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Cosmic Explorer



C O S M I C  E X P L O R E R

Cosmic Explorer is the US concept for a next-
gen gravitational-wave observatory 


40 km and 20 km L-shaped surface observatories 


roughly 10x sensitivity of today’s observatories 


Will operate as part of a global network together  
with Einstein Telescope, LISA, and others 


CE is as envisioned an NSF-funded Project 

7 proposals submitted to start work on  
aspects of CE conceptual design 


NSF MPSAC (Mathematical and Physical  
Sciences Advisory Committee) sub-committee is 
charged to report on the path forward for next-
gen GW observatory in the US. Outputs 
expected this year. 
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Number of XG Observatories Network Name Detectors in the network

None HLI LHO, LLO, LIO

1 XG CE40LI CE A 40 km, LLO, LIO
CE20LI CE A 20 km, LLO, LIO

2 XG
CE4020I CE A 40 km, CE B 20 km, LIO

CE40LET CE A 40 km, LLO, ET
CE20LET CE A 20 km, LLO, ET

3 XG CE4020ET CE A 40 km, CE B 20 km, ET

Table 1: We consider four classes of networks containing, zero to three next-generation (XG) observatories.
Each network is given a name to facilitate comparisons. The HLI network sets the stage, representing the
baseline from which CE return on investment can be assessed. CE40LI and CE20LI represent a single CE
operating in the context of an upgraded 2G network. CE4020I is the CE reference configuration, operating
with an upgraded LIGO India, while CE40LET and CE20LET represent a single CE operating with LLO
and ET. CE4020ET is the reference CE configuration operating with ET.

yet to be determined, we selected two fiducial locations for CE; CE A off the coast of Washington464

state, and CE B off the coast of Texas. These locations are intentionally unphysical to avoid465

impacting our ability to find a potential home for CE (see §5.3), but close enough to a wide range466

of potential sites to be representative from the point of view of gravitational-wave science. The467

CE A location is considered in both the 40 km and the 20 km lengths, while in this study the CE B468

location hosts only a 20 km observatory.469

Existing LIGO Sites (LHO, LLO, LIO): In order to focus on the science enabled by CE beyond470

what is possible in the current facilities, we model the LIGO detectors in an upgraded form (known471

as “A•”sv: probably already defined, and essentially equivalent in sensitivity to “Voyager” [61])472

that approximately represents the limit to what is achievable in the LIGO facilities. Furthermore,473

in addition to the LIGO Hanford (LHO) and LIGO Livingston (LLO) detectors, we also consider474

LIGO India (LIO), as it may be operational starting in the early 2030s.475

Einstein Telescope (ET): The Einstein Telescope is a planned next-generation gravitational-wave476

observatory in Europe [62]. It is currently envisioned as an underground triangular facility with477

10 km arm length, housing six interferometers. The targeted timeline calls for first observations by478

the mid-2030’s. The underground location, which is essentially imperative in Europe, suppresses479

the expected seismic disturbances, thereby reducing the Newtonian noise that limits ground-based480

gravitational-wave facilities a low frequencies (c.f. the difference between CE and ET below 8 Hz481

in Figure 3).482

While we are excited by ET’s adoption into the European Strategy Forum on Research Infras-483

tructure (ESFRI) road map, we present some network configurations that do not include ET so that484

the subcommittee is informed as to the value of US investment even in the absence of our European485

collaborators.486
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I. BINARY NEUTRON STAR MERGERS
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Figure 1. Left panel: The network efficiency curves for the eight gravitational-wave (GW) detector networks. The markers
represent the efficiency at corresponding redshift values, and the lines are the best-fit sigmoid functions which are good approx-
imations of the efficiency curves. Right panel: The detection rate as a function of redshift for the detector networks. The black
solid line refers to the total BNS merger rate. The gray shaded area shows the variation in the total merger rate due to the
uncertainty in the value of the local merger rate density.

Table I. The reach for the eight detector networks for the cases when the threshold SNR ⇢⇤ = 10 and ⇢⇤ = 100.

Network ⇢⇤ = 10 ⇢⇤ = 100

HLI 0.18 0.018

HLET 0.66 0.062

CE40LI 1.1 0.096

CE20LI 0.61 0.058

CE4020I 1.3 0.11

CE40LET 1.4 0.12

CE20LET 1 0.089

CE4020ET 1.7 0.13

D E T E C T I O N  E F F I C I E N C Y  A N D  R AT E
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Table II. The cosmic merger rate per year and the number of events that are detected every year with SNRs greater than 10,
30, and 100 for the eight detector networks. The lower and upper bounds in the reported numbers are calculated using the
uncertainty in the local merger rate density for BNS mergers.

