonietbe discover many. In this paper we report on the
first local optical transient detection system kbshed at the SAAO Sutherland station, namely
MASTER-SAAO, the first southern hemisphere nodehef Russian-based MASTER Il network.
The characteristics of the MASTER-SAAO system asctdbed and the parameters of the survey
compared to the CRTS, which is the only other femissurvey for which comprehensive results on
Cataclysmic Variables have been published. To MBS TER-SAAO has discovered 141 non-Solar
System optical transients (plus 2 comets and sklilkeedy minor planet detections). A total of 78%
(111) of these are new Cataclysmic Variables, aitlexcept two being likely Dwarf Novae (DNe).
About 50% of the DNe have outburst amplitudes ioess of &, and 20% 5". We expect that the
latter are mostly SU UMa systems, as well as saxtreme amplitude WZ Sge systems (some with
amplitudes of 7). MASTER-SAAO has a detection limit &~ 19 — 20, comparable to thess~20
limit of the CRTS (depending on CV colour). Basad the CV detection statistics in the latter
survey, we believe that MASTER-SAAOQ is detectingesgially the same CV population as CRTS,
for a detection amplitude threshol@.2™. We present two results of the initial follow-upgram on
CVs discovered by MASTER; a Dwarf Nova and a neVipsing Polar. Finally, we discuss the
current and future prospects for rapid follow-ugetyations at SAAO of transients and other targets
of opportunity, including CVs, with new robotic éskcopes like MONET-South and the new SAAO
1-m robotic telescope, both expected to be operatio 2016, as well as with SALT.

The Golden Age of Cataclysmic Variables and Related Objects - |11, Golden2015
7-12 September 2015
Palermo, Italy
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1. Introduction

The study of astrophysical transients has enteradvaera with the establishment of a
number of new ground-based facilities used in higtection and follow-up programs (e.g. for
alerts from X-ray owy-ray satellites). Some of these have targeted fipetasses of transients,
for example supernovae, e.g. P[If and ASAS-SN[2] and Gamma Ray Bursts, e.g. ROTSE
[3] and Watchef4]. Other optical transient detection systems entty operating include the
Catalina Real Time Survey (CRTS) [5] and MASTER [6jth of which have been successful
in detecting a variety of transients, including &#&smic Variables, flare stars, long period
variable stars, out-bursting blazars as well aseBwgvae and GRBs. In addition, both surveys
are also discovering Solar System transients, nameinets and minor planets. With the
development of recent facilities (e.g. PanSTARRs $kyMapper [8] and GAIA[9]) and those
in the future (e.g. LSST [10]), the opportunity sbudy the transient Universe will be
unprecedented. Indeed the volume of alerts will méee traditional manner of conducting
follow-up programs will become unmanageable andhme learning techniques will need to
be employed in order to find the astrophysicailgresting objects.

There is a continuing and growing interest amor®@mith African astronomers to study
astrophysical transients, particularly those relate high energy events, like X-ray transients,
GRBs, blazar and CV outbursts. Until now, thesagient alerts came from ground-based
facilities on other continents or from satellitessions.

In this paper we report on the establishment offitts¢ comprehensive optical transient
detection and follow-up system at the Sutherlandeobng site of the South African
Astronomical Observatory, namely MASTER-SAAO. Weviesv the specifications of this
system and the results to date after ~9 monthspefations, with emphasis on the new
discoveries of CVs, which represent close to 80%hefoptical transient discoveries. Most of
these are new examples of Dwarf Novae (DNe), wittbarst amplitudes of up to R7A
comparison is made with the recent survey of C¥mfthe CRTS [11], the most comprehensive
survey to date from an optical transient detectiorvey. Finally we also discuss the plans to
exploit alerts from MASTER-SAAO and other facilgieby conducting rapid follow-up
observations with telescopes at the SAAO, includimg Southern African Large Telescope
(SALT).

2. The MASTER Network

The MASTER project (Mobile Astronomical System dEl&€scope Robots), aimed at the
detection of optical transients, was establisheldussia in 2002, when the first Russian robotic
telescope was installed near Moscow [6]. The ndkwas since expanded and now includes
four other nodes in Russia, extending ~80° in oy, and nodes in Argentina, the Canary
Islands and South Africa. In late December 2014Seth African node, MASTER-SAAO, was
installed at the SAAO Sutherland station.

