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Basic Physics

Current Status

EoS from adiabatic tidal deformabilities
Connections to other astrophysical observations, nuclear theory and experiment

Connections between the Population of Merging Binaries and the EoS

How can we determine whether a GW source contains a NS?
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Current Observatories
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https://docs.google.com/file/d/15alTxlfWfcyVA_eMpVxvo_fescXizOTl/preview
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https://journals.aps.org/prx/pdf/10.1103/PhysRevX.9.011001

Multi-messenger Hierarchical Bayesian Analysis
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.123007
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.063003

What do we observe?
2.5

2.0

0.5

?

independent
measurements
from separate
systems



What do we observe? 10*
10% }
<10 |

10" |

10V

0.5

simultaneous

{ measurements
] from the same

system

10



= Prior
—— PSRs @Mmax — Prior
10%} — PSRs + GWs GWs —
—— PSRs + GWs + X-ray
S 10350
= 10
< o]
§> 34
E 10 i ;S
Q
1033 L
1032
1037 |

— Pl‘iOl‘
—— PSR + GW + J0030
= PSR + GW + J0030 + J0740

1.8¢
0o
=
2 1.4
1.0r + J0030
+ GW + J0030 + JO740
6 16 18

Legred+(2021) p(g/cm®)


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.063003

PSR + GW
PSRs + GWs + X-ray

There is a limit to the densities we can
probe within NSs

2:Br
=20
=
1.5 M-R
= Prior
—— PSR + GW + J0030
1.0t

—— PSR + GW + J0030 + JO740 ]|
A 5 6 i
Legred+(2021) P/ Pane



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.063003
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.063003
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.063003

Nonparametric EoS Inference

Legred+(2021)

Current “Theory Agnostic” Constraints
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.063003

Nonparametric EoS Inference
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.063003

Comparisons with Terrestrial Nuclear Experiments

Connection to “new” experimental probes: Neutron Skin Thickness (R

an)

Reed+(2021) infer L = 100 MeV based on R, = 0.29 + 0.07 fm. Suggest this implies R, , = 14 km.

Nucleon density in neutron-rich nuclei
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astrophysical observations


https://arxiv.org/abs/2101.03193
https://link.springer.com/article/10.1140/epja/i2014-14027-8
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.192701
https://arxiv.org/abs/2107.05528
https://science.sciencemag.org/content/371/6526/232

Comparisons with Terrestrial Nuclear Experiments
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.192701
https://arxiv.org/abs/2107.05528
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.192701
https://arxiv.org/abs/2107.05528

Comparisons with ab initio Chiral Effective Field Theory Calculations
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.102.055803

Comparisons with Terrestrial Nuclear Experiments

astro data can distinguish between
nuclear theories at high densities
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.192701
https://arxiv.org/abs/2107.05528
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improved precision in nuclear
experiments is unlikely to affect our
knowledge of NS radii without
improved theoretical calculations

22


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.192701
https://arxiv.org/abs/2107.05528

Comparisons with Terrestrial Nuclear Experiments
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.192701
https://arxiv.org/abs/2107.05528
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https://arxiv.org/abs/2111.03498
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https://iopscience.iop.org/article/10.3847/2041-8213/abbadd
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https://academic.oup.com/mnras/article/459/1/646/2608837
https://arxiv.org/abs/2007.01372

Connecting it all together : GW200115

mass distribution disfavors mass distribution favors
equal-mass binaries equal-mass binaries
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