Cosmic Rate 1.2+2.0
�0.9 ⇥ 106 yr�1

SNR ⇢ > 10 > 30 > 100

HLI 1.3+1.9
�1.0 ⇥ 103 2.7+6.6

�2.3 ⇥ 101 0

HLET 8.5+13.0
�6.4 ⇥ 104 2.5+3.9

�1.9 ⇥ 103 4.8+7.4
�3.7 ⇥ 101

CE40LI 2.7+4.1
�2.0 ⇥ 105 1.1+1.7

�0.8 ⇥ 104 2.2+3.3
�1.8 ⇥ 102

CE20LI 7.1+11.0
�5.4 ⇥ 104 2.1+3.1

�1.6 ⇥ 103 3.9+6.7
�3.3 ⇥ 101

CE4020I 3.6+5.5
�2.7 ⇥ 105 1.7+2.6

�1.3 ⇥ 104 3.5+5.6
�2.9 ⇥ 102

CE40LET 3.9+5.9
�2.9 ⇥ 105 1.7+2.6

�1.2 ⇥ 104 3.5+5.5
�2.9 ⇥ 102

CE20LET 1.9+2.9
�1.4 ⇥ 105 5.9+9.0

�4.4 ⇥ 103 1.2+1.9
�1.0 ⇥ 102

CE4020ET 4.7+7.2
�3.5 ⇥ 105 2.3+3.6

�1.8 ⇥ 104 4.8+7.7
�3.9 ⇥ 102

Table III. The number of detections per year for the six detector networks with 90%-credible sky area less than 10, 1, 0.1 and
0.01 deg2 and fractional error in luminosity distance less than 0.1 and 0.01.

Metric ⌦90 (deg)2 �DL/DL

Quality  100  10  1  0.1  0.01  0.1  0.01

HLI 1.2+1.8
�0.9 ⇥ 103 3.2+4.7

�2.5 ⇥ 102 5.0+11.0
�5.0 ⇥ 100 0 0 2.6+4.2

�2.3 ⇥ 101 0

HLET 2.8+4.4
�2.1 ⇥ 104 1.2+1.8

�0.9 ⇥ 103 2.4+4.7
�2.1 ⇥ 101 0.0+3.0

�0.0 ⇥ 100 0 2.6+3.9
�1.9 ⇥ 103 1.0+2.0

�1.0 ⇥ 100

CE40LI 3.4+5.3
�2.6 ⇥ 104 9.8+14.7

�7.6 ⇥ 102 1.8+3.8
�1.6 ⇥ 101 0 0 4.1+6.9

�3.2 ⇥ 102 0.0+2.0
�0.0 ⇥ 100

CE20LI 2.5+3.9
�1.9 ⇥ 104 8.7+12.9

�6.8 ⇥ 102 1.7+3.3
�1.5 ⇥ 101 0 0 2.7+4.6

�2.1 ⇥ 102 0

CE4020I 1.1+1.8
�0.9 ⇥ 105 4.0+6.3

�3.0 ⇥ 103 9.7+15.7
�7.7 ⇥ 101 0.0+4.0

�0.0 ⇥ 100 0 1.0+1.6
�0.8 ⇥ 104 4.0+11.0

�4.0 ⇥ 100

CE40LET 2.4+3.6
�1.8 ⇥ 105 9.4+14.4

�7.1 ⇥ 103 2.5+3.8
�2.0 ⇥ 102 1.0+9.0

�1.0 ⇥ 100 0 8.8+13.5
�6.7 ⇥ 103 2.0+9.0

�2.0 ⇥ 100

CE20LET 1.5+2.3
�1.1 ⇥ 105 6.2+9.5

�4.7 ⇥ 103 1.6+2.4
�1.3 ⇥ 102 1.0+6.0

�1.0 ⇥ 100 0 6.3+9.6
�4.7 ⇥ 103 2.0+6.0

�2.0 ⇥ 100

CE4020ET 3.6+5.6
�2.7 ⇥ 105 2.8+4.3

�2.1 ⇥ 104 7.5+11.4
�5.8 ⇥ 102 1.3+2.9

�1.2 ⇥ 101 0.0+2.0
�0.0 ⇥ 100 2.5+3.7

�1.8 ⇥ 104 1.2+2.2
�1.2 ⇥ 101

Table IV. For the sub-population with events for which z < 0.5, the table lists the number of detections per year for the
six detector networks with 90%-credible sky area ⌦90 < 10, 1, 0.1 and 0.01 deg2 and fractional error in luminosity distance
�DL/DL < 0.1 and 0.01.

