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The Explosion Group at ASIAA

Since Sep. 2017 ~



History of  Universe
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450 Million Years after the Big Bang

HST (10 days)



The Beginning of  Story 
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(Credit of IoA  Cambridge)



Lehnart, et al. (2009)

Simulation based on Fundamental Physics Laws

Fluid Dynamics



Courtesy of  Volker Springel (AREPO code, 2009) 

Mixing of  Coffee and MilK



Cosmology, star formation, supernovae etc

Observations !!!

1D models

Stellar Evolution > Explosions  
> lights > yields

Stellar Evolution > Explosions  
> lights > yields

Crazy Multi-D models

Supercomputers are required to theoretical astrophysical models !!!



The Telescope for Simulators



Initial Conditions for the Cosmos

Springel 2006

(Courtesy of Max Tegmark)



LCDM

LCDM Chen and Almgren (2015, NYX code )

Formation of  the First Stars 



Formation of  the First Star!

Courtesy of  Hirano



Courtesy  of  Shingo Hirano  



Periodic Table



Nordhaus+ 2010

Supernovae!



z ~ 20

?z ~ 10
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How did the First Galaxies Form?

Bromm, & Yoshida  (2011)



Characters of  the First Galaxies 
Bromm, & Yoshida  (2011) 

•  Mass scale ~ 108 M⊙ 

•  Redshift ~ 10  
•  Self-bound system.  
•  Affected from the previous stellar feedback 

•  Hosted the Pop III and Pop II stars 



Cosmological Simulations

Gadget-2   ( Springel 2005)  
    1. Star formation 
     2. Radiative transfer 
     3. Diffusion mixing 
     4. Chemical cooling  

     Bromm+ 2002,2003    Johnson+ 2007 

      Greif+ 2009, 2010        Jeon+ 2012 
   

 Possible radiative feedbacks                     

    1. Ionizing photons       

     2. SN shock reheating   

     3. X-Ray Binaries 

Chemical enrichment 
     1. SN feedback Deta
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Chen+ ApJ  (2015)



Chen+ 2015



Single Star Models

I



Radiative Feedback 



Radiative+Supernova Feedback 



Radiative Feedback (Binaries) 



X-Ray UV

Radiative Feedback of  X-ray and UV



Density

Temp.

Properties of  Large Scale Structure

?
radiation SN metal

single star strong weak
binary star weak (x-ray) strong



Chen+ 2015



Chemical Enrichment in Cosmological Simulations 

Chen+ 2015



How did the first stars regulate the star formation in nearby halo? 
(The Simplest Case)

?



Chemical Enrichment in Reality?

DM Halo ( ) 

SN Metals 



Resolving the small scales



The Impact of  Radiative Feedback  
ZEUS-MP



The impact of  supernovae to nearby halos

Strong SNe Real SNe 



SN chemical enrichment in the realistic setup

Chen+ ApJ 844 111 (2017)



z/z☉

How deep can the metal go ??

2017ApJ...844..111C

Chen+ ApJ 844 111 (2017)



II. From Pop III IMF to the First Galaxies



Spherical Collapse 
• Self-Gravity 
• Chemical cooling 
• Velocity Turbulence 
• Star formation with 

feedback like mass 
ejection and UV 
radiation, etc. 



Isolate Disk Galaxy  Tzu-Hsiang Chao 
(ASIAA) 

tzuhchao@gmail.com 

Early universe - first stars, BHs 
Numerical simulation 
Data visualization

- Toomre Q=1 disk (critical stable  
between gravity, thermal pres., and  
differential rotation.) 

- Bulge with Hernquist profile 

- Extended Hernquist-profile,  
isotropic dispersion supported  
dark matter halo. 

- A thin gas disk 
- And a super-massive black hole 

 

Φbulge (r) =
−GMbulge

r + c
with Mbulge = 3.4×1010M⊙  and c = 0.7kpc

Physics enabled:
- Star formation under virial criteria 
- Stellar-wind feedback.  
- Optically thin radiative cooling 
- Self-gravity

mailto:tzuhchao@gmail.com


This movie showed a 
massive star’s abundance of 
each elements during the 
last few hours in its life. 
We can see the change is 
very violent and dramatic!



Simulation of Binary neutron star merging

with Einsteintoolkit(GRMHD code)


By Chia-Hui Lin( )
Evolution of density distribution 
ADM mass = 3.251 solar mass 

Initial Separation = 45 km

Gravitational waveform 
Detection distance = 300 km 

Time unit = 5 μs



JWST may have a chance to check this scenario    
First light is expected in 2018
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