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Site Selection

Currently two site candidates:

● Sardinia
○ 50Mio€ ETIC

+ 350Mio€ for construction by local 
Sardinian government
+ financial support by Italian 
government for the construction

● EU Regio Meuse-Rhine/Limburg
○ 42Mio€ preparation

+ 870MEUR construction

Geologial properties and underground seismic 
being investigated.

?



Triangle vs. two L

Best configuration for ET is being evaluated:
● two L configuration (as LIGO, Cosmic Explorer)
● or triangle in one location

→ maximize the science return and reduce risks

Since 2011 (CDS, triangle configuration) the situation drastically changed:
● first detections, GTWC-3 catalog → BH population → new SF and evolution models;
● science case developed;
● know-how with advanced (L) detectors;
● international scenario (+ Cosmic Explorer in US);
● two candidate sites strongly supported (and a potential third site…).
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W H AT ’ S  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  

CE is as envisioned an NSF-funded Project  
Horizon Study completed in 2021, arXiv:2109.09882 

Currently in Conceptual Design Study: 
“Launching the Cosmic Explorer Conceptual Design” 

“Collaborative Research: Identifying and Evaluating Sites for CE” 

“Cosmic Explorer Optical Design” 

“Enabling Megawatt Optical Power in Cosmic Explorer” 

XG Mock Data Challenge 

“Local Gravity Disturbances and Next-GenerationGW Astrophysics.” 

“CE: Research and Conceptual Designs for Scattered-Light Mitigation.” 
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A Horizon Study forA Horizon Study for

Cosmic ExplorerCosmic Explorer
Science, Observatories, and CommunityScience, Observatories, and Community
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https://arxiv.org/abs/2109.09882


N E X T- G E N E R AT I O N  G R A V I TAT I O N A L - W A V E  S U B C O M M I T T E E

ngGW was established by the NSF 
Committee home page with membership: 
https://www.nsf.gov/mps/phy/nggw.jsp 

Charge: 
“… Based on this survey, a recommended list of 
GW detection network configurations that will 
deliver a detector with sensitivity an order of 
magnitude greater than the LIGO A+ design….” 

https://www.nsf.gov/mps/advisory/
subcommittee_charges/mpsac-nggw-
charge_signed.pdf 

Preliminary Report: Oct 2024 / Final Report: Jan 
2024  
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A Submission to the NSF MPSAC ngGW Subcommittee

arXiv:2306.13745
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Figure 1: The reach of the Cosmic Explorer 40 km observatory for compact binary mergers as a function of total
binary mass and redshift at various signal-to-noise ratio (SNR) thresholds. Cosmic Explorer will push the cosmic
horizon to the boundary of the population of binary neutron stars (gold), neutron star – black holes (NSBH) (red)
and binary black hole mergers (white) (§1.1). The order of magnitude improvement in sensitivity enables observation
of new populations, including mergers from Population III black holes (cyan), and speculative primordial black holes
(magenta) [2–5]. A sample of observed short gamma-ray burst (GRB) redshifts [6] is shown (yellow, with masses
drawn from the BNS population). SNR > 100 signals (below yellow curve) will enable precision astrophysics (§§ 1.2
and 1.4). GW170817, GW150914, and GW190521 (stars) are highlighted along with the population of observed
compact-object binaries (small triangles) [7, 8]. The facility limit (green, see §2) is shown with limiting noise sources;
upgrades beyond the initial concept may approach this limit. A comparison to A♯, A+, and O3 is shown at the bottom.
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R E S O L V E  T H E  H U B B L E  T E N S I O N
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Key Idea: Black hole binaries with higher modes 
break the distance-inclination degeneracy



L O C A L I Z AT I O N  W I T H  F U T U R E  O B S E R VAT O R I E S
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GW190814-like event GW190412-like event

Gupta+ (2023)



P R O S P E C T  F O R  M E A S U R I N G    W I T H  F U T U R E  
O B S E R VAT O R I E S

H0

 17Gupta+ (2023), arXiv: 2307.10421



C O N S T R A I N  W I M P  D A R K  M AT T E R  F R O M  
G R A V I TAT I O N A L  W A V E  O B S E R V AT I O N S
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Key Idea: Black holes have zero tidal deformability