Metric ⌦90 (deg)2 �DL/DL

Quality  100  10  1  0.1  0.01  0.1  0.01

HLI 1.2+1.8
�0.9 ⇥ 103 3.2+4.7

�2.5 ⇥ 102 5.0+11.0
�5.0 ⇥ 100 0 0 2.6+4.2

�2.3 ⇥ 101 0

HLET 1.0+1.5
�0.8 ⇥ 104 1.2+1.8

�0.9 ⇥ 103 2.4+4.7
�2.1 ⇥ 101 0.0+3.0

�0.0 ⇥ 100 0 2.3+3.4
�1.7 ⇥ 103 1.0+2.0

�1.0 ⇥ 100

CE40LI 9.8+15.1
�7.3 ⇥ 103 9.7+14.6

�7.6 ⇥ 102 1.8+3.8
�1.6 ⇥ 101 0 0 3.1+5.4

�2.4 ⇥ 102 0.0+2.0
�0.0 ⇥ 100

CE20LI 8.6+13.3
�6.4 ⇥ 103 8.6+12.9

�6.8 ⇥ 102 1.7+3.3
�1.5 ⇥ 101 0 0 2.4+4.2

�1.9 ⇥ 102 0

CE4020I 1.4+2.1
�1.0 ⇥ 104 3.4+5.3

�2.6 ⇥ 103 9.7+15.7
�7.7 ⇥ 101 0.0+4.0

�0.0 ⇥ 100 0 4.5+6.9
�3.4 ⇥ 103 4.0+11.0

�4.0 ⇥ 100

CE40LET 1.6+2.4
�1.2 ⇥ 104 6.3+9.7

�4.8 ⇥ 103 2.5+3.8
�2.0 ⇥ 102 1.0+9.0

�1.0 ⇥ 100 0 4.9+7.7
�3.7 ⇥ 103 2.0+9.0

�2.0 ⇥ 100

CE20LET 1.5+2.3
�1.1 ⇥ 104 4.9+7.4

�3.7 ⇥ 103 1.6+2.4
�1.3 ⇥ 102 1.0+6.0

�1.0 ⇥ 100 0 4.4+6.9
�3.3 ⇥ 103 2.0+6.0

�2.0 ⇥ 100

CE4020ET 1.6+2.5
�1.2 ⇥ 104 1.0+1.5

�0.8 ⇥ 104 7.5+11.4
�5.8 ⇥ 102 1.3+2.9

�1.2 ⇥ 101 0.0+2.0
�0.0 ⇥ 100 8.5+13.1

�6.4 ⇥ 103 1.2+2.2
�1.2 ⇥ 101

L O U D  E V E N T S
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Table II. The cosmic merger rate per year and the number of events that are detected every year with SNRs greater than 10,
30, and 100 for the eight detector networks. The lower and upper bounds in the reported numbers are calculated using the
uncertainty in the local merger rate density for BNS mergers.

Cosmic Rate 1.2+2.0
�0.9 ⇥ 106 yr�1

SNR ⇢ > 10 > 30 > 100

HLI 1.3+1.9
�1.0 ⇥ 103 2.7+6.6

�2.3 ⇥ 101 0

HLET 8.5+13.0
�6.4 ⇥ 104 2.5+3.9

�1.9 ⇥ 103 4.8+7.4
�3.7 ⇥ 101

CE40LI 2.7+4.1
�2.0 ⇥ 105 1.1+1.7

�0.8 ⇥ 104 2.2+3.3
�1.8 ⇥ 102

CE20LI 7.1+11.0
�5.4 ⇥ 104 2.1+3.1

�1.6 ⇥ 103 3.9+6.7
�3.3 ⇥ 101

CE4020I 3.6+5.5
�2.7 ⇥ 105 1.7+2.6

�1.3 ⇥ 104 3.5+5.6
�2.9 ⇥ 102

CE40LET 3.9+5.9
�2.9 ⇥ 105 1.7+2.6

�1.2 ⇥ 104 3.5+5.5
�2.9 ⇥ 102

CE20LET 1.9+2.9
�1.4 ⇥ 105 5.9+9.0

�4.4 ⇥ 103 1.2+1.9
�1.0 ⇥ 102

CE4020ET 4.7+7.2
�3.5 ⇥ 105 2.3+3.6

�1.8 ⇥ 104 4.8+7.7
�3.9 ⇥ 102

Table III. The number of detections per year for the six detector networks with 90%-credible sky area less than 10, 1, 0.1 and
0.01 deg2 and fractional error in luminosity distance less than 0.1 and 0.01.

Metric ⌦90 (deg)2 �DL/DL

Quality  100  10  1  0.1  0.01  0.1  0.01

HLI 1.2+1.8
�0.9 ⇥ 103 3.2+4.7

�2.5 ⇥ 102 5.0+11.0
�5.0 ⇥ 100 0 0 2.6+4.2

�2.3 ⇥ 101 0

HLET 2.8+4.4
�2.1 ⇥ 104 1.2+1.8

�0.9 ⇥ 103 2.4+4.7
�2.1 ⇥ 101 0.0+3.0

�0.0 ⇥ 100 0 2.6+3.9
�1.9 ⇥ 103 1.0+2.0

�1.0 ⇥ 100

CE40LI 3.4+5.3
�2.6 ⇥ 104 9.8+14.7

�7.6 ⇥ 102 1.8+3.8
�1.6 ⇥ 101 0 0 4.1+6.9

�3.2 ⇥ 102 0.0+2.0
�0.0 ⇥ 100

CE20LI 2.5+3.9
�1.9 ⇥ 104 8.7+12.9

�6.8 ⇥ 102 1.7+3.3
�1.5 ⇥ 101 0 0 2.7+4.6

�2.1 ⇥ 102 0

CE4020I 1.1+1.8
�0.9 ⇥ 105 4.0+6.3

�3.0 ⇥ 103 9.7+15.7
�7.7 ⇥ 101 0.0+4.0

�0.0 ⇥ 100 0 1.0+1.6
�0.8 ⇥ 104 4.0+11.0

�4.0 ⇥ 100

CE40LET 2.4+3.6
�1.8 ⇥ 105 9.4+14.4

�7.1 ⇥ 103 2.5+3.8
�2.0 ⇥ 102 1.0+9.0

�1.0 ⇥ 100 0 8.8+13.5
�6.7 ⇥ 103 2.0+9.0

�2.0 ⇥ 100

CE20LET 1.5+2.3
�1.1 ⇥ 105 6.2+9.5

�4.7 ⇥ 103 1.6+2.4
�1.3 ⇥ 102 1.0+6.0

�1.0 ⇥ 100 0 6.3+9.6
�4.7 ⇥ 103 2.0+6.0

�2.0 ⇥ 100

CE4020ET 3.6+5.6
�2.7 ⇥ 105 2.8+4.3

�2.1 ⇥ 104 7.5+11.4
�5.8 ⇥ 102 1.3+2.9

�1.2 ⇥ 101 0.0+2.0
�0.0 ⇥ 100 2.5+3.7

�1.8 ⇥ 104 1.2+2.2
�1.2 ⇥ 101

Table IV. For the sub-population with events for which z < 0.5, the table lists the number of detections per year for the
six detector networks with 90%-credible sky area ⌦90 < 10, 1, 0.1 and 0.01 deg2 and fractional error in luminosity distance
�DL/DL < 0.1 and 0.01.

