
The Deeper, Wider, Faster program
A new approach to observational astronomy to detect 
the fastest transients and to solve the nature of FRBs

Jeff Cooke
and the DWF team

DWF 



Transients in the local Universe 383

100 101 102

−24

−22

−20

−18

−16

−14

−12

−10

−8

−6

Characteristic Timescale [day]

Pe
ak

 L
um

ino
sit

y [
M V]

V838 Mon
M85 OT

M31 RV

SCP06F6

SN2006gy
SN2005ap SN2008es

SN2007bi

SN2008S

NGC300OT

SN2008ha

SN2005E

SN2002bj

PTF10iuv
PTF09dav

PTF11bij
PTF10bhp

PTF10fqs

PTF10acbp

PTF09atu
PTF09cnd

PTF09cwlPTF10cwr

 Thermonuclear
 Supernovae

 Classical Novae

 Luminous
 Red

 Novae

 Core−Collapse
 Supernovae

 Luminous Supernovae

 .Ia Explosions

 Ca−rich
 Transients

P60−M81OT−071213

P60−M82OT−081119

1038

1039

1040

1041

1042

1043

1044

1045

Pe
ak

 L
um

ino
sit

y [
er

g 
s−

1 ]

Figure 4. Framework of Cosmic Explosions in the Year 2011 (Kasliwal 2011). Note that until 2005 (Fig. 1),
we only knew about three classes (denoted by gray bands). In the past six years, systematic searches,
serendipitous discoveries and archival searches have uncovered a plethora of novel, rare transients. Discov-
eries by the Palomar Transient Factory and P60-FasTING (Kasliwal et al. 2011a) are denoted by ?. Several
new classes are emerging and the governing physics is being widely debated: luminous red novae (electron
capture induced collapse of rapidly rotating O–Ne–Mg white dwarfs?), luminous supernovae (magnetars
or pair instability explosions?), .Ia explosions (helium detonations in ultra-compact white dwarf binaries),
Calcium-rich halo transients (helium deflagrations?).

(advanced LIGO, advanced VIRGO, LCGT, INDIGO) coming online. Detecting gravitational
waves from neutron star mergers every month is expected to become routine. A basic common-
ality between gravitational wave searches and the electromagnetic search described above is that
both are limited to the local Universe (say, < 200 Mpc). A known challenge will be the poor sky
localizations of the gravitational wave signal and consequent large false positive rate of electro-
magnetic candidates (Kulkarni & Kasliwal 2009). Therefore, prior to the ambitious search for an
electromagnetic counterpart to a gravitational wave signal, it would only be prudent to build this
complete inventory of transients in the local Universe.
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serendipitous discoveries and archival searches have uncovered a plethora of novel, rare transients. Discov-
eries by the Palomar Transient Factory and P60-FasTING (Kasliwal et al. 2011a) are denoted by ?. Several
new classes are emerging and the governing physics is being widely debated: luminous red novae (electron
capture induced collapse of rapidly rotating O–Ne–Mg white dwarfs?), luminous supernovae (magnetars
or pair instability explosions?), .Ia explosions (helium detonations in ultra-compact white dwarf binaries),
Calcium-rich halo transients (helium deflagrations?).
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localizations of the gravitational wave signal and consequent large false positive rate of electro-
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eries by the Palomar Transient Factory and P60-FasTING (Kasliwal et al. 2011a) are denoted by ?. Several
new classes are emerging and the governing physics is being widely debated: luminous red novae (electron
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or pair instability explosions?), .Ia explosions (helium detonations in ultra-compact white dwarf binaries),
Calcium-rich halo transients (helium deflagrations?).