D A R K  M AT T E R  I N D U C E D  I M P L O S I O N  O F  
N E U T R O N  S TA R S

 19Divya Singh+ (2022)



M E A S U R I N G  W I M P S  I N  N E U T R O N  S TA R S

 20Divya Singh+ (2022)



O B S E R V E  P R I M O R D I A L  A N D  P O P - I I I  B L A C K  
H O L E S
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Key Idea: Observe black hole binary mergers at 
z>20 by decisively measuring their redshift



PINNING DOWN PRIMORDIAL BLACK HOLES
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Figure 12. The plot shows the number of primordial black holes lying further than z = 25 that are detected by each detector
network, along with the measurement errors in the inference of the source-frame masses and the redshift for each event. The
numbers correspond to an observation span of 1 year.

C. New sources, new probes and extreme
astrophysics

NSs and BHs can emit GWs through a wide vari-
ety of mechanisms other than binary mergers and post-
mergers [127, 128]. Although not yet detected, these
other signals (with durations from a fraction of a second
to longer than a human lifetime) have great discovery po-
tential. When detected, especially in combination with
signals carried by other messengers, these GW signals
will reveal different populations of compact objects and
probe extreme astrophysics in a regime largely different
from that probed by compact binary mergers and terres-
trial colliders. Here we summarize scenarios for detection
of and extraction of information from several predicted
types of signals. We also note that the history of open-
ing new windows of astronomy indicates that unexpected
signals are to be expected.

1. Continuous waves

Spinning neutron stars produce continuous GWs, sig-
nals with low amplitude compared to binary mergers but
lasting many years [129, 130]. This allows for greatly
enhanced detectability with matched filtering and simi-
lar techniques. Continuous GW emission likely is domi-
nated by either a mass quadrupole (sustained by elastic
or magnetic stresses) or a mass current quadrupole (pro-
duced by an unstable or weakly stabilized r-mode, a ro-
tational mode with a frequency comparable to the star’s
spin frequency). Free precession can also produce GWs
via a changing mass quadrupole, but based on electro-
magnetic pulsar observations it is likely to be rare. For
a given quadrupole, GW emission is stronger for rapidly
rotating NSs [131], and the r-mode instability to GW
emission [132] is more likely to overcome various dissipa-
tion mechanisms at higher frequencies [133]. Continuous
GW searches are more sensitive when using the sky loca-
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tential. When detected, especially in combination with
signals carried by other messengers, these GW signals
will reveal different populations of compact objects and
probe extreme astrophysics in a regime largely different
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trial colliders. Here we summarize scenarios for detection
of and extraction of information from several predicted
types of signals. We also note that the history of open-
ing new windows of astronomy indicates that unexpected
signals are to be expected.
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nals with low amplitude compared to binary mergers but
lasting many years [129, 130]. This allows for greatly
enhanced detectability with matched filtering and simi-
lar techniques. Continuous GW emission likely is domi-
nated by either a mass quadrupole (sustained by elastic
or magnetic stresses) or a mass current quadrupole (pro-
duced by an unstable or weakly stabilized r-mode, a ro-
tational mode with a frequency comparable to the star’s
spin frequency). Free precession can also produce GWs
via a changing mass quadrupole, but based on electro-
magnetic pulsar observations it is likely to be rare. For
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NSs and BHs can emit GWs through a wide vari-
ety of mechanisms other than binary mergers and post-
mergers [127, 128]. Although not yet detected, these
other signals (with durations from a fraction of a second
to longer than a human lifetime) have great discovery po-
tential. When detected, especially in combination with
signals carried by other messengers, these GW signals
will reveal different populations of compact objects and
probe extreme astrophysics in a regime largely different
from that probed by compact binary mergers and terres-
trial colliders. Here we summarize scenarios for detection
of and extraction of information from several predicted
types of signals. We also note that the history of open-
ing new windows of astronomy indicates that unexpected
signals are to be expected.

