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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

KSHEP Fall Conference, Nov. 16-18, 2022



Preliminary Evolution of Element Abundances in the Universe Evolution 

M. Wiescher et al., Annu. Rev. Astro. Astrophys. (2012)
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우주진화와 원소 생성 우주 물질 생성의 시계열적 변화

FAUST (Femtoscale Astrophysics for the Universe STudy)

X-ray 

𝛾-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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다중신호천문학부록Preliminary Multi-messenger Astrophysics 

https://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjEmsielaHnAhWUP3AKHXTUCH0QjRx6BAgBEAQ&url=https://www.nature.com/articles/s42254-019-0101-z&psig=AOvVaw06kEOhBy1NNYVBdqZeiKPJ&ust=1580124481664757
https://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjEmsielaHnAhWUP3AKHXTUCH0QjRx6BAgBEAQ&url=https://www.nature.com/articles/s42254-019-0101-z&psig=AOvVaw06kEOhBy1NNYVBdqZeiKPJ&ust=1580124481664757
https://www.semanticscholar.org/paper/Multi-messenger-Observations-of-a-Binary-Neutron-Collaboration-Collaboration/94234dd1d2aeecb3fabf1b90ba260dd697649e70
https://www.semanticscholar.org/paper/Multi-messenger-Observations-of-a-Binary-Neutron-Collaboration-Collaboration/94234dd1d2aeecb3fabf1b90ba260dd697649e70


2. BBN Theory and observationPrimordial abundances in BBNBig Bang Nucleosynthesis
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Standard big bang nucleosynthesis (SBBN)

parameter: baryon-to-photon ratio h

Observation of CMB constraint on h

Observation of metal-poor stars (MPSs)


7Li abundance is smaller than theory

by a factor of ~3

Find the solution of the 7Li problem, 

& identify the processes in the early universe

Derive 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(4He,γ)7Li 
reaction and 7Be 
is by 
3He(4He,γ)7Be.

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

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

n↔p

e± gg (T~me/3)

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

(1MeV=1.16× 1010 K)

Kawano code (1992)

Rates…Smith et al. (1993)

+Descouvemont et al. (2004)

+Cyburt & Davids (2008)

tn=881.9s 
(Mathews et al. 2005)

h=nb/ng=6.3× 10-10

WMAP(Dunkley et al. 2008)

7Be7Li

e--capture after  recombination

T9≡T/(109K)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, 
SHF DFT …

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



56Fe

208Pb
235USN

NS

Merger

KSHEP Fall Conference, Nov. 16-1
8, 2022

Rapid process in SN and NS merge for nucleosynthesisMotivation



Motivation Nucleosynthesis

56

Fe

208Pb
235U

r-process in SN

Nucleosynthesis
in 

Neutron Star Merge

Courtesy of T. Kajino



P
NS

Neutrino 
sphere

Neutrino propagation with momentum 
𝑝

(Not-to-
scale)

𝜃𝑞
𝑞

𝒑

Neutrino Luminosity
Neutrino self-coupling

: 𝜈𝜈-scattering
Sterile Neutrino

Neutrino oscillation in 
matter :

𝜈𝑒𝑒
−-scattering

𝒆−

10km 1000km 250000km

Dominant neutrino interactions depend on the neutrino flavor and electron density in the transport.

Why neutrino process in SN?

We need to understand the neutrino source and its propagation in SNe ?

𝟏𝟑𝟖𝐋𝐚

𝟏𝟑𝟗𝐂𝐞

𝟏𝟑𝟕𝐁𝐚 𝟏𝟑𝟖𝐁𝐚

𝟏𝟑𝟕𝐋𝐚

𝟏𝟑𝟖𝐂𝐞 𝟏𝟒𝟎𝐂𝐞

𝟏𝟑𝟔𝐁𝐚

𝟏𝟑𝟗𝐋𝐚

stable

unstable

𝟏𝟑𝟗𝐁𝐚

𝟏𝟒𝟎𝐋𝐚r-process
(rapidly neutron capture)

𝟏𝟒𝟎𝐁𝐚

𝟏𝟑𝟖𝐁𝐚 𝝂𝒆, 𝒆
− 𝟏𝟑𝟖𝐋𝐚

Neutrino-nucleus
𝜈𝐴-scattering

𝑨

n𝜈 ≈ 10
32/cm3

Introduction Neutrino Process in CCSN Explosion
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Motivation Nucleosynthesis

56

Fe

208Pb
235U

r-process in SN

Nucleosynthesis
in 

Neutron Star Merge

H. Ko, M.K. Cheoun et al.

Courtesy of T. Kajino



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

Deformability of NS
RMF + Fock, SHF DFT …
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Equation of stateNetwork calculations

Cosmological sites for nucleosynthesisMotivation



Galaxy chemical evolution for cosmological matterMotivation



Galaxy Chemical Evolution

Star Formation rate

Galaxy chemical evolution for cosmological matterMotivation



IR spectra from ISM & Exotic Morecules

Nature 568, 357 (2019)

Science 342, 1343 (2013)

Big Bang Chemistry and Inter stellar matterMotivation
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First Molecule and Exotic MoleculesMotivation



