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Meteorite Classification

Primitive Meteorites Differentiated
Chondrites Meteorites

Carbonaceous Ordinary StOIly-II'OH
Chondrites Chondrites .
Meteorite

Achondrites

HED SNC Lunar Others
Meteorites Meteorite meteorites




(Bus & Binzel 2002)

INEKE D5 IEER A

C-type asteroids

) g;smsa REWE — Carbonaceous chondrites
1200 _ S | Z::.: b S—type asteroids
000 0_5%% — Ordlna.ry chondrlte.:s

g - S — Stony-iron meteorites

ﬁ o Z:g e X-type asteroids

152 ' ,% — Iron meteorites

) ZZZ v, D-type asteroids

I
o
e

— Tagish lake meteorites

o

15 2 25 3 35 4 45 5 55

BUB R E [R3CEAfI]



INKE D5 HEE A

e NEREDNFIIEKRIIA[HDAXRS b
IV SiITbnTE =,

e« BL. BRI (0.9-2.5um) DARY k
IWHBELVUFRLESEILDMS,

INEKE D IEEA

o ARSI (0.9-2.5um) DANRD NIV H
H5ELKUEHRLEEIDLNS,
— 1um & 2um DRI DFE E LR DB,
ﬁEtMﬁE@kTmﬁméiijé

l ’"‘;E:l/hwf M
I

~(mEE]
1 \ 7

AN R

LEPS T E

I
I \
LA
0.2 1
" ‘]
I
01! \ SILTIBE |
[}

2 25 " 05 1 15 2
&§[~9D/1 BRE[Z0OV]

I
llllll

4’—’», AR BRRE




INEEDSTIHERA

0.2 ——
| |
0.0 4 0.0
o o
o o
c c
« I
g 0.2 g 0.2
s s
15 [
o o
S-04 4 8-04
= K]
3 E
208 1998 SF36 ‘ 2-06 Average H Chondrite -
s /s =09 | s Is =05
olv pyx olv pyx
-0.8 L ' L ' 1 s | 08 L. . e L bbb
0.5 1.0 1.5 2.0 25 0.5 1.0 1.5 2.0 25
Wavelength (um) Wavelength (pm)
0.2 . . 0.2
0.0 0.0
il 3
5 g
g-02 §-02
B B
o [
o @
5-04 5-0.
" ]
5 g
S5 | Average LL Chondrite —i 206 Average L Chondrite |
s [/s =09 4 | _
o | Sox f s, Jsm =07 {
-0.8 PP TSI ST R S | PRI .| 08 L S B PRI B
. 0.5 1.0 1.5 20 25 0.5 1.0 1.5 2.0 25
(Blnzel et al. 2001) Wavelength (pm) Wavelength (um)

(DeMeo et al. 2009)



IR R AE

« KK (FTEINT 7R -H#5@) - TUE
=7 - AL FOH B HAIEE

' ORI P 136199 Eris .
ol P Y . A
IR 1T
11 VR
0.8 IR {
N oo o y
3 ' Yiil A OM
g § oe [T I \ l’ I
€ 08 2003 EL61: 7 a df N [t
kS r This work s b aY
E o Trujillo et al. (2007) ‘E 0.4 I.' E.:E \‘ t:“‘:u i
8 8 o IR
@ 0.8 - Two layers model: b 3 v i g‘
I lower: crH,O (d=70 um) 0.2 ¥l ‘ w
[ upper: -+ amH,0 (d=10 um), t=10 ym T ’ ; \
I 60% amH,0 - 40% crH,0 ; 0.0 |
04 \ N - 1l
. (d=10 pr‘?), t=20 um | i . 'I;,J 0.5 1.0 1.5 2.0
0.5 10 15 2.0 2.5 Wavelength (um)
(Pinilla-Alonso et al. 2009) Wavelength (um) (Dumas et al. 2009)

I
M
Xt

Deep Impact
HREDED
9P/Tempel
DEERZD
Al

REDKDIR

—— 3% TO pm Ice + " PR G |
97% Mon-ice Mucleus L I® —— 4% 20 pm lce +
i1 95% Mon-ice Nucleus

Non-lce Nucleus (offset)
i i i

12 16 2 24 2 22 2 16 3 24 2 23
Wi W (Sunshine et al. 2006)



| YZT7HE (C2002T7)
" FIEB+CIsco
moe ] 1.05——2.45micr0n R:400,600

g 1t M’I"“m“ . ﬁ?fﬁf’m‘}{ ﬁ
‘L el 2
EEﬂ(*ﬂo)*ﬁHﬂl(i §°'6'
_NETHIT NI 244 o
g_ (ié a 5 A 0) %iigﬁ K E 14 Wavlt;isengm [mn‘;?ons] ’ 22 2
+ EE;B‘IJ H% Fﬁﬁ 0) E HEI E 7?§E g (Kawakita et al. 2004)

TAOKRMXOERZED /L
INKARER

| RT FTHELZWY A XL 2 OTOiatthEk
INEXE &R

BERREADELY (~ 2 BF[E) NWEREDERH
7k9€12|§0)§ﬁ1 I]

(i)(b/)\ é 2 @EEI,\“
— AT ariEN, HEBNDNREICEHEIHESE
B H S,




INSRBD LI\

o DKL) - KDL

TEHDTER.
« $5IC2. 4~3. 2§
um~®DEINEE %

¢ 1&[/\ c_a)/&Ea)EEE

BIENT A THIRME
TRIEEL (Y -

T A OiEFRNEE

1.2

0.8

0.6

;e

CGS4/UKIRT

f
ﬁg 1 . kit il L
- 5 L‘f i
%ﬁﬁﬁ@s“ﬁ”

- 3/1 Vesta

- 3/2Vesta I
0

22224262833234

wavelength [pm]

[CB89 5

KGRF—LADLEDUIITR B

« BHADRAY Y FIIREDARAY Y FZRELTHLW
6 fHIZE) .
- 1A 5 —TORRBEE %DIEE OHR

(=AY L4XDS,

A A= L LTRSS,

T BHBICKE,

LN RaXEHBHEFESLDICLTERLULY
- BBEEERLL, LNAVRIZDWTHRERMENLR, T
AODYA FEENHEZEBICHEDDTIZIEEZS,

Aouesedsue. |



2009/9/11

TAO 6.5m ARV MEERBAEET—IavT

BIZHEITAYSOREZ Y —A

|
o
=%
Y/

fr'

EITRAXES -ELTAS T IRE
I T &




=

LEHRIMRESAZEZRA -2 &l
— R<ITHhnSEH
— ERER
BEZEEHANZILSIZEDYMEINTGA—FIDIRTE
— JAMN—T+HRERE - FE-FHEDEE-FFCEREE. LE)
BEEY— L DIFRK
— Monitor 7O Yk
YSORBEZEY — NI DIRE
— TAO 6.5m D A1)y

o JEFRIME - EHE

c BB ATL(BIL)DEDFER? !

2009/9/11 TAOEFRIMREVAIZEEWS 2



LEEHFIIMIEEZ,

W =R

3 1£% MOIRCS TRLITHh 5 E 72 B B:E D &R A

- BIEBEEYSODHMETHIMAR

« EWRMEEDRVNYSOY—AA-SXRIEDH
c JFYBVWE(BREE-RETSE)DFHE - &1

« IMF &% MA| D RIS
LHOL. ESLTHERA M A !
— EEETILIZIEELLNOM ?

CDEIBEDERDEDIENGED—D
— - BEHEB([ZEDENTGA—E2—DRE
- YSO DEBEZ(IFEHFYHEATLEL

2009/9/11 TAOIZ FRAMEEAIZEEWS



EN0MESDRE

« RIKE=EDRE
— BEGEEZRE > Za—b N NETEERE
— (AIfRFIMERXTIEXEID) EERZALS
- BRTIX. ERANRDEFHEFRHS
« EER
- EfREENE=
s MEZHRERCAELTHEZRE
—2RADEFMEEZLIZ 2L BEEDFMLMAHHI ALY
« BERODIFERH:P
c EERODEFERFFE:a=a,+a,
a@ GM,+M,)
P> Ar?
» BERDENMNTOHERFZ
» PR (d) AbhMoTlvdE:a=a x d

2009/9/11 TAOIZ FRAMEEAIZEEWS




EOYEEDIRTE
- PHEEDE=
 DLEB: Double lined (SB2) eclipsing binary
— M, sindi, M, sind ih3RES
« SLEB: Single lined (SB1) eclipsing binary
— B2 ((M,sin3i )3/ (M+M,)2) LMK ESELY
« SB2 T(HEXIE)EREETLHIE. TE-FEDHENKRFSD
« BOEAIEINDE., | BKRFY. HD--
— Eclipsing Binary (B& £ )
» Eclipsing Binary (B&£)
- AT R ZRITRAEZR DI AEEILZERE
- R EEOHAZEHLETCER - REDEERT
c ETINENT AN, TE-REDFFELKRFED
- FRERE. LE. REBENLRFLH(ZET—H)