1. Continuous waves

Spinning neutron stars produce continuous GWs, sig-
nals with low amplitude compared to binary mergers but
lasting many years [129, 130]. This allows for greatly
enhanced detectability with matched filtering and simi-
lar techniques. Continuous GW emission likely is domi-
nated by either a mass quadrupole (sustained by elastic
or magnetic stresses) or a mass current quadrupole (pro-
duced by an unstable or weakly stabilized r-mode, a ro-
tational mode with a frequency comparable to the star’s
spin frequency). Free precession can also produce GWs
via a changing mass quadrupole, but based on electro-
magnetic pulsar observations it is likely to be rare. For
a given quadrupole, GW emission is stronger for rapidly
rotating NSs [131], and the r-mode instability to GW
emission [132] is more likely to overcome various dissipa-
tion mechanisms at higher frequencies [133]. Continuous
GW searches are more sensitive when using the sky loca-
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Figure 12. The plot shows the number of primordial black holes lying further than z = 25 that are detected by each detector
network, along with the measurement errors in the inference of the source-frame masses and the redshift for each event. The
numbers correspond to an observation span of 1 year.

C. New sources, new probes and extreme
astrophysics

NSs and BHs can emit GWs through a wide vari-
ety of mechanisms other than binary mergers and post-
mergers [127, 128]. Although not yet detected, these
other signals (with durations from a fraction of a second
to longer than a human lifetime) have great discovery po-
tential. When detected, especially in combination with
signals carried by other messengers, these GW signals
will reveal different populations of compact objects and
probe extreme astrophysics in a regime largely different
from that probed by compact binary mergers and terres-
trial colliders. Here we summarize scenarios for detection
of and extraction of information from several predicted
types of signals. We also note that the history of open-
ing new windows of astronomy indicates that unexpected
signals are to be expected.

1. Continuous waves

Spinning neutron stars produce continuous GWs, sig-
nals with low amplitude compared to binary mergers but
lasting many years [129, 130]. This allows for greatly
enhanced detectability with matched filtering and simi-
lar techniques. Continuous GW emission likely is domi-
nated by either a mass quadrupole (sustained by elastic
or magnetic stresses) or a mass current quadrupole (pro-
duced by an unstable or weakly stabilized r-mode, a ro-
tational mode with a frequency comparable to the star’s
spin frequency). Free precession can also produce GWs
via a changing mass quadrupole, but based on electro-
magnetic pulsar observations it is likely to be rare. For
a given quadrupole, GW emission is stronger for rapidly
rotating NSs [131], and the r-mode instability to GW
emission [132] is more likely to overcome various dissipa-
tion mechanisms at higher frequencies [133]. Continuous
GW searches are more sensitive when using the sky loca-

Gupta+ (2023)



OBSERVING POP- I I I  BLACK HOLES
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Figure 13. The plot shows the number of Pop-III binary black holes that are detected by each detector network, along with
the measurement errors in the inference of redshift as a function of the fractional error in source-frame masses and the redshift
corresponding to each event. The numbers correspond to an observation span of 1 year.

tion, spin frequency, and other timing information of the
source (if known). Sensitivities can be expressed in terms
of a sensitivity depth [130, 134], which factors out the
noise amplitude from everything else (methods, amount
of data, etc.) and is convenient for extrapolating current
searches to new detectors as we do here.

Accreting NSs are of particular interest as continuous
wave sources since accretion tends to spin them up and
to generate asymmetries through electron capture layers
and lateral temperature gradients [135, 136], magnetic
bottling of accreted material [137], or the GW-driven r-
mode instability [138]. In fact, one popular theory posits
that the spins of accreting neutron stars are limited to
relatively low values (compared to the maximum allowed
for most equations of state) by the spin-down torque due
to GW emission balancing the spin-up torque due to ac-
cretion [139]. In this case the gravitational-wave strain of
an accreting neutron star is expected to be proportional
to the square-root of the observed x-ray flux [140], mean-