부 록 밀도 범함수 이론 기반 성간 물질 연구

성간 분자 물질에 의한 적외선 스펙트럼 연구
크기에 따른 hydrocarbon 기반의 성간
우주물질

밀도 범함수 이론을 이용한 방출 스펙트럼 계산

탄소 기반의 국소적 안정 상태의 원자구조Genetic Algorithm(GA)을 이용한 낮은 에너지 구조

Dense matter in the Universe & DFTMotivation



Neutrino process Neut. Ham. for neutrino density propagation 
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Numerical results for 
elements abundances 
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JINA REALIB

QRPA & Branching Ratios 

1987 SN model

Modified (n,g) Reactions

Modified Neutrino Flux by Self-interaction : w/ and w.o/

Pre-supernova Model

Neutrino Luminosity : EQ and NEQ

Hydrodynamics Model: HCK18, KCK19

Mass Hierarchy : NH and IH
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𝑑𝑁𝑗

𝑑𝑡
= 𝑁𝑖 𝜆𝑖,𝑗 − 𝑁𝑗 𝜆𝑗,ℎ + … →

𝑑𝑌𝑗

𝑑𝑡
= 𝒀𝒊 𝝀𝒊,𝒋 − 𝒀𝒋 𝝀𝒋,𝒉 +⋯

𝜆𝜈𝛼 𝑟 = 𝜎 𝜙

=  
0

∞

 

𝛼=𝑒,𝜇,𝜏

𝑑𝜙𝜈𝛼
𝑑𝜖𝜈
𝐵𝑟 𝜖 𝜎𝜈𝛼 𝜖𝜈 𝑑𝜖𝜈

Network calculation for nucleosynthesis

Cross section data using QRPA

Part for neutrino reaction rates

M. K. Cheoun, et al., Phys. Rev. C 85, 065807 (2012)

Example: (EQ,IH)
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Neutrino Reactions Rates with Nuclei Neutrino process

JINA REACLIB & Los Alamos (n,g) Data !
Kyushu-Tokyo Progenitor Model !

In MSW region, energetic e-neutrino 
is increased by the P(x-e) neutrino 
resonance ( w/o SI ).

But it is a bit decreased with the 
decrease of X-neutrino by the SI.
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#. Extra – Ta180Neutrino process Results for Light Elements II

For 7Li, the main reactions are
both e- and anti-e- neutrino reactions via CC 
which are larger than NC.
And e-CC reactions through 3He and 7Be 
from 4He are larger than anti-e due to MSW. 
=> Sensitive on the nu-SI.

But for 11B both electro-
and antielectron-neutrinos via CC and NC work.
=> Insensitive to the nu-SI.

S_p = 0.6

S_n = -1.6

S_p = -0.31

S_n = 3.14
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Hydrodynamics : HKC18 and KCK19
Luminosity : EQ and NEQ
Neutrino Self Interaction : FD and SI
Mass Hierarchy : NH and IH
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Meteorite Analysis : Analysis of SiC in stardust grain (Pre-solar grain) 
from Murchinson meteorite



Mass Fraction ratio of 7Li/11B and PF ration of 138La/11B

Spectra FD +SI FD +SI

Mass
Hierarchy

IH IH NH NH

Yield Ratio 0.671(0.488) 0.413(0.435) 0.343(0.342) 0.507(0.467)

• The yield ratio of [7Li/11B]

Spectra FD +SI FD +SI

Mass
Hierarchy

IH IH NH NH

PF ratio 0.410(0.6585) 0.1899(0.3672) 0.335(0.6274) 0.2671(0.4776)

• The production factor ratio of [138La/11B]

<0.53 (2 sigma)

> 0.41 (lower limit)
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NH is favored !!!

However, is this the last
story ?

but
the least ??? Other effects ?

KSHEP Fall Conference, Nov. 16-18, 
2022

Sterile Neutrino, 
Magnetic field, 
Polarized Electron Density
Neutrino Fast Oscillation..
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Thanks 
for 
your 
attention !



Member of OMEG (Origin of Matter and Evolution of Galaxies)
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Collaboration : AMoRE, JSNS^2, DRHBc Mass Model, CENS
Colleagues : Kyungsik Kim, K. Choi (KAU), Eunja Ha (Hanyang),  W. Y. SO(Kangwon), C. Hyun (Daegu)…
T. Kajino, M. Kusakabe (Beihang), B. Balantekin (Wisconsin), G. Mathews (Nortre Dame), 
T. Maruyama (Nihon), H. Sagawa (RIKEN), K. Hagino(Kyoto), E. Hiyama (Tohoku), T. Kawano (BNL)…. 

for Multi-messenger  Nuclear Astrophysics
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Director 
Myung-Ki Cheoun
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Plasma & Astrophysics

Miyatsu Tsuyoshi
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Collaboration : AMoRE, JSNS^2, DRHBc Mass Model, CENS
Colleagues : Kyungsik Kim, K. Choi (KAU), Eunja Ha (Hanyang),  W. Y. SO(Kangwon), C. Hyun (Daegu)…
T. Kajino, M. Kusakabe (Beihang), B. Balantekin (Wisconsin), G. Mathews (Nortre Dame), 
T. Maruyama (Nihon), H. Sagawa (RIKEN), K. Hagino(Kyoto), E. Hiyama (Tohoku), T. Kawano (BNL)…. 

for Multi-messenger  Nuclear Astrophysics

Recruitment : We are looking for researchers 
to join this project !!! Achieve Your Dreams With 
Us



대단히감사합니다 !!
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