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Strain sensitivity for LIGO and Virgo 
Values are projected and representative, but not official 

Actual strain sensitivity may be different in O3

BNS ranges quoted for a 1.4+1.4 
M☉ face-on system at SNR 8 in a 
single instrument, averaged over 

binary orientations and sky location 

for O3… 
Expected LIGO BNS range: 120 Mpc 
Expected Virgo BNS range: 65 Mpc 

GW170817 is at 1/3 (LIGO) of the 
sky/orientation averaged range for O3
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Moving pieces 

VT is dependent on instrument duty 
cycle and SNR threshold 

alerts could have smaller SNRs than 
“gold plated” events 

all binary physics is not encoded in 
searches: assumed SNR loss is 

small

Calculating event rates and significance 
Model comparison of noise background and signal distributions of ranking statistic

Expected number of counts calibrated 
to surveyed space-time volume <VT> 

→ R ~ N/<VT>
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Basic Pop. Modeling: Assume 
p(m1) ∝ m1-α and fit observations 

to model

BBH rate distributions 
at end of O1

primary BH 
mass distribution 
after GW170104

After GW170104 (NBBH=3.9) 
Uniform in log mass: 12 - 65 Gpc-3yr-1 

Power law (α=-2.35) only: 40 - 213 Gpc-3yr-1 

Unified interval: 12 - 213 Gpc-3yr-1
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Towards Pop. Distributions: 
Constraints on the primary mass 

distribution from current 
observations (assumes power law 

from previous slide)
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After GW170104 (NBBH=3.9) 
Uniform in log mass: 12 - 65 Gpc-3yr-1 

Power law (α=-2.35) only: 40 - 213 Gpc-3yr-1 

Unified interval: 12 - 213 Gpc-3yr-1

BBH rate distributions 
at end of O1

primary BH 
mass distribution 
after GW170104
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BNS/NSBH rate distributions 
at end of O1
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TABLE IV: Compact binary coalescence rates per Mpc3 per Myr.a

Source Rlow Rre Rhigh Rmax

NS-NS (Mpc−3 Myr−1) 0.01 [1] 1 [1] 10 [1] 50 [16]
NS-BH (Mpc−3 Myr−1) 6× 10−4 [18] 0.03 [18] 1 [18]
BH-BH (Mpc−3 Myr−1) 1× 10−4 [14] 0.005 [14] 0.3 [14]

aSee footnotes in Table II for details on the sources of the values in this Table

TABLE V: Detection rates for compact binary coalescence sources.

IFO Sourcea Ṅlow Ṅre Ṅhigh Ṅmax

yr−1 yr−1 yr−1 yr−1

NS-NS 2× 10−4 0.02 0.2 0.6
NS-BH 7× 10−5 0.004 0.1

Initial BH-BH 2× 10−4 0.007 0.5
IMRI into IMBH < 0.001b 0.01c

IMBH-IMBH 10−4d 10−3e

NS-NS 0.4 40 400 1000
NS-BH 0.2 10 300

Advanced BH-BH 0.4 20 1000
IMRI into IMBH 10b 300c

IMBH-IMBH 0.1d 1e

aTo convert the rates per MWEG in Table II into detection rates, optimal horizon distances of 33 Mpc / 445 Mpc are assumed for NS-NS
inspirals in the Initial / Advanced LIGO-Virgo networks. For NS-BH inspirals, horizon distances of 70 Mpc / 927 Mpc are assumed. For
BH-BH inspirals, horizon distances of 161 Mpc / 2187 Mpc are assumed. These distances correspond to a choice of 1.4 M⊙ for NS mass
and 10 M⊙ for BH mass. Rates for IMRIs into IMBHs and IMBH-IMBH coalescences are quoted directly from the relevant papers without
conversion. See Section III for more details.
bRate taken from the estimate of BH-IMBH IMRI rates quoted in [19] for the scenario of BH-IMBH binary hardening via 3-body

interactions; the fraction of globular clusters containing suitable IMBHs is taken to be 10%, and no interferometer optimizations are
assumed.
cRate taken from the optimistic upper limit rate quoted in [19] with the assumption that all globular clusters contain suitable IMBHs;

for the Advanced network rate, the interferometer is assumed to be optimized for IMRI detections.
dRate taken from the estimate of IMBH-IMBH ringdown rates quoted in [20] assuming 10% of all young star clusters have sufficient

mass, a sufficiently high binary fraction, and a short enough core collapse time to form a pair of IMBHs.
eRate taken from the estimate of IMBH-IMBH ringdown rates quoted in [20] assuming all young star clusters have sufficient mass, a

sufficiently high binary fraction, and a short enough core collapse time to form a pair of IMBHs.