The facilities have evolved and most now utilize MASTER Il systems, consisting of
dual 40 cm telescopes on a common mount. The Argesite currently only has a very wide
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field camera, while the original Moscow node islonger operational. In Table 1 the locations
of the MASTER nodes are shown, while Figure 1 shawsap with the MASTER nodes.

Table 1: Location of the active MASTER nodes

Name Country | Location Longitude Latitude | Altitude
MASTER-ICATE* Argenting | San Jua 69°.00W 31°.80¢ 2430n
MASTER-IAC Spair Tenerife 16°.51W 28°.30N 2390n
MASTER-SAAC South Africe | Sutherlan 20°.81E 32°.38¢ 1760n
MASTER-Kislovodsl | Russi CaucasL 43°.75E 42°.52N 2067n
MASTER-Ura Russi: Ekaterinbur 57°.54E 57°.03N 260
MASTER-Tunks Russi Irkutsk 103°.07t 51°.81N 680
MASTER-Amul Russii Blagoveschens |127°.48E 50°.32N 260n

* currently only consisting of a Very Wide Fieldroara
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Figure 1: location of the MASTER network nodes

The main goal of the MASTER-Net project is to prodwa fast and wide sky survey for
optical transients down to a limiting magnitudel®f— 20. The survey is detecting a range of
transients, including Galactic sources (CVs, flatars, eclipsing binaries), AGN (blazars),
supernovae and Solar System objects. All MASTEBstpes can also be guided by alerts, and
have been used for the detection of prompt opéinaksion from GRBs, simultaneously in two
filters or polarization planes. With the establigmh of MASTER-SAAO, the southern
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hemisphere sky is now being routinely monitoregas of the MASTER program, for the first
time.

Six of the MASTER nodes consist of identical du@ll ém diameter telescopes on a
common mount, with Apogee CCD cameras. The telestapes can either be co-aligned, each
surveying an identical 2% 2° field, with two different filters or polarizeror they can be
misaligned to allow twice the sky coverage usirgnitctal filters. The latter is the default mode
for detecting optical transients, which is donehwiit using a filter.

3. The MASTER-SAAO facility

The relevant attributes of the MASTER-SAAO systend &he transient survey are
presented in Table 2 [6]. The telescope desigraliathe MASTER Il systems is based on the
catadioptric Hamilton design [12], utilizing a ddelzonvex entrance lens and Mangin primary
mirror, followed by a small field lens. This givasvery wide field, but also a flat focal plane. A
schematic of the design is shown in Figure 2, whilphotograph of the MASTER-SAAO
facility is shown in Figure 3.

Table 2: Characteristics of the MASTER-SAAO system

Sub-systen Parameter Value
Telescope Design Hamilton catadioptric
Diameter 40 cm
flratio 25
Platescale 206 arcsec/mm; 1.8 arcsec/pixel
Effective area 940 chitelescope
Field / telescope 2°x 2°
CCD camera Type Apogee Alta U16M
Size 4096x 4096
Pixel size 9um
Survey Exposure per field 3 x 60 s (grey/bright Moon)
3 x 180 s (dark Moon)
Survey limiting magnitude 19.8 dark Moon); 18.8 ghdgon
follow-up limiting magnitde 22.3 (20 co-added 186xp)
Field of view per exposure 2°x 4°
Declination range (survey) —90° to ~ +25°
Declination limit (follow-up) +40°
Sky area per night* 500 — 1000 degrees
Cadence* 10 — 20 days

* dependent on season, lunation
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Figure 2: The Hamilton catadioptric optical desigsed in the MASTER |l telescopes. 1 = positive
entrance lens, 2 = Mangin mirror, 3 = field lens; fliter, 5 = CCD detector

Figure 3: The MASTER-SAAO facility at SutherlandAlS is seen in the far distance at centre.

Each telescope can observe with one of four fil{8sV, R or I) or with a polarizing
filters, allowing measurement of Stok&sor U, depending on the angle of the polarizers. As
well as the two 40 cm telescopes, each mount adsoahVery Wide Field (VWF) camera,
covering ~1000 degregdut with a shallow limit o/ ~ 12 in a 1 s exposure.

