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\“liustration: NASA CXC/M.Weiss
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Sun-like Star

Massive Star ~ Reg
(more than 8 to 10 times the mass of our Sun) S u pe rg iant
Protostars
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Red Giant Star-Forming ™
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SUPERFLUID NEUTRONS
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SUPERFLUID NEUTRONS
‘ SUPERCONDUCTING PROTONS
HYPERONS? '
: DECONFINED QUARKS?
‘ COLOR SUPERCONDUCTOR?
il , \/Vatts et al. (2016) Rev. Mod. Phys., 88, 021001



Direct Collapse

Hypermassive NS
Collapse

Supramassive NS
Collapse

Hypermassive NS

Supramassive NS

Stable NS
Adapted from Sarin & Lasky (2021) GR&G, 53, 6, 59
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EM: Kilonovae/GRB

Kilonovae and Short Gamma Ray Bursts tell us a lot about the messy post-merger physics!
But it’s difficult to extract info about the neutron star progenitors themselves.
However, they can provide some (qualitative) information on merger remnants, potentially probing
the even higher density cores of HMNSs/SMNSs.



EM: Kilonovae/GRB

Direct Collapse

Hypermassive NS
Collapse

Supramassive NS
Collapse

Hypermassive NS

Supramassive NS

Stable NS
Adapted from Sarin & Lasky (2021) GR&G, 53, 6, 59



EM: Kilonovae/GRB
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EM signature

EM: Kilonovae/GRB
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EM: Kilonovae/GRB
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EM: Kilonovae/GRB

20-50% mass error
100% vej error
(Due to thermalisation or nuclear model)

Brethauer, Kasen, Margutti,
& Chernock, arXiv:2408.02731

0 11 12 _ 13 14 15 16
R1.35 [km]

Bauswein (2019) Ann. of Phys., 411, 167958



EM: Kilonovae/GRB
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EM: Kilonovae/GRB
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GW (post merger)

——  Simulations Prior 90% upper limit Posterior 90% upper limit
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
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o N "!\ | | | i
10~ 7 '

1500 2000 2500 3000 3500 1000
Frequency (Hz)

Post Merger Ringing of SMNS/HMNS. Not detectable with this generation - but likely with 3G

LVC (2019) PRX, 9, 011001
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GWs (Inspiral)
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The lowest order at which
the EOS contributes to the
the GW waveform is through

the “tidal deformability” A

(Quadrupolar polarizability?)

GWs (Inspiral)

Image Credit: Megan Janeski
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GWs (Inspiral)
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GWs (Inspiral)
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GWs (Inspiral)

10° 0 99% Nuclear Prior
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GWs (Inspiral)
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Assuming the star is
nucleonic constraints
can be placed on the
isovector/isoscalar
parameters
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GWs (Inspiral) | Asteroseismology!

Modes probe the structure where their eigenfunctions are concentrated
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Multi-messenger

Precursors (RSFs)

Pygmy Quadrupole Resonance?
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Pygmy Quadrupole Resonance?
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Multi-messenger

Precursors (RSFs)

| A stable EQOS, 2.1 = M ax < 2.5 My and various nuclear data
_ﬁ_ The first label, and a RSF from a 2.005 My + 1.408 My merger
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