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Introduction

1. Purpose of document
This document outlines that part of the CAASTRO science program that relates to Optically focussed transient studies. The document summarises the scope and costs for a proposed program and seeks approval for the project.

1.1 Overview of the project
We usually think of the night sky as a static collection of stars, unchanging from night to night. However, there are many objects – variable stars, supernovae, gamma ray bursts – to name a few, that radically change their energy output in the range of seconds to days. Our ability to identify and study these objects in detail is just becoming possible over the past few years due to emerging technology that allows us to scan huge areas of the sky on a regular basis. This project consists of the following goals:

· Survey the Southern Sky for transient objects using the new SkyMapper Telescope, including a dedicated 1000-sq degree rolling survey  of the southern Sky.

· Participate in the OZDES collaboration which uses the Dark Energy Survey (Photometric), and the AAΩ spectrograph on the AAT (spectroscopic) to survey the transient universe at 0.2<z<~1.5. We will use this survey to pick out rare super-luminous  events, but also compare the evolution of events with look back time.
· Characterise the essentially unknown low-frequency radio transient  population through rapid follow-up of Murchison Widefield Array transient source detections, and Fast Radio Burst detections from Parkes and Molonglo.

· Assist in the quest for the first direct detection of non-E&M triggered transients by looking for astrophysical sources coincident with LIGO+VIRGO triggers. Opportunistically be able to search error-boxes associated with potential High Energy Neutrino Events, and FERMI GBM events.

· Explore the range of physical events leading to transient sources in our radio and optical programs (and potentially at other wavelengths) by undertaking rapid spectroscopic follow-up with the WiFES spectrograph. This part of the project works collaboratively with ESO PESSTO survey.  The optical spectra will be used to discern the progenitors of these sources, or, in cases where objects are identified that cannot be connected to a known class of objects, we will initiate multi-wavelength studies to assist in the theoretical modelling of the systems.

· Undertake spectroscopic and photometric follow-up of Gamma Ray Burst sources to gain insight into the physical engines of the still enigmatic short hard bursts

· Starting with our multi-wavelength observations of transient objects, undertake theoretical investigations of the range of events to characterise the physical mechanisms that lead to the cataclysms we observe in the Universe
1.2 Proposed Collaborations
The following CAASTRO nodes will participate: The SkyMapper Supernova and Transient Survey is centered at the ANU and works collaboratively with the AAO and University of Queensland on Dark-theme extensions to the survey centered around Supernovae. The ANU-based SkyMapper team works with the Curtin, University of Sydney and Swinburne on transient detection coordination between radio and optical. OZDES work involves AAO, University of Queensland, and Swinburne University.  The project intersects with scientific interests at other CAASTRO institutes including CalTech and the Max Plack Institute for radio Astronoy.  Non-CAASTRO collaborations include the OZDES program members outside of Australia, and members of the ESO-based PESSTO survey.
2. Project plan

4.1 Work/Resource plan

SkyMapper SN Search Program
A fresh wave of instrumentation is opening up frontiers in time-domain astronomy. Gamma Ray detectors that continually monitored significant fractions of the sky in the early 1990s were limited in their discovery potential because instruments working in the X-ray, optical and radio did not have the field of view and sensitivity needed to follow-up detected sources. This changed in 1997 when an X-Ray telescope was orbited that could follow-up gamma ray transients sources, and started a revolution in our understanding of what turned out to be the most powerful cataclysms known in the Cosmos. Over the next 4 years we can expect several sensitive wide-field telescopes to come (or remain) on-line. These include instrumentation sensitive to gamma/X-rays, visible light, and radio waves, as well as to non-electromagnetic sources such as neutrinos and gravitational waves. These facilities will have the field of view, angular resolution, and sensitivity to work together to facilitate discovery. 
SkyMapper is the first of a new breed of surveying telescopes which are able to scan the southern skies more quickly and deeper than ever before. 75% of its time will be spent undertaking the Southern Sky Survey
, but The Southern Sky Survey will only use the best 2/3rds of the available conditions to maintain uniformity in the survey. We plan to use this poor seeing time, strategically augmented by some of the unallocated 25% fraction of time, to undertake a rolling transient survey of 1000 sq-degrees of the southern sky to discover relatively nearby (and therefore bright) supernovae, but also open up a new area of discovery space in optical transient astronomy.