The MASTER-SAAO node was installed and commissioaethe Sutherland observing
station of the SAAO over a ~3 week period, in Debem2014. A clam shell dome
(AstroHaven) allows rapid slewing over the entikg, svith declination range of —90° to +40°,
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although the survey only extends to between +2@°480°. There is no limit on the Galactic
latitude, unlike the similar CRTS survey [5], whiekcludes the regions within 10° — 15° of the
Galactic plane. However, the Galactic plane is w&elopriority region, so the amount of
coverage is considerably less (by a factor xtb(20x) than for higher Galactic latitudes.

In Table 3 we compare some of the MASTER survewipaters with those of the CRTS
[5,11], which until recently has been the only ottransient detection system for which a study
of CVs has been made in some detail [11].

Table 3: Comparison of the attributes of the MASTERand CRTS Systems

Parameter MASTER Il (all CRTS MASTER- SSS node
nodes) (all nodes) |SAAO node

Collecting area (A 3.0 4.7 0.50 0.39

Field of View (ded) 48 13.3 8 4.2

Maximum area/night (déy ~4000: ~2500: ~500 — 1000*

Cadence (days) 10-15 7-10 10-20 7-10

Exposures 3 x (60s —180s)* 4 30s 3x (60s —180s)* 4 30s

Typical limiting magnitude| 18 — 20 19 -20; 228 18.898 19-20

Threshold for alert (mags), 2.2 0.65 2.2 0.65

* depending on Moon phase 8§ limit for the 1.5m Ga#aSky Survey in USA

Table 3 attempts to make a comparison betweenritie ¢MASTER and CRTS networks, as
well as with the two systems specific to the southemisphere, namely the MASTER-SAAO
node in South Africa and the Siding Spring Syst&8S) of CRTS in Australia (now no longer
operational). While we have attempted to preseamtbibst estimates of the survey parameters,
there are some inevitable uncertainties or rangestal lack of published information and the
fact that some of the parameters are dependent spason, Moon phase and observing
conditions.

The two surveys use somewhat different criteriadadransient alert. In the case of
CRTS, a transient is considered to be real if iléected to be 3 times brighter than the
observed scatter and at least > 0.88ighter than in the reference image on 3 outhef 4
consecutive images. For MASTER, the criteria i¢ tha transient has to be >2&ighter than
in the reference image and detected on atleasisecative images taken at the same epoch (i.e.
in all images taken at a given time during the symode).

4. MASTER-SAAO Results to Date

All MASTER optical transient discoveries are listeth the MASTER website
(http://observe.pereplt.ru/MASTER_OT.hjndnd are immediately published as Astronomer's
Telegrams (ATels). Any results pertaining to GRBtedgons are also published in GCN
circulars. The MASTER website includes discoveryd ameference images, coordinates,
magnitudes and outburst amplitudes, where theaepie-existing pre-alert image. MASTER is
one of the most successful transient detectioresystas evidenced by the fact that up to 2014
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it has been responsible for ~25% of all ATel transialerts, second only to Swift and the most
of any ground-based optical alerts (CRTS is nekh w7%). A total of 885 transient discoveries
have been made by the MASTER Il network over tBe+4&.7 years, to Sep 2015.

Since MASTER-SAAO has been operational, many soathemisphere optical transients
have been detected, while follow-up optical obstows have also been undertaken by
MASTER-SAAO of transient alerts from other sourgeaticularly GRBs and blazar outbursts.
Figure 5 shows the sky coverage in the ~9 montlgpefations, up to early Sep 2015. In Table
4 we list the breakdown of the 141 non-Solar SystdmSTER-SAAO optical transients
discovered so far, in terms of object class. Initamd two comets and several minor planets
have also been discovered.

HASTER-5AA0 Syrvey fron 2814-12-16 28:;09:;41.591 to 2815-89-85 19;18:;22,994
P T T T T I [ I T 288
68 — 188

168

148

128

168

Figure 5: Sky coverage, in equatorial coordinaté3JASTER-SAAO in the ~9 months since it has
been operating. The scale indicates the numbeidefyteé CCD frames taken to date.

Table 4: Optical Transients Discovered by MASTER-8AO (16 Dec 2014 — 5 Sep 2015)

Type Class Number Comments
Galactic object Dwarf Novae CV in outbur 10¢ Criteria isAm > 2.2"
Novalike CV 1
Magnetic CV (polai 1 Eclipsing. Orb P=2.2
Flare Star 3
Long Period variable 4
Anti-transien 1 Long period eclipst
Extragalacti Supernova 20
Gamma Ray Burste 2 Detection from Swift aler

In addition to the transient discoveries followifrpm the MASTER-SAAO survey, a
number of dedicated follow-up observations wer® asnducted, including of several GRB
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alerts (only 2 resulted in optical counterpart tifezations) and blazar outburst alerts (7
observed).

