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TMT science study in Japan 2010-11

Science WG on Stars and the Local Group
W. Aoki (Pl) and seven members (samurais)

1. Exploring stellar activities
and explosions

2. Clarifying galaxy formation - ..
with resolved stars TMTesEcHLLRR S

TMT S T2 e

« Supernovae & GRB

 Stellar seismology

* First stars & metal-poor Galactic stars
* The Milky Way and dSphs

* The Local Group and beyond

Science report 2011
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First stars & metal-poor Galactic stars

« Liabundance & Big Bang nucleosynthesis

— Why the discrepancy? Depletion?

— SLi measurement for metal-poor stars with [Fe/H]<-3
« Extremely metal-poor stars with [Fe/H]<-3.5

— Originated from dSphs? Abundance pattern?

— High res spectra for many EMPs in the MW & dSphs
with V>18
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Li abundance & Big Bang NS
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The Milky Way and dSphs

* Globular clusters
— Nature of multiple stellar populations

« The MW old components
— Bulge : Nature of metal-rich young population in MS

— Thick disk and halo : Abundance patterns of in situ
field and stream stars (beyond the solar
neighborhood)

* dSphs
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Multiple populations in GCs

Omega Cen Piotto+ 2005

20 ° O o
Ty
O N e
P ~ -
v " ot R (m-M),=13.35
5 3 X :
E(B-V)=0.12
21
-
P “2)
¢
Fo L OurCMD of & Centaur, from the photometry of more than 2 million -
stars n the central 3« 3 ACS fickis

0.8
Mpanew ™ Mpasaw
Fo. 7.—Compansonof the ACS CMD of w Cen (calibrated following Bedin

et al. 2005) wath isochrones calculated for the metallicity determmed in Fig 1.
I'he BMS can be reproduced only assuming ¥ > 0.35. The blue and red hiled
dots show the bMS and rMS stars from whach we collectad owr spectra

Tuesday, July 23, 13



Multiple populations in GCs

Omega Cen
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Bluer MS has a higher metallicity?
Detailed abundance pattern?

= needs high res spectroscopy of MS stars w TMT
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Chemical abundance in the inner/outer halo

Subaru HDS results

(Ishigaki, Chiba, Aoki 2012, 2013)
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Stellar streams in the MW halo

What is the origin? Relation with dSphs?
=needs high res spectroscopy w TMT

(Belokurov et al. 2006)iSBSS
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Ultra Faint DSphs (UFDs)  (Suprim Cam data by Okamoto+08)
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Ultra Faint DSphs (UFDs)  (Suprim Cam data by Okamoto+08)
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Ultra Faint DSphs (UFDs)  (Suprim Cam data by Okamoto+08)
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= Needs high res spectra for many mmber stars in dSphs
+ abundance studies in new distant UFDs (by HSC)
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Dark matter halo in dSphs
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The Local Group and beyond

« Andromeda
— Abundance patterns of field halo stars, stars in dSphs and

globular clusters

 dlrrs in the Local Group
— Phoenix, NGC 6822, IC 10

« (Galaxies in nearby groups and beyond
— Disk galaxies in Sculptor group, Maffei group, M81 group
— Elliptical galaxies NGC5128 (Cen A), Maffei 1 and more in
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Stellar halos in galaxies

Halo formation model
(Bullock & Johnston 2005)

Halo realizations

Stellar halos as tracers of galaxy formation:
Having different structures depending on galaxy morphology?
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NGC 55 @ D=2.1Mpc (Sculptor group)
(Subaru/SuprimeCam: Tanaka+2011)
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NGC 55 @ D=2.1Mpc (Sculptor group)
(Subaru/SuprimeCam: Tanaka+2011)
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NGC 55 @ D=2.1Mpc (Sculptor group)
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Control

U X=[=4.5:5.26)kpe

f + Z=[2.0:5.0]kpe + Z=[12.5:155)kpe
—’I'"*‘ -X 2 :._ 71{ A
B 11/ o1 i
I . i ft"' /’/ "/11 |’|J // 4
- 23 7./ (Y. i/ ?
el [ ,{l/ T A
L e 4 :“ l('l )
34 | | // fl e
N 24 — ' 4 o | ]
¢ 3 e il 1 /’./ :
- » b - X (Y
\ac r L 3 [ [ f [
c 30 L ks ) .ll;at waad oo e Bk Ly
E [ + 0 2 0 1
> 28 | (v-1) (V-1)
{28 NGC55 : :
N Deep imaging + medium res spectra
i with TMT
25 -2 -[-1.3 ] -1 -05 = stellar age, abundance and velocity
l"(,'/"'“ med