(advanced LIGO, advanced VIRGO, LCGT, INDIGO) coming online. Detecting gravitational
waves from neutron star mergers every month is expected to become routine. A basic common-
ality between gravitational wave searches and the electromagnetic search described above is that
both are limited to the local Universe (say, < 200 Mpc). A known challenge will be the poor sky
localizations of the gravitational wave signal and consequent large false positive rate of electro-
magnetic candidates (Kulkarni & Kasliwal 2009). Therefore, prior to the ambitious search for an
electromagnetic counterpart to a gravitational wave signal, it would only be prudent to build this
complete inventory of transients in the local Universe.
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ality between gravitational wave searches and the electromagnetic search described above is that
both are limited to the local Universe (say, < 200 Mpc). A known challenge will be the poor sky
localizations of the gravitational wave signal and consequent large false positive rate of electro-
magnetic candidates (Kulkarni & Kasliwal 2009). Therefore, prior to the ambitious search for an
electromagnetic counterpart to a gravitational wave signal, it would only be prudent to build this
complete inventory of transients in the local Universe.
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eries by the Palomar Transient Factory and P60-FasTING (Kasliwal et al. 2011a) are denoted by ?. Several
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Calcium-rich halo transients (helium deflagrations?).
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waves from neutron star mergers every month is expected to become routine. A basic common-
ality between gravitational wave searches and the electromagnetic search described above is that
both are limited to the local Universe (say, < 200 Mpc). A known challenge will be the poor sky
localizations of the gravitational wave signal and consequent large false positive rate of electro-
magnetic candidates (Kulkarni & Kasliwal 2009). Therefore, prior to the ambitious search for an
electromagnetic counterpart to a gravitational wave signal, it would only be prudent to build this
complete inventory of transients in the local Universe.
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Figure 4. Framework of Cosmic Explosions in the Year 2011 (Kasliwal 2011). Note that until 2005 (Fig. 1),
we only knew about three classes (denoted by gray bands). In the past six years, systematic searches,
serendipitous discoveries and archival searches have uncovered a plethora of novel, rare transients. Discov-
eries by the Palomar Transient Factory and P60-FasTING (Kasliwal et al. 2011a) are denoted by ?. Several
new classes are emerging and the governing physics is being widely debated: luminous red novae (electron
capture induced collapse of rapidly rotating O–Ne–Mg white dwarfs?), luminous supernovae (magnetars
or pair instability explosions?), .Ia explosions (helium detonations in ultra-compact white dwarf binaries),
Calcium-rich halo transients (helium deflagrations?).

(advanced LIGO, advanced VIRGO, LCGT, INDIGO) coming online. Detecting gravitational
waves from neutron star mergers every month is expected to become routine. A basic common-
ality between gravitational wave searches and the electromagnetic search described above is that
both are limited to the local Universe (say, < 200 Mpc). A known challenge will be the poor sky
localizations of the gravitational wave signal and consequent large false positive rate of electro-
magnetic candidates (Kulkarni & Kasliwal 2009). Therefore, prior to the ambitious search for an
electromagnetic counterpart to a gravitational wave signal, it would only be prudent to build this
complete inventory of transients in the local Universe.
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we only knew about three classes (denoted by gray bands). In the past six years, systematic searches,
serendipitous discoveries and archival searches have uncovered a plethora of novel, rare transients. Discov-
eries by the Palomar Transient Factory and P60-FasTING (Kasliwal et al. 2011a) are denoted by ?. Several
new classes are emerging and the governing physics is being widely debated: luminous red novae (electron
capture induced collapse of rapidly rotating O–Ne–Mg white dwarfs?), luminous supernovae (magnetars
or pair instability explosions?), .Ia explosions (helium detonations in ultra-compact white dwarf binaries),
Calcium-rich halo transients (helium deflagrations?).

(advanced LIGO, advanced VIRGO, LCGT, INDIGO) coming online. Detecting gravitational
waves from neutron star mergers every month is expected to become routine. A basic common-
ality between gravitational wave searches and the electromagnetic search described above is that
both are limited to the local Universe (say, < 200 Mpc). A known challenge will be the poor sky
localizations of the gravitational wave signal and consequent large false positive rate of electro-
magnetic candidates (Kulkarni & Kasliwal 2009). Therefore, prior to the ambitious search for an
electromagnetic counterpart to a gravitational wave signal, it would only be prudent to build this
complete inventory of transients in the local Universe.
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we only knew about three classes (denoted by gray bands). In the past six years, systematic searches,
serendipitous discoveries and archival searches have uncovered a plethora of novel, rare transients. Discov-
eries by the Palomar Transient Factory and P60-FasTING (Kasliwal et al. 2011a) are denoted by ?. Several
new classes are emerging and the governing physics is being widely debated: luminous red novae (electron
capture induced collapse of rapidly rotating O–Ne–Mg white dwarfs?), luminous supernovae (magnetars
or pair instability explosions?), .Ia explosions (helium detonations in ultra-compact white dwarf binaries),
Calcium-rich halo transients (helium deflagrations?).

