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How were Elements synthesized?
(Nucleosynthesis )

***Elements and Nuclei?

Elements Necessary for Life

by Y. Mochizuki

large amount needed
small amount needed
probably needed

Nuclear Chart
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Big Bang から現在までThe Big Bang,
the beginning of the Universe

13.7 By ago!

Element Necessary for Life

by Y. Mochizuki

Nuclear 
Chart

stable odd-odd
10B, 14N

for each A
only 

one nucleus
is stable

even 
Z or N

are favored

A=5, 8 are 
missing!
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Only 3He is
above the N=Z line

at most 2

rare !

Supernova Cycle

Temperature
T ~ 107 K
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Nuclear Fusion in the Sun

1H (p)  4He:  Nuclear Reaction in a Star

弱い相互作用が関与する
崩壊

(Weak processes control
the reaction rate!)

Maxwell distribution

velocity 
<v2>=3kT/m
kinetic energy
<K>=3kT/2

104K~    1 eV
107K~    1 keV
109K~100 keV

Nuclear Binding Energy

Fe,Ni

U, Th, Sn
Pb

Energy

energy: downhill!

核子を引き離すのに、どれだけの
エネルギーが必要かをしめす。

Binding Energy: the energy 
needed to separate nucleons !

核分裂

核融合
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Element Necessary for Life

by Y. Mochizuki

Supernova Cycle

Temperature
T ~ 108 K

Nucleosynthesis by Y. Mochizuki

steller burning

s-process

Big Bang

r-process

Element Necessary for Life

by Y. Mochizuki
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Binary-Star System
&

Explosive Nucleosynthesis

Red Giant

White Dwarf : Nova 
Neutron Star : X-ray burst

accretion : H

rp-process

rp - process 
pass

N=Z

Ca
Ti

Cr
Fe

Ni
Zn

-decay information 
is important!

rp -process Path
(T=1 system)

46Ti

54Ni

N=Z lin
e

Z

N

54Fe

58Ni

50Co

42Ca

58Zn

50Fe

46Cr

42Ti

Contributions from 
Strong
Electro-Magnetic and 
Weak Interactions 
are combined !

Nuclear Binding Energy

Fe,Ni

U, Th, Sn
Pb

Energy release
light nuclei:   by Fusion
heavy nuclei: by Fission

Energy

Energy
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Onion Structure in a Red Giant

Fe core in Pre-Supernova Star

if Mass(Fe core)> 1.4Mo
(Chandrasekhar mass)

Gravitational force >
e- degeneracy pressure

Core starts to collapse

Supernova Cycle

Time Scale toward SN
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Nucleosynthesis by Y. Mochizuki

steller burning

s-process

Big Bang

r-process

Supernova and Neutron Star

r-process Nucleo-synthesis

Mass mode: KTUY05

208Pb
238U

56Ni

by S. Chiba (JAEA)

Nuclear Chart
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mainly by  & 

K.L &G.M-P
Rev.Mod.Phys.75(’04)819

(A,Z)=nuclei in the
Cr, Mn, Fe, Co, Ni region

pf -shell Nuclei !

Crucial Weak 
Processes

during the Collapse

Layer Structure of Nature (by Glashow)

Particle

Molecule

Quark

1 fm

1.4 billion 
light years

Eruption of Kilauea, Hawaii (1970’s)

地熱：ウラン等、放射性元素の核分裂の熱
Terrestrial heat: originates from Radio Activity like 235U

Cycling of Elements

Big Bang H, He, Li

first generation of 
(heavy) stars

C … Fe
and

some heavy elements

SN
Elements up to 

URG
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solar abundance distribution

Solar Abundance

Cycling of Elements
Big Bang

H, He, Li

first generation  
(heavy) stars

C … Fe, Ni

later generation 
stars

Elements up to 
U

Red super giant

Some heavy 
elements

Supernova

Stars are Born !

by NASA/Hubble Space Telescope

Elements Necessary for Life

by Y. Mochizuki

large amount needed
small amount needed
probably needed
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Who am I ?
Light elements are synthesized in STARS.
Heavier elements : in Red Giants, and 

in Supernovae.

They spread at the time of Supernova Explosion.
From the Star Dusts, our Earth was born.

Life was created “eventually !”

Therefore, YOU are the CHILDEN of STARS !

Nuclear Physics !

Astrophysics !

Biology !