2009/9/11 TAOIZ FRAMEEAIZEEWS 5



A s—

HiE

o EUHIDIRIR

— 1Mo U EDEFRINE I ZLERBINTLNS

— < 1Mo, YSO DEAITIEE 270
EITHOBEEYS—R/TJTOPIk

£ (Eclipsing Binary)&R:8| D ER4K

* Monitor
—- BHERM OOV —RALDEIEY
o UStAPS

— The University of St Andrews Planet Search
« EXPLORE-OC
— EXtrasolar PLanet Occultation REsearch — Open Cluster
« PISCES
— Planets in Stellar Clusters Extensive Search
« STEPSS
— Survey for Transiting Extrasolar Planets in Stellar Systems

2009/9/11 TAOIZ FRHMEEAIZEEWS 6



Monitor 7839k

« IDDEVHHER

DANREZF—

- BIEE=E2 -BDOEMRK, XErNVUYNERDITS

« ELED. Fhkn-

EE-FE - AEOBEZRIE

« KRIEMNSOHEET
- BIEY: BEz&ETL 7T
— 2004 FFE. HREF D 2-4 m EiZEEFFIA
— 100l EDEB+#IB3D SR EX R DIT5EHF

» F—Tk

— t << 200 Myr, 1E DB THERENEBNDSZ L
* Primary: ONC, NGC2362, NGC2547, NGC2516
« Secondary: h & x Per, IC4665, Blanco 1, M50, M34

2009/9/11

TAOE FRIMEERIZEEWS



Monitor 7839k

ZRE+RE

— INT 2.5m: Wide Field Cam

— ESO/MPI 2.2m: Wide Field Imager

— CTIO 4m: Mosaic Il

— CFHT 3.6m: MegaCAM

— KPNO 4m: Mosaic
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— <15 min :1hr (&) DERZT REIH0

— TENIE 5 min I238< ingress, egress #7023 %

2009/9/11 TAOIZ FRAMEEAIZEEWS



Monitor 70Tk

o AYALDHYTIL (Irwin J. et al. MN 380, 541 2007)
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—- ER
- 8 x4 x4 BEEIEE
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— NGC2362(-25° ) ~5Myr
— TOBER DI E ZE 2R rEIE
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Ita et al.
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Peak: 14.58(+0.02)

Width: 0.18

Uo=14.58+0:0251t (. 11syst
(Matsunaga et al. 2009)
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S. Sakai (UCLA)
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Valenti et al. (2004)




100

— == 0.02 (stat.) 2= 0.10 (syst.) mag
A[Fe/H] = 0.3 dex Au, ~ 0.05 mag

(
TRGB

— == 0.10 (stat.) 2= 0.10 (syst.) mag
A[Fe/H] = 0.3 dex Au, ~ 0.2 mag (K
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Cen A

Cen A (NGC 5128)
SO
AGN
Rejkuba (ESO)

US A
(MPG/ESO 2.2-m + WFD)

ESUPR Phato 1408 110 June 205) & Buropean Socahern Ofserny

# DM (mag)  Method Reference
1 26.6 Stellar luminosity function (LF) Sersic (1958)
2 29.6 Largest HII regions Sandage & Tammann (1974)
3 27.73+0.14 Planctary ncbula LF Hui et al. (1993)
4 2797+0.14 Planetary nebula LF (3) revised by Harris et al. (1999)
Globular cluster LF Harris et al. (1988)
I-band RGB tip (WF chips of WFPC2) Soria et al. (1996)
I-band RGB tip (PC chip of WFPC2) Soria et al. (1996)
27.98 £0.15 I-band RGB tip (WFPC2) Harris et al. (1999)
2748 £0.06 I-band SBF
27.71 £0.10  I-band SBF (9) revised by Israel (1998)
28.18 £ 0.07  I-band SBF (9) revised by Marleau et al. (2000)
28.12+0.15 I-band SBF Tonry et al. (2001)




Rejkuba (2002-2004)

VLT-8.2m / ISAAC
1999~2002 20
0.148"/pix (1k1k Hawaii Rockwell array)
FWHM ~ 0.4”
Exposure ~ 60 min
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ESO 294-010
ESO 410-005
NGC 404
NGC 3379
NGC 5102
NGC 5182
NGC 5206

M 105

Cen A

SO
SO
SO

Scl. Group
Scl. Group
LINER-AGN
LINER-AGN
Cen A Group
Cen A Group

Cen A Group
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Call Triplet as Metallicity Indicator
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Population I1I stars in Galactic Bulge

100 C Ramirez

et al. (2000)




Specific Goals of HR Survey

- Formation histories of galaxies: stellar population study in terms of

colour-magnitude diagrams (CMDs) and abundance patterns can
reveal how bulge, disc and dSph’s formed and evolved.

10

s
£

- Galactic bulge

Zoccali et al. (2003) A&A 399, 931

Targeted Regions

bulges, disc, outer disc,
halo, large area dSphs
disrupted globular clusters
M31/M33 large area
(substructure in haloes)
Galactic streams
dwarf irregulars
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Orsi et al. 2008, MNRAS 391 1589
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Sobral et al. 2009, MNRAS, 398, L68
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Visible and Infrared Survey Telescope for Astronomy
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Ultra Deep Survey
3 FHE
30 hr/band/pointing
u,gr.izy (27-28mag), NBE X (26-27mag)
2K 15 (UKIDSS/UDS, Ultra—VISTA?)

Deep Survey
40 EHFE
3 hr/band/pointing
u,gr,iz (26-27mag), NBE{# (25-26mag)
5K I

- EHOTEIGLAIH D IRIE (BB, NB)
- z<7.5 DIRAIZZ #HEH
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1. First galaxyD F &
2. Lyaﬁi"f‘?ﬁ'l': Z R

FHEOPEE BE) . RiAE(E

3. UV contlnuum J:E B
gRATE1L . BT D ~DEBE
4. '8 ZE FEJi% (SED- fitting)
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Great Observatories Orignins Deep Survey (GOODS)
Hubble Ultra Deep Field (UDF)

2~6-10 SA YT LA 4R (LBGs) (mmens.
*2~5.5-6.7 : i-dropout: i’-2’>1.3 A XH =

Bouwens + 06

-z~12-14 :H-dropout &Hl7ZL Bouwens + 08

: e T
5000 20000 i
A / Angstroms Stanwayv + 04



Hubble Ultra Deep Field T i &4 1=2=7-10%R /Al {x 5

HOF-3854-1218  z~ B8 Z=Jd=11 J=-H=00 H=24.1

Bouwens & lllingworth (2006)

¥ : H Other Bands
30.2+0.8 25.6+0.1 23, Nl

IRAC 3.6um
HIDFN-56253227

=293 26.9+0.1 25.2+0.5
.

. NICMOS K
HDFSPAR-48278437

>29.5 277£0.2
" W

. !IJ!JN]["I‘.-\HZ—[}“:I 9304R
=201 PMI y r.::n.z

i

UDFNICPAR1-05761077
F 29.1+0.9 P =302 I 28.4+0.2

L

VDFNICPARLI-04151142

Bouwens et al. (2005)
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Hubble: ACS z NICMOS J, H ~26-27 (AB50)
FAHL VX R AIE6{E9%rcmin2 — J H ~27-30 (AB50)

I/\JX:'C&?}’LT: LBGs 90%HMlow-27%2 E D AT REME&H Y
Lo RSNz LBGs BNTIV:® (W !

y =N e :
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VIFRAY &= 77 SRR E D IRAX:

Hubble: ACS z NICMOS J, H ~26-27 (AB50)
BAHL X ERAE11{E20arcmin2 — J, H ~27-30 (AB50)

'_Mgﬁas:if s unnu W” “ : vl e,

1
A23%—=zD21
| | | | & i

= = = =3 - = SR = —_ o —
I » I I P
A266T—eD1

i e 4 B | ™
Bouwens et al. (2009) Re s My Lt BET. EEes
: A2390—111
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VLT: ISSAC
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GOODSTEIE, 30arcmin? >1.3x10717 erg s~1 cm2
HDFS$E 15, 42h 4arcmin? 01E>3.3x10 28 erg s~1 cm2

EHLUXERAE3EL12arcmin? >3.7x107 8 erg st cm2
! Willis et al. (2005,2007) Cuby et al.(2007)

sponse

relative flux density (um-!) / fractional filter re
J-NB (AB mag)
o o
= o o

o
o

1.18

wavelength (um) NB (AB mag)
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AmE IR T IE IR Narrowband - — R A

CFHT-LSL\ iﬁ,ﬁ 390arcmin? >8.3x10 8 erg s~1 cm™2
Ei:,ﬁ 28'x28’ >5.5x10"8 erg s1 cm2

Hibon et al. (2009) Rhoads et al.(2009)

LAE#l LAE#Z LAE#3 LAE#4 LAE#5 LAE#6 LAE#7
4 1 s

N{=L} (Mpc-?)

