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(Metzger & Berger 2012)

• Short Gamma-ray burst
• Broadband sGRB

afterglows: From X-ray to 
radio

• UV/optical/IR kilo-nova 
peaks at ∼ 1 day

• Ejecta-ISM driven afterglows

Classic binary-neutron-star 
EM counterparts 



• Engine-fed kilonova (Mergernova) (Yu et 
al. 2013, Ai et al. 2022)

• Ejecta-ISM shock powered bright 
afterglow (Gao et al. 2013)

• (Short-GRB-less) X-ray internal plateau 
emission (Zhang 2013)

• Late-time X-ray flares (Zhang 2006, Piro
et al. 2019)

• Fast radio burst induced by the collapse 
of the post-merger NS (Zhang 2014, 
Falcke & Rezzolla 2014)

(Gao et al. 2013)
Fast radio burst

Magnetar-powered EM signals Jet can be launched with NS remnant (Ciolfi 2020)



Magnetar-powered X-ray Internal Plateau

(Li et al. 2016)

• X-ray plateau followed by a sharp decay (𝐹 ∝ 1/𝑡!")
• A long-live central engine is required to power the plateau
• Any external shock emission cannot have a decay slope steeper than 3 

(Kumar & Panaitescu 2000; Kobayashi & Zhang 2007)
• The most straightforward interpretation: NS collapsing to BH

(Lü et al. 2015)



Magnetar-powered (engine-fed) 
kilonova

GW170817

(Gao et al. 2017)

(Ai et al. 2022)

• For the kilonova associated with GW170817 𝐿! ∼ 10"#erg/s
may be produced with short-lived Hyper-massive NS

• Some kilonova candidates have 𝐿! ∼ 10"$erg/s.
need long-lived magnetar as the central engine 



• Two types of mass:  
Gravitational mass (𝑀) vs. baryonic mass (𝑀%)  

• Baryonic mass is conserved during the merger
𝑀& + 𝑀# = M'(' = 2.74M⊙

𝑀%,& +𝑀%,# = 𝑀%,+,- +𝑀,.

𝑀+,-,/

(Ai et al. 2020 APJ)

Rigid rotating NS as BNS merger remnant

GW170817
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Universal relation   For non(slowly)-rotating NSs 𝑴𝒃 = 𝑴+ 𝟎. 𝟎𝟖𝟎𝑴𝟐

Universal relation   For Keplerian rotating NSs 𝑴𝒃 = 𝑴+ 𝟎. 𝟎𝟔𝟒𝑴𝟐

(Gao et al. 2020
Frontiers of Physics)

Rigid rotating NS as NS-NS merger remnant



• Two types of mass:  
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• Define 𝜒-23 = (𝑀-23 −𝑀456)/𝑀456
𝜒456 = (𝑀 −𝑀456)/𝑀456, for 𝑀 = 𝑀 𝑃 = 𝑃7 , 𝑀8 = 𝑀456

• 𝜒-23 ≈ 0.2; 𝜒456 ≈ 0.05

𝑴𝒓𝒆𝒎,𝟎 > 𝟏 + 𝝌𝒎𝒂𝒙 𝑴𝑻𝑶𝑽 → 𝑩𝑯
𝟏 + 𝝌𝑻𝑶𝑽 𝑴𝑻𝑶𝑽 < 𝑴𝒓𝒆𝒎,𝟎 < 𝟏 + 𝝌𝒎𝒂𝒙 𝑴𝑻𝑶𝑽 → 𝑺𝑴𝑵𝑺
𝑴𝒓𝒆𝒎,𝟎 < 𝟏 + 𝝌𝑻𝑶𝑽 𝑴𝑻𝑶𝑽 → 𝑺𝑵𝑺

(Ai et al. 2020 APJ)

Rigid rotating NS as NS-NS merger remnant

(Radice et al. 2018)



GW170817

• If  a BH was formed directly after the HMNS, We have 
𝑀#$% < 2.09&'.')*'.++𝑀⊙

• If  a SMNS was formed after the differentially rotating 
phase and finally collapses into a BH, We have 
2.09&'.')*'.++𝑀⊙ < 𝑀#$% < 2.43&'.'-*'.+'𝑀⊙

• If  a SNS was formed, We have
𝑀#$% > 2.43&'.'-*'.+'𝑀⊙.  (2𝜎)



Following the spin period evolution of a SMNS, given its lifetime and 𝑀IJK, 
constraints can be put on B (EM radiation) and 𝜖 (GW radiation).

Constraints on the NS Properties in the MNS Cases

(Ai, Gao & Zhang 2020, The Astrophysical Journal) 

(Ai et al. 2018, The Astrophysical Journal) 
Low B, NS hides in the center? 
High B NS but quickly collapses or GW dominated spin-down?



What’s the merger product of GW170817?
• Hyper-massive NS à BH?

𝑀123 <∼ 2.1𝑀⊙, close the mass of observed massive pulsars?

30% SGRBs have X-ray internal plateaus?
• Hyper-massive NS àSuper-massive NS (à BH)?

short-lived SMNS? 𝑀123 ∼ 2.1𝑀⊙
long-lived SMNS? High B, but GW dominated spin-down (✓)
stable NS? High B, but GW dominated spin-down (✓)

PSR J1614-2230: 1.97 ± 0.04𝑀⊙(Demorest et al. 2010) 
PSR J0348+0432: 2.01 ± 0.04𝑀⊙ (Antoniadis et al. 2013) 
PSR J0740+6620: 2.14"#.#%&#.'#𝑀⊙ (Cormartie et al. 2019) 


