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Motivations

1. Why do we care aboub skars?
2. How do they form and evolve?
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Magnificent Gralaxies and Liktle Stars
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icent Galaxies and Little Stars

Milky Way Galaxy

About 13.2 billion years old.
200-400 billion Stars, with at least 100 billion Planets, 500 million of which may support Life

125,000 Light Years
in Diameter.

The Milky Way is moving at a rate of 552 to 630 km per
second, being pushed away from the Local Void at You Are Here
600,000 mph. Our Solar System travels at 447,000 MPH
and takes 250 Million years to complete one Galactic
Rotation.

26,000 light years away from the
Black Hole at the center of the Milkyway
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Free Fall Time

for the Sun is 30 min
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Eddington Luminosity
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Eddington Luminosity
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Temperature-Density Diagram of Stellar Evolution

Relativistic degeneracy
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Temperature-Density Diagram of Stellar Evolution
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Advanced Nuclear Burning Stages

(e.g., 20 solar masses)

Fuel Main Secondary Temp Time
Product  Products (10°K)  (yr)
N 0.02 107
180,**Ne 0.2 10°
S- process
0.8 10°
I, P Bax.
| Si. S Cl, Ar 2.0
| / K, Ca
g Si Fe Ti. V., Cr 3.5 | week

Mn. Co. Ni




Physics of Superhovae

=

€ Core hardens €© Bounce shock starts ‘

0) Shock stalls © Instabilities raise shock (O Explosion proceeds
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Supermavae Light Curves

Diffusion Time = Expansion Time:
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Diffusion Time = Expansion Time:
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Diffusion Time = Expansion Time:
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Diffusion Time = Expansion Time:




Su,permcwae Light Curves

Diffusion Time = Expansion Time:

Ed‘:ff il Eexp
b ol
exp V’
£, Yol T(§> 3 Kp@(%) w %



Su,[z?ernovae Light Curves
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Su,[z?@.rnova@. Light Curves
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Want ko be an Askronomwer?

I have some stories and advices ko
share wikh vou.!!
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NUMERICAL SIMULATIONS OF MERGING GALAXY CLUSTERS

KE-JUNG CHEN
DEPARTMENT OF ENGINEERING AND SYSTEM SCIENCE . NATIONAL TSING HUA UNIVERSITY

AND

STEPHANE LEON' & LIN-WEN CHEN'"?
1.INSTITUTE OF ASTRONOMY AND ASTROPHYSICS ., ACADEMIC SINICA
2. DEFARTMENT OF PHYSICS NATIONAL TaAai1WAN UNIVERSITY

ABSTRACT

In this report we want to present simulation results of galaxy clusters mteraction and merging. We
use the treecode developed by Bames1996. which is a code of N-Body sumulation. It is frequently
used in astronomy for several years. The simulations are specializing in dynamics of two galaxy
clusters merging. In the process of simulation, hydrodynamic effect and radiation are not
considered. The motion of galaxies and the dark matter are we most mterested . We use SUN
workstation to do these simulations and IDL to perform the analysis, We discuss the meaning of
the results and compare them with observations toward the Sharpley supercluster of galaxies,
(optical. ROSAT). In these report we select some of the simulations showing different kinds of
cluster interactions. The report is divided into four sections, sectionl introduces the background of
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Total effect
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Milk and Coffee

Courtesy of Volker Springel (AREPO code, 2009)
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2. American Astronomical Society, International Travel Grant, 2012: $1,362

3.University of G ottingen, Germany, Conference Travel Grant, 2012: $780

4 International Astronomical Union, Travel Grant, 2012: $313

5.American Astronomical Society, International Travel Grant (IAU GA), 2012: $1,378
6.American Physical Society, Travel Award for Excellence in Graduate Research, 2012: $500
7.American Physical Society, Division of Nuclear Physics—Travel Award, 2012: $300
8.American Physical Society, Division of Astrophysics Physics—Travel Award, 2012: $600
9. Sigma Xi Foundation, Research Grant, 2012: $675

10.UC High-Performance AstroComputing Center, Travel Grant, 2011: $1,267

11.National Science Foundation, Head Meeting Registration Fee Waiver, 2011: $450
12.American Physical Society, Division of Astrophysics Physics—Travel Award, 2011: $300
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1.NSF, Scientic Visualization Competition, the Finalist in Graphics, 2016
2. University of Minnesota, Best Dissertation in Physical Science, 2015
3. Berkeley National Laboratory, NERSC Achievement Award, 2015

4. East Asian Core Observatories Association, EACOA Fellowship, 2015
5. International Astronomical Union, Gruber Fellowship, 2013

6. The University of Minnesota, Johnston Fellowship, 2012

7. Kavli Institute for Theoretical Physics, Graduate Fellowship, 2012:

8. Advances in Computational Astrophysics, Best Paper Prize, 2011
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Advanced Nuclear Burning Stages

(e.g., 20 solar masses)

Fuel Main Secondary Temp Time
Product Products (10° K) (yr)
/ “N 0.02 10’
'%0,*Ne 0.2 10°
/ S- process
& e. Mg Na 0.8 10
/ . Mg Al P 1.5 3
O / ;'S Cl, Ar 2.0 0.8
/ K.Ca
e 11, ¥V, €Cr 35 | week

Mn. Co. Ni




Temperature-Density Diagram of Stellar Evolution

Relativistic degeneracy
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Temperature-Density Diagram of Stellar Evolution

Bluing IS
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When Massive Stars Die,
How Do They Explode?