(advanced LIGO, advanced VIRGO, LCGT, INDIGO) coming online. Detecting gravitational
waves from neutron star mergers every month is expected to become routine. A basic common-
ality between gravitational wave searches and the electromagnetic search described above is that
both are limited to the local Universe (say, < 200 Mpc). A known challenge will be the poor sky
localizations of the gravitational wave signal and consequent large false positive rate of electro-
magnetic candidates (Kulkarni & Kasliwal 2009). Therefore, prior to the ambitious search for an
electromagnetic counterpart to a gravitational wave signal, it would only be prudent to build this
complete inventory of transients in the local Universe.
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we only knew about three classes (denoted by gray bands). In the past six years, systematic searches,
serendipitous discoveries and archival searches have uncovered a plethora of novel, rare transients. Discov-
eries by the Palomar Transient Factory and P60-FasTING (Kasliwal et al. 2011a) are denoted by ?. Several
new classes are emerging and the governing physics is being widely debated: luminous red novae (electron
capture induced collapse of rapidly rotating O–Ne–Mg white dwarfs?), luminous supernovae (magnetars
or pair instability explosions?), .Ia explosions (helium detonations in ultra-compact white dwarf binaries),
Calcium-rich halo transients (helium deflagrations?).

(advanced LIGO, advanced VIRGO, LCGT, INDIGO) coming online. Detecting gravitational
waves from neutron star mergers every month is expected to become routine. A basic common-
ality between gravitational wave searches and the electromagnetic search described above is that
both are limited to the local Universe (say, < 200 Mpc). A known challenge will be the poor sky
localizations of the gravitational wave signal and consequent large false positive rate of electro-
magnetic candidates (Kulkarni & Kasliwal 2009). Therefore, prior to the ambitious search for an
electromagnetic counterpart to a gravitational wave signal, it would only be prudent to build this
complete inventory of transients in the local Universe.
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we only knew about three classes (denoted by gray bands). In the past six years, systematic searches,
serendipitous discoveries and archival searches have uncovered a plethora of novel, rare transients. Discov-
eries by the Palomar Transient Factory and P60-FasTING (Kasliwal et al. 2011a) are denoted by ?. Several
new classes are emerging and the governing physics is being widely debated: luminous red novae (electron
capture induced collapse of rapidly rotating O–Ne–Mg white dwarfs?), luminous supernovae (magnetars
or pair instability explosions?), .Ia explosions (helium detonations in ultra-compact white dwarf binaries),
Calcium-rich halo transients (helium deflagrations?).

(advanced LIGO, advanced VIRGO, LCGT, INDIGO) coming online. Detecting gravitational
waves from neutron star mergers every month is expected to become routine. A basic common-
ality between gravitational wave searches and the electromagnetic search described above is that
both are limited to the local Universe (say, < 200 Mpc). A known challenge will be the poor sky
localizations of the gravitational wave signal and consequent large false positive rate of electro-
magnetic candidates (Kulkarni & Kasliwal 2009). Therefore, prior to the ambitious search for an
electromagnetic counterpart to a gravitational wave signal, it would only be prudent to build this
complete inventory of transients in the local Universe.
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we only knew about three classes (denoted by gray bands). In the past six years, systematic searches,
serendipitous discoveries and archival searches have uncovered a plethora of novel, rare transients. Discov-
eries by the Palomar Transient Factory and P60-FasTING (Kasliwal et al. 2011a) are denoted by ?. Several
new classes are emerging and the governing physics is being widely debated: luminous red novae (electron
capture induced collapse of rapidly rotating O–Ne–Mg white dwarfs?), luminous supernovae (magnetars
or pair instability explosions?), .Ia explosions (helium detonations in ultra-compact white dwarf binaries),
Calcium-rich halo transients (helium deflagrations?).

