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Isotopic compositions are normal in the solar system	


Isotopic Homogeneous Solar System	
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Lived 60Fe in the early solar system—A nearby event?	




CAI	  (Ca-‐Al	  rich	  inclusions)～mm	  size	  –1‰

Hibonites～20µm—34%	  variaDon	  

Heterogeneity in Small Phase!	


(Solar	  Grains)	  



Nucleosynthesis of N-Rich Fe-Peak Nuclides	




Fluctua'on	  Idea:	  Rare	  48Ca50Ti16O3	  grains	  follow	  Poisson	  distribu'on	  in	  homogeneous	  Solar	  Nebula	  

10	  carrier	  grains	  to	  form	  a	  small	  size	  inclusion=>	  

€ 

1/ 10 ≡ 32%(variation)

D～20µm=>3x10-‐12g	  50Ti	  (hibonites)	  

D～1mm	  (CAIs)	  

106	  carrier	  grains	  to	  form	  a	  larger	  size	  inclusion=>	  

€ 

1/ 106 ≡1‰	  	  

Grain	  size～1µm=>	  3x10-‐12g	  50Ti=>	  

=>	  Solar	  System	  is	  homogeneous	  distribuDon	  
including	  of	  short-‐lived	  radioisotopes	  



Trinquier et al., 2009	


N-rich Fe-peak isotopic heterogeneity	

in differentiated meteorites	




?	  

Late	  Input	  to	  make	  heterogeneity!	  

(PSS)	  
PrimiDve	  Solar	  System	  

Ca-‐48,	  Cr-‐54	  rich	  composiDon	  
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Solar Nebula still existed!	




HETOROGENEITY ON PLANETARY SCALE	


•  Most likely a late input event makes the solar system 
incomplete mixing during  homogenization, and 48Ca 
strongly supports scenario of a n-rich SNIa event.	


•  Why  isotopic deficit of n-rich Fe-peak nuclides was 
occurred in asteroid?	




Unit:	  Solar	  Mass	  

(Woosley	  1997)	  
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～5×10-‐9	  of	  ejecta	  

Dust～0.02	  of	  ejecta	  

A nearby event to make late input 
to  solar  system  during  accretion 
epoch while asteroid formed!	


R=10~100 pc (Max)	
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πr 2

4πR2
≡
5×10−9

0.02
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60Fe
56Fe

≡
4.43 ⋅10−3 × 5 ⋅10−9

1.17 ⋅10−3
≈ 2×10−8

<5-10x10-7	




Factors to R	


•  Size of solar system in late accretion epoch: 
≤100AU => Factor: 0.1~0.01?	


•  Angle between solar disk and ejecta path => 
Factor: 0.4?	


•  Solar Magnetism => 0.5?	


	
=> Distance of a Nearby nSNIa: R=0.2 pc	

	
 	
 	
 	
 	
 	
 	
(Agreed with Adams (2010):0.1~0.3pc)	




Summary	


•  48Ca/44Ca  heterogeneity  in  differentiated 
meteorites  imply  late  input  nSNe  Ia  dust 
during solar system formation.	


•  Overproduced  nSNe  Ia  Cr  suggests  either 
interstellar fractionation or 52Cr effects.	


•  nSNe Ia  nuclides  deficit  in  asteroids  may be 
due to neighboring Jupiter effect to cease late 
accumulation!?	



