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Research topics

- Time-domain astronomy

- Transients (e.g., supernovae,
neutron star mergers)

Observations

- Wide field survey (Subaru, Kiso)
- Spectroscopy and spectro-polarimetry

Theory
- Radiative transfer simulations

Born in Nagoya (Aichi)
Grew up in Chita peninsula

2001-2009: U. Tokyo

2009: PhD at Univ. of Tokyo
2009-2011: Kavli IPMU
2011-2018: NAOJ
2018-now: Tohoku Univ.




Research interests

- Supernovae

- Neutron star merger
(gravitational wave source)

- Anything variable on the sky

Why do we study transients?




Elements around us
Air

Argon (Ar) 1.3 %
C0, 0.05 %
Neon (Ne) 0.001




Hydrogen (

Ca 1.5%

N 3%

Our body

$0.25%

K 0.20%
Na 0.15%
Cl 0.15 %
Mg 0.05 %




The earth (crust)

Na 2% K 2%

Mg 1.5%

Aluminum (Al
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Our Universe
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“Heavy elements

2% 0 0.6%
C0.2%
Ne 0.1%
Fe 0.1 %




Element abundances in the Universe

Mass fraction (H=1 012)

O 5 101520253035404550556065707580859095
Atomic number Z

*Mass ratio



Goals of this lecture

® Standard properties of stars
® Stellar structure and properties
® Stellar evolution
® Origin of the elements in the Universe

® Nucleosynthesis in stars and supernovae

® Explosion mechanism of supernovae




ourse material and schedule

ttps://www.astr.tohoku.ac.jp/~masaomi.tanaka/tohoku2022

* ~70% blackboard
Contents e overview ~30% slides

@® Stellar structure and properties
@® Stellar evolution

® Supernovae

® Origin of the elements and chemical evolution of the Universe



https://www.astr.tohoku.ac.jp/~masaomi.tanaka/tohoku2020

A few rules about this lecture

® Please try order estimation by yourself

® This is essential for astrophysics

® Please ask questions

® Your questions certainly help others’ understanding
you can ask questions in Japanese)




Section 1.
Overview: Life of stars, supernovae,
and origin of the elements




Our sun

Luminosity = 4 x 1033 erg/s

(C) JAXA/ISAS

Japanese energy consumption (1 yr) =2 x 1019 J = 2 x 1026 erg

Japan 107 yr = Sun 1 sec

How is this possible??



Energy source

A. Chemical reaction

X

https://www.britannica.com/science/chemical-reaction

(EX.) C+ 0, ->CO;

Reaction of atoms/molecules
= No change in nucleus

B. Nuclear reaction

s 8

(ex.) H+H+H+ H -> He

Change in nucleus
= Production of new elements

Solar luminosity for 1010 yr
Really??



Stellar life

Planetary Nebula
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Hertzsprung-Russel diagram

Luminosity MR 3
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http://astronomy.nmsu.edu/geas/lectures/lecture23/slide04.html

Mass - luminosity relation of the main sequence stars

Star with M = 10 Msun
=> L~ 104 Lsun
=> Lifetime
~ 1/103 of the Sun
~ 1010 yr (100{=4E)/103

~ 107 yr (10005 5F)
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More massive stars
have shorter lifetime

Why??
log (M / Msun)

Lecture Note by Pols



Applications to galaxy studies

Spiral galaxy Elliptical galaxy
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1. Massive stars M > 10 Msun

~ 10 Myr

i

B i Supernova |
A Red Supergiant /
| b 5 | L SFgESEa . Neutron Star
Stellar Cloud
with
Protostars
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Images are not to scale




Collapse Neutron star
or

(< 1 sec) Black hole




Planetary Nebula

Red Giant ' White Dwarf
> a > - > @
1-10 Gyr
2. Low-mass stars M < 10 Msun
Stellar Cloud
with
Protostars
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White dwarf

Why??
Low mass stars cannot make Fe?

Images are not to scale



Binary system

White dwarf =
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Thermonuclear explosion




Core-collapse SNe Thermonuclear SNe

Massive stars Low-mass stars (in binary

P :
EOgEN 0L Short lifetime Long lifetime
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Stars and supernovae

Big bang

The origin of elements
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Historical supernovae

Name Location Year Magnitude

SN 185 Galactic 185 -8?

SN 1006 Galactic 1006 -9?

Crab Galactic 1054 4?

SN 1181 Galactic 1181 0
Tycho Galactic 1572 4
Kepler Galactic 1604 -3

SN 1987A LMC 1987 3

~ 1 supernova every 100-200 years






SN 2011fe : ~ B.J. Fulton



© Coypnght 2011 Donald P. Wawd ® -

Margate, Florida
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iscovery
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http://proftimobrien.com/2014/02/supernova-2014j-in-m82/

Light curve of supernovae
(brightness as a function of time)
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’s feel SN explosion

Q. What is the average
Velocity of SN?



Velocity = Distance/time

Distance: 1019¢cm

Time: ~400 years

Velocity = 1019 / (400 x 3 x 107)
~10° cm/s ~ 10,000 km/s







Q. How large is the kinetic energy?

Msun =2x1033 g

Ekin = 1/2 x Mass x (Velocity)?2
=1/2 x (2 x 1033 g) x (10% cm/s)2




Section 1.
Overview: Life of stars, supernovae,
and origin of the elements




Cosmic abundances (atomic number)

Mass fraction (H=1 012)

O 5 101520253035404550556065707580859095
Atomic number Z

*Mass ratio



Cosmic abundance (mass number)

1 O
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Our understanding about the




Chemical evolution of the Universe

e

Core-collapse SNe Thermonuclear SNe

Time
109yr 1010yr




Stars keep information
about nucleosynthesis in the past
“Galactic archeology”

Our Galaxy

Thin disk: stars/gas

Thick disk:

~ Halo: stars

Globular clusters



Abundance ratio in Galactic stars (Mg/Fe)

Halo Disk 100 Myr 1 Gyr 10 Gyr

Core-collapse -
thermonuclear
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Summary

Stars synthesize heavy elements
Stars evolve with time
Core-collapse supernovae
® Origin of the elements such as Oxygen and Magnesium
hermonuclear supernovae

of Fe-peak elements




Let’s understand these questions
with the words of physics Knowing 5 Understanding

® \Why are stars so luminous?
® \Why do stars show L ~ M4?
® \Why do stars evolve?

® \Why does the destiny of stars depend on the mass?
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3 steps of learning
Short-term memory

1. Know <= Google is much better
Have information than we are!!
-L~ M4
2. Connect with other knowledge Long-term memory

Integrate knowledge, put it in some contexts

- Massive stars have shorter lifetime
- Physics behind it (radiation energy/diffusion time)

3. Use the knowledge
Apply to other cases

- Use galaxy color as indicator of star formation
- radiation energy/diffusion time => L vs M of other systems

=> understand

“make it stick - The Science of Successful Learning” Brown et al. 2016



Thermodynamics

Classical
mechanics

Astrophysics

Electromagnetism

Statistical
mechanics




