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LIGO/Virgo has completed 3 observing runs

Detections per run

e O1: GW discovery (GW150914) + 2 more Binary black hole
(BBH) mergers

e 02: 10 BBH + 1 Binary Neutron Star (BNS) mergers
e 03: 56 public alerts; cumulative 90 total GWTC-3 1
e O4: ~ 1 detection per day

lhttps ://www.gu-openscience.org/GWTC-3/
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LIGO/Virgo has completed 3 observing runs

Detections per run

e O1: GW discovery (GW150914) + 2 more Binary black hole
(BBH) mergers

e 02: 10 BBH + 1 Binary Neutron Star (BNS) mergers
e 03: 56 public alerts; cumulative 90 total GWTC-3 1
e O4: ~ 1 detection per day

GW discoveries are now routine.

lhttps ://www.gu-openscience.org/GWTC-3/
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Sole EMGW success:
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(Goldstein et al.,
2017; Abbott et al.,
2017)
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(Abbott et al., 2017)

Yet to arrive at routine EMGW era.
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Alert timeline

What happens after a GW discovery?

Time since gravitational-wave signal

Automated Vetting || 1st Preliminary
Classification || Alert Sent

Rapid Sky Localization [

Cluster additional events .
Re-annotate []]

2nd Preliminary
Alert Sent

Parameter Estmation [N
Human Vetting (]

Classification |

Initial Alert or
Retraction Sent

Parameter Estimation [N

Classification |

Update
Alert Sent

10 second 1 minute

1 hour

1 day 1 week

® 30 public alerts sent; 56 non-retracted
® Latency ~ 5 mins in O3; in 04 ~ 30 sec.

https://emfollow.docs.ligo.org/userguide/
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Which Mergers To Follow-up?

Those having at least a neutron star
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Which Mergers To Follow-up?

Data Products

Source Properties 2
® HasNS:
Is my < MGE* ?
® HasRemnant:
Is there any remnant matter ?

Needed in realtime
® Kilonova fades ~ 1 day.

® GW bayesian parameter estimation ~ hours — days.

2
https://emfollow.docs.ligo.org/userguide/analysis/inference.html#properties
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Mitigating Detection Uncertainty

Fisher ambiguity ellipsoid used previously

(m1m2)3/5
me _—
(m1 + m2)1/5
. mimy
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X1 = —
m

Statistical uncertainties v/
Systematic uncertainties X

2
Fig. credits: Shaon Ghosh.
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Rethink as Binary classification

Train using fake signals °

® Binary label from fake signals. B .mzz.m

.. @
® Training on recovered @

parameters. my
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® New trigger x 7 Predict
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Predictions

Performance on recent MDC

References

MDC4
ROC_curve for hasNS ROC_curve for hasEMB
1.000 1.000
0.975 0.975
0,950 0.950
Threshold Threshold
o 0925 ® 0l 4 o 0925 ® 01
= a 05 | F s+ 05
0.900 5 0 0.900 2 08
0.875 0.875
— RF — RF
0.850 € 0.850 &
— KNN — KNN
0,000 0.025 0.050 0.075 0100 0.125 0.150 0.175 0.200 0,000 0.025 0.050 0.075 0.100 0.125 0.150 0.175 0.200

FPR FPR



Binary classification
000800

Conclusion

Decision trees, random forest, nearest-neighbor classification
work well for this problem.

In this case captures systematics across GW modeled search
pipelines.
We marginalize over the NS equation of state uncertaintly

Easy to train several classifiers per equation of state, reweight
results based on previous work on model selection.



Preliminary HasRemnant
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’ Superevent ‘ HasNS ‘ HasRemnant | HasNS* | HasRemnant*
$1904252 1.00 1.00 1.00 1.00
$200105ae 1.00 0.12 0.98 0.00
$200115i 1.00 0.09 1.00 1.00

Starred values from bayesian parameter est. reported in Update Notices.
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Extra Slides

’ Superevent ‘ HasNS ‘ HasRemnant ‘ HasNS* | HasRemnant*

5200213t 1.00 1.00 1.00 1.00
$200115j 1.00 0.09 1.00 1.00
$200105ae 1.00 0.12 0.98 0.00
$191213g 1.00 1.00 1.00 1.00
$190910h 1.00 1.00 1.00 1.00
$190901ap 1.00 1.00 1.00 1.00
5190718y 1.00 1.00 - -

$190510g 1.00 1.00 1.00 1.00
$190426¢ 1.00 1.00 1.00 1.00
5100425z 3 1.00 1.00 1.00 1.00

Starred values reported in Update Notices

3Confirmed BNS event (Abbott et al., 2020)
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