Metric ⌦90 (deg)2 �DL/DL

Quality  100  10  1  0.1  0.01  0.1  0.01

HLI 1.2+1.8
�0.9 ⇥ 103 3.2+4.7

�2.5 ⇥ 102 5.0+11.0
�5.0 ⇥ 100 0 0 2.6+4.2

�2.3 ⇥ 101 0

HLET 1.0+1.5
�0.8 ⇥ 104 1.2+1.8

�0.9 ⇥ 103 2.4+4.7
�2.1 ⇥ 101 0.0+3.0

�0.0 ⇥ 100 0 2.3+3.4
�1.7 ⇥ 103 1.0+2.0

�1.0 ⇥ 100

CE40LI 9.8+15.1
�7.3 ⇥ 103 9.7+14.6

�7.6 ⇥ 102 1.8+3.8
�1.6 ⇥ 101 0 0 3.1+5.4

�2.4 ⇥ 102 0.0+2.0
�0.0 ⇥ 100

CE20LI 8.6+13.3
�6.4 ⇥ 103 8.6+12.9

�6.8 ⇥ 102 1.7+3.3
�1.5 ⇥ 101 0 0 2.4+4.2

�1.9 ⇥ 102 0

CE4020I 1.4+2.1
�1.0 ⇥ 104 3.4+5.3

�2.6 ⇥ 103 9.7+15.7
�7.7 ⇥ 101 0.0+4.0

�0.0 ⇥ 100 0 4.5+6.9
�3.4 ⇥ 103 4.0+11.0

�4.0 ⇥ 100

CE40LET 1.6+2.4
�1.2 ⇥ 104 6.3+9.7

�4.8 ⇥ 103 2.5+3.8
�2.0 ⇥ 102 1.0+9.0

�1.0 ⇥ 100 0 4.9+7.7
�3.7 ⇥ 103 2.0+9.0

�2.0 ⇥ 100

CE20LET 1.5+2.3
�1.1 ⇥ 104 4.9+7.4

�3.7 ⇥ 103 1.6+2.4
�1.3 ⇥ 102 1.0+6.0

�1.0 ⇥ 100 0 4.4+6.9
�3.3 ⇥ 103 2.0+6.0

�2.0 ⇥ 100

CE4020ET 1.6+2.5
�1.2 ⇥ 104 1.0+1.5

�0.8 ⇥ 104 7.5+11.4
�5.8 ⇥ 102 1.3+2.9

�1.2 ⇥ 101 0.0+2.0
�0.0 ⇥ 100 8.5+13.1

�6.4 ⇥ 103 1.2+2.2
�1.2 ⇥ 101

S K Y  L O C A L I Z AT I O N
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Table II. The cosmic merger rate per year and the number of events that are detected every year with SNRs greater than 10,
30, and 100 for the eight detector networks. The lower and upper bounds in the reported numbers are calculated using the
uncertainty in the local merger rate density for BNS mergers.

Cosmic Rate 1.2+2.0
�0.9 ⇥ 106 yr�1

SNR ⇢ > 10 > 30 > 100

HLI 1.3+1.9
�1.0 ⇥ 103 2.7+6.6

�2.3 ⇥ 101 0

HLET 8.5+13.0
�6.4 ⇥ 104 2.5+3.9

�1.9 ⇥ 103 4.8+7.4
�3.7 ⇥ 101

CE40LI 2.7+4.1
�2.0 ⇥ 105 1.1+1.7

�0.8 ⇥ 104 2.2+3.3
�1.8 ⇥ 102

CE20LI 7.1+11.0
�5.4 ⇥ 104 2.1+3.1

�1.6 ⇥ 103 3.9+6.7
�3.3 ⇥ 101

CE4020I 3.6+5.5
�2.7 ⇥ 105 1.7+2.6

�1.3 ⇥ 104 3.5+5.6
�2.9 ⇥ 102

CE40LET 3.9+5.9
�2.9 ⇥ 105 1.7+2.6

�1.2 ⇥ 104 3.5+5.5
�2.9 ⇥ 102

CE20LET 1.9+2.9
�1.4 ⇥ 105 5.9+9.0

�4.4 ⇥ 103 1.2+1.9
�1.0 ⇥ 102

CE4020ET 4.7+7.2
�3.5 ⇥ 105 2.3+3.6

�1.8 ⇥ 104 4.8+7.7
�3.9 ⇥ 102

Table III. The number of detections per year for the six detector networks with 90%-credible sky area less than 10, 1, 0.1 and
0.01 deg2 and fractional error in luminosity distance less than 0.1 and 0.01.

