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Neutron star Extreme Matter Observatory[1]
• Focus on BNS mergers

• Equation of State

• Late in-spiral and post-merger signatures

• Optimal sensitivity 1-4 kHz range
• Window comparable to 3G sensitivity

• Frequency of peak sensitivity under study
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Figure 1. Noise budget and indicative gravitational-wave signal from a binary neutron
star collision. Top panel: we show the amplitude spectral density of the various noise
components that make up the total noise budget shown as the black curve. Bottom
panel: The black curve is the same total noise budget as the top panel, now shown
as the noise amplitude hn =

√
f Sn( f ), where Sn( f ) is the power-spectral density. This

curve is shown in comparison to design sensitivity of A+ (blue), the Einstein Telescope
(ET; green), and Cosmic Explorer (CE; pink). Also shown in red is the predicted charac-
teristic gravitational-wave strain hc for a typical binary neutron star inspiral, merger,
and post-merger at 40 Mpc, where the latter are derived from numerical-relativity
simulations.

shot noise, future detectors aim to employ aggressive squeezing
(e.g., up to+10 dB). To enable increased circulating power, reduce
scattering losses, and thermal noise, future detectors may include
cryogenic silicon test masses with high-power 2-µm lasers as pro-
posed in the Voyager design (Adhikari et al. 2020). A NEMO
observatory also provides technological development for Cosmic
Explorer-like detectors while producing impactful science results
on a shorter timescale.

Figure 1 highlights both the key science case and the design
principles for a NEMO that are elucidated throughout the paper.
The top panel shows the strain sensitivity (amplitude spectral den-
sity

√
Sn( f )) and all underlying noise sources of the proposed

detector. This noise budget and the basic design principles of a
NEMO, including a detector schematic, are laid out in Section 2.
The bottom panel shows again the NEMO noise budget in black,
this time in terms of the noise amplitude hn =

√
fSn( f ), and

a comparison with the design sensitivity curves of A+ (blue),
Cosmic Explorer (pink), and the Einstein Telescope (green). The
sensitivity of a NEMO is comparable to those third-generation
instruments in the kilohertz regime. Also shown in the bottom
panel is an example signal one might expect from a binary neutron

starmerger at 40Mpc, the same distance as the first binary neutron
star merger detection GW170817. Tidal effects during the inspiral
become prominent around 500 Hz and above, while the post-
merger signal is above 1 kHz. We detail these key science deliv-
erables and more in Section 3. In Section 4, we provide concluding
remarks and sketch a path forward to a high-frequency detec-
tor within the international gravitational wave network. Finding
NEMO: a potential location for a NEMO includes Australia, where
a design concept called OzHF is eventually extended to a full-
scale broadband Cosmic Explorer South. For details, see Bailes
et al. (2019).

2. Building NEMO

Simultaneously achieving high sensitivity at low (! 50 Hz) and
high ("1 kHz) frequencies in a single detector is extremely chal-
lenging. There are two main reasons for this. First, the optical
bandwidth of high-sensitivity kilometre-scale detectors is limited.
Thus, to achieve sensitivity peaked at ≈ 2 kHz requires a loss of
optical sensitivity below ≈500 Hz. Second, the high-circulating
power required to improve high-frequency sensitivity introduces
opto-mechanical instabilities whose control strategies can easily
increase the noise in the low-frequency band. Detectors like the
Einstein Telescope (Punturo et al. 2010b) plan to limit low- and
mid-band frequency noise sources such as thermal noise by oper-
ating at 20 K, which is not compatible with high-circulating power.
Broadband operation will then be achieved by building multi-
ple detectors in a common subterranean vacuum envelope. In
NEMO, we only concentrate on the frequency regime above ≈
1 kHz, sacrificing low-frequency sensitivity and thereby decreas-
ing engineering challenges and cost. The low-frequency sensitivity
required for sky localisation will be achieved by the other detectors
in the network.

Martynov et al. (2019) have shown that the optimal length of
a detector with optimum sensitivity at 2 kHz is 16 km. At this
time, it is unlikely that the funds needed to build a dedicated high-
frequency detector of this scale could be obtained; hence, we have
compromised to an arm length of 4 km which is also compati-
ble with existing facilities. This arm length is sufficient to prevent
displacement noise sources causing concern without being pro-
hibitively expensive to build (Miao, Yang, & Martynov 2018). This
reduction in arm length reduces the maximum sensitivity that can
be obtained by about a factor of 2, whichmay in principal be recov-
ered in a future upgrade using a folded interferometer as outlined
in Ballmer & Ottaway (2013).

Our approach for achieving kilohertz sensitivity with a NEMO
that is comparable to third-generation gravitational-wave observa-
tories is outlined below. A simplified schematic of the inteferome-
ter is illustrated in Figure 2 and the design parameters are included
in Table 1.

The high-frequency sensitivity of interferometric gravitational-
wave detectors is predominantly limited by quantum phase noise,
which is due to the quantum nature of light, and not displacement
noise sources such as seismic and thermal. Increasing the circulat-
ing power within the detector reduces the impact of this quantum
phase noise proportional to the inverse of the square root of the
power (Martynov et al. 2019). Therefore, to maximise sensitivity,
the circulating power in the arms must be as large as possible.
This quantum phase noise source can also be reduced by inject-
ing squeezed vacuum into the dark port (Aasi et al. 2013). As a
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• Limited to no low-frequency sensitivity
• High bandwidth controls

• Reduced cost

• Configuration similar to LIGO/VIRGO
• Long signal recycling cavity

• Alternative signal enhancement techniques

• Next gen 3G technology pathfinder
• Use 3-4 km infrastructure

• 2um/1.5um/1um under study

• NEMO pathfinder supported by Australian Astronomy 
Decadal plan.
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