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AGNX-ray Binaries
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Twist of Star Formation, ISM, Stellar Evolution + Tons of Micro Physics?



Massive Stars

Tarantula Nebula HST NGC 6357
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• Heavy elements 

• Key driver of  the baryonic cycle

• Fundamental physics 
• Accessibility in Research (models 

and observations)



Credit:  Roland Diehl (MPE, Germany)

Baryonic Cycles in the Universe



Chen+ 2015
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Neutrino as a Dynamite







The central engine (neutron star/black hole) is the key! 
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60 M⊙ > M* > 30 M⊙

Hypernova and GRB !!!



60 M⊙ > M* > 30 M⊙

NASA JPLThe ideal lab for the fundamental physics

Hypernova and GRB !!!



Magnetar Physics 101
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Model and Observation

Observations !!!
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Supernovae Light Curves

R, M, T 

Diffusion Time = Expansion Time: 

texp !
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Magnetar-Powered Hypernovae and GRB

B > 1e16 G, P < 1 ms



Magnetar-Powered Hypernovae and GRB

B > 1e16 G, P < 1 ms



Fallback BH formation from Hypernovae

Chen+ ApJ 2017 

8 M⊙  CO Star > 4.54 M⊙ BH



Super Luminous SNe (SLSNe)

Smith+ 2007
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Energy budget of  SLSNe luminosity

• Explosion itself  ?? 

• Neutron Stars? 

• Radioactive Isotopes? 

• Shock/ejecta/CSM collisions? 

Unlikely

ms Magnetar

Tons of  Ni (>10 M⊙) 

Kinetic energy to radiation

Radiation energy budget ~ 10   erg51



Superluminous SNe by magnetar 

Chen+ (ApJ 2016)

Original Ideas from Maeda, Kasen, Bildsten, Woosley 

B = 4e14 G



SLSNe by magnetar 2D Model (P = 1 ms, B = 4e14 G)



SLSNe by magnetar 2D Model (P = 1 ms, B = 4e14 G)



400 days after explosions

3D Magnetar-powered SLSNe
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Bridging the central engine to its observational signatures    
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MS Mass                 He Core              Supernova Mechanism

   Death of  massive stars and their black holes  
             

10 ≤ M ≤ 80        2 ≤ M ≤ 32           Fe core collapse to a   
                                                            neutron star or black hole 

80 ≤ M ≤ 150       35 ≤ M ≤ 60         Pulsational pair instability 
                                                             followed by core (PPSN)    

150 ≤ M ≤ 250     60 ≤ M ≤ 133       Pair instability supernova 
                                                              (PSN)   

250 ≤ M                 133 ≤ M               All BH or any Bang?? 

Woosley, Heger, & Weaver (2002) 

(solar mass ⊙)

   1D stellar evolution issues: mass loss, rotation, convection ?

   Multi-D Explosions issues: explosion engines, fallback ? 

  BH up to ~ 32

 BH up to  ~ 60, fallback can add up??

 BH ~  0 ?



Thoughts on Impacts of  SNe feedback on 
galaxies

32

• Massive stars and their supernovae are 
critical to galaxy evolution. 

• The importance of  fallback/mixing 
during the explosion cannot be ignored. 

• GW opens a new window of  SNe. 
• Metal yields can be used to trace the 

stellar population in the galaxies. 
• SNe Feedback in cosmological zoom-in 

simulations can be improved.

IMF? Stellar physics? Explosion physics? 

Take Home Message 


