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The major skte\llar g‘or\npon‘e\\ln\ts in the Milky Way

Outer halo

Inner halo

Whether stars belonging to the different Galactic components show
different chemical abundances (o, Fe-peak and neutron-capture)?




This talk

. Whether Europium abundances are different or sir\nilar i
among the stars belonglng to the three oId I\/IW

components thlck dISk |nner halo and outer han o

'Abundance analyses for a sample of 97 nearby metaI poor

stars based on the hlgh resolutjon spectroscoplc observatton ‘
with Subaru/HDS

. A hint that the [Eu/Fe] ranos between the k/nemanca//y /
defmed th/ck disk and /nner-/outer halo subsamplesx are’

systematlcally d/ﬁerent i . o
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BACKGROUND
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'Eu: r-process element |

Eu in solar-system material:
>90% r_process brigin 5 . \\ : ® (S 22892-052 data

— SS r-process abundances
-- S8 s-process abundances

AStrOphysicaI sites for r-
process: unknown =

— Typell NE of parncular

progen/to_r mass ranges :

— Neutron-sfar n;:ergér Lh
The abundance pattern of r-~
process elements in r—r|ch -
stars: remarkably 5|m|lar to
that in the solar system’

Atomic number

- Roederer et al. 2008

A dominant astrophysical site for the r-process
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Chemical evolution ofELjin the MW

Large scatter

[Fe/H]

Sneden 2008

Chemical + dynamical evolution
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Formatlon of the thlck dISk and steIIar halo

Leoll dwarf galaxy (credlt NAOJ)

Different chemical enrichment histories
e.g. the number of Type la/ Type Il SNe,
efficiency of mixing, gravitational
potential to retain SNe ejecta

Cosmological simulation for the
formation of a MW-sized galaxy e ]
(Diemand+08) e

Simulation for a disk galaxy (Font+11)
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Observed pro‘pert"ies\ ‘of\the th\i\‘\c‘k‘disk a\r_]'d stellar halos

* Thick disk
* scale Height ~1 kpe: -
* [Fe/H] ™ -1.6 dex e : s Inner halo

Outer halo

. V¢(rotat|onalveIOC|ty around the. & .
Galaxy)“180 190 km/s \ S e

e Stellar halo

— Inner halo (r<10 25kpc)

ﬂattened steIIar den5|ty dls'eributlon \
¢ - [Fe/H]"’ 16dex L L
o Okm/s |
— OQuter halo (r>25kpc)
. spherlcal stellar den5|tyd|str|bdtion
* [Fe/H]~-2.2 dex

. <V¢> <0
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Previous studiés on [Eu/Fe] in metal-poor stars

ThICk d|sk an\c\fnalo stars: Reddy+06

Motivation in thls studv =

e A homogeneous abundance anaIyS|s for a sample of k|nemat|cally different

groups of stars— (thick disk, i inner halo and \outer halo), especially for their

. . . . & w
overlapping metallicity range =

* Whether the three subsamples show differences / similarities in chemical

abundances, especially for outer halo stars having extreme kinematics
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OBSERVATION AND ANALYSIS \\
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Chemical abundances in the kinematically selected
thick disk, inner halo and outer halo stars -

The sample: 97 Metal-poor ([Fe/ . :
: ‘ . Subaru Telescqpe

| : T - - Mauna Kea, Hawaii
with Subaru/High Dispersion -~~~ ____§ o, Dlameter8 2m
Spectrograph during 2003- 2010 | | P Alt'tUde 420\Om ‘

' 'H]<—O.5) giant/main sequer\ce stars -

A~4000-6800 A, R~50000

Data reductlon W|th standard IRAF « :
Observed and synthesrzed spectra

routines Kurucz-j(f’NEWQD.E") m\odel; \ \Z ~ forthe Eu Il lines
atmosphere;([-a/‘Fe];O.4)"‘¥ a 1D ITE  Tosdhosi7o/2/ 15
abundancefanal_\./sis.code (;Aoki‘et al. f . S
2009) s

HD 214161: 4852/2.0/-2.0

Na, a-elements, Fe-peak and neutron-

capture elements

4129.5 4130 6645 6645.5
Restframe wavelength (R) Restframe wavelength (8)
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Kinematics of the sample

- Orbital parameters calculated based Thick disk
on the latest proper motion, radial

- velocities and distances by the 3
: \ E " &

, methdd of Chiba & Beers (2000).

