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Figure 2. The 90% inclusion distance of BNS and BNS-SGRB
joint detections as a function of inclination angle. 90% inclusion
distance is the luminosity distance which includes 90% of the de-
tections for a source population which is uniformly distributed in
comoving volume. The solid curves correspond to the BNS merger
detections by GW detector networks while the dashed curves cor-
respond to the joint (simultaneous) detections of BNS and SGRB.
The three colors show the three di↵erent network configurations
LHV, LHVK, and LHVKI with respective sensitivities. SGRB
counterparts are assumed to have Gaussian structured jets pro-
ducing prompt ��ray emissions whose detectability were assessed
for Fermi GBM detection limits.

tance. Note that the 90% inclusion distance is di↵erent from
the horizon distance which is the distance to the farthest de-
tectable source by a given network.

The results are shown in figure 2 where the solid blue
curves correspond to the BNS merger detections by GW
detector networks alone (untriggered BNS detections) while
the dashed curves correspond to the joint (simultaneous) de-
tections of BNS and SGRB. We observe the following points
in figure 2.

(i) The untriggered BNS distance reaches (solid curves)
are continuous curves with a decreasing trend as a function
of the inclination. This trend is clearly due to the fact that
the GW signal amplitudes of the plus and cross polarisa-
tions scale down with inclination as (1 + cos2 ◆)/2 and cos ◆
respectively (Schutz 2011).

(ii) The joint detection distance reaches (dashed curves)
have discontinuities roughly around ◆ = 20� for all three net-
work configurations. The first part of the curve (left to the
discontinuity) follows the BNS reach as the SGRB detections
at this range of inclinations are possible even from > 1Gpc.
The second part of the curve (the sharp declining part to the
right of the discontinuity) follows the SGRB distance reach
which in turn is due to the combined e↵ect of the assumed
jet properties (structure as well as the specific properties

such as E�, ✓c etc. ) and the Fermi GBM threshold. These
dashed curves can be seen to be joining together which is
due to the common Fermi GBM sensitivity assumed in this
study alongside all the three GW network configurations.

(iii) On the left part of the discontinuity, the reaches of
joint detections (dashed curves) are deeper than the cor-
responding reaches of untriggered BNS detections (solid
curves). This is due to the respective choices of SNR thresh-
olds while this is not reflected on the right to the discontinu-
ity as there the horizon is set solely by the �-ray detectabil-
ity.

(iv) Apart from the untriggered and joint-detection dis-
tance reaches, we have the distance reaches for the overall
(total) BNS detections (equivalent to the dotted curves in
figure 1). These are not explicitly shown in figure 2 as they
will simply follow the dominant trend on either side of the
intersect for each detector combination.

3 DETECTION RATES AND OTHER
IMPLICATIONS

In this section, we compute the detection rates of BNS events
as well as BNS-SGRB coincident events for various network
configurations. Motivated by the discontinuity features ob-
served in Figures 1 and 2, we compute detection rates for
the arbitrary ranges ◆  20� and ◆ > 20�. To compute the
rates using our simulated population, we follow the method
described below.

The BNS detection rates are obtained as the product
of the intrinsic BNS merger rate density Rmerger and the co-
moving detection volume hVidet,

rdet = Rmerger ⇥ hVidet , (2)

where Rmerger represents the non-evolving BNS merger rate
density (in units of Gpc�3yr�1). In this work, we use the
merger rate density Rmerger = 662+1609

�565 estimated from O1/O2
observations by the GstLAL search pipeline (Abbott et al.
2018a), hVidet is the detection volume of the detector net-
work ie, the volume (in Gpc3) which our detector network is
sensitive to for BNS mergers. hVidet depends on the network
configuration as well as their sensitivity and the properties
of the population which is assumed (for example, the mass
distribution which in this study is assumed to be uniform in
1 � 2M� for component masses while there are other models
used in literature (Abbott et al. 2018a)). Given our simu-
lated population, hVidet can be estimated as

hVidet =

 
Ndet

Nmax

!
⇥ Vmax. (3)

where Ndet is the number of detected sources out of the
total Nmax sources which are distributed in a volume Vmax.
Note that the detection volume hVidet is an approximation
to the hVT idet used in the LIGO-Virgo rate calculation (Ab-
bott et al. 2018a,b). Since we assume the sensitivity of our
network configurations to be static over a year, hVidet can
well be treated as a time-averaged version of hVT idet. In ob-
taining the detection rates, we have assumed a 50% duty
cycle for each of the GW detectors and a 60% sky coverage
(time-averaged) for Fermi GBM telescope following Burns
et al. (2016).

In Table-1, we have shown the detection rates (per
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