Metric ⌦90 (deg)2 �DL/DL

Quality  100  10  1  0.1  0.01  0.1  0.01

HLI 1.2+1.8
�0.9 ⇥ 103 3.2+4.7

�2.5 ⇥ 102 5.0+11.0
�5.0 ⇥ 100 0 0 2.6+4.2

�2.3 ⇥ 101 0

HLET 2.8+4.4
�2.1 ⇥ 104 1.2+1.8

�0.9 ⇥ 103 2.4+4.7
�2.1 ⇥ 101 0.0+3.0

�0.0 ⇥ 100 0 2.6+3.9
�1.9 ⇥ 103 1.0+2.0

�1.0 ⇥ 100

CE40LI 3.4+5.3
�2.6 ⇥ 104 9.8+14.7

�7.6 ⇥ 102 1.8+3.8
�1.6 ⇥ 101 0 0 4.1+6.9

�3.2 ⇥ 102 0.0+2.0
�0.0 ⇥ 100

CE20LI 2.5+3.9
�1.9 ⇥ 104 8.7+12.9

�6.8 ⇥ 102 1.7+3.3
�1.5 ⇥ 101 0 0 2.7+4.6

�2.1 ⇥ 102 0

CE4020I 1.1+1.8
�0.9 ⇥ 105 4.0+6.3

�3.0 ⇥ 103 9.7+15.7
�7.7 ⇥ 101 0.0+4.0

�0.0 ⇥ 100 0 1.0+1.6
�0.8 ⇥ 104 4.0+11.0

�4.0 ⇥ 100

CE40LET 2.4+3.6
�1.8 ⇥ 105 9.4+14.4

�7.1 ⇥ 103 2.5+3.8
�2.0 ⇥ 102 1.0+9.0

�1.0 ⇥ 100 0 8.8+13.5
�6.7 ⇥ 103 2.0+9.0

�2.0 ⇥ 100

CE20LET 1.5+2.3
�1.1 ⇥ 105 6.2+9.5

�4.7 ⇥ 103 1.6+2.4
�1.3 ⇥ 102 1.0+6.0

�1.0 ⇥ 100 0 6.3+9.6
�4.7 ⇥ 103 2.0+6.0

�2.0 ⇥ 100

CE4020ET 3.6+5.6
�2.7 ⇥ 105 2.8+4.3

�2.1 ⇥ 104 7.5+11.4
�5.8 ⇥ 102 1.3+2.9

�1.2 ⇥ 101 0.0+2.0
�0.0 ⇥ 100 2.5+3.7

�1.8 ⇥ 104 1.2+2.2
�1.2 ⇥ 101

Table IV. For the sub-population with events for which z < 0.5, the table lists the number of detections per year for the
six detector networks with 90%-credible sky area ⌦90 < 10, 1, 0.1 and 0.01 deg2 and fractional error in luminosity distance
�DL/DL < 0.1 and 0.01.

Metric ⌦90 (deg)2 �DL/DL

Quality  100  10  1  0.1  0.01  0.1  0.01

HLI 1.2+1.8
�0.9 ⇥ 103 3.2+4.7

�2.5 ⇥ 102 5.0+11.0
�5.0 ⇥ 100 0 0 2.6+4.2

�2.3 ⇥ 101 0

HLET 1.0+1.5
�0.8 ⇥ 104 1.2+1.8

�0.9 ⇥ 103 2.4+4.7
�2.1 ⇥ 101 0.0+3.0

�0.0 ⇥ 100 0 2.3+3.4
�1.7 ⇥ 103 1.0+2.0

�1.0 ⇥ 100

CE40LI 9.8+15.1
�7.3 ⇥ 103 9.7+14.6

�7.6 ⇥ 102 1.8+3.8
�1.6 ⇥ 101 0 0 3.1+5.4

�2.4 ⇥ 102 0.0+2.0
�0.0 ⇥ 100

CE20LI 8.6+13.3
�6.4 ⇥ 103 8.6+12.9

�6.8 ⇥ 102 1.7+3.3
�1.5 ⇥ 101 0 0 2.4+4.2

�1.9 ⇥ 102 0

CE4020I 1.4+2.1
�1.0 ⇥ 104 3.4+5.3

�2.6 ⇥ 103 9.7+15.7
�7.7 ⇥ 101 0.0+4.0

�0.0 ⇥ 100 0 4.5+6.9
�3.4 ⇥ 103 4.0+11.0

�4.0 ⇥ 100

CE40LET 1.6+2.4
�1.2 ⇥ 104 6.3+9.7

�4.8 ⇥ 103 2.5+3.8
�2.0 ⇥ 102 1.0+9.0

�1.0 ⇥ 100 0 4.9+7.7
�3.7 ⇥ 103 2.0+9.0

�2.0 ⇥ 100

CE20LET 1.5+2.3
�1.1 ⇥ 104 4.9+7.4

�3.7 ⇥ 103 1.6+2.4
�1.3 ⇥ 102 1.0+6.0

�1.0 ⇥ 100 0 4.4+6.9
�3.3 ⇥ 103 2.0+6.0

�2.0 ⇥ 100

CE4020ET 1.6+2.5
�1.2 ⇥ 104 1.0+1.5

�0.8 ⇥ 104 7.5+11.4
�5.8 ⇥ 102 1.3+2.9

�1.2 ⇥ 101 0.0+2.0
�0.0 ⇥ 100 8.5+13.1

�6.4 ⇥ 103 1.2+2.2
�1.2 ⇥ 101

2

Table II. The cosmic merger rate per year and the number of events that are detected every year with SNRs greater than 10,
30, and 100 for the eight detector networks. The lower and upper bounds in the reported numbers are calculated using the
uncertainty in the local merger rate density for BNS mergers.

