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Modelling 1. Create template “filters”
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What’s Love got to do with 1t*?
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[LIGO, PRL 121 (’18)]
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What else can we learn about nuclear physics? Consider cg?...

Recent studies indicate
a steep rise or bump
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Ranea-Sandoval, et al, PRC93, Tews, et al, PRC98, °18
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Recent studies indicate One physical mechanism:

a steep rise or bump Quarkyonic Matter
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See e.g. Zhao & Lattimer, 2004.08293.
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Recent studies indicate One physical mechanism: Other studies indicate
a steep rise or bump Quarkyonic Matter sharp kinks
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- A Kinky or bumpy speed of sound seems to be somewhat general in
,\ several nuclear physics models with quarks d.o.f.
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Other studies indicate
sharp kinks

Chiral mean field model
(hyperons and quarks)

Dexheimer & Schramm,
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Jakobus, et al, 2004.07026

QHC19 (crossover to quarks)
Baym et al, ApJ 885, 19
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Kinky and bumpy neutron stars

[Tan, Noronha-Hostler, Yunes, PRL 125, *20;
+ 1n prep with Dexheimer, Dore]

10



Kinky and bumpy neutron stars
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Kinky and bumpy neutron stars
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It GW190814 1s a NS-BH merger, what does this say about ¢¢2?

- causal limit :
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Isn’t this in conflict with LIGQO’s observations?
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e Black holes are not deformed so A =0
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e Heavy neutron stars are less deformed (small A)
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| NOtp(;ssible to measure A in
| GW1?0814 dlle tOmaSSiVe BH

|
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| Needs measurements of
A\ ~ 3-20, current detectors
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Summary and Outlook

e [Large maximum mass of a neutron star 1s possible when

incorporating dramatic change 1n the degrees of freedom
(quarks???)

e Spectral EOS misses this behavior, one must use caution
with restricted phenomenological EoSs that may miss
important physics

e Measuring A (tidal deformation) is key to distinguish
between NS and BH 1n a binary

e Future upgrades crucial to a further understanding Quantum
Chromodynamics

- ““Assumptions are made and |
most assumptions are wrong.”
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Why start with speed of sound: CSZ?

Connection to the susceptibilities
d°P
)(2 = —— at T:O
du

Cs2 = ngl/(ugx>)

McLerran & Reddy, Phys. Rev. Lett.122. 122701
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A= g(m17 mQ))\l + h(ml, mg))\g
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Binary Love relations
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- The tidal Love numbers satisty (approx Universal), EoS-Insensi
relations (that only depend on the mass ratio)!

[Yagi & Yunes, CQG Letters 33 (°’16)]
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Improvements in extraction of EoS

Single and future observations with 3G detectors
(4p=150, GW170817)

Via stacking
(with aLIGO at design sensitivity, 2021-2023)
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