(advanced LIGO, advanced VIRGO, LCGT, INDIGO) coming online. Detecting gravitational
waves from neutron star mergers every month is expected to become routine. A basic common-
ality between gravitational wave searches and the electromagnetic search described above is that
both are limited to the local Universe (say, < 200 Mpc). A known challenge will be the poor sky
localizations of the gravitational wave signal and consequent large false positive rate of electro-
magnetic candidates (Kulkarni & Kasliwal 2009). Therefore, prior to the ambitious search for an
electromagnetic counterpart to a gravitational wave signal, it would only be prudent to build this
complete inventory of transients in the local Universe.
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Figure 4. Framework of Cosmic Explosions in the Year 2011 (Kasliwal 2011). Note that until 2005 (Fig. 1),
we only knew about three classes (denoted by gray bands). In the past six years, systematic searches,
serendipitous discoveries and archival searches have uncovered a plethora of novel, rare transients. Discov-
eries by the Palomar Transient Factory and P60-FasTING (Kasliwal et al. 2011a) are denoted by ?. Several
new classes are emerging and the governing physics is being widely debated: luminous red novae (electron
capture induced collapse of rapidly rotating O–Ne–Mg white dwarfs?), luminous supernovae (magnetars
or pair instability explosions?), .Ia explosions (helium detonations in ultra-compact white dwarf binaries),
Calcium-rich halo transients (helium deflagrations?).

(advanced LIGO, advanced VIRGO, LCGT, INDIGO) coming online. Detecting gravitational
waves from neutron star mergers every month is expected to become routine. A basic common-
ality between gravitational wave searches and the electromagnetic search described above is that
both are limited to the local Universe (say, < 200 Mpc). A known challenge will be the poor sky
localizations of the gravitational wave signal and consequent large false positive rate of electro-
magnetic candidates (Kulkarni & Kasliwal 2009). Therefore, prior to the ambitious search for an
electromagnetic counterpart to a gravitational wave signal, it would only be prudent to build this
complete inventory of transients in the local Universe.
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Figure 4. Framework of Cosmic Explosions in the Year 2011 (Kasliwal 2011). Note that until 2005 (Fig. 1),
we only knew about three classes (denoted by gray bands). In the past six years, systematic searches,
serendipitous discoveries and archival searches have uncovered a plethora of novel, rare transients. Discov-
eries by the Palomar Transient Factory and P60-FasTING (Kasliwal et al. 2011a) are denoted by ?. Several
new classes are emerging and the governing physics is being widely debated: luminous red novae (electron
capture induced collapse of rapidly rotating O–Ne–Mg white dwarfs?), luminous supernovae (magnetars
or pair instability explosions?), .Ia explosions (helium detonations in ultra-compact white dwarf binaries),
Calcium-rich halo transients (helium deflagrations?).

(advanced LIGO, advanced VIRGO, LCGT, INDIGO) coming online. Detecting gravitational
waves from neutron star mergers every month is expected to become routine. A basic common-
ality between gravitational wave searches and the electromagnetic search described above is that
both are limited to the local Universe (say, < 200 Mpc). A known challenge will be the poor sky
localizations of the gravitational wave signal and consequent large false positive rate of electro-
magnetic candidates (Kulkarni & Kasliwal 2009). Therefore, prior to the ambitious search for an
electromagnetic counterpart to a gravitational wave signal, it would only be prudent to build this
complete inventory of transients in the local Universe.
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Figure 4. Framework of Cosmic Explosions in the Year 2011 (Kasliwal 2011). Note that until 2005 (Fig. 1),
we only knew about three classes (denoted by gray bands). In the past six years, systematic searches,
serendipitous discoveries and archival searches have uncovered a plethora of novel, rare transients. Discov-
eries by the Palomar Transient Factory and P60-FasTING (Kasliwal et al. 2011a) are denoted by ?. Several
new classes are emerging and the governing physics is being widely debated: luminous red novae (electron
capture induced collapse of rapidly rotating O–Ne–Mg white dwarfs?), luminous supernovae (magnetars
or pair instability explosions?), .Ia explosions (helium detonations in ultra-compact white dwarf binaries),
Calcium-rich halo transients (helium deflagrations?).

(advanced LIGO, advanced VIRGO, LCGT, INDIGO) coming online. Detecting gravitational
waves from neutron star mergers every month is expected to become routine. A basic common-
ality between gravitational wave searches and the electromagnetic search described above is that
both are limited to the local Universe (say, < 200 Mpc). A known challenge will be the poor sky
localizations of the gravitational wave signal and consequent large false positive rate of electro-
magnetic candidates (Kulkarni & Kasliwal 2009). Therefore, prior to the ambitious search for an
electromagnetic counterpart to a gravitational wave signal, it would only be prudent to build this
complete inventory of transients in the local Universe.
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Figure 4. Framework of Cosmic Explosions in the Year 2011 (Kasliwal 2011). Note that until 2005 (Fig. 1),
we only knew about three classes (denoted by gray bands). In the past six years, systematic searches,
serendipitous discoveries and archival searches have uncovered a plethora of novel, rare transients. Discov-
eries by the Palomar Transient Factory and P60-FasTING (Kasliwal et al. 2011a) are denoted by ?. Several
new classes are emerging and the governing physics is being widely debated: luminous red novae (electron
capture induced collapse of rapidly rotating O–Ne–Mg white dwarfs?), luminous supernovae (magnetars
or pair instability explosions?), .Ia explosions (helium detonations in ultra-compact white dwarf binaries),
Calcium-rich halo transients (helium deflagrations?).