Cosmic Rate 1.2+2.0
�0.9 ⇥ 106 yr�1

SNR ⇢ > 10 > 30 > 100

HLI 1.3+1.9
�1.0 ⇥ 103 2.7+6.6

�2.3 ⇥ 101 0

HLET 8.5+13.0
�6.4 ⇥ 104 2.5+3.9

�1.9 ⇥ 103 4.8+7.4
�3.7 ⇥ 101

CE40LI 2.7+4.1
�2.0 ⇥ 105 1.1+1.7

�0.8 ⇥ 104 2.2+3.3
�1.8 ⇥ 102

CE20LI 7.1+11.0
�5.4 ⇥ 104 2.1+3.1

�1.6 ⇥ 103 3.9+6.7
�3.3 ⇥ 101

CE4020I 3.6+5.5
�2.7 ⇥ 105 1.7+2.6

�1.3 ⇥ 104 3.5+5.6
�2.9 ⇥ 102

CE40LET 3.9+5.9
�2.9 ⇥ 105 1.7+2.6

�1.2 ⇥ 104 3.5+5.5
�2.9 ⇥ 102

CE20LET 1.9+2.9
�1.4 ⇥ 105 5.9+9.0

�4.4 ⇥ 103 1.2+1.9
�1.0 ⇥ 102

CE4020ET 4.7+7.2
�3.5 ⇥ 105 2.3+3.6

�1.8 ⇥ 104 4.8+7.7
�3.9 ⇥ 102

Table III. The number of detections per year for the six detector networks with 90%-credible sky area less than 10, 1, 0.1 and
0.01 deg2 and fractional error in luminosity distance less than 0.1 and 0.01.

Metric ⌦90 (deg)2 �DL/DL

Quality  100  10  1  0.1  0.01  0.1  0.01

HLI 1.2+1.8
�0.9 ⇥ 103 3.2+4.7

�2.5 ⇥ 102 5.0+11.0
�5.0 ⇥ 100 0 0 2.6+4.2

�2.3 ⇥ 101 0

HLET 2.8+4.4
�2.1 ⇥ 104 1.2+1.8

�0.9 ⇥ 103 2.4+4.7
�2.1 ⇥ 101 0.0+3.0

�0.0 ⇥ 100 0 2.6+3.9
�1.9 ⇥ 103 1.0+2.0

�1.0 ⇥ 100

CE40LI 3.4+5.3
�2.6 ⇥ 104 9.8+14.7

�7.6 ⇥ 102 1.8+3.8
�1.6 ⇥ 101 0 0 4.1+6.9

�3.2 ⇥ 102 0.0+2.0
�0.0 ⇥ 100

CE20LI 2.5+3.9
�1.9 ⇥ 104 8.7+12.9

�6.8 ⇥ 102 1.7+3.3
�1.5 ⇥ 101 0 0 2.7+4.6

�2.1 ⇥ 102 0

CE4020I 1.1+1.8
�0.9 ⇥ 105 4.0+6.3

�3.0 ⇥ 103 9.7+15.7
�7.7 ⇥ 101 0.0+4.0

�0.0 ⇥ 100 0 1.0+1.6
�0.8 ⇥ 104 4.0+11.0

�4.0 ⇥ 100

CE40LET 2.4+3.6
�1.8 ⇥ 105 9.4+14.4

�7.1 ⇥ 103 2.5+3.8
�2.0 ⇥ 102 1.0+9.0

�1.0 ⇥ 100 0 8.8+13.5
�6.7 ⇥ 103 2.0+9.0

�2.0 ⇥ 100

CE20LET 1.5+2.3
�1.1 ⇥ 105 6.2+9.5

�4.7 ⇥ 103 1.6+2.4
�1.3 ⇥ 102 1.0+6.0

�1.0 ⇥ 100 0 6.3+9.6
�4.7 ⇥ 103 2.0+6.0

�2.0 ⇥ 100

CE4020ET 3.6+5.6
�2.7 ⇥ 105 2.8+4.3

�2.1 ⇥ 104 7.5+11.4
�5.8 ⇥ 102 1.3+2.9

�1.2 ⇥ 101 0.0+2.0
�0.0 ⇥ 100 2.5+3.7

�1.8 ⇥ 104 1.2+2.2
�1.2 ⇥ 101

Table IV. For the sub-population with events for which z < 0.5, the table lists the number of detections per year for the
six detector networks with 90%-credible sky area ⌦90 < 10, 1, 0.1 and 0.01 deg2 and fractional error in luminosity distance
�DL/DL < 0.1 and 0.01.