Over the ~9 months that MASTER-SAAO has been opgratl4l non-Solar System
optical transient discoveries have been made, afhwtwvo new CVs have been observed with
SALT, plus one blazar, detected to be flaring by MWVASTER-Kislovodsk node and confirmed
by Fermi and Swift. Although it was planned to undke classification spectroscopy with
SALT for some of the more compelling transient détams, a proposal to do this in semester
2015-1 (from 1 May 2015) was unsuccessful, so tilg observations done to date have been
through an allocation of ~6700 s of SALT Direct@scretionary Time (DDT). From 1 Nov
2015, an approved program of follow-up SALT spestapy began, which will run for two
semesters (until 31 Oct 2016). Below we summariee ihitial results of the three DDT
observations, all of which are in various stagesmdlysis and write up as refereed journal
papers.

In Figure 6 we show the distribution of all 886 MRER transients discovered over the
5.75 years since the MASTER Il networks began djpgrain 2010, inclusive of all the
transients discovered by MASTER-SAAO in the ~9 rhent has been operational (since late
Dec 2014).

%

+t 4

e

]

Figure 6: the distribution, in Galactic coordingt®jection, of all the 886 MASTER transients diserd
since the survey began in earnest in 2010. Theewduints represent the 141 transients discoveres si
MASTER-SAAO has been operational (Dec 2014 — Sep5p0Size of star symbols scale with the
amplitude of the transient.

5. Cataclysmic Variable discoveries from MASTER

In Figures 7 & 8 we compare the distributions (ial&&tic coordinates) of the 855 CVs
discovered by CRTS [11] during the period 8 Nov 208 31 July 2012 (4.7 years) and the 111
CVs discovered by MASTER-SAAO in the period 16 D¥¥14 to 5 Sep 2015 (0.7 years).
Given the CRTS survey represents a %.fonger time span compared to MASTER-SAAO
survey, the detection efficiencies are quite combpla; particularly given MASTER-SAAO
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represents just one site, while the CRTS CV suivelydes results from 2 northern hemisphere
sites and one southern hemisphere site (SSS). dthk nrumber of CVs discovered by all
MASTER nodes totals 530, over a period of ~5.753€Bhe contribution of MASTER-SAAO
to this total is ~20%, although the time span far latter is only 13% of total time elapsed since
MASTER network began operating. These figures destnate how much more efficient the
MASTER-SAAO node is in detecting transients, inahgd CVs, compared to the other
MASTER nodes, no doubt due to the lower sensitiViiigit and overall better observing
conditions. This was demonstrated when the detedtmit achieved for an observation of a
GRB, where 20 co-added 180s exposures reached ritodeglimit of 22".3, was more than a
magnitude fainter than previously achieved at oMAGTER sites.

Figure 7: the distribution of all 855 CVs discoedrover 4.73 years by the CRTS [11], in Galactic
coordinates, where the size of the blue circlekese#h brightness.

Figure 8: the distribution, in Galactic projectioof, the 111 CVs discovered in the ~9 months since
MASTER-SAAO began operations. The size of symbotdeswith outburst amplitude.

10
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In the study of the 855 CVs in the CRTS [11], itsnshown in figure 3 of that paper that
the brightness histogram of the CVs discovered BY & peaked at a magnitude ofsy~ 17"
and that there were essentially none witlis¥ 20" (see Fig. 9). That study also had the benefit
of having 150 previously known CVs in the samplé atout half of the sample present in
SDSS Data Release 8, thus providing additionalurdltformation and spectra for some of the
brighter candidates. The steep drop-off in the GMHhiness histogram to fainter magnitudes
contrasts to other classes of transients, e.g.rS8opee (SNe), where brighter (and closer)
discoveries are relatively rare and they are tylyicauch fainter (peaking at &s~ 19). The
lack of equally faint CVs likely reflects the incpieteness of detection of the faintest DNe,
with lowest amplitudes and/or longest outburst nemce times.