BT 102

{Lya) (erg s-1)
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Subaru/XMM-Newton Deep
S_urVey Field (SXDS)

c.':_’_'. - i __. :. l:if: 1 C- A=
= / \,< / Spltzer g

ig: Dalton et al.

GOODs
1.6 dﬁgrﬁnﬁ

g -

N ',.;‘
UKIDSS-UDS

Aol UKIRT/WFCAM
0.8 deg2 5 year data 0.75 deg2 uItra deep + 0.75 deg2 deep.

DR5: 210 hrs up to 2007 5 year from 2009 &~ 1000 hrs.
depth(5c, AB)

depths (50 AB; 2") Y=26.7, 1=26.6, H=26.1, Ks=25.6,
J=24.0 H=23.7 K=23.9 NB1.18=24.1(z=8.8 LAE)
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—~ GOODS/UDF: z~7-8 LBG{xf#EAH 8

- FAHALOXRAA11E: z~7-8 LBGIEFEH1{E

MERO: REHIEL EFHEDEL (z~9-10LBGIEFHO{E)
FEEAQ: B{THONRTELRLGOMERBELELF-ELNEWFELY)

- CFHT: z=7.7LAE{&#H7{@ (NB ~25.2 AB50)
- KPNO. UKIDSS-UDS. UltraVISTA: #E{TH . iFES YJHK~24-265 AB50

- %8 : A0 2~ 7-10LBG., LAEIR#H A ~+HEL R >N B

FlR: BHDLDT, 7ERIETE S REMEN =L
BHLR - 500 0 TR BB D750 R L
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8 arcmin?@ fREF: =57 pointing
9.6 arcmin? @ fR%7: =40 pointing

@ H|;ZEX: UKIDSS. VISTAKYZE
ZYJ=270 . H=265, K=26.0
NB=25.5-26.0

@32/ \KNEIFRFEA

@ 583 AR . ZYJHK~E0+ RS/ /R
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TAO Deep Field $528
@ EHAID (RIFFRIE): 1 deg 2,
2=7.0. 7.7. 8.8. ...18 Lya 7A—/\>K(NB) ~ 26mag AB 50
JA—K/\>KZ, 1, H, K~ 26-27mag AB 50

e 2=7.0.7.7.8.8. ...18 LAE,
EFRAREDHa. Olll, HB. ONIEHRER AT L& HH AI RE

e z~7-8 Z-drop (z-band[ESubaru Suprime-CamT+H0K)

« z~8-9 Y-drop LBG

 2~9-10 J-drop LBG

e z~12-14 H-drop LBG (SPICAZE D hE R EEELHY)

@ FHANQIAN—TFT VT EXREDK (FRK30mEZRFETH LA
O@HH :z=7- 14 FETUTZEHEE ‘
-ERAEE GEERER. EEREER. EFE)
-FHBER (PEKEREDZEL. ionizing photon budget)
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FTHEmMm(Gyr) z>78E
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| | |
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feRE — 2= EHMEY (z=0) from SDSS galaxies ( Goto et al. 2003 )

early-type
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z~1 $RIAIDEFRZREE) S IRIE DR
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Elbaz et al. (2007) SR %‘E‘E



% 7 DI & 7 .' .' 7 (] DE [ D [
C [ (J )& ook d
U ay detected g at 0.4 £
Class Cluster RA Dec z L Bands Coordination
(J2000) (12000 104
z~04  CL 002441654 00 26 35.7 +170043.1 039 3.2 BR:z' NB , XMM, Chandra
CL 093944713 09 42 56.2 446 59 12 041 9.2 EBVEREINB XMM
(R}i JZQZS—I—Z[BT) 22 2836 +20 37 12 0.42 16.5 BV RY Chandra, S-Z
z~0.55 MS 0451.6—0305 0454109 —02 5807 054 12.0 BVR{I , Chandra, 5-Z
CL 0016-+1609 00 18 33.5 41626134 0546 26.00 BVER:/Z , XMM, Chandra, S-Z
(MS 2053.7—0449) 2056218 —04 37514 0583 5.0 BVE:!Y , XMM, Chandra, 5-7
z~0.85 RX J1716.446708 17 16 49.6 467 03 30 0.813 2.7% VR#Z NB Chandra,
(MS 1054.4—-0321 ) 1056 59.5 —03 37284 0.83 200 VR{/Z , AMM, Chandra, 5-Z
RX J0152.7—-1357 0152420 —13 57529 0.831 16.0 VER/Z , AMM, Chandra, S-Z
(R}l .]].226.9—|—3332) 12 26 58.2 +33 3249 0.9 53.0 VR/Z XMM, Chandra, 5-Z
(CL 1604443 ) 16 04 28.3 443 16 24.0 0.9 2.0 VER/Z , ZMM
z~1.2 RDCS J0910+5422 09 10 44.9 45422089 1.11 2.1 VR/Z Chandra
CL 12522927 1252544 —2027170 123 6.6 VER/'Z , MM, Chandra
(RX J1053.74+5735) 105343.4 4573521 114 2.0F VR/Z XMM
RX J0343.94+4452 08 48 46.9 444 56 22 126 2.8 FEVER!Z , AMM, Chandra
,~14 (XMMU2235.3-2557) 223520.6-255742.0 1.393 3.0 VR/'Z XMM
XMMJ2215.9-1738 221558.5 -1738025 145 4.4 VRi’zZ,NB XMM
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Spatial distribution of phot-z members (Az =—0.05 ~+0.03)
RXJ 0152.7-1357 (VRi'Z CL 0016+16 (BVRi'Z

A R.A. [Mpc (comoving)] A R.A. [Mpc (comoving)]
5 0 -5 -10 —-15

A Dec. [arcmin]
A Dec. [Mpe (comoving)]

-----
[ | T T T T T T T T T T T T T T T T 7

5 0 -5 gL M///em'u{n Simulation i ~10 -15
A RA. [arcmin] SE {Sp/"mge/ ef;_a/. 2005) A R.A. [arcmin]

z=0.83 (7Gyr ago ‘ z=0.55 (5.4Gyr ago
(76yr ago) Kodama et al. (2005) ( yr ago)
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RX]J1716 R;AIH (2=0.81) D, (Koyama et
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al. 2008 )
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o
o
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A Dec.

2 0 -2 -4
A R.A. [arcmin]

med = outskirts / group / filament (ER:n] & FE)
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Ho mapping of CLO024 Cluster (z=0.4)

Suprime-Cam + BRz' and

9200 29250 A

all spec—=z members

spec—=z members
with W ([OII])>104

NB912 (filter+CCD)
transmission
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Kodama et al. (2004)
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Colour selection of Ha emitters Phot-z of the Ha emitters

spec-zmember | —>

[ phot-zmember —>| | |

[#3]
o

all —,

Number
0
o

T T

Ho emitters

(Kodama et al. 2004)
Phot-z MIERZIBX T. EFKIETZ 2T — MNIBUHE S,
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Ho+MIR mapping of RXJ1716 cluster (z=0.8)
¥1£% S-Cam (V, R, ", z) MOIRCS (J, NB119)

A R.A. [Mpc (comoving)]
0 -2 -4 -6
T T

6

4

™~
z=0.810)Ha?£$-;

1.22 1.3 1.1

2

0
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-8 -6 -4 -2 0

P
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-4

”w’ SED of LIRGs
at =2=0.8
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0 -2 -4 —6 -8 , ) \ ,

10 20
log A(perm)
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Ho+ MIR mapping of RXJ1716 cluster (z=0.8)

SFR(IR)=SFR(Ha)

A ]
, E—A} SRR - T4 A D ER A E

T 100
SFR(IR) [Msun / yr]

A Dec. [aremin]

A R.A. [Mpc (comoving)]

L " () - 5
o ! 4 & a =]
L 2 @ © O
o e .
L - o o
[ uo
14 %L\Hals‘%?
I 'l L 1 J L 1 h — |
2 0 -2

A R.A. [arcmin]

A Dec. [Mpe (comoving)]
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Image: Subaru optical / Contour: AKARI MIR

1n:000 8

671000

0% 0.0

s e

a7:00.n 8

optical

A 100 1707000 0.0 41b.0 ELR 16200 Koyama et al. (2008)
CHREITRIN CHE < K DR (I AR TER/AHELERIRAIRDM ?
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(Hayashi et al. 2009)

46) D [OI] EHFEY—~A,
NIELIZH ZLEFHE

[On] emitters
[On] emitters with z' K5 > 2.2

Larger simbol means larger SFR.