Metric ⌦90 (deg)2 �DL/DL

Quality  100  10  1  0.1  0.01  0.1  0.01

HLI 1.2+1.8
�0.9 ⇥ 103 3.2+4.7

�2.5 ⇥ 102 5.0+11.0
�5.0 ⇥ 100 0 0 2.6+4.2

�2.3 ⇥ 101 0

HLET 1.0+1.5
�0.8 ⇥ 104 1.2+1.8

�0.9 ⇥ 103 2.4+4.7
�2.1 ⇥ 101 0.0+3.0

�0.0 ⇥ 100 0 2.3+3.4
�1.7 ⇥ 103 1.0+2.0

�1.0 ⇥ 100

CE40LI 9.8+15.1
�7.3 ⇥ 103 9.7+14.6

�7.6 ⇥ 102 1.8+3.8
�1.6 ⇥ 101 0 0 3.1+5.4

�2.4 ⇥ 102 0.0+2.0
�0.0 ⇥ 100

CE20LI 8.6+13.3
�6.4 ⇥ 103 8.6+12.9

�6.8 ⇥ 102 1.7+3.3
�1.5 ⇥ 101 0 0 2.4+4.2

�1.9 ⇥ 102 0

CE4020I 1.4+2.1
�1.0 ⇥ 104 3.4+5.3

�2.6 ⇥ 103 9.7+15.7
�7.7 ⇥ 101 0.0+4.0

�0.0 ⇥ 100 0 4.5+6.9
�3.4 ⇥ 103 4.0+11.0

�4.0 ⇥ 100

CE40LET 1.6+2.4
�1.2 ⇥ 104 6.3+9.7

�4.8 ⇥ 103 2.5+3.8
�2.0 ⇥ 102 1.0+9.0

�1.0 ⇥ 100 0 4.9+7.7
�3.7 ⇥ 103 2.0+9.0

�2.0 ⇥ 100

CE20LET 1.5+2.3
�1.1 ⇥ 104 4.9+7.4

�3.7 ⇥ 103 1.6+2.4
�1.3 ⇥ 102 1.0+6.0

�1.0 ⇥ 100 0 4.4+6.9
�3.3 ⇥ 103 2.0+6.0

�2.0 ⇥ 100

CE4020ET 1.6+2.5
�1.2 ⇥ 104 1.0+1.5

�0.8 ⇥ 104 7.5+11.4
�5.8 ⇥ 102 1.3+2.9

�1.2 ⇥ 101 0.0+2.0
�0.0 ⇥ 100 8.5+13.1

�6.4 ⇥ 103 1.2+2.2
�1.2 ⇥ 101
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Table V. The number of detections per year for the GW detector networks for which an EW alert can be sent 60 s, 120 s, 300
s and 600 s before the merger, with 90%-credible sky area measured to be better than 100, 10, 1 deg2 at the time when the
alert is sent.

EW Time ⌧EW = 60 s ⌧EW = 120 s

⌦90 (deg2)  100  10  1  100  10  1

HLI 0.0+1.0
�0.0 ⇥ 100 0 0 0 0 0

HLET 1.3+2.4
�1.1 ⇥ 102 1.0+10.0

�1.0 ⇥ 100 0 8.3+15.7
�6.9 ⇥ 101 1.0+5.0

�1.0 ⇥ 100 0

CE40LI 7.0+19.0
�6.0 ⇥ 100 0 0 3.0+6.0

�2.0 ⇥ 100 0 0

CE20LI 5.0+10.0
�4.0 ⇥ 100 0 0 2.0+1.0

�1.0 ⇥ 100 0 0

CE4020I 3.7+6.2
�2.8 ⇥ 102 1.5+2.3

�1.2 ⇥ 101 0 2.2+3.1
�1.7 ⇥ 102 1.1+1.0

�0.9 ⇥ 101 0

CE40LET 3.4+5.2
�2.6 ⇥ 103 1.2+1.9

�0.9 ⇥ 102 2.0+4.0
�2.0 ⇥ 100 2.3+3.5

�1.7 ⇥ 103 7.4+12.0
�6.3 ⇥ 101 1.0+2.0

�1.0 ⇥ 100

CE20LET 2.0+3.2
�1.6 ⇥ 103 4.9+9.7

�4.0 ⇥ 101 1.0+3.0
�1.0 ⇥ 100 1.2+1.8

�0.9 ⇥ 103 3.0+5.5
�2.4 ⇥ 101 0.0+2.0

�0.0 ⇥ 100

CE4020ET 6.3+9.4
�4.7 ⇥ 103 2.7+4.5

�2.1 ⇥ 102 5.0+12.0
�4.0 ⇥ 100 4.4+6.6

�3.3 ⇥ 103 1.5+2.6
�1.2 ⇥ 102 1.0+4.0

�1.0 ⇥ 100

EW Time ⌧EW = 300 s ⌧EW = 600 s

⌦90 (deg2)  100  10  1  100  10  1

HLI 0 0 0 0 0 0

HLET 4.2+7.9
�3.5 ⇥ 101 0.0+2.0

�0.0 ⇥ 100 0 2.4+4.3
�1.9 ⇥ 101 0.0+1.0

�0.0 ⇥ 100 0

CE40LI 0 0 0 0 0 0

CE20LI 0 0 0 0 0 0

CE4020I 6.2+8.5
�5.2 ⇥ 101 2.0+0.0

�2.0 ⇥ 100 0 1.9+2.0
�1.6 ⇥ 101 0 0

CE40LET 1.0+15.9
�0.8 ⇥ 103 2.2+53.0

�1.7 ⇥ 101 0.0+1.0
�0.0 ⇥ 100 4.1+6.7

�3.2 ⇥ 102 6.0+22.0
�5.0 ⇥ 100 0

CE20LET 4.7+7.6
�3.6 ⇥ 102 7.0+26.0

�6.0 ⇥ 100 0 2.0+3.2
�1.6 ⇥ 102 4.0+11.0

�4.0 ⇥ 100 0

CE4020ET 1.8+28.6
�1.4 ⇥ 103 5.2+9.3

�4.3 ⇥ 101 0.0+2.0
�0.0 ⇥ 100 6.8+11.2

�5.3 ⇥ 102 1.5+3.7
�1.2 ⇥ 101 0.0+1.0

�0.0 ⇥ 100

Table VI. # of BNS mergers every year corresponding to Table 2 (Science Goal Requirements) of the CE White Paper. These
numbers were calculated using the median local merger rates for BNS (320 Gpc3yr�1).