Figure 9: Histogram of the detection magnitude€BTS CVs (black) and SNe (red dashed), from [11].
The MASTER-SAAO limit is in the ranged¥s~19 — 20, implying the two surveys are probablieding
the same population of CVs.

With a detection threshold of B ~ 19-20, MASTER-S3Avould seem to be sampling a
similar population of CVs as CRTS has done to {tki¢ Both surveys would appear to have
similar selection effects in terms of sensitivitydutburst frequency and amplitude, which are
determined by parameters like the survey cadengmge quality, resolution and the
effectiveness of the automatic transient deteaigorithm. The imposed amplitude threshold of
~2.2" for MASTER-SAAO could well be impacting on the lilpi to detect fainter and lower
amplitude DNe. However, while this may skew thetistias, the positive results from the
survey is the detection of many new southern CV&DiMany with apparent large outburst
amplitudes, as shown in Table 5. The MASTER-SAAQbotst amplitude results are quite
similar to those of the CRTS [11], where the histmg of outburst amplitudes is shown in Fig.

11
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10 for the CRTS sample, based on both CRTS photgraetl a smaller sample of 196 fainter
CRTS CVs for which SDSS photometry exists, with ssquently fainter limits. Based on a
recent analysis of the statistical properties o G®Ne [13], those with amplitudes 2 &re all
below the period gap (see figure 11 of [13]). Tikisn interesting population to study, since it
includes the very short period and low accretiote raystems, with likely long outburst
recurrence times, many near the period minimum,reviteere is an expected “pile up” of so-
called period bouncers who have reached, or neealghed the minimum period for CVs with
non-degenerate secondaries. Of course there ctaddba some double-degenerate CVs (i.e.
AM CVn systems) lurking amongst this faint shortipe population.

Table 5: MASTER-SAAO DNe outburst amplitudes

Outburst magnitude Percentage of DNe
2" -3" 30%
34" 20%
4m— 3" 30%
>5" 20%
[
60 —
40
[ L 1
20 I T R e
{ L 1
r— \ 1
| | |
L)oo ' |_—1
O 1 I 1 1 1 L_.
0 2 4 6 8
Amplitude

Figure 10: Histograms of the outburst amplitudesG&TS DNe, where the solid line is the distribaotio
for sources where the quiescent magnitude was theighugh to measure in Catalina data. The dashed
line shows the distribution for fainter sources,ené their SDSS-band magnitude is assumed to be
equivalent to th&/cssquiescent brightness (from [11]).

12
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In the following two subsections we discuss somvieup observations of two new CVs
discovered by MASTER-SAAO. This provides a “flavouof the type of follow-up
observations of CVs which will be conducted in fetwith SALT and other SAAO facilitities.

5.1 Dwarf Novae

The majority of all the new MASTER-SAAOQ transierdtections (~78%) have been new
Cataclysmic Variables, mostly Dwarf Novae (DNe),iebhundergo recurrent optical outbursts
due to accretion disc instability cycles. While theeshold for an alert by MASTER is %2he
amplitudes for many of these new DNe (20%) are welxcess of & The higher amplitude
DNe are likely to be lower luminosity (so faintesport orbital period (< 2 h) systems of the SU
UMa sub-group, with the WZ Sge stars being thetésiny highest amplitude, lowest accretion
rate and shortest period systems of all of themes&hcharacteristics, coupled with their
infrequent outbursts (up to decades), make theficulif to detect and study. However, they
may well represent a “hidden iceberg” populatiorCdfs, which are important in understanding
CV evolution, particularly at the extreme shortitabperiod limit, where gravitational radiation
drives the angular momentum loss in these syst8@mdinding new examples is an important
result.

N J074858.45-655344.6; SALT; 15.01.2015 .
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Figure 11: SALT RSS spectrum of the new Dwarf NMASTER_OT_J074858.45-655344.6.
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One example of a newly identified DNe is MASTER_4858.45-655344.6, which was
discovered by MASTER-SAAO on 15 Jan 2015 & a 17" magnitude transient with a =3
amplitude [14] during a search for the optical degpart of GRB150114, discovered by Fermi.
The optical transient was observed the followinghhi with the SALT Robert Stobie
Spectrograph (RSS) and a 1200s exposure spectnwaing 3600-6600A at a resolution of
5.6A, was obtained (see Fig. 11). The spectrum stewising blue continuum and strong H
emission, with an E.W. = 16.6 + 0.4A and FWHM =212 0.3A. The higher order Balmer
series show broad absorption lines with narrow simiscores, with the Blpeak rising above
the local continuum level, which is typical of a BMeclining from outburst, and leading to this
classification [14]. Clearly this DNe transient wagelated to GRB150114.