Relative RA [arcmin]
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Ho emitters at z=0.81 (RXJ1716) [OII]emitters at z=1.46 (XCS2215)

A R.A. [Mpe {physical)] A RA [Mpe (physical)]
0.2 N 0.2
LA

|Mpe (physical)]

|
[
Fin )
ec.

| |
-
2]
¥
7]
B
-
.
J
Lt
.
=3
L
]
[
[
=]

iy

A RA. [arcmin] A R.A. [arcemin]

Koyama et al. (2009) Hayashi et al. (2009)

Propagation of SF site? ( cluster core at z=1.5 - outskirts at z=0.8 )
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: passive red galaxy

* : normal SF galaxy

* : dusty starburst
\.
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TAOE F4H 2EB T —43 397 (oA, Univ of Tokyo, 11/09/2009)
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Tadayuki Kodama (NAOJ),
Yusei Koyama (U.Tokyo), Masao Hayashi (U.Tokyo),
Kenichi Tadaki (U.Tokyo), Ichi Tanaka (Subaru), et al.
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Origin of Environmental Dependence

N-body simulation of a massive cluster

Fie lof
z=30
(Yahagi+05)

% Optical Survey with S-Cam (0.4<z<1.5):
Kodama+, Tanaka+, Koyama+ Hayashi+, PISCES team

*NIR survey with MOIRCS (1.5<2<5.2):
Kodama+ Kajisawa+, HzZRG team (Subaru+ESO)

s it
becomes more important at high-z.
Nurture? (external)

Need to go outer infall regions to see
directly what's happening there.

M=6X 10" Mg, 20 X 20MIpe? (co-moving)




Star forming activity in the cluster cores

UHa emitters at z=0.81 (RXJ1716)
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O [OI1] emitters at z=1.46 (XCS2215)
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Inside-out propagation of star forming activity in cluster cores !?



Fraction of total population

PIDDNLIMUNZERBER - BENBITITSH?

Galaxy formation bias & External environmental effects (mergers?)
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High redshift(z) Radio Galaxies [HzRG]
with Subaru, VLT, and Spitzer

7/ confirmed proto-clusters at 2 < z < 5.2 associated to radio galaxies

Overdense regions in Lyman-a emitters by a factor of 3—5.

PKS 1138-262 2.16
4C 23.56 2.48
USS 1558-003 2.53
USS 0943-242 2.92
MRC 0316-257 3.13
TNJ 1338-1942 4.11
TNJ 0924-2201 5.19

Name redshift NIR Spitzer Lya spectra others
JHKs 3.6--8.0 16 NIR/Opt Ha, VLA, Chandra, SCUBA
JHKs 3.6--8.0 NIR Ha
JHKs 3.6--8.0
JHKs 3.6--24.0 29 Opt
JHKs 3.6--8.0 32 NIR
JHKs 3.6--8.0 37 Suprime-Cam, VLA, MAMBO
JHKs 3.6--24.0 6 Suprime-Cam/ACS (LBGs)

using MOIRCS/Subaru and Hawk-I/VLT
Kodama et al. (2007), De Breuck et al. (Spitzer HzRGs)

SREVISTAY —ARA(2&-> T, RED[R15ER A H{%4E (100-1000) B R DM ->TLS,
FTIEA THFOIBEE THIVEI(U~24 H~23 K~22) T. 2L ER (I MM KT,



A Dec. [arcmin]

Structures in proto-clusters

Spatial distribution of NIR-selected member candidates and emitters
Kodama, et al. (2007)
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“Red Sequence” of galaxies

PKS1138-262 (z=2.156)
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Emergence of the red-sequence at z~2

in proto-clusters?

z~2 (PKS1138)
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The red sequence seems to be emerging between z=3 and 2 ( 2 < Tuniv[Gyr] < 3).




Spectroscopic follow-up “still” in progress...

Incredibly unlucky with weather so far!
(10 out of 13 Subaru nights were clouded out !)
Nevertheless...

» Subaru/MOIRCS (NIR, ~30 slits over 7> X4, R=1300, 5 hrs)

3 Ha emitters (members) are detected around 4C23.56 (z=2.483)
2 Ha emitters (members) are detected around PKS1138 (2=2.150)

» Subaru/FOCAS (optical, ~30 slits over 6’9, R=1000, 5 hrs)

6 redshifts (Lyo+) are measured for USS0943 (2=2.923),
of which 2 are members (LAE, b-JHK), while the others are still
within 2.4<z<3.1, consistent with our b-JHK selection.

» VLT /FORS2 (optical, ~30 slits over 7> X 7°, R=1000, 5 hrs)
11 redshifts (Lya+) are measured for USS0943 (z=2.923),

of which 2 are members, while 4 out of 9 others are still

within 2.4<z<3.1, consistent with our JHK selection.
We don’t see many strong emissions... Need to search for continuum break and/or absorption lines.



Ultra-Deep Continuum Spectrum of a DRG
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Continuum (Balmer/4000Abreak)
redshlfts for DRG  iexetar 2008
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NEWFIRM Medium-Band Survey
(Kitt Peak 4m, 27.6' X 27.6’)
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et al. (2009), arXiv:0901.0551

.m-l--‘ e

— = = EOLX;

Evoo o Ly by o b e b e

!

M ()

Fig. 1— Medium-bandwidth filters designed for NEWFIRM and used in the NMBS. The throughput of the filters ranges from
7= 70 %9 for J; to == 90 % for H» (excluding effects of the atmosphere). The top panel shows the atmospheric transmission spectrum.
for two different water colummns: the broken line is for a colunm of 1.6 mum and the solid line 15 for 3.0mm.



Medium-band redshifts

® NEWFIRM medium-band data
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Fig. 2 — Spectral energy distributions from 0.3 —2.4 pm of the four galaxies in the SDSS 1030 Kriek et al. (2008) sar
the highest S/ ratio. Black points are broad band photometric data. blue points are the new medium band data. The med
data are able to pinpoint the location of rest-frame optical breaks in the spectra. Dark grey spectra are the best-fit EAY
SEDs. Light grey poinfs are binned near-IR spectra obtained with GINIRS on Genuni, from Kriek et al. The best-fit mode]

the (independent!) GNIRS spectra very well. AZ/(1 +Z) - 006 %Eﬁk‘

van Dokkum et al. (2009), arXiv:0901.0551
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medium band photometry to spectroscopic redshifts mea-
sured with the GNIRS near-IR spectrograph on Gemim for
the four galaxies shown mn Fig. 2 (solid symbols). There 1s
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tometry 1s lower than our survey criterion.
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OH lines
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4C23.56 (z=2.483) Halrha [SI1]

OBJ2_1 (4C+23.56)
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OBJ2_4

K-band spectra with Subaru/MOIRCS (4.7 hours, R=1300, 4’x7’)

4 Ha emitters including the RG. |. Tanaka et al., in preparation
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Science with Line Emitters

*k 3-D large scale structures with spec-z

*k Environmental dependence of SFH
Star formation rate (Ha, [Oll] emission lines)
Dust extinction (Ha/Hf)
Gas metallicity (R23, 032, [NIl}/Ha)
AGN separation ([OlI}/HB vs. [NII]/Ha)
Dynamical mass (line width)
Post-starburst (composite Balmer absorption)

“When and Where do we see (post-)starbursts and truncation?”
“How much star formation is hidden in the optical (rest-UV) surveys?”



Ha Mapping of CL0024 Cluster (z=0.4)

Suprime-Cam + BRz’ and NB912 (FWHM=134A=4000km/s)
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Narrow-band emitter surveys (Ha, H[3, [Oll])
with Suprime-Cam/MOIRCS on Subaru

Targets Redshift Filter Instr. CW
(2) (bm)  (um)
(Clusters: PISCES)
CL0024+1652 0.395 NB912 S-Cam 0.9139 0.0134
CL0939+4713 0.407 NB921 S-Cam 0.9196 0.0132
RXJ1716.4+6708 0.813 NB119 MCS 1.1885 0.0141
NA671 S-Cam 0.6714 0.0130
XCS2215.9-1738 1.457 NB912 S-Cam 0.9139 0.0134
(Proto-clusters: HzRG)
Q1126+101 1.517 NB1657 MCS 1.657 0.020
Q0835+580 1.536 NB1657 MCS 1.657 0.020
PKS 1138-262 2.156 NB2071 MCS 2.069 0.027
4C 23.56 2483 CO MCS 2.288 0.023
USS 1558-003 2.527 NB2315 MCS 2.313 0.027
(Blank fields)
GOODS-N 219 NB209 MCS 2.091 0.027
NB155 MCS 1.545 0.017
NB119 MCS 1.189 0.014
SXDF/UDS 2.19 NB209/NB155/NB119 MCS

FWHM Line SFR Status

(M/yr, 50)

Ha 0.1 Kodama+04
Ha 0.1 Nakata+

Ha 1.7 Koyama+09
[Oll] Koyama+09
[Oll] 4.3 Hayashi+09
Ha planned

Ha planned

Ha 5.4 proposed
Ha |. Tanaka+09

Ha 12.4 proposed

Ha 10 Tadaki+09

Hf Tadaki+09

[Oll] 10 Tadaki+09
planned



MOIRCSD R 7NBIRIRIZ & 52z=2 21F R R D IFE
(— A% 74— )L R $ELEL : GOODS-N, SXDF...)