(advanced LIGO, advanced VIRGO, LCGT, INDIGO) coming online. Detecting gravitational
waves from neutron star mergers every month is expected to become routine. A basic common-
ality between gravitational wave searches and the electromagnetic search described above is that
both are limited to the local Universe (say, < 200 Mpc). A known challenge will be the poor sky
localizations of the gravitational wave signal and consequent large false positive rate of electro-
magnetic candidates (Kulkarni & Kasliwal 2009). Therefore, prior to the ambitious search for an
electromagnetic counterpart to a gravitational wave signal, it would only be prudent to build this
complete inventory of transients in the local Universe.
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Figure 4. Framework of Cosmic Explosions in the Year 2011 (Kasliwal 2011). Note that until 2005 (Fig. 1),
we only knew about three classes (denoted by gray bands). In the past six years, systematic searches,
serendipitous discoveries and archival searches have uncovered a plethora of novel, rare transients. Discov-
eries by the Palomar Transient Factory and P60-FasTING (Kasliwal et al. 2011a) are denoted by ?. Several
new classes are emerging and the governing physics is being widely debated: luminous red novae (electron
capture induced collapse of rapidly rotating O–Ne–Mg white dwarfs?), luminous supernovae (magnetars
or pair instability explosions?), .Ia explosions (helium detonations in ultra-compact white dwarf binaries),
Calcium-rich halo transients (helium deflagrations?).

(advanced LIGO, advanced VIRGO, LCGT, INDIGO) coming online. Detecting gravitational
waves from neutron star mergers every month is expected to become routine. A basic common-
ality between gravitational wave searches and the electromagnetic search described above is that
both are limited to the local Universe (say, < 200 Mpc). A known challenge will be the poor sky
localizations of the gravitational wave signal and consequent large false positive rate of electro-
magnetic candidates (Kulkarni & Kasliwal 2009). Therefore, prior to the ambitious search for an
electromagnetic counterpart to a gravitational wave signal, it would only be prudent to build this
complete inventory of transients in the local Universe.
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Figure 4. Framework of Cosmic Explosions in the Year 2011 (Kasliwal 2011). Note that until 2005 (Fig. 1),
we only knew about three classes (denoted by gray bands). In the past six years, systematic searches,
serendipitous discoveries and archival searches have uncovered a plethora of novel, rare transients. Discov-
eries by the Palomar Transient Factory and P60-FasTING (Kasliwal et al. 2011a) are denoted by ?. Several
new classes are emerging and the governing physics is being widely debated: luminous red novae (electron
capture induced collapse of rapidly rotating O–Ne–Mg white dwarfs?), luminous supernovae (magnetars
or pair instability explosions?), .Ia explosions (helium detonations in ultra-compact white dwarf binaries),
Calcium-rich halo transients (helium deflagrations?).