5.2 The eclipsing polar MASTER OT J061451.70-27253b.

This transient was discovered on 19 Feb 2015 anélered magnitude of I83 [15] and
was observed photometrically at the SAAO using e m and 1.0 m telescopes using the
SHOC high speed EM-CCD cameras. Time resokgd and unfiltered photometry, with 10 —
45 s time resolution, was obtained over 5 nightg.[Light curves revealed that the system
eclipses, with a period of 2.08 hours. In additiinere are two minima, with an initial sharp
drop, where the flux decreases by ~50%, beforelglmereasing in brightness again. A second
rapid ingress follows, where the system becomedlyotclipsed, followed by a sharp egress
(see Fig. 12). This was interpreted [16] as evideioc initial obscuration of a bright accretion
spot(s) on the white dwarf by the accretion strefmipwed by the eclipse of the white dwarf
and accretion spot(s) by the secondary star. Theegipse dip is reminiscent of that observed
in HU Agr [17]. In addition there is some evidertbhe system has two accreting poles, due to a
possible step in the egress.

s MASTER ]J061451.70-272535.5
e Cl
40000 - e e Q2
e C3

300001 gn . T et e 5 T e e

3
2 20000}
il

. .
£ sa

10000 |-

L H L H i
6.0 6.5 7.0 75 8.0
LMST

Figure 12: light curve (no filter) of MASTER_JOEU70-272535.5 taken on 24 Feb 2015 using
the SHOC high speed photometer on the SAAO 1.9lesdepe. The eclipse and pre-eclipse dip, due to
the obscuring accretion stream, is clearly seep.@dints at the bottom of the plot are the fluxethoee
comparison stars, which have been offset for glarit
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The target was subsequently observed with SALT R8S8 Feb 2015 and a 800 s
exposure spectrum obtained, covering 4060—71204 Fgg13). The spectrum shows all of the
Balmer lines in emission, a strong Hell 4686A latea peak flux greater tharBHand weaker
Hel lines. The lines appear asymmetric and doublgked, with wings extending to shorter
wavelengths. This spectrum is typical of a magn€ataclysmic Variable, particularly with the
strong Hell line, and therefore together with tlghtl curves, we have identified the system to
be a new eclipsing polar [16].
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Figure 13: A SALT RSS spectrum of the eclipsinggpoMASTER OT J061451.70-272535.5. Note the
prominent high excitation emission line of H&#686A, typical of magnetic CVs.

6. Future Strategies for follow-up of transiens with SAAO facilities

While MASTER-SAAO is the first local optical tramsit detection system to be installed
at the Sutherland station of the SAAO, it will lmened in 2016 by another transient detection
facility, namely MeerLICHT lgttp://www.ast.uct.ac.za/meerlicht/MeerLICHT.hjnThis will be
a 0.65 m telescope with a 2 dedréeld of view, which will simultaneously observieet same
fields being observed by the MeerKAT radio telegamce it begins operations. The aim is to
have simultaneous optical images of MeerKAT fidiolsllow for the potential detection of the
optical counterparts of radio transients.
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Many transient discoveries, including CVs, reqéidiow-up observations to confirm their
nature and to allow for more probing astrophysatadervations. While there have already been
several examples of limited follow-up observatidesy. by SALT and other SAAO telescopes)
presented in the previous section, further plams wrderway to expand the nature of these
follow-up observations. These include more compmsive observations of the whole variety of
optical transients currently being detected byNHE&STER and other networks, including CVs,
GRBs, AGN and X-ray angray transients. A new SALT program supporting thegan in Nov
2015, while observations with other multi-waveldndacilities are also planned, including
HESS Il, ASTROSAT (the new Indian optical/lUV/X-raatellite) and eventually MeerkAT,
once it begins operating (2016/17). In additionwneptical follow-up possibilities will be
enabled with the establishment of two new robadticilities at the SAAO, namely MONET-
South and the new 1.0 m Robotic telescope.

