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Gravitational waves

Neutron star / black hole binaries 
produce Gravitational Waves when 

they merge

Interferometers can detect and 
localise these GWs on the sky



GW170817
We got lucky! 40 Mpc, and well 
localised (~30 sq deg)!

(also see many papers eg. Arcavi  et al. 2017, 
Coulter et al. 2017, Lipunov et al. 2017,Soares-
Santos et al. 2017, Tanvir et al. 2017, Valenti et al. 
2017, Kahn et al. 2017, Haggard et al. 2017, 
Hallinan  et al. 2017, Kasliwal et al. 2017, Margutti 
et al. 2017, Troja et al. 2017…

Watson+ 2020

Sm
ar

tt+
 2

01
7 



Goals of ENGRAVE
Heavy element 
budget of the 
universe!

Contribution of 
different KN 
components (disk 
wind, ejecta)

Identify individual 
elements!

Determine geometry of 
explosion. Jet 
structure?

Study matter at nuclear 
densities - NS EoS

Measure H0

Astrophysical 
pathways to mergers 
(environment, age etc)



GW190814
GW190814 was found by all three 
detectors. Very low FAR, and 
correspondingly small localisation. Also 
relatively nearby (~260 Mpc)


Initially 100% probability of “Mass Gap”

(Either M1 or M2 in the range 3-5 Msun)


Revised to >99% probability NSBH 
(M1 > 5 Msun, M2 < 3 Msun)



Refined localisation
First report

+11.6 hr

No major systematic shift between first and last maps!



Response

• 21:10 UT, LIGO/VIRGO detects GW190814


• 21:32 UT, Alert received via SMS


• Channel created on Slack within a minute or two of alert, 
6 active contributors to Slack discussion within first 10 
mins.


• Galaxy lists from HOGWARTS within 8 mins of alert.


• Observations start as soon as possible…



Wide-field followup

GOTO PanSTARRSATLAS
mag~18mag~? mag~20.5-22



(Deeper) wide-field 
followup

At 267 Mpc, a limiting mag of ~21 is an absolute mag limit -16.


In this case, shallower (ATLAS/GOTO) data not constraining. 
VST and PanSTARRS ideal 



Combined targeted limits
73 transients found!

Majority conclusively ruled out 
(some where we have insufficient 

data to do so)

AGN variability, stellar flares, 
supernovae…

Non-detections can still give useful 
information…

Ackley et al. 2020, A&A, 643, 113



GW190814

Abbott et al. (2020) 
ApJ, 896, 44

Paper by LIGO/Virgo collaboration on GW190814 last year - likely a BH-
BH merger (although possibly could be BH-NS depending on EoS)…



Take-away points
• We were lucky with GW170817!


• Need a large collaboration, lots of 
telescope time (across many sites), and 
a broad spread of expertise.


• At 250 Mpc we are swamped by 
contaminants!


• Shallow observations don’t help for 
distant events - need to reach mag~21 
at least.


• Localisation is key… (high energy helps)


• We were very lucky with GW170817!

Man Leong et al. (2018) PhRvD, 97, 123014

NS-NS mergers with CE+ET

NS-NS mergers with ET



GW counterparts 
without a GW

• While we wait for O4, we can try 
and find a KN from optical survey 
data alone.


• Should be <200 Mpc, faint, fast rise 
and fast decline…


• So far, all have turned out to be 
cooling tail from shock breakout in 
SN, other contaminants!


