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Current Future proposals

• Current Gravitational Wave Astronomy is 
driven by detector sensitivities.

• Only just scratched the surface of GW

• 3G detector we can see >90% of the 
Universe

• New 3G Facilities

• Cosmic Explorer

• Einstein Telescope

• LISA

• Current Facilities

• Voyager

• NEMO

• Neutron Star Extreme Matter 
Observatory: A kilohertz-band 
gravitational-wave detector in the 
global network



Site criteria for a surface Detector - Cosmic Explorer
• As flat as possible

• or bowl shape surface profile
• Low seismic activity
• Commuting distance town or city
• Sufficiently close to commercial airports
• Infrastructure (roads, electrical grid, etc.)
• Low wind
• Low risk for natural disasters:

• Cyclones/typhoons/ hurricanes
• Flooding (including rising sea level)
• Earthquakes

• Accessible land area
• Current academic only
• Need to engage and solicit local community 

input



Digital Elevation Model
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Data from: 
https://ecat.ga.gov.au/geonetwork/srv/eng/catalog.search#/metadata/72760
Retrieved with AusMap plugin in QGIS.

• 3 second Shuttle Radar Topography Mission 
(SRTM) Digital Elevation Model (DEM) model
• 3 arc second resolution ≈ 86 m × 86 m

• Used for finding flat sites
• Data from:  

https://ecat.ga.gov.au/geonetwork/srv/eng/ca
talog.search#/metadata/72760

• Retrieved using the AusMap plugin in QGIS.

• World coverage DEM from 
viewfinderpanoramas.org
• Based on NASA's ASTER GDEM & SRTM 

and other sources
• (0.46 km at equator, 0.16 km at 70°

latitude, 2 bytes per point = 5.3 Gb)
• Matches Google Earth profiles 

https://ecat.ga.gov.au/geonetwork/srv/eng/catalog.search
https://ecat.ga.gov.au/geonetwork/srv/eng/catalog.search


Straight line along
Earth’s curvature
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• Due to the Earth’s curvature some digging 
is required for a straight laser beam to 
cover km scale distances.

• A bowl shape surface profile can help
mitigate the ‘digging’

• Due to Local gravity we need to pitch the 
mirror
• ~0.3 mrad for 4 km (LIGO)
• ~3 mrad for 40 km

• We can tolerate some tilt of the laser 
beam between the stations
• Aid in finding suitable sites

beamtube in a flat region

beamtube along a bowl

perfectly flat
region

nearly bowl shaped region

Figure �: Left : Cartoon of the topography of a site along one of the beam tubes. The curvature is
greatly exaggerated. Right : The elevation profile plot used throughout this search, for example
in Fig. �, corresponding to the specific topography shown on the left. The earth’s curvature has
been removed and so the perfectly “flat” surface of the earth looks flat and the bowl-like nature of
desirable sites is apparent.

� Site Search

We obtained elevation data for the continental United States at the 100m scale from the
USGS. This was downsampled to 1 km for initial searches. We then did a brute force search
for sites with a corner station every 1 km. Different site orientations for each corner station
location were evaluated for arms rotated in increments of 360°/32 = 11.25°. A cost function
was computed for each location and orientation for the beamtube configuration that mini-
mized the volume of dirt needing to be moved. Sites with low cost functions were further
analyzed for things like earthquake, flood, and wind hazard, land ownership, site seismicity,
and proximity to civilization. These considerations are not discussed further here.

The cost function used for this search

⇠tot = ⇠elev +⇠tilt (�)

is the sum of two pieces: a cost⇠elev quantifying the volume of dirt needing to be moved
and a cost⇠tilt penalizing sites that are severely tilted.

The trenches and berms need to have a widthE ⇡ 4m to accommodate the beamtubes.
The slopes of the walls of the trenches and the sides of the berms will be the angle of repose
✓@ of the dirt if the dirt is simply piled; see Fig. �. An angle of repose of ✓@ = 45°was used for
the initial search, which is on the upper end of reasonable, but the relative ranking of sites
is hardly effected by this choice. The volume of dirt needing to be excavated or piled along
a short section of tube of length ✓ is

+ = ✓⌘ (E + ⌘ cot ✓@ ), (�)

where ⌘ is the depth of the trench or the height of the berm needed for this section of the
tube. The cost to move dirt is roughly $10 /m3. If there is more than 5 ⇥ 105 m3 to be cut in
a given kmwe switch to tunneling. This caps the volume to be cut at 5 ⇥ 105 m3 for a given

�

CE-T2000016-v2, K. Kuns and M. Evans



Earth volume movement
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NEMO and LIGO

CE 20 km

CE 40 km

• When assuming a smooth round earth, a large volume of earth 
needs to be removed to create a straight platform

• We can utilise natural surface profiles to minimise the amount of 
volume to be moved



Preliminary Candidate Sites
• Can be quite sensitive, careful with distribution

• Indigenous custodians, landrights and 
relationships

• Land use and coverage

• Once candidate sites are deemed of interest, 
engage with local community

• Current efforts using public databases

• Use data for our purpose (academically) 

• Tricky to understand, need expert advice

• Initial ‘flat’ site searches provide >1 M possible 
locations!

