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Dwarf galaxies around the Milky ® Spiral galaxy
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Dwarf Galaxy and Our Galaxy

= Small stellar mass and Low luminosity
= Mass : M =£10'M,, R T

= Dark Matter dominant. = | } w1 T T

. g‘)m?;— : 1 dh i Leoll 'y ¢

= Absolute magnitude :  : ¢ } {} % ! i ]

Mv > -17 (MW : My~ -20.5): “F e ;

= Luminosity; e e e e
Falnt, Ultra_l:alnt Strigari et al. 2008

= Remnants of Building blocks of Our Galaxy ?

Galaxy formation, Dark matter, Chemical evolution, etc.
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Cf. talked by A. Frebel, A. McWilliam, N. Prantzos, Y. Ishimaru



Abundance studies for individual
Stars in dwarf gaIaXi§n§M Tolgtqyetal. (2009, ARAA)

= Low « trend .
= Large contributions of Type la &
SNe at low metallicity? =
= Chemical abundance trend {." =~ " " "~ " "
of “luminous” (“metal- o ErnsT N Rk S
rich”) dwarf spheroidal =t R :
galaxies is different from P
MW halo. wew
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How is the very low metallicity range ? |
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EMP stars in faint dwarf galaxies

(Extremely Metal-Poor)

(Dwarf Abundance and Radial-velocity Team)

= DART program by
VLT/FLAMES

s Existence of EMP
stars In Faint dwarf
galaxies.
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High dispersion spectroscopy, to determine chemical
abundances of EMP stars in Sextans.
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Chemical abundance analysis of Sextans
stars with Subaru/HDS

= High resolution follow-up for candidate

EMP stars discovered with VLT/FLAMES
(Helmi et al. 2006)

s Subaru/HDS observations (p.1.: N. Arimoto)
= Jan. 2007 + May 2005
= R=40,000
= A 4400-7200 A
= S/N ~ 17-46 @5180A
= EXp. time 60-390 min
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Mg abundance of EMP stars In
dwarf galaxy Sextans.
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m Conﬁrm the IOW # Shetrone et al. 2001
.- | @® Aoki et al. 2009
metallicity | _
= Most stars show low 5 '[ | )
Mg/Fe ratios. S [ e | -
: =
= Different from MW =

halo stars

= [ he contributions of

TypelaSNein[Fe/H] _, L. . . . i,
< -25°? -4 -3 -2 -1 0

= Small contribution of Aoki et al. 2009
very massive stars ?
(different IMF)
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Neutron-capture elements In
dwarf galaxy Sextans

s Under-abundant - _
In five EMP stars. Lr L ]
= Two EMP stars ' ' '
show large and

moderate excess
of Ba.
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neutron-capture elements in EMP stars in faint dwarf galaxies

r-rich star ? —

s-rich star

" 1 = Field halo EMP stars
show large dispersion
In the abundances of
neutron-capture
elements.

— _ i
O 6L — Reflects spatial
\%_ ] inhomogeneity of the
o ] chemical composition
m ] A of interstellar gas in
— | 0® the early Galaxy.
—1 e . - = r-process enhanced
L e e A o 1 stars will reflect th
o o “ M Sextans :Aoki et al. (2009) Stars Wil retiecC e
B s[]Sextans:Shetrone et al. (2001) .
* . X Draco :Cohen et al. (2009) pu re r-proceSS_
@Ursa Minor:Sadak tal (i ) -
r-process ? ;o OUrsa Minor-Shetrone et al. (2001)
P A TR :
—2_4 3 o _Is the behavior of neutron-capture

. "
without s-process rich stars [Fe /H] element similar to that of Our Galaxy *

Does r-rich star exist also in dwarf galaxy?



High resolution spectroscopy of the Ba-rich
EMP star S15-19 with Subaru/HDS

s =175
n /eff: 4600K, logg: 1.2, [Fe/H]=-3.1
= Obs. Date : 2010 Feb. 9

= R=40,000, A 3760 — 5490 A
= 4400 ~ 7200 A (previous obs.)

= EXp. time 8h
= S/N =25 @ 4500 A
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Ba and Eu abundance of S15-19

= Confirm [Fe/H] =
-3.1 and Ba-rich
([Ba/Fe]~+0.4)
abundance.

= But no detection
Eunl line.
= [Eu/Fe] < +0.8
= [Ba/Eu] > -0.4

= In case of I'-Process
[Ba/Eu] = -1

\ r-process
Eu Il o

N 1 | 1 | 1 | 1 | 1 |
4128 4129 4130 4131 4132 4133

This result indicates that Ba of this star is not synthesized
by r-process only.
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Abundance pattern of S15-19
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Atomic number

= Carbon-rich ([C/Fe] = +1.0)
= Low Sr/Ba




S15-19 Is not r-process enhanced star

= The result shows that the abundance of
this star is reflecting s-process in low
metallicity.

= Variation of radial velocity is found.
226.05+0.11 km/s (2005) — 223.5+0.6 (2010)
— binary system
= S15-19 probably belongs to binary system
and is affected by an AGB star.

= High Ba Is the result of the mass transfer
from AGB star.
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neutron-capture elements in EMP stars in faint dwarf galaxies

S-rich star

/ s-rich star

Ultra-Faint Dwarf galaxies

n—capture—element

Frebel et al. 2010
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NO r-process
enhanced EMP star
Is found in Dwarf
galaxies and Ultra-
Faint Dwarf
galaxies, yet.




Summary

= We derived the abundance of neutron-
capture elements in EMP stars In the
Sextans dwarf galaxy.

= NO r-process enhanced ([Eu/Fe] > +1)
EMP star is found in dwarf galaxies yet.

= However, we need more sample to
derive definitely conclusion.
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