Criteria
0 XG 1 XG 2 XG 3 XG

HLI HLET CE40LI CE20LI CE4020I CE40LET CE20LET CE4020ET

# at z  0.06 with
�⌦  0.1 deg2

0 0 0 0 0 0 0 0

# at 0.06 < z  0.1
with �⌦  1 deg2

1 8 6 6 26 47 32 71

# at 0.1 < z  2
with �⌦  10 deg2

257 1126 892 783 3907 9339 6111 27668

# at z > 2 with
�⌦  100 deg2

0 2 37 19 3729 24974 6342 65537

# at z � 5 0 0 82 0 570 336 0 870
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Table V. The number of detections per year for the GW detector networks for which an EW alert can be sent 60 s, 120 s, 300
s and 600 s before the merger, with 90%-credible sky area measured to be better than 100, 10, 1 deg2 at the time when the
alert is sent.

EW Time ⌧EW = 60 s ⌧EW = 120 s

⌦90 (deg2)  100  10  1  100  10  1

HLI 0.0+1.0
�0.0 ⇥ 100 0 0 0 0 0

HLET 1.3+2.4
�1.1 ⇥ 102 1.0+10.0

�1.0 ⇥ 100 0 8.3+15.7
�6.9 ⇥ 101 1.0+5.0

�1.0 ⇥ 100 0

CE40LI 7.0+19.0
�6.0 ⇥ 100 0 0 3.0+6.0

�2.0 ⇥ 100 0 0

CE20LI 5.0+10.0
�4.0 ⇥ 100 0 0 2.0+1.0

�1.0 ⇥ 100 0 0

CE4020I 3.7+6.2
�2.8 ⇥ 102 1.5+2.3

�1.2 ⇥ 101 0 2.2+3.1
�1.7 ⇥ 102 1.1+1.0

�0.9 ⇥ 101 0

CE40LET 3.4+5.2
�2.6 ⇥ 103 1.2+1.9

�0.9 ⇥ 102 2.0+4.0
�2.0 ⇥ 100 2.3+3.5

�1.7 ⇥ 103 7.4+12.0
�6.3 ⇥ 101 1.0+2.0

�1.0 ⇥ 100

CE20LET 2.0+3.2
�1.6 ⇥ 103 4.9+9.7

�4.0 ⇥ 101 1.0+3.0
�1.0 ⇥ 100 1.2+1.8

�0.9 ⇥ 103 3.0+5.5
�2.4 ⇥ 101 0.0+2.0

�0.0 ⇥ 100

CE4020ET 6.3+9.4
�4.7 ⇥ 103 2.7+4.5

�2.1 ⇥ 102 5.0+12.0
�4.0 ⇥ 100 4.4+6.6

�3.3 ⇥ 103 1.5+2.6
�1.2 ⇥ 102 1.0+4.0

�1.0 ⇥ 100

EW Time ⌧EW = 300 s ⌧EW = 600 s

⌦90 (deg2)  100  10  1  100  10  1

HLI 0 0 0 0 0 0

HLET 4.2+7.9
�3.5 ⇥ 101 0.0+2.0

�0.0 ⇥ 100 0 2.4+4.3
�1.9 ⇥ 101 0.0+1.0

�0.0 ⇥ 100 0

CE40LI 0 0 0 0 0 0

CE20LI 0 0 0 0 0 0

CE4020I 6.2+8.5
�5.2 ⇥ 101 2.0+0.0

�2.0 ⇥ 100 0 1.9+2.0
�1.6 ⇥ 101 0 0

CE40LET 1.0+15.9
�0.8 ⇥ 103 2.2+53.0

�1.7 ⇥ 101 0.0+1.0
�0.0 ⇥ 100 4.1+6.7

�3.2 ⇥ 102 6.0+22.0
�5.0 ⇥ 100 0

CE20LET 4.7+7.6
�3.6 ⇥ 102 7.0+26.0

�6.0 ⇥ 100 0 2.0+3.2
�1.6 ⇥ 102 4.0+11.0

�4.0 ⇥ 100 0

CE4020ET 1.8+28.6
�1.4 ⇥ 103 5.2+9.3

�4.3 ⇥ 101 0.0+2.0
�0.0 ⇥ 100 6.8+11.2

�5.3 ⇥ 102 1.5+3.7
�1.2 ⇥ 101 0.0+1.0

�0.0 ⇥ 100

Table VI. # of BNS mergers every year corresponding to Table 2 (Science Goal Requirements) of the CE White Paper. These
numbers were calculated using the median local merger rates for BNS (320 Gpc3yr�1).

Criteria
0 XG 1 XG 2 XG 3 XG

HLI HLET CE40LI CE20LI CE4020I CE40LET CE20LET CE4020ET

# at z  0.06 with
�⌦  0.1 deg2

0 0 0 0 0 0 0 0

# at 0.06 < z  0.1
with �⌦  1 deg2

1 8 6 6 26 47 32 71

# at 0.1 < z  2
with �⌦  10 deg2

257 1126 892 783 3907 9339 6111 27668

# at z > 2 with
�⌦  100 deg2

0 2 37 19 3729 24974 6342 65537

# at z � 5 0 0 82 0 570 336 0 870



S Y N E R G I S T I C  A R E A S
State of 

Matter in 
Neutron Star 

Interiors

Gravitational 
Lensing

Strong Field 
Tests of General 

Relativity

Dark Matter 
Searches

Cosmology 
and Early 

Universe Phase 
Transitions

Discovery of 
New Sources 

and Phenomena

Formation 
and Evolution of 

Compact 
Binaries

￼11



￼12

S U M M A R Y


