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Cosmic Dawn

Courtesy of  Hirano

Talks by Takashi, Shingo, Anna



Courtesy of  Jason Nordhaus
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Where were  the metals from? 
Core-collapse Supernovae Explosions
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Low-energy CCSNe  
(explosion energy = 0.2 - 0.5x10^51) 

Chen+ MNRAS (2017)



Fallback, Mixing, and Yields
Low-Energy CC SNe (60 M⊙ > M* > 10 M⊙)

Chen+ MNRAS (2017)

Hypernovae Fallback Talks by Nomoto-san, Nozomu, Shingchi 

The First Mixing of Metals



Stellar Feedback of  Pop III Stars 
Inputs to Cosmological Simulations

I

Chen, Bromm, Heger+ ApJ  (2015)

Radiation

Supernovae

Radiation

Paving the highway for chemical enrichment



Stellar Feedback of  Pop III Binaries 
Inputs to Cosmological Simulations

Poster by Sung-Han Tsai



Radiative+Supernova Feedback 

Chen+ ApJ  (2015)



Chemical Enrichment in Cosmological Simulations 

Chen+ 2015



External Enrichment Channel  

?

Talks by Britton, Gen, & Mattis



Chemical Enrichment in the Universe?

DM Halo ( ) SN Metals 

r-process

Cosmologist’s Midas Touch



Resolving the small scales to understand mixing



Multi-code Simulation Approaches 
1D Kepler/ZEUS+ 2D ZEUS+ 2D/3DCASTRO

Supernovae Ejecta

UV Radiation



The Second Mixing of Metals

SN enrichment in the realistic setup



z/z☉

How deep can the metal go ??
Chen+ ApJ 844 111 (2017)

It requires very massive stars to do external enrichment



Self-enrichment Channel

minihalo
forming star

photo evaporating

SN explosionfallback and mixing

Chia-Jung Hsu 
Chalmers University 
of Technology



• ZEUS-MP and FLASH 

• Supernova in a photo-evaporated halo 

• 15 solar-mass star with 10  erg energy 

• 10⁶ solar-mass halo

Mixing of the First 
Supernovae Metal

metal

dens

Chia-Jung Hsu 
Chalmers University 
of Technology
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See Chia-Jung’s Poster



   The First Galaxies

Talks by  John Wise, Li-Hsin Chen+

JWST may have a chance to check these scenarios    
First light is expected in 2021?
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