• For a 20-km observatory in Australia

Some Preliminary Candidate Sites

Search for sites in a grid with
the corner station every 1 km.

At each location rotate the
arms in increments of
360○/32 = 11.25○.
Identified 14 prelımınary
sites for further investigation.
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CE-G1901564 , K. Kuns
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Corner at 33.17� N, �106.49� W

Elevation along X arm
Elevation along Y arm
X arm depth
Y arm depth
Cut vol 6.1 · 105 m3

Fill vol 6.2 · 105 m3

X arm tilt 3.2 mrad
Y arm tilt 619.8 µrad

Figure �: Examples of bowl shaped sites plotted as shown in Fig. �. Left : White Sands, NM (the best
site); Right : Albuquerque, NM (one of the worst of the “good” sites). The cut and fill volumes were
calculated for ✓@ = 45°.

�
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Relax Corner angle 
and fix length

Relaxing the constraint of a 90° corner angle (here: 83°-97°) and 40 km arms length (37-40 km): 
About the same sites, volume smaller: more solutions with V < 106 m3 (white dots)

Corner angle = 90°
(shown previously)

F. Schiettekatte, U. Montreal, Dec. 2020 14CE-G2000063 – v2 , F. Schiettekatte

• Relaxing the constraint of a 90°
corner angle (here: 83°-97°)

• 40 km arms length (37-40 km)
• About the same sites, volume 

smaller: more solutions with V 
< 106 m3 (white dots) 
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Seismic Hazard &
Nearby Seismic Spectrum
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Sedan AU SDAN BHZ (5024 PSDs)
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http://pid.geoscience.gov.au/dataset/ga/123050

Peak Ground Acceleration
2 % risk of exceedance in 50 years

Seismic Noise
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Above 10Hz noise is dominated by nearby sources, especially site
infrastructure, that can be reduced in future designs.

6 / 13

Earthquake Hazard

USGS Peak Ground Acceleration

7 / 13



Facility design considerations

• Cost estimates for infrastructure

• Vacuum tube/pipe – potential large fraction of cost

• New technologies and alternative design under
investigation

• Architected structures

• Air-ducts for ‘remote’ air-conditioning system

• Local Roads

• Regional cost increase (AUS)

• Metropol areas +1.5 - 3%

• Remote areas +6.5 – 22%
Credit: C Blair

1Abbott+ arXiv:1607.08697Credit: E Hall



Timeline
Top-level phased approach to Cosmic Explorer
Site search and selection proposed to start in the not to distant future

DR
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T

13.3 Operations Model

Figure 13.1: A top-level timeline showing aphased approach toCosmic Explorer, as described
in §13.2.

maintenance phase would be to commission the instruments to reach a useful initial as-
trophysical sensitivity and sufficiently robust operations, along with the ability to produce
high-quality and well-calibrated astrophysical data and alerts to the broader astronomical
community. Achievement of this goal leads into a phase of alternating periods of observa-
tions and detector improvements, following the successful model employed by the current
gravitational-wave network.
We anticipate an open datamodel for Cosmic Explorer inwhich strain data and astronom-

ical triggers would be released immediately to the public (see §��.�). The data distribution
and associated computing infrastructure will thus be key aspects of the operations model.
The organizational and staffing model for accomplishing the Cosmic Explorer Operation

and Maintenance is provided below, based on the LIGO Laboratory Operations for the
Advanced LIGO Phase (M�������). There will be persons who play roles in several groups,
and many will change their focus according to the phase of activity (repairs, upgrades,
commissioning, observing).

�. A detector group, consisting of engineers and scientists who specialize in various
detector subsystems and electronics. This group will be responsible for maintain-
ing, testing, documenting, and repairing controlled detector configurations with a
focus on optimizing data quality and uptime. This group will also be responsible for
operating the detectors.

�. A commissioning group, largely scientists, will commission and test the instruments
and establish new detector configurations, with a focus on improving their perfor-
mance.

�. A systems engineering group, largely engineers, will set technical standards and ap-
proved changes in controlled configurations, with a focus on system trades.

98

~Current time

Period of finding and selecting and
appropriate ad feasible site 

Horizon Study – May 2021



Summary

• Site-selection methods are well underway

• Scientifically good site are found

• Short list to be made in the future

• Next phase require local community 
engagement 

• Start early, can be a long road

• Infrastructure concept under consideration