From our past SN experiments we know that finding transients is relatively easy – following large numbers of them with other faciltiies is hard. For this reason, both second-generation High-Z SN experiments undertook rolling searches for objects. These searches continually monitor the same patch of sky, so that the search also provides the light curves of all discoveries. These rolling searches provide much more information than just the position and brightness of a transient. Its previous history, colour, and lightcurve information are all recorded. This information can be used to target objects of interest and, in the case of SkyMapper filter set, predict the objects’ type and redshift. 
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We have simulated such an experiment using 6 years of the weather and image quality logs of the Anglo-Australian Telescope, recreating (and then optimising) how an experiment would fare in each year between 2000-2005. We find that observing 1000-sq degrees  (the 1000-sq degree patch moves with the changing seasons) in the vgri filters for 30s,15s,15s, and 20s respectively, maximises the number of SN Ia discovered with light curves sufficient for measuring distances. We choose this metric as it is directly related to the precision at which we probe the expansion rate of the Universe, it is the most quantifiable of our science goals (within the DARK theme), and is roughly correlated with our other science goals. Our simulations, which are currently being updated to reflect the actual SkyMapper sensitivities and overheads, suggest we will discover more than 150 SN per year, with <z>=0.075. SN fill the vgri colour-space dependent on their supernova types, and we will use this feature to target spectroscopic follow-up. 
Obtaining spectra of such a large number of SN Ia candidates is challenging, but is made possible by the new WiFES spectrograph
. This >30% efficient integral field spectrograph will be used to target every candidate observed to be brighter than g=19 mag classified photometrically as a SN Ia (and g=18.5 otherwise). We estimate, including weather patterns, that we will be able to obtain between 140-190 spectra of SN Ia depending on the year, with a total requirement of 150 hrs of WiFES time. A summary of simulated SN Ia detections is shown in Figure 1. We will augment this spectroscopy with help from the Public ESO Spectroscopic Survey for Transient Objects (PESSTO). PESSTO has been allocated 90 night per year on the ESO NTT, with the aim of chronicling the spectral evolution of a 150 objects spanning the complete range of extra-galactic transient phenomena. 
Our program also includes the  theoretical analysis of the supernovae and transients discovered and observed by the CAASTRO program. This work will include a range of hydrodynamic, radiative transfer, and population synthesis calculations. This part of the program includes CAASTRO PI Brian Schmidt, CAASTRO AIs Ivo Seitenzahl, Ashley Ruiter, Richard Scalzo, and CAASTRO student Sharon Rapoport. It also includes external CAASTRO AI (formerly at ANU), Stuart Sim.

The search program commenced in October 2013, and will continue for the duration of the CAASTRO Centre of Excellence.  It is centred at the ANU-node, and includes CAASTRO employees Fang Yuan, and Michael Childress, AIs Richard Scalzo, Chris Wolf,  Ivo Seienzahl, and Ashley Ruiter, PhD student Bonnie Zhang, and CAASTRO CI Brian Schmidt. At the AAO, CAASTRO AI, Chris Lidman, and at University of Queensland, CAASTRO CI, Tamara Davis have a role in the survey, that is focussed predominantly on the Dark-theme. External CAASTRO members from LPNHE (Paris) also have a role in the survey concentrated around the Dark Theme. 
Radio – Gamma Rays – Gravitational Waves 
Our understanding of transients at optical wavelengths, while limited, is still grounded in data. The situation at radio wavelengths – especially at low-frequency, is essentially virgin territory. The MWA will boast a 400 sq-degree field of view at 200 MHz, and will be sensitive to transients on timescales as short as 8 seconds, to periods greater than a month. A similar story is true for ASKAP, which will provide sensitivity for transient between 700-1500MHz at timescales from minutes to months.  Once an event is detected, we will compare the position to the Southern Sky Survey set of catalogued sources, as well as other large-area catalogs such as the ROSAT all-sky survey, the SUMS/FIRST radio survey, and the 2-MASS all-sky infrared survey. Obvious catalogued sources of interest that are likely to be related to the outburst will be automatically identified and broadcasted to the rest of the CAASTRO collaboration. We will then observe region with SkyMapper and/or WIFES to localise transients and determine it nature.  A similar plan is in place for following up potential Fast Radio Bursts detected with Parkes and Molonglo. We are investigating the potential of using the Gemini-8m telescopes in Chile as well. 
LIGO is currently the world’s foremost instrument for detecting gravitational waves, and consists of three interferometers situated in two facilities located on different sides of the United States. VIRGO is a similar observatory located in Italy. Both VIRGO and LIGO will come on line with enhancements in 2016 with sensitivities that increase their survey volume by a factor of 100. In the period post 2016, these three large observatories will be looking at the sky together, and any joint detection will be pin-pointed on the sky to a few degrees. Events only detected at two observatories will have a position localised to a ring in the sky, whose area is typically 1000 sq-degrees. The LOOCUP consortium within LIGO will be processing LIGO+VIRGO data in real time to search for significant events. We will image the relevant areas with transient detections with SkyMapper in the optical regime, and should be able to cover the complete error boxes of a substantive fraction of LIGO+VIRGO  triggers

Since Gravitational Waves are yet undetected and the most energetic sources not well understood, it is hard to gauge the likelihood of success. The range of theoretical predictions for sources, including those involving neutron stars in our own galaxy, core collapse supernovae in nearby galaxies, and gamma ray bursts in more distant galaxies suggests that it is quite possible (some would even say likely) for the upgraded LIGO+VIRGO instruments to make detections. Given the huge scientific impact direct detection of gravitational waves will have, and the synergy that looking for transients with gravitational waves has with this program, we believe the risk is well worth the effort.

