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Coherent Radio Emission

•Coherent radio emission predictions:

• Prompt (FRB-like)

• Persistent (dipole radiation)

•Merger products (magnetar?) - EoS of nuclear matter

a) B field interactions

b) GRB jet-ISM interactions

c) Remnant dipole radiation

d) Collapse to BH

Rowlinson & Anderson 2019
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(a) Neutron star interaction

The fluence of coherent radio emission predicted 
to be produced 3ms prior to the binary NS merger

Viewing geometry:

• alpha: the magnetic inclination of the primary 
NS

• theta_obs: the binary inclination angle (here the 
angle between our line of sight and the rotation 
axis of the primary NS)

MWA sensitivity:

• 100 Jy ms: full array with coherent beamforming
• 1000 Jy ms: single dipole with coherent

beamforming
• 10000 Jy ms: single dipole with incoherent 

beamforming

Cooper et al. submitted
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(b) Jet and interstellar medium interaction

The fluence of prompt radio emission 
produced by the relativistic jet launched by the 
merger

Viewing geometry:

• Jet structure: Gaussian profile with an 
angular scale of 16deg

• theta_obs: the binary inclination angle 
(here the angle between our line of sight 
and the jet)
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(c) Pulsar emission

The flux density of the persistent 
emission from the magnetar remnant

Viewing geometry:

• Magnetic inclination: 30deg

• Beaming fraction: the radiation 
beam of the pulsar emission with 
‘1’ meaning isotropic emission

• Assumption: our line of sight cuts
through the radiation beam

Sensitivity: 0.027 Jy for a 30min MWA 
observation

Note: the sensitivity is more than 
enough as long as we are inside the 
pulsar beam
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(d) Magnetar collapse

The fluence of prompt radio emission 

from the magnetar remnant collapse 

(expected to occur within ~minutes to 

~hours of the merger).

Viewing geometry: same as in model (c)

Sensitivity: 100 Jy ms (full array with 

coherent beamforming)

Note: we may expect a good localization 

of the GW at this stage so can point the 

full array to the GW error region.
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Monte Carlo simulation of GW detections

Essential properties of each GW source:

• Distance

• Binary inclination angle

• Intrinsic radio emission

Note: the apparent radio emission varies with distance and binary inclination angle

RA

Dec
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(a) Neutron star interaction 

Distribution of GWs having 

detectable radio emission with the 

binary inclination angle (assuming a 

magnetic inclination of 30deg of the 

primary NS):

• detectable GW events: the whole 

sample of simulated GW 

detections

• Fluence > 100 Jy ms: the sub-

sample of GWs with apparent 

radio fluence over 100 Jy ms
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(b) Jet and interstellar medium interaction
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(c) Pulsar emission

Here the MWA sensitivity is sufficient 

for the model emission, so the key to 

detection is the beaming fraction. 

Ideally, an isotropic emission (beaming 

fraction=1) means 100% chance of 

detection.
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(d) Magnetar collapse

Again, here we are concerned about the 

beaming fraction.
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Summary

Requirements for detecting the four model emissions:

a) Neutron star interaction: a sensitivity of ~1000 Jy ms is needed

b) Jet and interstellar medium interaction: a sensitivity of ~1000 Jy ms is 

needed

c) Pulsar emission: depending on the beaming fraction of the pulsar 

emission, our chance of detection ranges between 43% and 100%

d) Magnetar collapse: depending on the beaming fraction, our chance of

detection ranges between 7% and 51%


