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The Explosion Group at ASIAA
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(Credit of oA Cambridge)

o/ from microphysics to large-
o ! scale structure in the Universe
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Simulation based on Fundamental Physics Laws
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Mixing of Coffee and MilK
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Cosmology, star formation, supernovae etc

Supercomputers are required to theoretical astrophysical models !!!
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1D models
Stellar Evolution > Explosions
> lights > yields
¥
4 )
Crazy Multi-D models
Stellar Evolution > Explosions
> lights > yields
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The Telescope for Simulators




Initial Conditions for the Cosmos
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Formation of the First Stars
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Astronomers detect
light from the
Universe’s first stars

Surprises in signal from cosmic
dawn also hint at presence of dark
matter.

Powerful enzyme could make CRISPR Genome studies unlock childhood-
genc-edit ng more versatile cancer clues

Revamped Cas® protein could work on more Analyses across dozens of cancers reveal new
sites in the genome, and with fewer unwanted potential drug targets
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12 M@ < M* < 60 M® 30M©‘45M(" %M@<M'<140M@o
Trigger: '0, core collapse * | Trigger: iron core collapse Trigger: e+je- creation instability
Dynamite: G-energy and neutrino Dynamite: magnetar energy Dynamite® explosive buming k

pcnaracteristics: apacteristics: Characteristics:
1. 10,000+ fainter than normal SN 1. ous S GRS 1, Several eruptions
2. Almost no Ni ejecta 2.<0.1M3 2. Multi-SNe (one superluminous)
3. Strong mixing during fallback 3. Radiation breakout at early on 3. Mixing during shell collisions
Chen+ MNRAS 467 4731 (2017) Chen+ Ap) 832 73 (2016) Chen+ ApJ 792 28 (2014)
.' R
Bair-Instability SN R InstabilityY SNe Radhvdro models of Exotic SN«
-
- o
* 140 M® < M* < 250 M@ 54,000 M@ < M* < ss.o.M-;-;
Trigger: e+/e- creation nstability Trigger: GR Instability
Dynamite: explosive 0/Si energy Dynamite; explosive He buming ; 1
|Cha . e arg s o
x ,;:“mumim‘ . Characteristis: Fackative transier COlAGO0NS b NIV T
~ 1. Energetic explosion ~ 1E55 erg Sgtalled specira that cam be @Iectly companed 1o
g' aizxi:\.;;a:y.:e.v:r;e shock or buming 2. No Ni and no superuminous g
: 3. Mixing by buming
Chen+ Ap) 792 44 (2014) Chen+ Ap) 790 162 (ZOI*n.WOSIey_-Zhang. In prep
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How did the First Galaxies Form?
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Bromm, & Yoshida (2011)




Characters of the First Galaxies

Bromm, & Yoshida (2011)

Mass scale ~ Mo

Redshift ~

Self-bound system.

Affected from the previous stellar feedback
Hosted the Pop lll and Pop |l stars



Cosmological Simulations

Chen+ ApJ (2015)

Gadget-2 (Springel 2005) \6
1. Star formation @
2. Radiative transfer é
3. Diffusion mixing o
4. Chemical cooling ®

Bromm+ 2002,2003 Johnson+ 2007

Greif+ 2009, 2010  Jeon+ 2012 \\0
Possible radiative %\@dacks

1. lonizing photons¢
2. SN shock r g

3. X-Ray Birvggx@

Chemicé’%'nrichment
1. S@edback
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Single Star Models

Muss MS post-MS  total  fates  metals (SN/HN)

(M)  (Myr) (Myr) (Myr) (M)
/ , Lw 15 9478 1031 1051 SN 1388
AN p i
107 _— : i 30 5208 0509 577 BH, HN 6.876
10% : 15 3995 0394 439 BH, HN 13.26
G0 3.426 0.345 377 BH, HN 20.66
107} E Table 10.1 Stellar lifetimes and fates
10“ / Hl o
P pEa e : X* Type Mases £* mass cjoction Notes
107k ) (M) (B)
S SN <20 1.2 allbut ~13M, leaves neutron star
5 B BH =225 0 None votnplete collapso 1o BH
H HN <HBO ~0% big exploston, lesves black hole
Hel , Table 10.2 Summury of ssumed stellar fato charactonstios: * sentined nsod In model
tutoes to indicate fate of stur. * Explosion energy.
1 Mass HI Hel  Hell
(M) (10%) (10%) (1%
ggg — el 15 064 016 010
S30 , 30 182 072 137
S15 15 208 145 434
| 60 418 221 831
A Table 10.3 Number of jonizing photons emitted over the lifetime of a star,
8 10




Radiative Feedback
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Radiative+Supernova Feedback

BH SN Metal
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Radiative Feedback (Binaries)
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L 0.0337 Myr

Pop | Q()‘ Msun Siar




Properties of Large Sc

ale Structure

t = 15 Myr

Density
Temp.

radiation SN metal
single star |strong weak
binary star |weak (x-ray) |strong
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Z/Zsun ] : : : :
pical Enrichment in Cosmological Simulations
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Chen+ 2015



How did the first stars regulate the star formation in nearby halo?
(The Si e)




Chemical Enrichment in Reality?

DM Halo (tAZN3)

SN Metals (#{EKL?)




Resolving the small scales
(d)




The Impact of Radiative Feedback
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The impact of supernovae to nearby halos
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SN chemical enrichment in the realistic setup
Chen+ ApJ 844 111 (2017)
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How deep can the metal go ??
Chen+ ApJ 844 111 (2017)
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From Pop lll IMF to the First Galaxie




Spherical Collapse
» Self-Gravity
* Chemical cooling

Velocity Turbulence
Star formation with
feedback like mass
ejection and UV
radiation, etc.




%74 Tzu-Hsiang Chao | TS0 Late Disk GQLQ)«j

(ASIAA) - Toomre Q=1 disk (critical stable
tzuhchao@gmail.com between gravity, thermal pres., and
differential rotation.)

Early universe - first stars, BHs - Bulge with Hernquist profile
Numerical simulation _
Data visualization (1) = —
with M, =3.4x10" M and ¢ = 0.7kpc
= Extended Hernquist-profile,
isotropic dispersion supported
dark matter halo.
- A thin gas disk
- And a super-massive black hole

‘Ph:)si,t:s enabled:

- Star formation under virial criteria
- Stellar-wind feedback.

- Optically thin radiative cooling

- Self-gravity
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log mass froction

cor 1852031 mine Abundance

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(fAZ &)

Evolution of density distribution
ADM mass = 3.251 solar mass
Initial Separation = 45 km

Gravitational waveform
Detection distance = 300 km
Time unit =5 ps
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