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Why are neutron stars important to nuclear physicists?
Which regions of a neutron star tell us about which physics?

What multi-messenger observables can we use?

What are Resonant Shattering Flares (RSFs)?
How can we use RSFs to constrain nuclear physics?

What are the prospects for detecting RSFs?

How do RSFs compare to collider experiments?
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Phase Diagram of Nuclear Matter
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Phase Diagram of Nuclear Matter

Saturation Density
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Symmetry energy constraints from 

terrestrial experiments

Pb208 Neutron “Skin” thickness

How can we measure Symmetry 

Energy with astrophysics?



Which regions of a neutron star tell us about which physics?
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Weber 2004, arXiv:astro.ph/0407155

http://astro.ph/0407155


What multi-messenger observables can we use?



M-R mostly a function of core properties (e.g. chiral EFT constraints)
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Kilonovae and Short Gamma Ray Bursts tell us a lot about the messy post-merger physics! 
But not too much about the neutron star progenitors themselves…



Tidal deformability mostly a function of core properties
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Parameterised Crust and Core

Neill, Newton, & DT 2021, MNRAS 504, 1, 1129

Based on EOSs from Balliet et al, 2021, ApJ 918:79

Compressible Liquid Drop Model


J, L, Ksym (Symmetry Energy)
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Nuclear Physics Prior
NICER/GW170817 
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Nuclear Physics Prior
NICER/GW170817 
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Mostly insensitive to the inner/outer crust
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GW “Spectroscopy” of a HMNS Remnant
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{
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<latexit sha1_base64="kuvqsFNbjEvULVMnkk4XIG+iKgw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpuyXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH2f+M+w==</latexit>n
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Baryon Density

(Cold) Infinite Nuclear Matter Equation of State

Saturation Density
<latexit sha1_base64="TBVRDtf6BiLbFMqrHpSdGaTwWQM=">AAACBnicbVDLSgNBEJyNrxhfUY8iDAbBg4ZdDepFCHrxGME8IIlhdjKbDJmZXWZ6xbDk5MVf8eJBEa9+gzf/xsnjoIkFDUVVN91dfiS4Adf9dlJz8wuLS+nlzMrq2vpGdnOrYsJYU1amoQh1zSeGCa5YGTgIVos0I9IXrOr3roZ+9Z5pw0N1C/2INSXpKB5wSsBKreyuaoX4Art57xQ3DhvAHkDLJJCDu+ToZNDK5ty8OwKeJd6E5NAEpVb2q9EOaSyZAiqIMXXPjaCZEA2cCjbINGLDIkJ7pMPqlioimWkmozcGeN8qbRyE2pYCPFJ/TyREGtOXvu2UBLpm2huK/3n1GILzZsJVFANTdLwoiAWGEA8zwW2uGQXRt4RQze2tmHaJJhRschkbgjf98iypHNsI84WbQq54OYkjjXbQHjpAHjpDRXSNSqiMKHpEz+gVvTlPzovz7nyMW1POZGYb/YHz+QPVh5d9</latexit>
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Nuclear Symmetry 

Energy:    
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What are Resonant Shattering Flares (RSFs)?



Some SGRBs have precursors…
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Troja et al. ApJ, 723, 1711 (2010)

Some SGRBs have precursors…

time
from

merger
0

~10 -100 ms

~1-10 s



How can we use RSFs to constrain nuclear physics?
How do RSFs compare to collider experiments?
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