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OPTICAL ASTRONOMY IN 
THE ELIZABETHAN ERA
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THE CHANGING SKY

De nova et nullius aevi memoria prius visa stella (SN 1572)
Tycho Brahe, 1573 
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SN 1572 - Chandra, Spitzer, Calar Alto - Krause
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A SNAPSHOT
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SNAPSHOTS
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NASA, ESA, CXC, STScI, NRAO, B. McNamara, L. Birzan and team

Bicknell et al. (2000)

Croft et al. (2006)

Croton et al. (2006)

http://www.nasa.gov/
http://www.nasa.gov/
http://www.spacetelescope.org/
http://www.spacetelescope.org/
http://www.spacetelescope.org/
http://www.stsci.edu/
http://www.stsci.edu/
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SNAPSHOTS MISS THE ACTION
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TRANSIENTS
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Steve Croft, UC Berkeley - CRyA, UNAM, 2013 Feb 28

BLACK HOLE GROWTH
Mergers, Gas Accretion, and Tidal Disruptions

NASA GSFC

NASA / C. Henze
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PROBING SHORT 
TIMESCALES WITH SURVEYS

Large Synoptic Survey Telescope Allen Telescope Array
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WIDE-FIELD RADIO 
SURVEYS

Bower et al. 2010, ApJ, 725, 1792
Bower et al. 2011, ApJ, 739, 76
Croft et al. 2010, ApJ, 719, 45 
Croft et al. 2011, ApJ, 731, 34
Croft et al. 2013, ApJ, 762, 93

Croft et al. 2013, in prep.
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PIGSS ELAIS
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PIGSS AGN VARIABILITY
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PIGSS AGN VARIABILITY
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Croft et al. 2013, ApJ, 762, 93
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PIGSS AGN VARIABILITY

Croft et al. 2013, ApJ, 762, 93
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PIGSS TRANSIENTS

Nothing confirmed to vary by > factor 10
One source brightens by at least a factor 6 
in monthly averages
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Croft et al. 2013, ApJ, 762, 93
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PIGSS TRANSIENTS

Croft et al. 2013, ApJ, 762, 93

z = 0.6 quasar, brightened by a factor ~3
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variables
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BLIND RADIO SEARCHES
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Bower et al. (2007) VLA archival 5 and 8.4 GHz

944 epochs, 10 transient candidates ≲ 2 mJy
(5 are artifacts, 1 good detection, 4 marginal 
- Frail et al. 2012)

Croft, Tomsick & Bower 2011
ApJ, 740, 87
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X-RAY COUNTERPARTS?
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Croft, Tomsick & Bower 2011, ApJ, 740, 87
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Z = 1.29 AGN

Croft, Tomsick & Bower 2011, ApJ, 740, 87
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~1 transient per 40 deg2

PUSHING SENSITIVITY 
AND AREA
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Croft et al. 2013, ApJ, 762, 93

Faint

Rare
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INSPIRAL SIGNATURES

22

Unlikely to see flares hours before merger
Could maybe see modulation of emission at earlier times

O’Shaughnessy, Croft & Kaplan in prep.
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MWA
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Figure 1: Phase spaces for transients, based on surveys (left) and observed sources (right).
Left: The surface density (deg−2) of sources in different surveys is shown as a function of flux density sensitivity. The
low-frequency regime (red lines) is underexplored; Lazio et al. (2010; L10) found an upper limit of < 9.5×10−8 tran-
sients deg−2 at 74 MHz for sources > 2.5 kJy, and Jaeger et al. (2012; J12) found one transient at 325 MHz, inferring
∼ 0.12 transients deg−2. Upper limits from some surveys at > 1GHz are also shown: Carilli et al. (2003; C03), Frail
et al. (2003; F03), and from our work with the ATA from Croft et al. (2010; ATATS), Croft et al. (2011; ATATS-II),
as well as magenta, cyan, and blue lines from ATA PiGSS (Bower et al. 2010; Bower et al. 2011; Croft et al. 2012),
for long-duration, monthly, and daily transients respectively. Bell et al. (2012, in prep), in a pilot study using the
MWA 32T prototype, found < 4.1 × 10−5 transients deg−2 at 154 MHz for sources > 2.4 Jy. Predicted sensitivity
for a 1000 hr survey with MWA 128T (§ 5) is also shown.
Right: Phase space for transients observable with MWA at 200 MHz, updated and adapted from Cordes et al. (2004).
We plot the product of the observed peak flux density Speak and the square of the distance D2 (like a luminosity)
against the product of the emission frequency ν and the transient duration W . In the Rayleigh-Jeans approximation,
these quantities are proportional and related to the brightness temperature T (given by the diagonal lines); we use
1012 K (thick diagonal line) to divide coherent and incoherent processes (Readhead 1994). The red lines show the
predicted sensitivity of the MWA: The vertical lines give the timescales for individual integrations (8 s), snapshots
(5 min), and surveys (1 wk); the diagonal lines give the SpeakD2 limits corresponding to distances of 10 pc (ap-
propriate for sources such as low-mass stars, brown dwarfs, and planets), 1 kpc (local Galactic sources), 10 kpc (the
Galactic Center), 1 Mpc (local group) and 1 Gpc (extragalactic sources); the dotted lines show an estimated confusion
limit of 10 mJy, although we can search below this limit using image subtraction or for polarized emission (§ 5).

which we summarize in Fig. 1. Our best upper limit (! 10−2 deg−2) for the surface density at ∼ 10mJy
is close to the region of parameter space in which known classes of sources are expected to lie, but is still
not sensitive enough to provide strong constraints on transient rates. Future improvements in sensitivity
(maximize A) and area (Ω) enabled by the new telescopes should enable the detection of transients in blind
surveys in significant numbers (§ 5) and a fuller characterization of the variable radio sky.

Much of the work with ATA described above serves as pathfinder experiments for the Variables and
Slow Transients (VAST; Murphy et al. 2012) key project for the Australian Square Kilometer Array Pathfinder
(ASKAP; Johnston et al. 2007). ASKAP will offer unprecedented time-domain capabilities at GHz fre-
quencies, covering 30 deg

2 instantaneously at significantly higher sensitivity than ATA. Both PI Kaplan
and Co-PI Croft are ASKAP team members, with Kaplan leading one of the Working Groups. In contrast
with the ATA surveys described above, VAST will image 10,000 deg2 every day down to a limiting sen-
sitivity ∼ 0.5mJy, and will vastly increase our knowledge of radio transients by systematically exploring
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MWA collaboration

Kaplan, Croft proposed 1000h commensal survey
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ASKAP

24

VAST: 10,000 deg2 daily to 6σ = 3 mJy / beam 
Survey speed: 230x ATA-42, with 10x  better resolution
Combining 10 daily images gives good cadence, 1 mJy detection 
threshold
60 new TDEs per 10-epoch image, plus 20 RSNII and a handful of 
OGRBA and NSNS
Few tens of inspirals
250,000 radio AGNs brighter
 than 5 mJy monitored daily
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Large surveys will see AGNs, TDEs, and inspirals
MWA, LWA, ASKAP, LOFAR, MeerKAT, WSRT 
Apertif, and ultimately SKA in the radio
Multi-wavelength, multi-messenger, archival as 
well as triggered follow-up
Consider cadence, and look for multi-epoch or 
multi-telescope confirmation

THE FUTURE