III. CONVERSION FROM MERGER RATES TO DETECTION RATES

Although some publications quote detection rates for Initial and Advanced LIGO-Virgo networks directly, the
conversion from coalescence rates per galaxy to detection rates is not consistent across all publications. Therefore,
we choose to re-compute the detection rates as follows.4

The actual detection threshold for a network of interferometers will depend on a number of factors, including the
network configuration (the relative locations, orientations, and noise power spectral densities of the detectors), the
characteristics of the detector noise (its Gaussianity and stationarity), and the search strategy used (coincident vs.
coherent search) (see, e.g., [24]). A full treatment of these effects is beyond the scope of this paper. Instead, we
estimate event rates detectable by the LIGO-Virgo network by scaling to an average volume within which a single
detector is sensitive to CBCs above a fiducial signal-to-noise ratio (SNR) threshold of 8. This is a conservative choice
if the detector noise is Gaussian and stationary and if there are two or more detectors operating in coincidence.5

4 Rates of IMRIs into IMBHs and IMBH-IMBH coalescences are an exception: because of the many assumptions involved in converting
rates per globular cluster into LIGO-Virgo detection rates, we quote detection rates for these sources directly as they appear in the
relevant publications.

5 The real detection range of the network is a function of the data quality and the detection pipeline, and can only be obtained empirically.
However, we can argue that our choice is not unreasonable as follows. We compute below that the NS-NS horizon distance for the
Initial-era interferometers is Dhorizon = 33 Mpc. According to Eq. (5), this corresponds to an accessible volume of ∼ 150 MWEGs or
∼ 250 L10. Meanwhile, the 90%-confidence upper limit on NS-NS rates from a year and a half of data (including approximately half
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press)
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Relativity (in 

press)

post-GW170817: 
RBNS ~ 3.2 x 10-7 — 4 x 10-6 Mpc-3yr-1

Phys. Rev. 
Lett. 119, 16110



Binary Black Hole Rates 
(post-GW170104)

This rate distribution… 
RBBH ~ 1.2 x 10-8 — 2.1 x 10-6 Mpc-3yr-1
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Assumptions: 
ρnet > 12 

Tobs: 1 yr with 50% 
duty cycle

This rate distribution… 
RBBH ~ 1.2 x 10-8 — 2.1 x 10-6 Mpc-3yr-1
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log-uniform: p(m1) ~ m-1 (5 < m1 < 100 M☉) 
…with O3 surveyed space-time volume: 

VTBBH ~ 7 x 108 Mpc3 yr

Binary Black Hole Rates 
(post-GW170104)



This rate distribution… 
RBBH ~ 1.2 x 10-8 — 2.1 x 10-6 Mpc-3yr-1
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log-uniform: p(m1) ~ m-1 (5 < m1 < 100 M☉) 
…with O3 surveyed space-time volume: 

VTBBH ~ 7 x 108 Mpc3 yr

…gives this distribution 
of detected events. 
median p(N) ~ 34

Binary Black Hole Rates 
(post-GW170104) Assumptions: 

ρnet > 12 
Tobs: 1 yr with 50% 

duty cycle



…gives this distribution 
of detected events. 
median p(N) ~ 34

This rate distribution… 
RBBH ~ 1.2 x 10-8 — 2.1 x 10-6 Mpc-3yr-1

Assumptions: 
ρnet > 12 

Tobs: 1 yr with 50% 
duty cycle
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log-uniform: p(m1) ~ m-1 (5 < m1 < 100 M☉) 
…with O3 surveyed space-time volume: 

VTBBH ~ 2 x 109 Mpc3 yr

Binary Black Hole Rates 
(post-GW170104)

Caveats 

Uncertain cut off at higher masses from pair-instability 
SN, future analyses to measure this 

Only beginning to pin down crude mass distributions, 
handles on spin magnitude distribution and putative 

alignment in nascence



Binary Neutron Star Rates 
(post-GW170817)
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This rate distribution… 
RBNS ~ 3.2 x 10-7 — 4 x 10-6 Mpc-3yr-1

ApJ Letters, 832, 2 
Phys. Rev. Lett. 119, 

16110



This rate distribution… 
RBNS ~ 3.2 x 10-7 — 4 x 10-6 Mpc-3yr-1

Binary Neutron Star Rates 
(post-GW170817)