MONET-South, owned by the University of GottingenGermany (sebttps://monet.uni-
goettingen.dé/ is the twin telescope to MONET-North, situatedveacDonald Observatory in
Texas, USA. Both are robotic/remotely operated rh. 2elescopes, with a major science goal
being the follow-up of transients and ToOs. MONEGHK has been operating for several years
and MONET-South at Sutherland is expected to begi@nce operations shortly, initially with
an imaging camera. A project has currently begudesign and construct an efficient fibre fed
low resolution spectrograph (MORISOT). With suchiastrument, MONET-South will have
the capability to rapidly spectroscopically clagsihany brighter Y < ~16-17) optical
transients as well as supporting coordinated muatirelength ToO observations.

The new SAAO 1.0 m Robotic telescope, which is enity under construction and is
being provided by APM in Germany, is expected taniséalled at Sutherland in 2016. While the
final instrument suite is still to be determinetiwill at least initially consist of an imaging
camera and high speed EM-CCD camera and, evenitu@hhoped, fibre fed low and or high
resolution spectrographs. Science goals for thiestepe include synoptic monitoring of
variable objects (stars and AGN) at a variety ofletees, but also supporting follow-up
observations of transients and ToO.

All of the follow-up facilities at SAAO will reque automated response to transient and
ToO alerts that avoids the slow response typicahwohan initiated observations. Fortunately
there exist several robotic telescope observingysoé protocols [18] (e.g. the RTML protocol
[19]) which can efficiently trigger robotic telegmes to conduct follow-up observations once an
alert is received (e.g. from the likes of VO Evefii8]). A project to implement the automated
follow-up observations from transient alerts hagume which should be implemented during
2016.

7. Summary and Final Remarks

In this paper we have presented a review of the ogtical transient detection system at
the Sutherland observing station of the SAAO, ngM@ASTER-SAAOQ, the first MASTER I
system established in the southern hemisphere hwiggan operations in mid-Dec 2014. We
have reviewed the specifications anodus operandi for the MASTER system, and particularly
MASTER-SAAO, and its survey for transients, focgson the results of new CV discoveries.

16



New CV discoveries from MASTER-SAAO Buckley et al.

In the ~9 months of operations, MASTER-SAAO hasakered 141 new non-Solar System
optical transients (in addition to two comets aadesal minor planets) during its survey mode.
In addition it has conducted follow-up observatiofis-10 other transient detections, originating
from other alert systems (e.g. Swift, Fermi), imtthg GRB afterglow searches and monitoring
of AGN [20].

A total of 111 new CVs have been discovered with TER-SAAO, a significant
advance and resulting in a total of 530 new CVsalisred by the entire MASTER network in
its 5.7 years of operations. The study conductedthen CVs detected in the CRTS [11]
demonstrated that most new CVs discovered througfsient detection systems are Dwarf
Novae, with average outburst amplitudes of,~#hich is very similar to the statistics of the
MASTER-SAAO results to date. We conclude that the CV surveys are very similar, with
the two samples pushing the limiting magnitude deemd consequently revealing a somewhat
different CV population compared to the brightesteyns discovered previously (e.g. from
spectroscopic surveys). The mean magnitude of éie@Vs found by CRTS i¥css ~17, with
very few system fainter thavkss ~20. This is likely due to selection effects, whéainter and
lower amplitude DNe are more difficult to detectitWMASTER having a similar limiting
magnitude to CRTSWss ~20), we believe that the two CV populations disred by these
complementary surveys are therefore quite simNiaw that the SSS (Australia) node of the
CRTS has ceased operating, only MASTER-SAAO isinairig to systematically survey the
southern skies for new CVs, although more CV discesg are also following from surveys for
other types of transients, for example SNe fromlikes of the ASAS-SN survey.

The results of two follow-up observations on two LWere reported, including
spectroscopic observations with SALT using DirestdDiscretionary Time. More detailed
papers describing these results and their intexppoat are currently in preparation and more
intensive SALT follow-up observations of transieritas begun, including of new CV
discoveries.

Finally we discussed the future possibilities ofren@xpansive programs on transient
follow-up observations at SAAO, exploiting two newbotic facilities that will become
operational during 2016. Our experiences gaingbdése endeavours will help to inform how to
conduct larger scale SALT and SAAO transient folagvcampaigns in the future, for example
with the expansive transient programs associateth fthe SkyMapper, GAIA and LSST
missions.
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