NB119 |
Ho@z=0.81 J-

00

8

f

(SK1-DeR¥) /0 rumbars par expusire
4

il

Oll@z=4.6
Lya@z=16

2.09 2.10 Co212 vt 244 2.46pm
[Olll & Ha EEFMAIRA D EMNTESD, LI=h > Tredshifth\iRE D,

ooow o

(K =DeRK] 40 rumbars per exposire
200

10




z=2.2 Hot#E#R ER:A] in GOODS-N
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TAO/Subaru (Near infrared)
 L(NIR)+SED

- Stellar Mass (Mstar)
* Ha/HB/[OlI] survey - Hll region (SFR)

ALMA (Submm--Radio)
« Submm conti. (850um)

> Dust (SFR)

« CO(B22) (~100GHz@z~2) -> Mol. Gas (Mgas)
Mstar » 3 4 <=7

M, D AHER

b = lffR  BRRAA LR —IL
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 Medium-band break survey (J1,J2,J3,H1,H2,K1,K2)
IRWNZEIRIER A D A /\—[E] TE L SED F %
(D4000/Balmer break)

« Narrow-band emitter survey (10~100 filters or TFs)
BLVEHMRAOERRERLETTREZ. AGN

(Ha. HB. [Oll]. [Oll]. [NII])
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.-'-) The Evolution of Supermassive Black Holes (SMBH'_'
1a) Search for QSOs at z>6.5

1b) QSO Luminosity Func. / SMBH Mass Func.

(2) The Co-Evolution of SMBHs and Galaxies
2a) QSO Host Galaxy Mass

2(9) Chew\lca( Properties (cf. next talk)
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2 dozens of QSOs at 5.7<z<6.5
~ cosmic reionization
~ rapid growth of SMBHs
~ early metal enrichment
~ 2>6.5 QSOs definitely needed

Maximum redshift: 6.5
~ [imit of “i-drop” selection
~ “z-drop” QSOs ?? .
~ requires “wide’’ Y & NIR data

Fan et al. (2006)



~ using Subaru/HSC (2011 -)
~ 2000 sq.deg. (“HSC-wide’")
~ 5 band (g, r, I, z, Y) imaging
~ JHK available data (UKIDSS)
~ observations: 2012 -2016 (?)

T
-')_

Search for QSOs at z>6.5

- “z-drop” for QSOs at z~7

- ~1i1O-100 QSOs at z~7 expected

E“_f -~ “Y-drop” for QSOs at z~8

Wi~ a few QSOs at z~8 expected
L~ cool dwarfs are contaminated
e "'.s;bﬁcrroscoplc “follow-up needed




~ success rate: ~3% (300 targets for 10 true QSOs)

~ optical (incl. WEMOS): useless for QSOs at z>7 (Lya at >Imicron)
~ FMOS: useless for rare objects (<1 targets for FMOS FoV)

~ 4m telescopes: useless for faint objects (J=20)

~ TAO: ~2 hours ok(?), 60/5 nights/yr for 300 targets (??)

~ requiring sensitivity down to 9000A for QSOs at z~6.5

Moderately Large Aperture Size of TAO
Project-Oriented Operation of TAO

YJHK coverage of NIRCAM (especially Y)

2 .




2dFQSO
QSO LF: double power-law :
~ O < z < 3: well investigated 107 b

~ 4 < z < 6: still unknown
~ low-luminosity QSOs needed

- @ 0.30<z<0.57
- & 0.57<z<0.89
107® = & 0.89<2z<1.27

(M) (Mpc mag™')

C x 1.27<z<1.74
[ = 1.74<z<2.30 Croom et al. (2001),

10~ L 0wy
=22 —24 —26 —28

SWANS + Optical Spectroscopy

@® 36<7z<39

A:39<z<44
- '; i.'."‘!*._ l O:44<z<50
Jf Haw abom‘ .S’MBH Mass Func? gpDSS




'2b) SMBH Mass Function o B

10F ;
~ with C v @1549A (or Mg 1) o ¢ g ]
~ SDSS MF: only at z<5 2 gE -]
~ NIR spectra needed for z>5 & | SR e g
~ Target QSO sample needed ; : IR §
o 8f - E
~15000 SDSS QSOs 1
7F Vestergaard et al. (2008)

SWANS + NIR Spectroscopy 0 1 2 5 4 5

Redshift

~ 2000 sq.deg. > a few hundreds candidates @5.7<z<6.5

~ SWANS Y-band > less contamination by cool dwarf stars

~ TAO/NIRCAM > less affected by YJ-gap (important @z~6.2)

~ Simultaneous observation of C v & Mg 1l (avoiding HK -gap)
2 Very accurate Mg, measurements !!

~ R~500 (s enough?? Slit width should be variable...
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S~ M ga,/MBH = 0.002 at z~0

i~ most direct evidence for co-evolution

.
I-'I.

~at high-z: crucial to constrain models

~ HST useless at z>2 (small aperture size)

~ ground-based telescopes requires AO
~ hosts of low-L QSOS without AO??

|||||

VLT/ ISAAC without AO
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2b) Chemical Properties

NWV/CIV

NV/Hell

QSO @high-z

> SH history, forming epoch

ZQSO & past SF in hosts
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Mgll, Fell (next talk)
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f, (Arbitrary Units

'Hlif SDSS QSO Composite =0
\/amdem Berk et a{ (2001)
0.5 v J 20”'u 4mn 60-30 ' 8“0“
Rest Wavelength, A {A)

~ high metallicity & high redshift

~ high wmetallicity & high luminosity
~ which is important ?

~ nitrogen effects ???

Hamann & Ferland (1999)



L LR y
ical PrOPQVt'eQ TN, Marcond,

o=

0.2

0.1

(Si W+0 V])/C IV

0.05 ¢

(O M]+Al /T IV

0.02

0.01

T IIIIIIIJ

0.1 =

| /¢ v
©
o
on

< (0.02 |

0.01 - i
a Z 0.2 1 -
- <
— 0.1 2 e I
-0 V/C Iy " 0.05 | ]
el ol el R NEET
T T Illllll L] LI L] T IIllIII T 1 Trran
2 0.5
= ]
< 02
total O I"]/C I = 01 E - *
- O ]

o
o]
o

o

N V/He I

AlN/C IV 7
Lo el wul {:}1

0.1

1 10
Metallicity (Z/Z)




(SiIV+OIV)/CIV
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i SDSS stacking analysis

T ) paieasll Nagao+06
- 20) 'ﬁ\emwal Properties

using 5000 SDSS spectra
~ tight luminosity-metallicity rel.
~ no evolution up to z~5s

Juarez, Maiolino, TN, et al. (20067)
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We see only brightest QSOs at high-z

Sampling only “well-evolved™ guys

“No-evolution’ due to selection effects |

NEXT STEP: Higher-z & Lower-L




i0pm / PWV=0.5mm

L A

420Ppm / PWV=1.0mm
]

o
e
|III|III|I% A L L

"' L ‘ -
-a NV, SilV, CIV, €Il || NV, SilV, CIV, CllI]
| es. 7<z¢6ls @6.5¢2¢8.5 |

. 1.5
CR TAO/mrcaW\ webpage  Aum)

L1
P
. r L]



1a@rch for QSOs at z>6.5>

1b) QSO Luminosity Func. SMBH Mass Func.>

(2) The Co-Evolution of SMBHs and Galaxies
2a) QSO Host Galaxy Mass

Zb@wuca( PropertieSXct. next talk)
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ZRVOIULION OF Supermasarve Rlack Holes (SMBHS)
1ay Search for QSOs at 2>D

b) QSO Luminosity Func. ZSMBH Mass Func>

(2) The &o-Evolution of SMBHs and Galaxies
2a)\QSO Host Galaxy Mass

2byChemical PropertiesXct. next talk)

Requests to TAO/NIRCAM

~ variable slit width

~ spectral coverage down to ~8200A
~ project-oriented operation

ey =
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Personal and Biased

NIR Frontiers of Supernova Study
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SUpENONAE

Chandrasekhar WD (binary)
-> SN Ia :

2. SN Search in dusty gals.
=> SN rate, SFR, etc.

4. Light Curve, Spectra
=> Explosion Physics

1. Luminous => Cosmology

Massivelstar (> 8Msun)
- SN 1I/}b/Ic

Expanding (~ 10,000 km/s) metal-rich materi
Heating = Thermal en
Cooli

3. Progenitor Search
=> Stellar evolution, etc.
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SN la Cosmeleogy @ NIR .

e Optical.