Assignment of the membership: . \;Z § > Inner halo

, ‘ S 200
based on kinematics (Vg, Vg, V7). - Ao Outer halo

Membership p.rQba_biliiY\::‘;\PTD; ‘P!I;VL w ¥

P 10g(Z ey [kpC])
OH

¢ o e T S > 1
Thick disk (P;,>0.9): 12 stars o e
Inner.ha'IO"(I.DllH.>-O-.9): A gtare il V,,: rotational velocity in the Galactic

. o B cylindrical coordinate
Outer halo (Pg,>0.9): 37 stars B 7. .. maximum distance that a star

can reach in its orbit above/below the

= 14 stars with the intermediate Galactic plane

kinematics
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RESULT
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x: Thick disk, @: Inner halo, A: Outer halo

O thick/inner, A: PML

[E I/II;, I]I o Innér halo
| U e
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« Thidk disk
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-3 —
[Fe/H]

S o A A I A A A

M [Fe/H]<-2.0: The thick disk, inner halo and outer halo subsamples show
similar [Eu/Fe] abundance ratios

B [Fe/H]>-2.0: The inner/outer halo subsamples show higher [Eu/Fe]
ratios than the thick disk subsample
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Dn"ferences among the subsamples

[Eu/Fe]@ [Fe/H]> 1 5

All stars

Dwarf stars

(T.>5000K,
logg>3.5)

meanzo/VN N

meanzo/VN N

Thick disk 0.18+0.06

0.22+0.02

Inner halo 0.41+0.05 18

0.48+0.04 12

Outer halo 0.50+0.06 10

0.59+0.11
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[Eu/Fe] vs. [Mg/Fe]

@
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- [Eu/Me]
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x: Thick disk, @: Inner halo, A: Outer halo
O: thick/inner, /\: inner/outer

-3 -2
[Fe/H]

The thick disk stars show lower [Eu/Ba] ratios than the inner/outer halo
stars

= Relative contribution from s- and r-process on heavy element synthesis
are different among these components

© Subaru Telescope, NAOJ



ImpIiCations and limitations.

The thick disk and mner/outer han components show dlfferent

abundances in [Eu/Fe] and some other elements (e. g [Mg/Fe])

=> These components exper/enced d/]fferent chem/cal enr/chment hlstorles
(e.g. re/anve contr/but'lon of Type l//Type Ia SNe mlxmg of ejecta gas infall

or outflows) ‘ L
| Why [Eu/Fe] ratlos are dlfferent between the thlck d|sk and steIIar halos?
leference in the behawors of [Eu/Fe] and [Mg/Fe] as a funct|0n of [Fe/H]

= Dom/nant producnon SIte of Eu is d/ﬁ‘erent from that of Mg (e g Type
N SNe of of dlﬁerent mass ranges) \ |

A conﬁrmatlon W|th a Iarger sample size is needed \ \
Interpretation depends on Eu y|elds in p055|ble astrophys/igal«sites

Chemical evolution models for systems having various chemical

enrichment histories
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Summary

* The abundance dn‘ference between the th|ck dISk and |nner/

outer halo subsamples

— [Eu/Fe] are hlgher for the |nner/outer han stars than in the thick dISk

stars in the metaII|C|ty range [Fe/H]>-1 5

- [Eu/Fe] [Fe/H] patterns in the three subsamples are different from
those seen in the [Mg/Fe] | |

— [Eu/Ba] is Iower for the thlck dISk stars than the |nner halo / outer han
: stars o - o
. Astrophy5|cal S|tes for the Eu productlon
‘ \
— Chemical evolution modellng taking |nto account dlfferent
environment as well as determination of Eu yields in p‘055|ble

astrophysical site is needed
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