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Table 1. Detection rates (per year) in three di↵erent network
configurations. Three columns correspond to all the detections,
detections with ◆  20� and ◆ > 20�. The rows corresponding to Un-

triggered BNS are the independent BNS detections, Total corre-
sponds to Untriggered plus the SGRB-triggered detections while
the joint BNS-SGRB corresponds to those cases in which both
are simultaneously detected irrespective of whether triggered or
untriggered.

Case Any ◆ ◆  20� ◆ > 20�

LHV

Untriggered BNS 5.7+13.7
�4.8 1.1+2.6

�0.9 4.6+11.1
�3.9

Total BNS 6.5+15.9
�5.6 1.7+4.1

�1.5 4.8+11.8
�4.1

Joint BNS-SGRB 2.2+5.5
�1.9 1.3+3.2

�1.1 0.9+2.3
�0.8

LHVK

Untriggered BNS 23.5+57.3
�20.1 4.3+10.5

�3.7 19.2+46.7
�16.4

Total BNS 26.7+64.8
�22.8 6.8+16.4

�5.8 19.9+48.4
�17.0

Joint BNS-SGRB 8.1+19.6
�6.9 5.1+12.3

�4.3 3.0+7.3
�2.6

LHVKI

Untriggered BNS 164.8+400.6
�140.7 31.0+75.4

�26.5 133.8+325.3
�114.2

Total BNS 178.4+433.4
�152.2 44.1+107.1

�37.6 134.3+326.3
�114.6

Joint BNS-SGRB 34.6+84.3
�29.6 30.3+73.7

�25.9 4.3+10.6
�3.7

year) for untriggered BNS, total BNS and the joint BNS-
SGRB detections in all three network configurations. Di↵er-
ent columns correspond to the overall rates, rates for ◆  20�

and the rates for ◆ > 20� respectively.
We make the following observations from Table 1:

• The fraction of total BNS detections which are joint
BNS-SGRB detections is 34% in LHV configuration, 30%
in LHVKI, and 19% in LHVKI. The decrease in joint detec-
tion fraction at higher GW sensitivity is due to the several
BNS detections at large inclinations for which the SGRB
counterpart is undetected.
• Due to the SGRB-triggered BNS detections, the overall

BNS rate increases by 29% (LHV ), 26% (LHVKI ) and 8%
(LHVKI ). This shows that the contribution from triggered
detections becomes less relevant as the sensitivity of the GW
network increases. Also, their relevance gets restricted to
the low inclination angle cases, with the improvement being
above 40% for ◆  20� cases and only below 5% for ◆ > 20�

cases. This is a direct consequence of the previous point
that most BNS with ◆ > 20� have their SGRB counterparts
undetected.
• The number of joint detections with ◆  20� is several

times larger than the number of joint detections with ◆ > 20�.
For the LHV, LHVK and the LHVKI configurations consid-
ered in this paper, the ratio of number of events with ◆  20�

to those with ◆ > 20� are 10:7, 10:6 and 7:1 respectively.
• For ◆  20�, the joint detection rates are very close to

the total BNS detection rates, for all the three networks.
The small di↵erences found in the table are due to the lim-
ited sky coverage of Fermi GBM, rather than sensitivity. For
a 100% sky-coverage instrument, the joint detection rates
will be very close to the total BNS detection rates when
◆ < 20�. In other words, in the era of the second-generation
GW detectors, most of the BNS detections with ◆ < 20� are

SGRB-detectable too, unless restricted by instrument’s sky
coverage.
• The joint BNS-SGRB detection rate for the LHV con-

figuration is 2.2+5.5
�1.9 per year. It is worth noting that this is

broadly consistent with the local short GRB rates obtained
in Mandhai et al. (2018) where the upper limit to the all-
sky detection rate of local short GRBs (estimated from Swift
observations) is < 4 per year from within DL < 200 Mpc.

4 CONCLUSION AND OUTLOOK

In this work, we have discussed the prospects of multi-
messenger detections of BNS mergers, assuming all BNS
mergers produce relativistic structured jets with Gaussian
profiles as inferred for GRB170817A. We demonstrated the
expected distributions of inclination angles for BNS detec-
tions in the untriggered, triggered and joint detection sce-
narios and forecasted the distance reach and detection rates
of BNS detections for the sensitivities at the current and
upcoming upgrades of LIGO-Virgo-KAGRA detectors. We
find that the narrowly collimated and highly relativistic na-
ture of the SGRB jets leads to strong correlation between
the detectability of the SGRB counterpart and the binary
inclination angle and as a result, the chances of joint detec-
tion diminish greatly at higher inclination angles. We have
demonstrated these e↵ects through the distance reach and
detection rates showing them as a function of inclination
angle.

The present analysis has considered Fermi GBM as the
only �-ray detection facility alongside the multi-detector net-
work of detectors for GW detections. As mentioned before,
Fermi GBM has ⇠ 60% duty cycle (the time-averaged sky
coverage) and limited sky localisation ability which is of the
order of several square degrees. Our results, in strict sense,
are sensitive to these specific features and subject to vary
if we consider other �-ray instruments to be simultaneously
operational, though the broader conclusions of the paper
will remain the same. For example, INTEGRAL/SPI-ACS
has an e↵ective duty cycle of 85% (Savchenko et al. 2017a)
which if operated simultaneously with Fermi GBM, will re-
sult in a combined duty cycle of ⇠94% which in turn will
increase the chances of triggered detections and joint detec-
tion. With the inclusion of Swift BAT which has only 11%
duty cycle, the combined duty cycle further increases to at
most ⇠ 95% while Fermi and Swift alone provide a combined
duty cycle3 of ⇠64%

On the other hand, Swift has a much better ability for
sky localization (order of arcmin) compared to Fermi which
will enable follow-up observations in other EM bands such
as kilonovae and/or afterglows which will perhaps lead to
avail the redshift information either from an optical coun-
terpart or via the identification of host galaxies. The redshift
information will significantly improve the source character-
ization of BNS merger and will also have implications for
fundamental physics such as probing GW polarization, Hub-
ble constant measurements etc. As far as the results of this

3 If D1, D2, ..DN are the duty cycles normalized to unity, of N
instruments in operation, then the combined duty cycle, which
can be interpreted as the probability that at least one of them is
observing a given event, is obtained as Dcombined = 1 �QN

i=1(1 � Di)
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