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Preliminary Periodic Table and Origins of Elements
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Dying Small 
Stars

Cosmic Rays

Bing Bang

Exploding 
Massive Stars

Supernova
& NS merge
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Preliminary Evolution of Element Abundances in the Universe Evolution 

M. Wiescher et al., Annu. Rev. Astro. Astrophys . (2012)
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FAUST (Femtoscale Astrophysics for the Universe STudy )

X- ray 

‎- ray 

Galaxy Chemical Evolution & 
Exotica Matter Primordial Nucleosynthesis

Nucleosynthesis in the 
Stellar evolution

Early Universe & Big Bang Multi -messenger AstrophysicsStellar and Galaxy Evolution

Preliminary Cosmological Sources of elements in the Universe Evolution 
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Ѹׂשᾍ ᶴṥᴙPreliminary Multi -messenger Astrophysics 
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https://www.semanticscholar.org/paper/Multi-messenger-Observations-of-a-Binary-Neutron-Collaboration-Collaboration/94234dd1d2aeecb3fabf1b90ba260dd697649e70
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2. BBN Theory and observationPrimordial abundances in BBNBig Bang Nucleosynthesis
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üStandard big bang nucleosynthesis (SBBN)

parameter: baryon-to-photon ratio h

üObservation of CMB Ąconstraint on h

üObservation of metal-poor stars (MPSs)
V

7Li abundance is smaller than theory

by a factor of ~3

üFind the solution of the 7Li problem, 

& identify the processes in the early universe

üDerive constraints on particle models and                    

modified GR ??

WMAP Science Team

WMAP7

Signature of new physics?

Kawasaki & MK, PRD 86, 

063003 (2012)

2. BBN Theory and observation

Goals

Primordial abundances in BBNBig Bang Nucleosynthesis
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In the standard 
BBN model, the 
7Li is considered 
to be created by 
3H(4­Êpɻm7Li 
reaction and 7Be 
is by 
3He(4­Êpɻm7Be.

Courtesy by Komatsubara
2. BBN Theory and observationMain Nuclear Reactions for BBNBig Bang Nucleosynthesis
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ün p equilibrium (n/p)EQ=exp(-Q/T) Qſmn-mp=1.293MeV

üt~1sec,T=TF~1MeV(weak interaction freeze-out)
Vnn        e+e- gg

Vnҭ p

Ve± gg (T~me/3)

(n/p)freeze-out=exp(-Q/TF)~1/6

(1MeV=1.16× 1010 K)

Kawano code (1992)

RateséSmith et al. (1993)

+Descouvemont et al. (2004)

+Cyburt & Davids (2008)

tn=881.9s 
(Mathews et al. 2005)

h=nb/ng=6.3× 10-10

ăWMAP(Dunkley et al. 2008)

7BeĄ7Li

e--capture after  recombination

T9ſT/(10
9K)D(a,g)6Li

3He(a,g)7Be

6Li(p,a)3He
T(a,g)7Li

7Li(p,a)4He

proton

4He

Standard  BBNBig Bang Nucleosynthesis

WMAP7
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Stellar evolution & nucleosynthesisMotivation
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5. Nuclear Abundances

4. Sites for 
Nucleosynthesis

3. Nucleosynthesis

2. Thermal
Nuclear Reactions 

in the Universe 

1. Exotic Nuclear 
Structure

Non- uniform distributions 
of Mo. Cloud become a 

seed of a star by the 
gravitation

Gravitation and Pressure 
by the Nuclear Reactions

Nuclear burning inside 
stars

Shock wave by sudden 
gravitational collapse 

and neutrino driven wind

Seeds for the next 
generation stars

Stellar evolution & nucleosynthesisMotivation
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3. Nucleosynthesis

2. Thermal
Nuclear 

Reactions 
in the Universe 

1. Exotic Nuclear 
Structure

Non- uniform distributions 
of Mo. Cloud become a 

seed of a star by the 
gravitation

Gravitation and Pressure 
by the Nuclear Reactions

Nuclear burning inside 
stars

Shock wave by sudden 
gravitational collapse 

and neutrino driven wind

Seeds for the next 
generation stars

Deformed
QRPA, 
RMF, 
{IC 5C¢ Χ

Nuclear Transitions
(GT, EM and M1..).
Statistical Model
for compound nuclei.
Thermal nuclear reaction models.
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3. Nucleosynthesis

Exotic nuclear structures and reactions for nucleosynthesisMotivation




