New approach to observational astronomy
to solve the nature of FRBs
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What are FRBs?
Need to detect them

Need to localise them
Then what?

Follow up  Nothing so far, must be fast or faint
Host galaxy”?

Doesn’t give us the nature of the event
EM emission”? \Wavelength? Particles? GW?
Coherent flux?

Need to be on source before the radio



What is needed

Simultaneous detection efforts -
All wavelengths, high energy particles, GWs
Deep, wide-field, fast-cadence

Real-time data processing and analysis
Seconds to minutes identification
Software and human confirmation

Rapid—-response triggered observations
Deep, multi-wavelength imaging and spectroscopy

Follow—up cadenced observations
Important for confirmation and classification



What we have

Multi-wavelength, multi-messenger detection
All wavelengths

High energy particles
Gravitational waves

Deep simultaneous observations
The world’s largest, most sensitive telescopes
$100,000 per night, 10:1 oversubscription, etc.

Wide field of view instruments
The largest and best in the world

Fast-cadenced observations
Millisecond to seconds observations



Deeper, Wider, Faster program




DWF

(1) Simultaneous coverage

All wavelengths and messengers
Worldwide coordination

Multiple radio facilities to detect FRBs
Multiple frequencies to get spectral index, info

Dense imaging coverage
Characterising their evolution

Cross—matching of all wavelengths
Learn what they are
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What DWF is

We are a full detection program and follow up

LIGO-Hanford, LIGO-Livingston, Virgo, GEOG60QO,

MWA, Molonglo, ASKAP, ATCA, Parkes, VLA, MeerKAT,

GROND, REM, Gattini

Keck, SALT, HET, Subaru, VLT, Gemini, Palomar, CTIO,
AAT, Lick, ANU 2.3m, Lijiang, Xinglong, ASV,
SkyMapper, LCOGT, Kiso, CNEOST, TNTS, MLO,
/adko, AST3-2, VIRT, La Hita, Huntsman, Panetix

Swift, HXMT

Pierre Auger, HAWC



What DWF has

(2) Real time data processing and analysis

Events are fast
Need to identify them before they fade

Swinburne supercomputer
Smart people to code

Candidate analysis
Software and human inspection

Fast analysis
Hundreds of candidates in minutes, continuously
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Real-time analysis - Dec 2015, Jul/Aug 2016




Real-time analysis - Feb 2017




Real-time analysis - Feb 2017




Real-time analysis




Fast transient

ID = dwf16 9497




Extragalactic novae

NCG 6744
10 Mpc




What DWF has

(3) Rapid-response triggers (minutes)

Events are fast
Can acquire them quickly before they fade

Events are faint
We have the largest telescopes in the world

The Earth is round and turns
Telescopes are all over the world (and in space)

Coordination and collaboration
All types of facilities, institutions, collaborators



Some of the DWF facilities
| |



What DWF has

(4) Conventional and longer—term follow up

Some FRB models predict association with
slower—evolving events

Confirm transient nature
Variable, repeat”

The Earth is round and turns
We have a network of telescopes all over the
world (and in space)

Coordination and collaboration
All types of facllities, institutions, collaborators



Most recent DWF run

Last night end of 4 night run



DWF “war room” control room at Swinburne for 2018 onwards






Objects found during the latest DWF run

Shown is the ~1.8 deg? field of view of
the Subaru Hyper SuprimeCam imager

Detections down to mag ~ 25 in 30 seconds



Zoom in of a region - objects forming lines
are asteroids



DWF summary

The fast time domain is essentially unexplored territory

Multi-facility, multi-wavelength global collaborative effort is the only
means to capture and study FRBs and understand their nature

DWEF is the first program to achieve this aim
- Simultaneous, fast—-cadenced multi-wavelength detection facility
- Real-time reduction, analysis, and candidate identification

- Rapid-response triggered spectroscopy and imaging
- Long-term monitoring to classify associated slower events, etc.

DWEF can resolve the nature of FRBs in a “single shot’
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