(advanced LIGO, advanced VIRGO, LCGT, INDIGO) coming online. Detecting gravitational
waves from neutron star mergers every month is expected to become routine. A basic common-
ality between gravitational wave searches and the electromagnetic search described above is that
both are limited to the local Universe (say, < 200 Mpc). A known challenge will be the poor sky
localizations of the gravitational wave signal and consequent large false positive rate of electro-
magnetic candidates (Kulkarni & Kasliwal 2009). Therefore, prior to the ambitious search for an
electromagnetic counterpart to a gravitational wave signal, it would only be prudent to build this
complete inventory of transients in the local Universe.
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localizations of the gravitational wave signal and consequent large false positive rate of electro-
magnetic candidates (Kulkarni & Kasliwal 2009). Therefore, prior to the ambitious search for an
electromagnetic counterpart to a gravitational wave signal, it would only be prudent to build this
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Figure 1. Time-luminosity phase space for known radio transients from Cordes (2009); a log–log plot of the
product of peak flux density S pk in Jy and the square of the distance D in kpc vs. the product of frequency
⌫ in GHz and pulse width W in s. The uncertainty limit on the left indicates that ⌫W > 1 as follows from
the uncertainty principle. Lines of constant brightness temperature Tb = S D2/2k(⌫W)2 are shown, where
k is Boltzmann’s constant. Points are shown for the nano-giant pulses detected from the Crab, giant pulses
detected from the Crab pulsar and a few millisecond pulsars, and single pulses from other pulsars. Points
are shown for Jovian and solar bursts, flares from stars, brown dwarfs, OH masers, and AGNs. The regions
labeled coherent and incoherent are separated by the canonical 1012 K limit from the inverse Compton
e↵ect that is relevant to incoherent synchrotron sources. The growing number of recent discoveries of
transients illustrates the fact that empty regions of the ⌫W�S pkD2 plane may be populated with sources not
yet discovered. The figure also includes hypothetical transient sources and detection curves; e.g. maximal
giantpulse emission from pulsars, prompt radio emission from GRBs, bursts from evaporating black holes,
and radar signals used to track potentially impacting asteroids and comets in exosystems. Long-dashed lines
indicate the detection threshold for the full SKA for sources at distances of 10 kpc and 3 Gpc. Dotted and
dot-dashed lines correspond to the current and future GMRT at 1.2 GHz (i.e. bandwidths of 32 MHz and
400 MHz, respectively). At a given ⌫W, a source must have luminosity above the line to be detectable. The
curves assume optimal detection (matched filtering).

FRB!

Bhat (2011)

Fast transients
(radio)



DWF 
 

 

 
 
Fig. 2. A dynamic spectrum showing the frequency-dependent delay of FRB 110220. 
Time is measured relative to the time of arrival in the highest frequency channel. For clarity 
we have integrated 30 time samples, corresponding to the dispersion smearing in the lowest 
frequency channel. (Inset) The top, middle, and bottom 25-MHz-wide dedispersed sub-
band used in the pulse-fitting analysis (2); the peaks of the pulses are aligned to time = 0.  
The data are shown as solid grey lines and the best-fit profiles by dashed black lines. 
  

Fast radio bursts

Thornton+ (2013)



DWF 

Occur at all wavelengths
Occur in one, multiple, or all wavelength regimes
Some emit at unknown wavelengths (e.g., theorized events)
Some include high-energy particles and gravitational waves
Some arrive BEFORE their detection in their discovery wavelength

(e.g., FRB counterparts)

Need to act fast to catch and identify them
Fast exposures needed to sample their evolution (= shallow)
Simultaneous all-wavelength coverage to get all possible

information for the fastest events before they fade
Need to process, analyse, and identify events fast to trigger 

follow up before the ‘slower’ fast transients fade
Need deep rapid-response spectroscopy and imaging

All this needs to be done in minutes (or faster) from the moment 
the light hits the telescopes

Fast transients

How would you design a program to do all this?



Deeper, Wider, Faster program



DWF 
What is needed

(1) Coordinated simultaneous detection, before, during, and after 

(2) Real-time data processing and identification

(3) Rapid-response and conventional ToOs

(4) Longer-term cadenced observations





ParkesDECam

Fields of view
Molonglo

Swift BAT



Supercomputer processing/analysis
DWF 



‘Lossy’ compression code 
Vohl+ (2017)







Real-time analysis – Mission Control room
DWF 

Movie







DWF 
What is needed

(1) Coordinated simultaneous detection, before, during, and after 

(2) Real-time data processing and identification

(3) Rapid-response and conventional ToOs

(4) Longer-term cadenced observations

(what we have per run)

Wide-field, deep m~22-24 (m~26 stacked), fast-cadenced observations, 
with ~10 of the world’s best telescopes. All wavelengths + particles + GWs



DWF 
Some simultaneous observing facilities



DWF 
What is needed

(1) Coordinated simultaneous detection, before, during, and after 

(2) Real-time data processing and identification

(3) Rapid-response and conventional ToOs

(4) Longer-term cadenced observations

Fast intercontinental data transfer, supercomputer processing (in seconds)
ML/software + human identification & confirmation (in minutes)

(what we have per run)

Wide-field, deep m~22-24 (m~26 stacked), fast-cadenced observations, 
with ~10 of the world’s best telescopes. All wavelengths + particles + GWs