— phenomenological estimate of M_, ., then 0 ~ 0.2 mag.
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SN la Cosmeleogy @ NIR .
* Optical.

— phenomenological estimate of M

NIR.

— Better standard candles, o ~ 0.2 mag w/o any correction.
— Dust free.

abzolute n

abs’

then o ~ 0.2 mag.

MJ. N N | M.H. IIIIII s
—_ LA B m L | ! ]
to [ : ™
—1a [T -
—17 .“"‘%j
.;... \..‘..\.
el
;!.3 '-_Il.li. X % ‘h‘_
i , 'I\n.ﬂ ]
-15 = L N Y . i i l\;aa-lﬂd i
] 20 40 20 40 G0

rest—frame days since B maximum
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SN la Cosmeleogy @ NIR .
* M;<-17 > uptoz=0.15 (H, ~22)-0.2 (J, ~ 23).

Proposal:
— Cluster Patrol in J and/or H by TAO.
* 8 FOV =>1.5Mpc @ z=0.2, ~ Rypo1-
* 100 galaxies /cluster => 1 SNe la /year/cluster (underestimate?).
* 3 cluster x 1 hr x 2 time/week => ~ 10 SNe la/3 year survey.

— Better strategy will increase the discovery rate.

~19 F

abzolute m
|
-

 Why TAO?
— Need intensive coverage <~ 5 days.
— J + H simultaneous i

rest—frame days s



e Does it make sense?

— @z~ 0.2, Q, is already
visible.

i — Slog(H_ /72)
C -
O o

— “a small sample,
better precision” is
better than “a large
sample, worse
precision”?

—

=
on

o
n

TAO WS —2009.9.11 — Keiichi Maeda

SN la Cosmeleogy @ NIR .

v Aztier et al. |
B High—z 3P
‘ LIﬂl“'_lz ?SI:F:I L1l

Redshift
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SN la Cosmeleogy @ NIR .

 Complementary Scenarios.

— Mini-TAO and/or MAGNUM.
* SN survey (replacing the “patro

I)l

strategy).
* NIR light curves of nearby SNe la (still need test).

— Subaru/FOCAS (ToO).

* SN identification.

— JWST.
* NIR Spectroscopy of nearby SNe la (K-cor.).
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Byproeuct: Higher-z SN? .

 Monthly deep survey MAY catch a few SNe @ z ™
1 -2, by gravitational lensing.

— Complementary w/ the cluster patrol.

— Useful for rate StUdy? Stanishev+ 09; Goobar+ 09
— Cosmology (SNe la + time delay) is not promising (?).
AlpBO+ AI1B35+ACI114 HAWE-I -- 5 vears -- A1689
bolHE Hrr Om | ] 100 [ M Hmp Om EBy =015
| EHHN Ombe EIL -_IHN Omb: W :

ﬁﬁ

MO7 ENOE D04DOE

VLT/ISAAC, J+Z (2 hrs each;
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Oloscuree SNe Seareh

* SN search has been conducted in optical.
— SNuB = SNe / 100yr / 101°(L;/Lsun).
* Alarge fraction of SF = dusty starburst galaxies.

— SNe in LIRGs (+ULIRGs) are HIDDEN.
— Ly in these galaxies is NOT a good measure.

* Cosmic SN rate is then highly model dependent.

* Importance of DIRECT SN detections in dusty galaxies.
— Go to NIR. SNulJ, SNuH, SNuK.
— Core-Collapse, SNe Il (Ib/c is
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Oloscuree SNe Seareh O

* A lesson from the past study (Grossan+ 99).
— Even in NIR, a large fraction of SNe are likely missed.
— Why? Host galaxy nucleous.

Mattila+ 07

* AO... VLT just started. O
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Oloscuree SNe Seareh @

* M,~-18,A,~3>1=20-21 @ z=0.03. - 10 min?

* Proposal.

— LIRGs AO patrol at z < 0.03.

e Ly, ~ 10011 syn, 10 (?) SNuFIR =>~ 0.1 — 1 SN /yr/gal.

* 30 galaxies x 10 min/month => ~ 3 - 30 SNe II/1 year survey.
— Exposure time should be optimized.

 Why TAO?
— NIR AO. Patrol obser
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Direct Progeniter Search in NIR @

* Pre-SN image vs. post-SN image.
* Intensively done by HST. VLT/NIR/AO started.

SN 1IP 2005cs (Maund+ 05), HST

c) WFC F439W, F555W, FB14W d) ACS HRC F330W, F555W, FB14W

SN 1IP 2008bk (Mattila+ 08)
VLT+NACO, K, AO

1" (41pc)
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Direct Progenitor Search in NIR @

* Testing stellar evolution and explosion theories.
 Complementary w/ e.g., light curve modeling.

; . - . . .','-"| N b/
il | | | Metalli |Ly | g
60l : } 1 ("-E hh'"u SN Ib/c 1
I i l j .' b I-"'--., ...--1---;.'.1.1-‘-15:"1.""#
o ! |1 SNII 'T"a? {1 i
o | I E | L sk B Toic
3 s 4' \, aliglnr g
g | B
: L I loNeMg-SN e N
a0k F [i‘ & I - ' - | . irirmenh
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Direct Progenitor Search in NIR @

* NIR, a possible new window for a class of SNe.

* SN 2008sS.

— Progenitor NOT detected in optical.
— IR detection (3-4um), Spitzer. .. g
— ~ 6 — 8Msun, hidden by dusty «SM \ | R agh, %

* ONeMg co re-coIIa pse? L
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Direct Progenitor Search in NIR @

1 S
+ 2008bk, ] ~19 @ 4 Mpc ]
— 2> upto~20-30 Mpc (J;;,, ~ 23). o 20}
* AO + Wide Field necessary. 2 s M4, A=10
— 0.2” seeing > 20 pc = 221 /oo MOI, A,=3.0 _
— 8 FOV - 50 kpc (>~ R,,) -y
24 L R S

0.0 0.5 1.0 1.5 2.0 2.5
Wavelength (microns)

* Proposal:
— AO imaging of nearby large galaxies (anyway should be done!).
— Two AO images @ a few weeks / a few yrs AFTER SN (disappear?).

Why TAO?
— AO/NIR (but can be done by others....). Optic
— Potentially large sample co
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NIR Nearloy SN Fellowu .
* SNe la @ early phases (< 3 months). Marion+ 09

* SN Search by MiniTaO/MAGNUM? -

I

S50

* M,=-16,/=19-20 @ z ~ 0.03. — =1 |
— J, H Light Curves (“standard” candle). | %

e ~15SNe la :_\*-‘»t\w: e 775

e ~7 w/ good temporal coverage. s o

— NIR Spectra. ? m o i

e ~ 35 SNe la, mostly single epoch.

§

i0

e Quter layers
— Compositions - progenitors.

Template fo

Reat Wavelength of Host Galax
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NIR Nearoy SN Fellowule °

SNe la @ late phases (> 3 months).

SN 2003hv@20 Mpc...J ~ 18/19/20 @ 100/200/300 days.

— J, H Light Curves.
* Only a few published, no good temporal coverage (1 in 100 days).

— NIR Spectra... “semester” proposal is a problem (e.g., Subaru).
* Motohara, Maeda+ 06: 3 SNe la @ 200 — 400days (single epoch).
« J, @4hr, S/N = 10...19 mag w/o AO, 20.5 mag w/AO.

A large fraction emitted in NIR (thermal structure in SNe).
e+ contribution. Escape fraction => B-filed, e+ in the Galaxy.
>/Co.

Dust (core-collapse SNe).
Explosion Geometr
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NIR Nearisy SN Followup .

* Explosion Geometry (example of science cases).

Recent models... o

Asymmetric.

Specific Axis? g

NIR can probe it! .
Kasen, Roepke, Woosley 09, Nature 4

Maeda, Roepke + 09, ApJ, submitted

2
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Maeda, Taubenberger+ 09, ApJ, submitted
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SURMERY O

* Proposed scenarios.
— SN la cosmology -» Hubble diagram @ z ~ 0.2.

* 6 hr / week x 3 yrs: 10 SNe la w/ good luminosity estimate.
— SN Il in dusty gals. - “True” SN rate

* 5hr/month x1yr: 3—30SNell.

