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鉄より重い元素（中性子捕獲元素）から、初期
世代星に関してどのような制限が得られるか



  

Neutron-capture elements in the 
most iron-deficient star HE1327-2326
- A clue for the site of the weak r-process 

[Fe/H]=-5.4
Frebel et al. (2005)
Aoki et al. (2006)



  

Chemical abundance pattern of 
HE1327-2326 

Average of extremely 
metal-poor stars

Fe-peak elements are deficient, while 
C (and N, Na etc) show large excesses.



  

Proposed models to explain the
abundance pattern of HE1327-2326

●Population III (=1st generation star) scenario:
 HE1327 (as well as HE0107) formed from primordial 
(metal-free) clouds, but polluted by interstellar medium 
(Fe etc.) and AGB stars (C etc.). 

●Population II (>2nd generation star) scenario:
HE1327 (as well as HE0107) formed from clouds polluted 
by 1st generation massive stars, that have provided 
C-rich material.
 → SNe with mixing & fallback
    (Umeda & Nomoto 2003, Iwamoto et al. 2005) 
 → Wind from rotating massive stars 
    (Meynet et al. 2006, Hirschi et al., this conference)



  

Sr overabundance in HE1327-2326

●Excess of Sr: [Sr/Fe]~+1
●Ba is not detected.

lower-limit of Sr/Ba
    ... [Sr/Ba]>-0.4 

The main r-process is not 
excluded  as a source of 
n-capture elements, but 
weak r-process would be 
preferable.

↓
Progenitor of HE1327 is 
the weak r-process site?



  

A possible scenario: neutron-capture
in the jet component of a“collapsar”

Atomic Number

[X
/F

e
]

Sr Ba Sasaqui et al. 
(In prep.)

dM/dt=
1Msun/s

dM/dt=
0.1Msun/s

Umeda & Nomoto (2003)
Iwamoto et al. (2005)

(cf. Frohlich; Surman; Nagataki & Wanajo, Nuclei in the Cosmos IX)



  

金属欠乏星一般の中性子捕獲元素
から何がわかるか？



  

初期宇宙の中性子捕獲反応

●r-process 
 -supernovae (?) ⇒ early Galactic enrichment 

●s-process 
 -main component: intermediate-mass stars
   The effect appears more slowly than r-process
 (-weak component: massive stars, but effective 
   at high metallicity)

 

h

-very metal-poor stars with excesses of light neutron-
capture elements ⇒2nd component of r-process?
     



  

初期宇宙の中性子捕獲反応

軽い中性子捕獲元素合成プロセスの存在

 I.  超金属欠乏星における「軽い」中性子捕獲元素と
「重い」中性子捕獲元素の組成分布

 II. 軽い中性子捕獲元素を合成するプロセスでつくら
れる組成パターン



  

Metal-deficient stars as probes of 
neutron-capture processes

High-resolution spectroscopy for selected sample

Honda et al. (Niclei in the cosmos IX)



  

Abundance pattern of r-process stars
●Universality of the abundance pattern of heavy 
  n-capture elements

●Variation of the pattern of light n-capture elements

The“r-process star”
CS22892-052
(Sneden et al. 2003)

r-process

s-process



  

Multi-components of “r-process” 
elements in the solar system

The light neutron-capture elements of the Solar-System
 r-process component are not completely explained by 
 the abundance pattern of r-process stars.

↓

2nd component of r-process
(“weak r-process”)

n.b. Uncertainties in the estimate of s- and r-process 
components in solar-system material are relatively large. 
⇒ Observations for metal-poor stars are important!



  

I. Abundance distributions of light 
and heavy neutron-capture elements
(1) Sr and Ba in very metal-poor field stars 

Field halo stars with
[Fe/H]<-2.5

(s-process-enhanced
stars are excluded)

Aoki et al. 2005
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   [ Fe/H]<-3.1  

[Fe/H]<-3.1

-2.9<[Fe/H]<-2.5-3.1<[Fe/H]<-2.9

I. Abundance distributions of light 
and heavy neutron-capture elements
(2) metallicity dependence

●Ba enrichment is found in stars with [Fe/H]≧-3.
●Sr excess is found in some objects with [Fe/H]<-3.

[Fe/H]<-2.5



  

Field halo stars with
[Fe/H]<-2.5

(s-process-enhanced
stars are excluded)

Aoki et al. 2005

Y and Eu are measured 
only for neutron-capture 
enhanced stars, but the 
measuement accracy is
higher.

I. Abundance distributions of light 
and heavy neutron-capture elements
(3) Y and Eu in very metal-poor field stars 
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I. Abundance distributions of light 
and heavy neutron-capture elements
(4) metal-poor ([Fe/H]=-2.3) globular clusters  
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Otsuki et al. 2006

Contribution of the weak 
r-process is also found in 
metal-poor globular 
clusters.



  

Contribution of the weak 
r-process at low metallicity

The effect of weak r-process is generally found in metal-
poor  stars, including globular cluster objects (though the
contribution is not homogeneous). 

●The weak r-process occurs even in the progenitors of 
extremely metal-poor stars ([Fe/H]<-3), while the effect of 
the main r-process appears in [Fe/H]≧-3. 
     → the astrophysical sites are quite different 



  

II. Abundance patterns of metal-poor 
stars having excesses of light neutron-
capture elements 

'main r-process'

'r-process stars'

CS22892-052

Objects representing
the weak r-process



  

Abundance pattern of HD122563,
a bright metal-poor red giant star
 representing the weak r-process

Solar-system 
r-process pattern  

Eu

[Fe/H]=-2.7

Honda et al. 2006

Upper limit



  

Abundance pattern of HD122563
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Main r-process

The abundance continuously
 (gradually)  decreases with 
increasing atomic number

Sneden et al. 2003

Honda et al. 2006



  

Abundance patterns of 
HD88609 ([Fe/H]=-3.0) and HD122563

Honda et al. (Nuclei in the Cosmos IX)



  

Which process is responsible for
the abundance patterns of 
HD122563 and HD88609?

main r-process?
 

main s-process?

weak s-process?

No, because of the excess 
of light n-capture elements

No, because of relatively 
high abundances of Pd etc.

HD122563 and HD88609 show the abundance 
pattern produced by the weak r-process



  

Observational constraints on the 
abundance pattern produced by the 

weak r-process

●Large excesses of light neutron-capture elements
  ([Sr/Ba]~+1)

●Continuiously (gradually) decreasing abundances
 between the elements at 1st and 2nd abundance 
 peaks.

Honda et al. (this conference)



  

「軽い中性子捕獲元素」をつくる
プロセスに関する観測的制限

 I. 超低金属領域にも軽い中性子捕獲元素をつくるプロ
セスは一般的に効いている（ただし均一ではない）。

 II. このプロセスでつくられる組成パターンが詳細に決
められつつある：原子番号をおって連続的に組成は減
少していく。

 III. このプロセスはもっとも重元素組成の低い星にも効
いているようである：初代の大質量星がその起源？