‘«I»YYII Ty YIIY‘YT T

X=[=10.0:~0.26kpe |

Tuesday, July 23, 13

TYY]’YYYY]YYY IIYYY
-4




M81 @ D=3.6Mpc
(Subaru/SuprimeCam: Barker+ 2009)

. Suprime-Cam (V, 1)
Spiral Galaxy M81 January 8, 2005
Subaru Tel lcum National Astronomical Oumuloqoﬂw
Copyright© 2010 Netional Astonomical Observetory of Japen All rghts reserved
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Nearby elliptical galaxies
NGC5128 (Cen A)

Peng+ 2002 (Blanco T.)
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http://apod.nasa.gov/apod/image/1207/cenashells_ctio_1911.jpg
http://apod.nasa.gov/apod/image/1207/cenashells_ctio_1911.jpg

b=-0.5

D=3.0Mpc

Nearby elliptical galaxies
Maffei 1

Buta+ 2003 (HST)
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Subaru for TMT

* Hyper Suprime Cam (HSC) provides

— The MW's (faint) halo map + new UFDs and stellar
streams

— More basic data of Andromeda’s halo

* Prime Focus Spectrograph (PFS) provides

— Candidate extremely metal-poor stars

— More member stars in dSphs and Andromeda
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FOV: 1.77 sq deg
(1.5 deg diameter)
Pixel scale: 0°.17/pix
Filters: grizy
+ several NB
Operation: 2013~

International collaboration: Japan, Princeton, Taiwan
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Search for new Galactic satellites with HSC

Wide-field survey of

the MW outer halo
(g, r, i) ~ 26 mag
over ~1400 deg?
Discovery of new UFDs
and stellar streams

1000 T — —

i c’; i

800 _— 7 _

~ | -

K T | )

—~ i 8 / -

é‘ 60 - & i
p— - 8 /
/

3 " / y

mg 400 SSGEEELTTITTTCLTEEE' STEEL TELLLTT o7 CETE TTTELH oot -

Classical Sats 1

200 UFDs® o _

o :

0 A LR 1 i
0 -5 -10 —-15
M, (mag)

Tollerud+2008

Single LSST:
M = 24.5
Co-added LSST:
lim =27.9
Subaru/HSC
(wide-f. survey):
~26

Mim

Tuesday, July 23, 13




FOV: 1.3 deg in diameter
2400 fiber positioners

A: 380~1,300 nm

(3 channels: Blue, Red, IR)
R: ~3,000 (LR) 5,000 (MR)
First light: 2016~17

International collaboration: IPMU, NAOJ/Subaru,
Caltech/JPL, Princeton, JHU, LAM, UK, Brazil, Taiwan +
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PFS pointings (R=5,000
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Exploring the local universe with TMT:
Summary

Stars in the MW's old components (D < 50 kpc)

— High res spectra for MS, MSTO and RGB stars in the bulge,
thick disk and inner halo

Remote Galactic halo stars and dSphs (D < 500 kpc)

— High res spectra for RGBs in the outer halo
— Medium res spectra for Galactic HBs and for dSphs’ RGBs

Andromeda and other Local Group members (D < 1Mpc)
— High res spectra for brightest RGBs
Other group galaxies (3Mpc < D)

— Medium res spectra for RGBs

Chemo-dynamical information of nearby galaxies
= galaxy formation
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ENLC
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Chemical abundance of dSphs

Abundance ratios in dSphs
_ Tolstoy +08

Mean metallicity vs. luminosity
1 : T T T 'T' i" I T . T T
T 0 & AL 1 ‘.._ IR
S 1o r"_’ix-’ i 3
Leo ; " - = ? : : » o
' . s “ag . pE-Res
- . t . )
* vi ¢ Cr——— + + + t —t + v + . —
z Lea V on o |l 05 " - ; ; —— ’;‘7,?\/' ———
o 1% ET & c e L S
Y@RE N
J I I g 1 ; o @ .. '.};’-—:‘: - e . :'.‘n' : -
.“"ﬂl‘)' e 1 C - | o . dSph
L - =
2 s 9 ' »:-.'E-]<-2
T A
. 3 2 1 0
[FeH)

. Leo 1y Her
Similar to or different from halo stars?

UFDs show different mean metallicities?
= Needs high res spectra for many member stars in dSphs

+ abundance studies in new distant UFDs
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dSphs in Andromeda
Keck/DEIMOS sample

Chemical abundance pattern?
= needs high res abundance of bright RGBs
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