— Progenitor Search - NIR likely a new window.
* Post-SN images taken by, e.g., AO-NIR nearby gal. servey.

e Another two post-SN images. “Cheap”.

— Nearby SNe followup é Good dataset

* Sampling nearby S




R Variability Survey tor
AGN and SNe

Efx e

(EEhE%4=)




TACO/NIRCAM

TAO/NIRCAMODYE
1. [LtHEF: 9.6’
2.2)\> R[E AR
- - FFEKup
SUpcCrmoyv - FERFEIZERIARDSED
AGN 3. ZRMARRAUw b3
4. ZEEDEVVE
- ®ZHUD
- EX{ERDcompensation
- ToO

Q)
(D




cosmology

Astier+2006 Ly

SystematicsH ke,

> Eﬂﬂﬂiﬁ’*”(CC)
>1—§:1 H'J(Ia)

‘L Sumvan+200
I

L
o

w
o
T T

I
b
o

I
b
&

&
=
T T T 1 1 T T

LOG(SN la Rate) {events yr' Mpc™)
-3
o
L T

SN Ia/CC rate

'Y
-]
T
n r
== &
~ : H A
-~ H . .
-~ : 5 4
S ~ N 4
o ! 5 :
- : i :

Statistics/Systematics(/depth)h\fEE, L (1] T .

Delay'e'd'--.__:'"'---.,_:""--..__ N

bk
(=]
I

Redshift



SHTET — XA DINFT TODFE:m(?)

Sy |

e SN Ialdz~1.5< B5UL\E TIIEAIRTEE,
e core-collapse (CC) SN(&. —fzxBJ(C(E. SN Iak DEEL),
e CC SN rate(3z~1(CE)ETDDONFUF,
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Sy |

e SN Ialdz~1.5< B5UL\E TIIEAIRTEE,
e core-collapse (CC) SN(&. —fzxBJ(C(E. SN Iak DEEL),
e CC SN rate(3z~1(CE)ETDDONFUF,

B E T — A DERIEDEH(?)

Sy |

e SN Ia(dz~1.5< SWVVET(IEHIBIEE,

e core-collapse (CC) SN(&. —fxBY(C(E. SN Iak DEEL),

e /. SN IIn(FBABL\DThigh-zCHEVAITIEE,

e HEHL > AMRCKDIENZEFIA,

e CC SNIZz>2THBEUHIRIEE., CC SN ratehSE2fE. IMF/,
e hostless (or diffuse host) SNIZZ/RDHZ\?



High-z SN Ia cosmo/ogy/rate

Totanl TM+2008

Type Ia Supernova (EIERIRE/MREEFIR) N S Db e b0 vocele
e 2 DMpopulation??? S Toeg—
- tardy (delayed): EfZ2pi&. UES<E@EH - LR
o1zt (>1 Gyr). 8%, 2 ? A
- prompt : 2. 9 <(ITEFE(<1 Gry) —— |
o 2F@%XAMprogenitor system??? g
- single degenerate (SD) a o e
- double degenerate (DD) S o o 0
o dustiADAREM + intrinsic color e ]
< HER, HIENEELL, 185 & ieralre Stsla g
(intrinsic scatter(drest-frame U-band CEEE) il m""f
Statistics(d+43. SystematicsH ERE. Rl
Rest-frame red-optical/NIR/A: prompt 1of——— e
population© R D(F° I L \? Rl Ena
rest-frame I-band: Freedman+2009 (z<0.7) P B LY yh ﬁ*.u
rest-frame H-band: Wood-Vasey+2009 (nearby) AT ik & A
Dust-freelRiz: f5MEE A (CHE L TH—XA - = 150 km's

Wood- Vasey+2008°ﬂ,,m,mwm w2



High-z SN Ia cosmology/rate

e dust-free cosmology

- optical (Suprime-Cam/HSC)®dDNIR follow-up (J-band)

-z>1

- z~0.5: optical Cdextinction calibration

rest-frame B,V

~+An
(@ | 8 W

Mannucci+200

SN rate (107% Mpe™ yr™")

0.1

issing fractions in optical
survey in nearby/low-z galaxies?

L




t. [doys]

Grounad—Based Spectroscopy for

rest—frame wavelength [&]

SNe /a at z>7 suwarurocas 2500 3000

RN
L

a¥ale
AR T T ]

[ R )
T T

Call

9000

228005ec|
A T53%$8: Ia or CC RERDERER~500 % |
ih_FEBEE TSN Tadd HEE <
Ei=s0Ek. z=1.35,. (TM+2009, submitted) X
cf. HST/ACS grism€z=1.39 (Riess+2007) -
[ =F___’fJ’fj’ﬂhff
SN Ialc#FB72feature: ~4000A (rest-frame) v
o0 0.5 1 1.5 2 observed—frame wavelength [4]
.5‘: "r- Dec,2005 Apr, 2006 _
3 : 3 \ A L
AT aamanaan H BAREHITO e )
R T~ﬁﬁ‘6@§£'l‘$
snpuscn:;:-rhﬁw_ 3
| e #EENEDE L allocation (ToO?)
| ‘| o ~8000AE TODAHHE

redshift

NIR (J-band) w/ AO




Barbary+2009

(high—-z) SN rate

sROPIERAI & (FIHRNT 7R SFHODRA ST
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Gravitational Telescope

| #R7m]

7

[CKRDE

Stanishev et al. 2009, A&A, in press
(arXiv:0908.4176)
“Near-IR search for lensed

(N aY=2YaaVa\Vi=Ta) P\nl"\;hl" ﬁ‘DI‘D\/\I f‘ll 1cFnrc:.
SUpCIINIuvac UCiiiniu yaidAy CiUuoSLCr o, 1.

T

Observations and transient detection

efficiency”

Goobar et al. 2008, A&A, in press
(arXiv:0810.4932)
“Near-IR Search for Lensed

Supernovae Behind Galaxy Clusters -

I1. First Detection and Future

Prospects”

S > X8 ExiRERI ! ]
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Gravitational Telescope
~ NIR survey for z>2 SNe ~

SN IIP at z=0.59%FR (1) W/ VLT/HAWK-I (7.5'X7.5')

HAWEK- - 5 years -- AT1689
w/ VLT/ISSAC (2.5'x2.5’) , Yo |
100 1. Onop [Jia EB-V)=0.15
A1689 (z=0.183) magnification map o | HEN Obc Hm _-
_J' L P T S T R PR I T P I T T % I:I'U‘— H _
T E .
! — .
-
; MO7 ENOS 204/D08
t i :
PR S ) HAWK-I — 5 years — A1680 —z =15
i : 0% 20 T T T
il ' " _ s [M ErP O ]
| TN 16 FEHEN Ome EIL ]
14 ]
I T 2 - .
6 F ]
: Rl 4 __ ]
L I TH'Y Hb I 15&';.H'f Iz-}FI'H\;) I IH"PI'.H:‘“. I a L ]

RA deg) MO7 A DO4/D08



Gravitational Telescope
~ NIR survey for z>2 SNe ~

 E — 5 years
I VLT/HAWK-I

- . [ ]
0 200 400 600 800 1000 1200 1400 1600 1800
observer days



SN lIn at z>2

SN IIn(&

- IEFE(CBAB LV (MB~-19magq)

- blue spectrum
JRDTz2>2THERZMND, (Cooke 2008)

T 2 Vel e a Vel Wi P Ve b Yol WA

5 —4)(CFHT/MegaCam)%{E> Tz>2D
SN IInZ2DRDlF/z. (Cooke+2009)

z~ 272 E3)N> R(drest-frame U,B
REFOE LN S (Loptical D HNRS —?
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High—z Supernovae Survey

it E S DFRRIDIR

ESUTEBXRIECEAESND, .

2EUEXIR 3

and/or 00
BX{xDE&Dcompensation "

WIEEICEE,

Subaru/MOIRCS << TAo/Nx%é """""""""""""""""""""""""

—-150 —100 —50 0 50 100 200 300 400
Day since 2006 May 17.3



AGN monitoring

e NIR variability survey for AGN
e Supermassive black hole (SMBH) binary
e quasartHiR;af




NIR variability survey for
AGN

BAEFEZLHK K in UV/optical (Vanden Berk+200474 &)
> KAE(FEZKK in NIR???

type-2 AGNDdust b—S ADEHE,
/5’/1’A7\7—)l/(afopticalcttI:/\“CEL\ ZNEE. redshiftg d&EED ERUN,
BRI A =D LT, BHERDED USSR,

Subaru/Suprime-Cam C®D~3yrs optical survey: Akylas+2006

~500 AGN/deg2 (TM+2008) | [T

TAO/NIRCAM/Z & ~10 AGN/FoV A
7z72 Loptica CZH 3D (2 EBtype-1 ~osl| \_ '

7]

401 0[IXHIRH X DAESEEEAGN (2~ 0. SHEFIERS).. [+
< BERRTDred sequence&blue cloudiRia] |
&035543?‘

L“Dct

BHEDEDIItype-20 5120\, T
1&%}§AGNOD:\&_'{E7 ‘l}f trinsic I11:?1'n osity {:—dca keV) er:E g1



SMBH binary merging

iRJal(Emerging. 7 5w J7/R—)LEmerging.
A NLNAT—)UIE? 58E (X7

T, SDSS J1536+0441 (< X TERITIEM)IRE.

