
“超新星残骸のもうひとつの顔”

長瀧 重博
理化学研究所

長瀧天体ビッグバン研究室

准主任研究員

素核宇宙融合レクチャーシリーズ 第13回

主催：計算基礎科学連携拠点（JICFuS） HPCI戦略プログラム分野5 「物質と宇宙の起源と構造」
共催：理化学研究所 iTHESプロジェクト 2014年11月27日-28日、理研和光キャンパス



超新星残骸は二刀流
写真は大谷翔平（日本ハムファイターズ）

元素の起源
超新星で生成された重元素を放出
生命の種

宇宙線の起源
超新星残骸は巨大加速器
宇宙に宇宙線を放出



地球には宇宙線が降り注いでいる

LHC
（CM系）

LHC
（Lab系）

～100TeV in CM系

大体10^6GeV位までは
超新星残骸起源なのではないか
（最有力説）？

その証拠を掴むことは重要。

10^6GeV以上については起源謎。
ガンマ線バースト？

最高エネルギー宇宙線と
地球大気の相互作用は
LHCを大きく超えた地上実験室。



1937,1939

Investigators: Y. Nishina, M. Takeuchi and T. Ichimiya
Reference:  “On the Nature of Cosmic-Ray Particles”, Phys. Rev. 52, 1198 (1937)

“On the Mass of the Mesotron”, Phys. Rev. 55, 585 (1939)  

Detection of  Cosmic Rays Muons
Since the discovery in 1912 by Victor Hess, cosmic rays served as a natural accelerator, 

and promoted the study of elementary particle physics worldwide. In this attempt, the genuine 
Japanese leader was Yoshio Nishina of RIKEN. Trying to understand the composition of 
cosmic rays at sea level, he and his co-workers placed a Wilson cloud chamber in strong 
magnetic fields which bend charged particles. Then, as shown in the figure, they discovered 
new particles of both plus and minus charges, with a mass of 223±40 times that of electrons. 
These new particles were muons, which are known today to dominate secondary cosmic rays. 

To our regret, their discovery, published in August 1937, was preceded by only 5 months by 
Neddermeyer and Anderson, to whom the muon discovery is usually attributed. However, the 
muon’s mass estimated as above by Nishina et 
al. is very close to the current value of 206.7, 
much more accurate than that of their rivals who 
only wrote that the new particles are lighter than 
protons and heavier than electrons.

Muons were once identified with “mesons” 
which Hideki Yukawa (the first Japanese Nobel 
laureate) had predicted two years before. 
However, muons were later confirmed to be a 
different particle, to be called “heavy electrons”. Yoshio Nishina and a track of a muon

detected in his Wilson chamber.



宇宙線の起源が分からない！

最高エネルギー宇宙線が多量に降ってくる方向を同定した。
Telescope Array Team (Japan‐the US) 2014.

起源は謎。

















§加速器としての超新星残骸



衝撃波に閉じ込められた粒子は加速する

SNR 1006
By Chandra

Bell 1978;  Blandford & Ostriker 1978



Our SNR Collaborations

S.H. Lee
(RIKEN→ JAXA)

M.Ono
(RIKEN→Kyushu U.)

D. Warren 
(NCSU→RIKEN)

D. Ellison (NCSU) P. Slane (Harvard) D. Patnaude
(Harvard)

More!

F. Reopke
(Wurzburg Univ.)



S.H. Lee
(RIKEN→ JAXA)

M.Ono
(RIKEN→Kyushu U.)





§Supernova Remnants

(1‐D)







地球に降り注ぐ
宇宙線の殆どは
陽子。
陽子宇宙線の起源
を特に知りたい！













S.H. Lee (RIKEN→JAXA)









Left: S.H. Lee (RIKEN→JAXA)
Right: Astro‐H (2015‐) (JAXA)





S.H. Lee (RIKEN→JAXA)



Our Big Challenge:
From (Takiwaki & Wongwathanarat) To (Lee, Ono, Warren)

S.H. Lee
(RIKEN→ JAXA)

M.Ono
(RIKEN→Kyushu U.)

A. Wongwathanarat
(RIKEN) 

T. Takiwaki
(RIKEN)

D. Warren 
(NCSU→RIKEN)

Ono+14, in prep.

Warren & Blondin 13

How do they
Evolve?

Origin of 
Asymmetries?

Legacy of
Supernovae?



Blue: 44Ti, Green: Si/Mg, Red: Fe. 

我々の目指す地点：
よりリアルなシミュレーションで二刀流実現



ALIGO/AVIRGO/KAGRA/SK



ALIGO/AVIRGO/KAGRA/SK



完