DWF 
Fast transient identification



DWF 
Real-time analysis  - web tool



DWF 
What is needed

(1) Coordinated simultaneous detection, before, during, and after 

(2) Real-time data processing and identification

(3) Rapid-response and conventional ToOs

(4) Longer-term cadenced observations

Fast intercontinental data transfer, supercomputer processing (in seconds)
ML/software + human identification & confirmation (in minutes)

Deep rapid (in minutes) and ToO (hours later) spectroscopy and imaging 
with ~10 space-based, radio, and 1-10m ground-based OIR telescopes

(what we have per run)

Wide-field, deep m~22-24 (m~26 stacked), fast-cadenced observations, 
with ~10 of the world’s best telescopes. All wavelengths + particles + GWs



DWF 
Some rapid-response facilities



DWF 
Some ToO facilities



DWF 
What is needed

(1) Coordinated simultaneous detection, before, during, and after 

(2) Real-time data processing and identification

(3) Rapid-response and conventional ToOs

(4) Longer-term cadenced observations

Fast intercontinental data transfer, supercomputer processing (in seconds)
ML/software + human identification & confirmation (in minutes)

Deep rapid (in minutes) and ToO (hours later) spectroscopy and imaging 
with ~10 space-based, radio, and 1-10m ground-based OIR telescopes

Network of ~20 follow-up telescopes (1-4m class)
Important for confirmation, classification, host galaxies, etc., as some fast
transients are associated with longer duration events (e.g., SN SBOs)

(what we have per run)

Wide-field, deep m~22-24 (m~26 stacked), fast-cadenced observations, 
with ~10 of the world’s best telescopes. All wavelengths + particles + GWs



DWF 
Some late-time monitoring facilities



Identify bursts within 
minutes after the light 

hits the telescopes 

Data transfer 
(about a minute)

Blanco telescope

Triggerfollow up

Gemini-South
Visualisation room

Radio bursts

High-energy bursts

Data 
processed
in about a

minute



Example event
DWF 

Cooke+ in prep.



Fast transients

Movie



SNdwf16a)

SNdwf16c)

SNdwf16b)

SNdwf16d)

SNdwf16e) SNdwf16g)

Supernovae



Extragalactic novae

NCG 6744
10 Mpc

Day 1 Day 3Day 2

Day 4 Day 5



Some discoveries
DWF 

Andreoni+ (2020)



Some discoveries
DWF 

Cooke+ in prep.



Some discoveries
DWF 

Gravitational wave kilonovae research

Fast Radio Burst counterpart searches

DWF contributed 14 of 70 telescopes for GW170817 search/follow up
Field set in Australia just before the alert
Triggered and coordinated optical, infrared, radio observations
Early wide-field imaging, first optical spectrum, follow up 
(Australia, Antarctica, Chile, US, US Virgin Islands, South Africa)
12 publications on GW search and follow up 

DWF contributed FRB counterpart search/follow up since 2014
Early wide-field optical searches (DECam)
All DWF runs since 2014 
Host galaxy observations
Mapping of galaxies in the line-of-sight to FRB hosts
4 publications on FRB search and follow up (others in prep)



Some discoveries
DWF 

Webb+ (2021), Andreoni+ (2020)



Some discoveries
DWF 

Webb+ (2021)



September 2020 run
DWF 

COVID-19!
Coordinated simultaneous facilities – from our homes!
Parkes, Molonglo, KMTNet, Huntsman, Astrosat, HXMT, Swift

KMTNet Parkes

HuntsmanMolongloAstrosat

Insight-HXMT

Swift



DWF 
Fields of view

KMTNet (image), Parkes, Molonglo, Astrosat, Huntsman, HXMT (larger than slide)



DWF 
Discovery of two new FRBs!!

