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宇宙

時間・空間、天体

宇宙の進化

膨張宇宙・活動天体の時空構造
を直接観測し研究する。

素粒子・原子核の性質や物理状態
を精密に研究する。

物質の起源

素粒子、原子核

物質

＝

＝

宇宙進化と構造形成

宇宙の進化 vs.  物質の起源



宇宙ハドロン核物理

初代天体 超新星

ガンマ線バースト

原始中性子星
ビッグバン
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元素合成量とハドロン
過程の時間発展に見る
宇宙進化の解明
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（１） 宇宙・銀河の化学進化
元素組成の時間発展にみる宇宙の進化

Galactic Chemical Evolution
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５～１０年の核物理の発展と成熟

元素合成の起源天体の解明
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S. Kubono, Z. Phys. A 349 (1994), 237- 240.



Magic Number and Slow- & Rapid Neutron-
Capture Processes

Slow Nautron-Capture Process 

on stable nuclei in AGB Stars 

b << n

(T~108K, nn~108－1010 cm-3)

Rapid Nautron-Capture Process 

on neutron-rich nuclei in SNe

n << b

(T~109K, nn~1020－1024 cm-3)

RIKEN-RIBF

2010



太陽系形成（4.56Gy前）～現在



Ryan, Kajino, Beers, Suzuki, Romano, 

Matteucci & Rosolankova 2001, ApJ 549, 55.
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目的

宇宙での物質循環の連鎖が、元素量・ハドロン過程と

宇宙進化の関係を解明する鍵を握る。

宇宙開闢（時間０）→ビッグバン元素合成（３分）

→宇宙の晴れ上がり（３８万年）

→初代天体の形成（約１０億年）

→恒星進化と元素合成→超新星爆発→星間質量放出→次世代
の天体形成→ ・・・ →太陽系形成（約１００億年）

「元素量」と「宇宙・銀河進化時間」の関係を構築。



http://www.kabegamilink.com/act/0704/03242.html

Simple Galactic Chemical Evolution (GCE) Model 

Halo-Gas (MG) and Stars (Mtot -MG) 

- Zi = Mass Fraction of Nucleus-i

- yi = Stellar Production Yield

-Y = Star Formation Rate

- f = Galactic Cosmic Ray

- cY = Galactic Wind

- R = Returned Fraction  R = ∑Ri Zi

－ (1) 

(2)

(3)

(4)

ー cY 

ーY 

Stellar Production                  GCR production

i

L 

http://wallpaper.pro/shashinlink.html


Local → Global Model

,

Three-ASSUMPTIONS in simple GCE Model

(1) Instantaneous Recycling & Homogeneous Mixing

SNe evolve rapidly in 106－107y which is much

shorter than the time scale of Cosmic and Galactic

chemical evolution 109 – 1010y.

(2) Star formation rate (SFR=Y ) ∝ (Gas-Mass=MG)n

n=1: Tinsley’s law for the halo stars

n=2; Schmidt’s law for the disc stars

(3) Cosmic Ray=F ∝ SFR=Y



Biggest contribution from MASSIVE STARS (SNe) 

with (m)=106-107 y  <<  t ~ 1010 y                 Instanteneous Recycling

yi = elemental production yield
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燃焼過程
(燃料)

主な反応 最終
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金属量は宇宙銀河進化の時間発展を示す
Observable Measure.

[Fe/H] = log(Fe/H) – log(Fe/H)

4.56 Gy 

[Fe/H]       - ∞   ・・・ -5.4          -3          -2          -1          0

Cosmic        0 ・・・ Early  10My    100My    1Gy     10Gy
time = t                     Universe

Redshift    + ∞  ・・・ ~1000     ~100       ~20        ~4         0 
= z

a ∝ (1+z)-1 ∝ t2/3 ∴ (t/13.7Gy)2/3 = 1/(1+z)





LiBeB-Production in Spallation or Fusion Reactions 
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Ryan, Kajino, Beers, Suzuki, Romano, 

Matteucci & Rosolankova 2001, ApJ 549, 55.

Primordial 7Li is still PROBLEMATIC ! 

- 4                    - 3                   - 2                    - 1                    0      [Fe/H]

Primordial 7Li is NOT affected by the SN n -PROCESS ! 

GCR + STARS

SN n -PROCESS

7Li Abundance vs. Neutrino Process

Higher-Primordial, DEPLETED !?







Inhomogeneous Big-Bang

Standard Big-Bang

INHOMOGENEOUS BIG-BANG NUCLEOSYNTHESIS

Kajino and Boyd, ApJ 359 (1990) 267;  Orito, Kajino, Boyd & Mathews, ApJ 488 (1997) 515.

9Be

7Li(n,g)8Li (n,g)9Li(e-n)9Be,

7Li(t,n)9Be,  7Li(3He,p)9Be

7Li(n,g)8Li(a,n)11B

7Li(a,g)11B



High-Dispersion Spectrograph 

Subaru Telescope



Honda, Aoki, + Kajino et al. 

(SUBARU/HDS Collaboration),

2004, ApJS 152, 113; 2004, ApJ 607, 474

Only Core-Collapse TYPE II SUPER-

NOVAE are the likely astrophysical 

sites of the R-Process !

Large abundance scatter at [Fe/H]<-2 

is an evidence for INDIVIDUAL 

supernova episode.
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56

Ba

[Fe/H]=-5.3  

=-5.4

56

Frebel, Aoki, et al. + Kajino, Nature 434 (2005), 871,

Aoki et al. + Kajino, Astrophys. J. (2006)

[Fe/H] = -5.4 !           1/250,000 x Solar-Fe 

We SUBARU-HDS group discovered an oldest Pop. II Star 
in the Milky Way !

Fe

Standard SN model

prediction fails !

Ba

Sr   

～10000 

Universality is BROKEN !



Solar System Abundance
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