ing that the brightest GW emitters are Sco X-1 and other
low mass x-ray binaries with no observed pulsations and
thus no confirmed spin frequency [141]. These sources
exhibit stochastic x-ray variability, meaning that the ac-
cretion torque and spin frequency also fluctuate. Despite
these obstacles, a recent GW search [142] achieved a sen-
sitivity comparable to the strain implied by torque bal-
ance, even under pessimistic assumptions, albeit only in
a narrow frequency band. Extrapolations from this sen-
sitivity are made in Ref. [143], which we summarize here.
Using the sensitivity depth of Ref. [142] (a conservative
39 Hz�1/2) with the network noise curves from Table III
and average bolometric fluxes estimated in Ref. [141],
Ref. [143] finds that the HLA network can detect GWs
at the torque balance limit of Sco X-1 at GW frequencies
up to about 800 Hz. This corresponds to spin frequen-
cies up to about 400Hz for mass quadrupole emission or
about 550Hz for r-modes. Since accreting neutron stars
are known to spin above 700Hz in some cases, HLA is
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Figure 13. The plot shows the number of Pop-III binary black holes that are detected by each detector network, along with
the measurement errors in the inference of redshift as a function of the fractional error in source-frame masses and the redshift
corresponding to each event. The numbers correspond to an observation span of 1 year.

tion, spin frequency, and other timing information of the
source (if known). Sensitivities can be expressed in terms
of a sensitivity depth [130, 134], which factors out the
noise amplitude from everything else (methods, amount
of data, etc.) and is convenient for extrapolating current
searches to new detectors as we do here.

Accreting NSs are of particular interest as continuous
wave sources since accretion tends to spin them up and
to generate asymmetries through electron capture layers
and lateral temperature gradients [135, 136], magnetic
bottling of accreted material [137], or the GW-driven r-
mode instability [138]. In fact, one popular theory posits
that the spins of accreting neutron stars are limited to
relatively low values (compared to the maximum allowed
for most equations of state) by the spin-down torque due
to GW emission balancing the spin-up torque due to ac-
cretion [139]. In this case the gravitational-wave strain of
an accreting neutron star is expected to be proportional
to the square-root of the observed x-ray flux [140], mean-

ing that the brightest GW emitters are Sco X-1 and other
low mass x-ray binaries with no observed pulsations and
thus no confirmed spin frequency [141]. These sources
exhibit stochastic x-ray variability, meaning that the ac-
cretion torque and spin frequency also fluctuate. Despite
these obstacles, a recent GW search [142] achieved a sen-
sitivity comparable to the strain implied by torque bal-
ance, even under pessimistic assumptions, albeit only in
a narrow frequency band. Extrapolations from this sen-
sitivity are made in Ref. [143], which we summarize here.
Using the sensitivity depth of Ref. [142] (a conservative
39 Hz�1/2) with the network noise curves from Table III
and average bolometric fluxes estimated in Ref. [141],
Ref. [143] finds that the HLA network can detect GWs
at the torque balance limit of Sco X-1 at GW frequencies
up to about 800 Hz. This corresponds to spin frequen-
cies up to about 400Hz for mass quadrupole emission or
about 550Hz for r-modes. Since accreting neutron stars
are known to spin above 700Hz in some cases, HLA is
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corresponding to each event. The numbers correspond to an observation span of 1 year.
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sitivity comparable to the strain implied by torque bal-
ance, even under pessimistic assumptions, albeit only in
a narrow frequency band. Extrapolations from this sen-
sitivity are made in Ref. [143], which we summarize here.
Using the sensitivity depth of Ref. [142] (a conservative
39 Hz�1/2) with the network noise curves from Table III
and average bolometric fluxes estimated in Ref. [141],
Ref. [143] finds that the HLA network can detect GWs
at the torque balance limit of Sco X-1 at GW frequencies
up to about 800 Hz. This corresponds to spin frequen-
cies up to about 400Hz for mass quadrupole emission or
about 550Hz for r-modes. Since accreting neutron stars
are known to spin above 700Hz in some cases, HLA is

Gupta+ (2023)



P H Y S I C S  B E Y O N D  T H E  S TA N D A R D  
M O D E L

Black hole horizons, quantum gravity, information paradox  
black hole spectroscopy, multipolar structure, quantum 
modifications at horizon scales  

Corrections to general relativity  
additional fields, modifications of inspiral radiation  
black hole uniqueness theorems and exotic compact objects 

Probing dark matter  
primordial black holes, dark matter, ultralight boson clouds 

Gravitational-wave propagation and graviton mass  
constraints on Lorentz violation in the gravitational sector, 
graviton mass, extra dimensions, parity violation 
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