Upon notification of a potential detection from LIGO+VIRGO, we will override the SkyMapper normal schedule with a ‘transient override schedule’. Since the optical light from supernovae and gamma ray bursts persists for more than a day, this override will happen regardless of when the detection was made. The incidental rate for optical transients becomes high at magnitudes fainter than 18.5 (about 1 per 1000 sq degrees per day), so we tune our observations for objects brighter than this. They will consist of 10 second integrations (with 23 sec overhead), allowing us to map 500 sq degrees per hour to r=19 mag. These data will be compared to the Southern Sky Survey database of these fields, allowing detection of new objects with single epoch of observations. If the trigger is clearly a neutron star merger, recent evidence of rapidly-reddening short-lived transients may provide reason to integrate to a fainter limit, as such a transient have a distinctive signature which can be used veto false positives. We have signed a MOU with the LIGO organisation to use SkyMapper in follow up.  

This project involves at RSAA, CAASTRO employee Fang Yuan, and CAASTRO CI Brian Schmidt, with some overlap with CAASTRO AIs Richard Scalzo, Michael Childress, and Chris Wolf. It also works in tandem wit the CAASTRO dynamic universe radio sub-theme, including members at Curtin (MWA transients), Swinburne (FRBs), USyd (ASKAP transients), and the ANU (MWA Transients and FRBs). 
Gamma Ray Bursts
There are at least two classes of GRBs: short bursts (<1sec) and long bursts (3->100 seconds). We will use automated triggers to take spectra and/or imaging of all rapidly observable long GRBs to attempt to identify bright and or high redshift bursts. Spectroscopy of these bursts can help us understand re-ionization through a measurement of inter-galactic medium (IGM) neutral fraction, and probe the properties of the highest redshift galaxies. We will undertake rapid imaging and spectroscopy of short-duration GRBs to directly measure their redshifts and environments. Finally, we will study nearby (z<0.6) normal GRBs to observe the properties of their underlying supernovae. Using a Monte Carlo scheme, we can compute the emergent spectra from asymmetric explosions of stripped massive star cores, to model the progenitor stars of GRBs. We specifically are interested in targeting FERMI GBM bursts with SkyMapper so that we can gain nearby targets suitable for SN-GRB studies, the highest redshift GRBs and short GRBs with Gemini.  This work is at a lower priority than the other areas within this band, but continue to wait for opportunities to make a big splash as they arise. 

The Observational component of this work is spearheaded at the ANU by CAASTRO employee Fang Yuan,  with some efforts by CAASTRO CI Brian Schmidt, and AI Chris Wolf. CAASTRO student Sharon Rapoport is undertaking modelling in support of any observations that might be made with help from external CAASTRO AI, Stuart Sim.
4.2 Schedule of milestones
The schedule of milestones will be used to monitor progress as the project is executed.

	#
	Milestone
	Date
	Person Responsible

	1
	Undertake a rolling search of the southern skies for SN Ia - 1000 sq-degrees observed every 3-5 days in at least 2 colours
	Ongoing from October 2013
	Richard Scalzo and Fang Yuan

	2
	Spectroscopic follow-up of all SN Ia brighter than 19mag
	Ongoing from October 2013
	Michael Childress

	3
	Enable Rapid Reaction mode of SkyMapper to external transients including FERMI-GBM, SWIFT, MWA, ASKAP, and LIGO/VIRGO
	From mid 2013
	Fang Yuan

	4
	Enable Rapid Reaction mode of WiFES to external transients including FERMI-GBM, SWIFT, MWA, ASKAP, and LIGO/VIRGO
	From Mid 2012
	Michael Childress and Fang Yuan

	5
	Undertake precise  quick photometry of SkyMapper SN using a subtraction pipeline.
	From October 2013 – Publication Quality by October 2014
	Richard Scalzo 

	6
	Undertake comprehensive analysis of spectroscopy of transient samples, measuring SN redshift, spectroscopic characteristics, and Host Galaxy Properties including age, metallicity, Mass, and star formation
	Starting in March 2015 
	Michael Childress

	7
	Undertake Modelling of Asymmetric Stripped Stars using a self-consistent, multi-dimensional, time-dependent Monte Carlo radiative transfer code.
	Completed by June 2014
	Sharon Rapoport , Stuart Sim

	8
	Writing Papers about the individual objects as they appear, and statistical properties as data are aggregated
	Ongoing – at least 3 CAASTRO lead  papers per year, and 3 additional papers
	Fang Yuan, Michael Childress, Richard Scalzo, Brian Schmidt, Chris Wolf
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Figure 1: Simulated SkyMapper SN Ia discoveries for year 2001 . A total of ~150 spectroscopically confirmed SN Ia will be discovered each year with a mean redshift of z~0.075.
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