ICE - ¥R
~ERBRZEDEITRMMK
Mo DR

BAHIG
EShVID 4=




#xdk DEULITR (PHEFRETTR) 1\S. #IH
HRAZICEAL TED X DEHIRAF S 1S H

TTHROBHAR

a8 o 10 11




Neutron-capture elements Iin the

most iron-deficient star HE132/7-2326
- A clue for the site of the weak r-process

HE1327-2326

MAGNUM Telescope (U, B, V) ‘;
June 23 & 25, 2004 |

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



Chemical abundance pattern of
HE1327-2326

Mg Si
Na Al

e HE1327-2326
0 HE0107-5240

Average of extremely

metal-poor stars

Ca Ti Fe Ni Zn /  Sr

10 20 30
Atomic number

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




Proposed models to explain the
abundance pattern of HE132/7-2326

*Population Ill (=1°* 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 Il (>2™ generation star) scenario:
HE1327 (as well as HEO107) formed from clouds polluted
by 1°* generation massive stars, that have provided
C-rich material.
— SNe with mixing & fallback

(Umeda & Nomoto 2003, lwamoto et al. 2005)
— Wind from rotating massive stars

(Meynet et al. 2006, Hirschi et al., this conference)



Sr overabundance in HE132/-2326

Sun: [Sr/H|=0

eExcess of Sr: [Sr/Fe]~+1
Ba IS not detected.

lower-limit of Sr/Ba
__5r/Bal>-04

The main r-process is not o

excluded as a source of S A,
n-capture elements, but
weak r-process would be
preferable. i

Progenitor of HE1327/ is

4076 4078 4080

the weak r-process site? Wavelength(A)




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

; HE1327-2326 +—e—
6 FLi CO NaAl Ca Fe Zn Sr HED107-5240 =

Sasaqui et al.
(In prep.)

[ X/Fe]

dM/dt= dM/dt=
0.1Msun/s 1TMsun/s

50 60

Umeda & Nomoto (2003) 2louicnumber
lwamoto et al. (2005) Atomic Number

(cf. Frohlich; Surman; Nagataki & Wanajo, Nuclei in the Cosmos IX)
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*r-pProcess
-supernovae (?) = early Galactic enrichment

*S-pProcess

-main component: intermediate-mass stars
The effect appears more slowly than r-process

(-weak component: massive stars, but effective
at high metallicity)

-very metal-poor stars with excesses of light neutron-
capture elements =2" component of r-process?
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Metal-deficient stars as probes of
neutron-capture processes

High-resolution spectroscopy for selected sample

4072 4074 4076 4078 4080
Wavelength (A)

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 /ight n-capture elements

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

e (CS22882-0562
8.8 r—only: Burris 2000

8.8. s—only: Burris 2000



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.

l
2" component of r-process
14 7))
(“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!



|. Abundance distributions of /ight

and heavy neutron-capture elements
(1) Sr and Ba in very metal-poor field stars

, 'r-process stars'
Il CS522892-052

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

(s-process-enhanced
stars are excluded)

Aoki et al. 2005



|. Abundance distributions of /ight

and heavy neutron-capture elements
(2) metallicity dependence

[Fe/H]<-2.5

i __loge(Ba)
‘-3.1<[Fe/H]<-2.9

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



|. Abundance distributions of /ight

and heavy neutron-capture elements
(3) Y and Eu in very metal-poor field stars

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

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

(s-process-enhanced
stars are excluded)

1 Aoki et al. 2005




|. Abundance distributions of /ight
and heavy neutron-capture elements

(4) metal-poor ([Fe/

e =
loge(Eu)

]=-2.3) globular clusters

Contribution of the weak
r-process is also found in

metal-poor globular
clusters.

Otsuki et al. 2006



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



Il. Abundance patterns of metal-poor
stars having excesses of /ight neutron-
capture elements

Objects representing

the weak r- process Q 'r-process stars'
- ¢ Bui i1 CS22892-052



Abundance pattern of HD122563,

a bright metal-poor red giant star
representing the weak r-process

HD 122563
[Fe/H]=-2.7

Solar-system
"Y r-process pattern

\/\ Upper limit
.,:-:*:f:'_.‘f_.‘“ i

60 7 80 90
Atomic number

Honda et al. 2006



Abundance pattern of HD122563

Main r-process

(gradually) decreases with
Increasing atomic number

60
Atomic number

Logarithmic abundance differenes from
the solar-system r-process pattern



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

HD122563
HD88609

ATOMIC NUMBER

Honda et al. (Nuclei in the Cosmos 1X)



Which process iIs responsible for

the abundance patterns of
HD122563 and HD886097

main r-process?
\ No, because of the excess

- process’?/ of light n-capture elements

weak s-process? —» 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

HD122563
HD88609

50 60 70
ATOMIC NUMBER

Honda et al. (this conference)
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