— |

Neutron Star Neutron Star Black Hole
o + -
Neutrinos Rotation Rotation
Colgate and Whate (1966)
Amett Hoyle (1946) Bodenheimer and Woosley (1983)
Wilson Fowler and Hoyle (1964) Woosley (1993)
Bethe LeBlanc and Wilson (1970) MacFadyen and Woosley (1999)
Janka Ostriker and Gunn (1971) Narayan (2004)
Herant Bisnovatyi-Kogan (1971)
Burrows Meier
Fryer Wheeler
Mezzacappa Usov All of the above?
etc. Thompson
etc

10 20 35M,



Fate of Very Massive Stars
Star > 80 Mo
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The Death of Massive Stars

Woosley, Heger, & Weaver (2002)

low -mass stars massive stars very massive stars

zero metallicity

pulsational pair instability

Bl

tododisintegration

nickel p

3}
o
=
]
2
)
O
N
%)
P
e
-—
P
Q
77
%)
%)
P
E
©
E
oY)

final mass

supermassive stars ( > 50,000 solar masses)

direct black-hole formation

direct black-hole formation

neutron star black hole black hole

. noremnant — complete disruption

30 100
intial mass (solar masses)




20 Mo > M*>10 Mo

0) Shock stalls © Instabilities raise shock () Explosion proceeds




Neutrino Burst Properties:

3 GM*
E_ ~§ 2 M=15M,
~3x107 erg R=10km
emitted roughly equallymn v, v_, v , Vs Ve and V_
Time scale
L3 ! o E ) oo
T~ | 7 [=— Scattering: K ~1.0x107 Y cm’gm”
I c K,p v MeV
K,~10"°cm® gm™” fore, = S0MeV  Absorption: k, ~4kK,_
p~3x10" gmem® = I~ 30cm R ~20 km

. (2x10°%)? —
oy ~ - Verv approximate
2T 1 30.03%10" -
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Assuming the emission of high amplitude ultra-relativistic
MHD waves. one has a radiated power

P~6x10% (1 ms/P)* (B/10"” gauss)® ergs”

and a total rotational kinetic energy

E.~4x 10°* (1 ms/P)* (10 km/R)’ erg

For magnetic fields to matter one thus needs magnetar-like
magnetic fields and rotation periods (for the cold neutron
star) of < 5 ms. This is inconsistent with what is seen in
common pulsars. Where did the energy go?



Challenges

® Tough physics — nuclear EOS. neutrino opacities

® Tough problem computationally — must be 3D (convection
1s important). 6 flavors of neutrinos out of thermal equilibrium

(thick to thin region crucial). Must be follwoed with multi-energy
group and multi-angles

® Magnetic fields and rotation may be important
® If a black hole forms. problem must be done using relativistic

(magnto-)hydrodynamics (general relativity, special relativity.
magnetohydrodynamics)
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 Exceptional explosion and brightness
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* Fundamental physics (GR, HEP)



 Exceptional explosion and brightness
 Metal

* Fundamental physics (GR, HEP)

 Accessibility in Research (models and
observations)



The Telescope tor Simulators

" e
: ‘\._\‘ - .
. o |
’ - . ‘ \-'\- o / ‘
: ~ ¢ :
( s,
" N
]
.. > r
-
o
- ‘\,q




Hydro Simulations

Velocity (my9 - Poriicies

l 3.00e+00

2.25e+00

1.50e+00
/.50e-01
Z
Iv X 0.00e+00
t =0.002 ed by Pasimodo
0/2)
File: fuellduese_500.pre

Info: Wassser
Lehnart, et al. (2009)



Hydro Simulations

Velocity (my9 - Poriicies

l 3.00e+00

2.25e+00

1.50e+00
/.50e-01
Z
Iv X 0.00e+00
t =0.002 ed by Pasimodo
0/2)
File: fuellduese_500.pre

Info: Wassser
Lehnart, et al. (2009)



600

400

200

Z (km) 0

-200

-600

-600 -400 -200 0 200 400 600
R (km)



600

400

200

Z (km) 0

-200

-600

-600 -400 -200 0 200 400 600
R (km)



Explosions from the heart of star
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Explosions from the heart of star

Fe-core Collapse SNe
Nordhaus+ 2010
Using CASTRO



DB: Header

Magnetar

30 Mo >M*>20 Mo
Chen+ 2016

Cycle: 0 [ime:0

SESE— 2.000e-07
Max: 229.7
Min: 2.530e-07
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Magnetar

30 Mo >M*>20 Mo
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Magnetar

30 Mo > M*> 20 Mo
DB: Header Chen+ 2016

Crab Nebula « M1
Hubble Space Telescope « WFPC2

NASA. ESA, and J. Hester (Arzona State University) STScI-PRCO5-37

R-Ax1is (x1



Hypernovae and Collapsars

NASA JPL




Hypernova and GRB !!!

60 Mo > M*> 30 Mo
Chen+ 2017

user: kchen
\AWeaeard Mz 2O1 12232144 2N A




Hypernova and GRB !!!

60 Mo > M*> 30 Mo
Chen+ 2017

user: kchen
\AWeaeard Mz 2O1 12232144 2N A




GR Instability Supernovae (GSNe)
M*>> 100 Mo

Contour
Var: O

0.3500
0.2933
—0.2367
0.1800
0.1233
0.06667
0.01000

Max: 0.3799
Min: 4.716e-11

Chen+ ApdJd 790 162 (2014)