DM = 622 à z ~ 0.57

DM = 492 à z ~ 0.43

DM = 593 à z = 0.522



DWF 9

(a)

(b)

(c)

(d)

Figure 2. (a) Telescopes on during the time of FRB201914 (b) Telescopes on during the time of FRB201919 (c) Telescopes on
during the DWF run, which count as follow-up to FRB201914 (d) Telescopes on to do follow-up of FRB201914 and FRB201919
beyond the DWF run. MISSING: MeerLICHT 15th 2pm got scheduled to get U-band for SWIFT 5x60s in U-band1x60s in
I-band1x60s in Q-band. An interactive version of this figure is available at https://jielaizhang.github.io/DWF-O8 AsObserved
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Figure 2. (a) Telescopes on during the time of FRB201914 (b) Telescopes on during the time of FRB201919 (c) Telescopes on
during the DWF run, which count as follow-up to FRB201914 (d) Telescopes on to do follow-up of FRB201914 and FRB201919
beyond the DWF run. MISSING: MeerLICHT 15th 2pm got scheduled to get U-band for SWIFT 5x60s in U-band1x60s in
I-band1x60s in Q-band. An interactive version of this figure is available at https://jielaizhang.github.io/DWF-O8 AsObserved

Zhang+ in prep.

FRB200919

FRB200914

FRB multi-wavelength coverage
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(a)

(b)

(c)

Figure 5. KMTNet light curves for three transient candidates detected on 2020-09-14 in the error region of FRB290914.
The top of each panel shows a normalised flux light curve, while the bottom of each panel shows the light curve in Johnsons
V magnitude. On each light curve, the yellow dotted vertical line indicates the time of FRB200914, the purple vertical line
indicates exposures where a detection was made in the subtraction and science images at this RA and DEC, but no detection
was made in the inverted subtraction image, indicating the detection wasn’t of a bad subtraction. The median and average
values of the light curve is indicated by horizontal black dotted and yellow lines respectively. Any peaks above 3 standard
deviations of the median are marked with a vertical green dotted line. (a) Light curve for candidate 67 (b) Light curve for
candidate 341 (c) Light curve for candidate 63.

gauno 1: FRB 2020-09-17 13:06:54 200 00036608007
gauno 2: FRB 2020-09-19 14:06:33 200 00095702009
Rapid-response Swift BAT data acquisition was avail-

able through the GUANO system (cite: XXX). XXX
Add info here on when GUANO triggered. (Emails, ask
Je↵ for them for exact times) results non-detections, out
of bats FOV or earth in way.

4. DISCUSSION

Point to make: Weather and technical issues = more
than 1 scope at each wavelength is highly desired. Mul-
tiple scopes can confirm each other’s detections at each
wavelength, and also in radio, help with localisation.

Points to make: FRB progenitor theories What we
can rule out theory wise.

5. CONCLUSION

Include for future work/ another paper: see there is
a galaxy cluster at z 0.5 (same distance as the localised
repeating FRB) with DM 400 as well.

ACKNOWLEDGMENTS
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(a)

(b)

Figure 3. (a) Upper Limits over time (b) Many telescopes were simultaneously observing at the time of FRB200919, this plot
provides the upper limits at the time of burst.

Zhang+ in prep.

FRB200914

FRB200919
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beyond the DWF run. MISSING: MeerLICHT 15th 2pm got scheduled to get U-band for SWIFT 5x60s in U-band1x60s in
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Zhang+ in prep.

No repeat observed
FRB200919 follow up

Coordinated follow-up facilities – again, from our homes!
MeerKAT, ATCA, Molonglo, MeerLICHT, LSGT, MASTER,
Huntsman, KMTNet, HESS



DWF 
AT2019lbm – MASTER detection, July 13, 2019



September 2020 run
DWF 

AAT AAOmega spectroscopy – PI Zhang



September 2020 run
DWF 

AAT AAOmega spectroscopy – PI Zhang
z = 0.0785 corresponds to M ~ –20.8, peak(?) Superluminous supernova!



DWF 
CTIO DECam imaging – PI Lee, z ~ 0.5 galaxy cluster?



DWF 
AAT AAOmega spectroscopy – PI Lee, z ~ 0.5 galaxy cluster?



The future
DWF 

DWF – our best chance to uncover the nature of FRBs
and characterise the fast transient sky (e.g., for Rubin)

DWF has NOAO long-term status
CTIO DECam for next few runs (next run March 2022)
Parkes multi-beam retired – currently UWL, soon PAF
ASKAP CRAFT and MeerKAT will continue to participate

Future September runs? 
Advantages and science of FRB190711 field

Redshift z ~ 0.5 cluster? Using colours for AAT spectra
Three FRBs to monitor for repeat bursts, new FRBs
Long visibility (DEC ~ -80), South Pole Telescope

Or second-half nights, South Africa first half nights
PRIME, HESS, SALT, 1-2m follow-up, HXMT, Astrosat

Disadvantage, z ~ 0.5 makes any counterpart faint


