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NEMO: Neutron Star Extreme Matter Observatory

A kilohetrz-band gravitational-wave detector 1n the global network
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Tidal deformability, A

* Changes gravitational-wave phase evolution

* more fluffy neutron stars are deformed more
measurement of equatlon of state
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Which path?

* Depends on progenitor masses (which we know) and

* Maximum non-rotating mass of neutron stars (which we don’t know)
* measurement of equation of state

* Measure path with gravitational waves and/or electromagnetically
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* Up to 79% of mergers
* Post-merger gravitational-wave signal:
* depends sensitively on equation of state
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Potential to “see” phase transitions

* Do deconfied quarks exist in the cores of
neutron stars?
* Hyperons, ....
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Lightcurve from Fermi/GBM (10 — 50 keV)
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* Significant information from inspiral

* No detection of gravitational waves post-merger
* Expected with LIGO sensitivity




GW17081°7: post merger
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* No gravitational waves
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What’s next in gravitational-wave astronomy?

= == 3LIGO current-ish = === A4 design (c. 2024)
m— 2 LIGO design

|Mostly funded,
minimal technology risk
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Characteristic Strain

Introducing NEMO

[0

= == a[LIGO current-ish
m— 2 LLIGO design
m—— A+ design (c. 2024)

= == CE/ET (late 2030s)

wm— NEMO

| Mostly funded,
| minimal technology risk

Not funded,
Unchartered territory in
1terms of technology

* Scale: ~$100 M (cf ~$1B for CE)
* Dedicated science goals:

Frequency [HZ] science case: neutron stars

' '1I(I)3 * Build the detector around the

* Technology development for full
3G detectors
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NEMO: A matter machine
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NEMO: A matter machine
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NEMO A matter maghme
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Whitened Strain

Whitened Strain

NEMO: A matter machine
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astrophysics

A NEMO needs to live in a heterogeneous network with
broadband (lower frequency) interferometers

* Multimessenger
* Cosmology
* Gamma-ray burst physics
* Jet-launching mechanism
* Interstellar medium densities

* Heavy-element nucleosynthesis

Time: -1225 days





other science: supernovae

accreting flow

Radice+19

* [neutrino-driven |
convection
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loud, kHz signals
e amplitude evolution differs between codes/groups
* Latter potentially detectable to ~ Mpc
* Ongoing investigation for NEMO (e.g., Powell+ in prep) *



other science:
isolated neutron stars
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NEMO: Neutron Star Extreme Matter Observatory -
Ackley et al. 2020

e Science Case -

* Binary Black Holes X

* Binary Neutron Stars ¢/

* Neutron Star — Black Holes ?
* Supernovae ?

* Isolated Neutron Stars ?

* Cosmology ¢

* Exotica ?

Temperature

mmm Project Scale

* ~$100M
* Scalable Infrastructure
* Location?
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Ground-based gravitational-wave Astronomy in Australia:

2019 White Paper (arXiv:1912:06305)
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Pulsar observations: | e
* J0348+0432 e N
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GW190425: The ANZAC day event
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GW190814: a 2.6 solar mass
neutron star or black hole? s
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GW170817 post merger

No gravitational waves

(not surprising)

Colour of kilonova

kilonova light-curve fitting

(some groups fit with long-lived remnant,
others without)

Apparent Magnitude
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Ground-based gravitational-wave Astronomy 1n Australia:

2019 White Paper (arXiv:1912:06305)

ltem Years Cost (AUD)
Australian Gravitational-Wave Pathfinder (Stage 0a) 2020-2025 $5M
Australian Gravitational-Wave Pathfinder (Stage Ob) 2026-2030 YA

OzHF Construction & Commissioning 2030-2033 ~$100-200M
OzHF Operation 2034-2038 ~$40-60M
Cosmic Explorer South Construction & Commissioning 2039-2043 ~$1B

Cosmic Explorer South Operation 2044- ~$100M/yr

30




GW170817 post merger
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NEMO: prehmmary demgn
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