Broad (uniform): 1-3 M☉ 
‘Milky Way-like’: 1.33 ± 0.09 M☉ 

…with O3 surveyed space-time volume: 
VTBNS ~ 2-4 x 107 Mpc3 yr
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Assumptions: 
ρnet > 12 

Tobs: 1 yr with 50% 
duty cycle



This rate distribution… 
RBNS ~ 3.2 x 10-7 — 4 x 10-6 Mpc-3yr-1

Binary Neutron Star Rates 
(post-GW170817)

Broad (uniform): 1-3 M☉ 
‘Milky Way-like’: 1.33 ± 0.09 M☉ 

…with O3 surveyed space-time volume: 
VTBNS ~ 2-4 x 107 Mpc3 yr

…gives this distribution of 
detected events. 

median p(N) / MW ~ 4 
median p(N) / broad ~ 9
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Assumptions: 
ρnet > 12 

Tobs: 1 yr with 50% 
duty cycle



This rate distribution… 
RBNS ~ 3.2 x 10-7 — 4 x 10-6 Mpc-3yr-1

Binary Neutron Star Rates 
(post-GW170817)

Assumptions: 
ρnet > 12 

Tobs: 1 yr with 50% 
duty cycle

Broad (uniform): 1-3 M☉ 
‘Milky Way-like’: 1.33 ± 0.09 M☉ 

…with O3 surveyed space-time volume: 
VTBNS ~ 2-4 x 107 Mpc3 yr
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Caveats 

No inclusion of finite-size or equation of state induced 
systematics 

Mass ranges and distribution still uncertain, 1-3 uniform 
is probably optimistic and gaussian may be conservative

…gives this distribution of 
detected events. 

median p(N) / MW N ~ 4 
median p(N) / broad N ~ 9



NSBH Rates (much uncertainty) 
p(R) limits taken from Abbott+, 2010, assumes log-

normal peaked away from zero
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This rate distribution… 
RNSBH ~ 6 x 10-10 — 1 x 10-6 Mpc-3yr-1

ApJ Letters, 832, 2



This rate distribution… 
RNSBH ~ 6 x 10-10 — 1 x 10-6 Mpc-3yr-1

log-uniform: p(m1) ~ m-1 (5 < m1 < 100 M☉) 
With O3 surveyed space-time volume 

VTNSBH ~ 0.8-2 x 108 Mpc3 yr

NSBH Rates (much uncertainty) 

p(R) limits taken from Abbott+, 2010, assumes log-
normal peaked away from zero
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Assumptions: 
ρnet > 12 

Tobs: 1 yr with 50% 
duty cycle



This rate distribution… 
RNSBH ~ 6 x 10-10 — 1 x 10-6 Mpc-3yr-1

log-uniform: p(m1) ~ m-1 (5 < m1 < 100 M☉) 
With O3 surveyed space-time volume 

VTNSBH ~ 0.8-2 x 108 Mpc3 yr

NSBH Rates (much uncertainty) 

p(R) limits taken from Abbott+, 2010, assumes log-
normal peaked away from zero
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…gives this distribution 
of detected events. 
median p(N) ~ 1

Assumptions: 
ρnet > 12 

Tobs: 1 yr with 50% 
duty cycle



…gives this distribution 
of detected events. 
median p(N) ~ 1

This rate distribution… 
RNSBH ~ 6 x 10-10 — 1 x 10-6 Mpc-3yr-1

Assumptions: 
ρnet > 12 

Tobs: 1 yr with 50% 
duty cycle

log-uniform: p(m1) ~ m-1 (5 < m1 < 100 M☉) 
With O3 surveyed space-time volume 

VTNSBH ~ 0.8-2 x 108 Mpc3 yr

NSBH Rates (much uncertainty) 

p(R) limits taken from Abbott+, 2010, assumes log-
normal peaked away from zero
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Caveats 

Widest potential variation in mass ratio, no reliable 
models for high mass ratio events 

Physics encoded in waveforms (e.g. precession) which is 
not completely captured by online searches 

Uncertain mass and spin distributions 
Uncertainty of about width (or even existence) of ccSN 

induced mass gap and/or upper limit on NS mass



Source Summary
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Source Summary
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Take Aways 

BBH rate will dominate, possibly by more than an order of magnitude, up to ~few/wk., at 
least ~few/mo. 

1-10 BNS, possibly up to ~1/mo. 

VT has strong mass dependence but very mild dependence on assumed spin distribution 

NSBH: N=0 not ruled out in any scenario, most give ~50% N>0


