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Outline

● Mass upper limit of neutron stars M_TOV 

           2.6 Msun: lightest BH or heaviest NS ? 

● Normal modes of neutron stars 
● Signature of mode excitation in BNS GWs  
● Interface mode as an example  
● Summary 



  

 M_TOV

● M_TOV  maximum mass of non-rotating neutron stars

 M_TOV ~  (2.2--2.4) Msun



  

 M_TOV

● M_TOV  maximum mass of non-rotating neutron stars

 M_TOV ~  (2.2--2.4) Msun
● M_max  maximum mass of fastest-rotating neutron stars 

 M_max = 1.2 M_TOV ~2.64–2.88 Msun



  

 M_TOV

M_max = 1.2 M_TOV ~ 1.2 * (2.2--2.4) Msun = 2.64–2.88 Msun

● GW190814  23 Msun + 2.6 Msun     

                             BH + lightest BH/heaviest NS ? 

Tidal deformability    EM signals   Dynamical tides



  

 NSs vs BHs: tidal deformability 



  

 NS tidal deformability



  

 GW only: tidal deformability

Unmeaureable small diff in the tidal deformability:  O(1) vs 0 



  

GW + EM observations  

● 1.3 Msun + 2.6 Msun 

GW + GRB/kilonova → Cannot distinguish NS + BH/NS

● 2.6 Msun + 23 Msun

GW only →                Cannot distinguish  BH/NS + BH

● 2.6 Msun + 2.6 Msun  

GW + GRB/kilonova →  BNSs 

GW only → BBHs         Can but RARE^2



  

Normal modes 

stellar response to a tidal field 

McDermott 85,88, Lai94



  

pressure → f-, p-modes 
gravity      → g-modes  
crust shear → s-modes

Normal modes 

stellar response to a tidal field 

McDermott 85,88, Lai94



  

Mode excitation in a tidal field

 Lai1994



  

Mode excitation in a tidal field

 Lai1994

Larger g-mode Q if quark core  Miao+



  

Mode excitation in a tidal field

Passamonti+21



  

Signature of mode excitation

 Lai1994



  

Signature of mode excitation in GWs



  

Signature of mode excitation in GWs

 Yu2017



  

Signature of mode excitation in GWs

 Yu2017



  

Signature of mode excitation in GWs

 Yu2017

Note: mode resonance must happen in the detector 
sensitivity band to be detected.  



  

Interface mode as an example

 Credit:blackradius.com
 Credit:Tsang2012



  

Interface mode

> 99% mode energy is stored 
in the solid crust 



  

Interface mode



  

Crust melting driven by i-mode 



  

Crust melting driven by i-mode 



  

Crust melting driven by i-mode 



  

Dynamical signature on GWs

Note: melting energy instead of mode energy, 
Frequency at melt instead of at resonance.



  

Phase shifts examples

BNSs (1.3 Msun+1.3 Msun) 



  

I-mode search in GW170817



  

Forecast search in GW170817 like 
events with LIGO A+ 



  

Summary

2.6 Msun→  Lightest BH or most massive NS ?

Tidal deformability                            no

GW+EM observations   (very likely) no

Normal modes               (very likely) yes
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