Ner H N— - =

L | electromagnetic counterparts of gravitational
||| waves detected by LISA (2018-2020%T5 L7,
| ” - angular resolution~0.1 deg)

LM \ - merger®2-3BRFINSE=Y—
| I
!

| | - orbital motionM&5 A LARXT—)L TEE)
i l"" - merger®iFEA(Zdusty AGN? NIRDBIARS —?
| - B2 EILBRENME? MdDBy-product?
- - 20 sources/35 weeks/deg?2
(Haiman+2009)




quasarttikin] at z~3-4

flux-flux diagram
AGNBL T (FERRICERD
> AGNDA T —(FZFH(CKDAZE (MAGNUMFT—4 ., IxH{Z5

Rest-frame UVODOEER IR D =0

L HE S UV/U/B.VD3 . RXJ2156 (R,I) flux-flux plot

£,
ERAIL, rest-frame uv/u/p,viJo

JUS REIRTE =45 — TEABTRS O El
HETEVETAE, . :
XB]f8,(0.6um, 2-4MmT+3)ERVE, T LN, e |

o

>rest-frame B/VIi&x5z=4/3F T

MBH-MbulgeBi{%h >, SMBHEAL

(CHIPRZ DT D (CEFFBENE D

7RU\? (systematicsE X RTNITHE o Iﬂ;"x
ST 2T (EO0K?)
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- SN Ia cosmology/rateldsystematic errorzillx DMK,
- ~8000A—J1/\> Rw/ A0y CODEISE /53

- dust-free SN cosmology/rate

- z>2 CHECC SNSERREZIFN D

- BR{RDcompensationz=ZsHT. sh@EDE <
allocation/ToO%

AGN
- Dusty/2MKAEAGN? AGNDHIHAphase?
- SMBH binary

- EZA > T(C K DAGNEERAIR 5 DHEE > BH-bulgeBd{izk




ALMABFRIZHBIT5
TAOIEFRANNDASTD
H D21 KR AT AR

~Pre ALMA era and ALMA era~

F + = El(Soh Ikarashi)
loA M1



Contents

1 Pre ALMA era
— AZTEC/ASTE®D &8I g R
—FIEHGETHTESANIRDY ATV R,
1 ALMA era
— ALMAZEMN T TAOLDEFE




Submm/mm-bright Galaxy (SMG)

SMGs: Dusty Massive Starbursts at the early Universe

1 Bright at (sub)millimeter
- I—IR 2 101=13 I—sun
— Star Formation Rates (SFRs) ~ 100-1000 M,,/yr

i Dusty - optically very faint

1 Massive
i IVldyn ~ 10" IVlsun; Mgas ~ 1070-11 IVlsun

1 High-redshift Aszéo
—z~14 (Zmedian o 2.2) (Chapman+053)

— Detectable at z ~ 1-10 because of the negative K-correction

Hidden star formation in the early universe
Important role in galaxy formation and evolution



Atacama Submillimeter
Telescope Experiment: ASTE

1 10 m submm telescope i
1 alt. 4860m, Atacama desert, Chile = & /*
1 350 GHz (0.87 mm) spectroscopy: = P g

CATS345+MAC/WHSF

— beam = 227, single pix

— low Tsys & OTF
1 270 GHz (1.1 mm) continuum:

AzTEC camera

— 144 pix

— FOV ~8 arcmin, beam = 28"




Deep and Wide SMGs surveys

1 2007/20084F[ZSXDF,ADF-S,SSA22% &5

— SXDF (lkarashi +, in prep)
1 @& :900 arcmin®2
1 RMS:~0.55 mJy
1 Source:$3165 (>3.50)

— SSA22 (Tamura +, in prep)
1 @& :800 arcmin®2
1 RMS:~0.65 mJy
1 Source:$3130 (>3.5 0)

— ADF-S (Hatsukade +, in prep)
1 E@%&:1000 arcmin”2
1 RMA:~0.60 mJy
1 Source:$3200 (>3.5 o)




1 SMGsldOptical TIXIER IZRES A S A EEL
LY,
— B-bandT26% (AB)&YIEL\DIEXE 5,

1 NIRTIEZNAEYIZEABLY, 22%(AB)C S
D EMZLY,

NIRCAMZi (X, 30 BFEREES I NI TES !

10°x10°DMOSZE5—E(ZHI{Z10{E ?




Target Science of Spectroscopy

1 Redshift

— Spectroscopy
1 73 radio-identified SMGs
1 z = 2.2 (median)
1 z=1.7 - 2.8 (interquartile)
(Chapman+05 ApJ 622, 772)
1 AGNiZE

— NIRFEE DR DFEH (ex. Ha. HB.
OlILNINZ L =52

Veilleux + 1987

Symbols
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1 EE,EII,&E 30GHz(1ecm) ~950GH(315um)

HfEEE: 0. 1~0.01arcsec @350GHz

1 201 2FEXFENFE




ALMAT+Redshift IDIXTE4HH...

1 ALMATHCOS A 2> TSMGs®Dredshiftldk
ROBZEITTES,

64EFullTE-TE

1 RADredshiftzkOEIDIZE LT

3 [min]x8[tuning] =24 [min]/MH\5
24[min]x1000{&=400[hours] !

— 4+
~1vJL

450pm 850um, 1. 1mm0)3ﬁ73)‘7€'1’l552':|3 oL

GHz (||= 4-8)
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HCN & HCO+ Images of Starburst Galaxies

2 [Jy km/s /beam] D 1 2 [Jy km/s /beam]

675700 |

" 5645 [

3 |

59 23 45-

¢ NGC 3627 |
idea @ I

ﬂﬂﬂ E 382378

023810 9 8 7




qu!nant pOV\{er source, 500
within observing beam (,qo-ph/0206398)

“Pure AGN”: X-ray irradiated Kohno 2005

dense molecular gas, i.e., XDRs (astro-ph/
e 0508420)

Seyfert
Starburst

RHCN/HCO+

“Composite”: AGN
with a nuclear starburst

W W V. °T

RHCN/ CO



an ultra bright SMG, Orochi

, AZTEC/ASTEIZ &K S
1.1mm E iR ER Al
TRDITT1-=,

. Flux: 33.6 mJy
@1.1Tmm

» SIN~40

. HRAYT ZITAZTEC-
ASTE-SXDF1100.001




1 SMGslddual

A1}

component M4

= hY

BondTENHD,

TN
ALMATIER /) A58 (30.1"~0.01"D

D EREEICTL S

Opt/NIRO SR EELEE ! !
NIRCAM®MDAOI[ZHA#F ! !

SXDF1100. 001 (lkarashi+ in prep)



ALMA Deep Field (ALDF)

1 ALMADQL L —E8RITaERN T T ATLD,
1 XYM~ (ALMA—JT %5} ERsubWG meeting)
— SXDF (Subaru XMM/Newton Deep Field)

— GOODS-S
— eftc..

1 AARDASTEDSMGsF—LIEZSXDFZERAIL -0\ &&
ZTL3,

ALDFDHY—AAplanlZt, &5 h . FESHxEBREL-EE
L~1070 LoF2EEDSMGs(?) R D2M 51T,

—_hnDfollow up [TXIEXY R P RIIZERIZI A TE4
_ElTRERg !




FEH
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1 ALMAD & 214,

Ex-ryINCH b
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AKARI/SPICA

TAO dusty universe

wada@ir.isas.jaxa.jp



TAO

O hight=5600m PWV<0.5mm
MIR/FIR
N (6.5m)
Space NIR 6.5m (JWST)
Space MIR 3.5m (SPICA)
Space FIR 3.5m (Herschel)

seeing 0.6"
diffraction 0.9" at 30um
diffraction 6.4" at 200um



Herschel/PACS Images of M3 1 ("Whirlpool Galaxy™)

100 pm

& ESA & The PACS Consortium

3.5m

1"

TAO (6.5m)  MIR/FIR (25-200um)



TAO-NIRCAM

m good median seeing (0.6")
m less atmospheric absorption at 1-2.5um

Japanese space telescope



AKARI

[ 68.5cm

r (FIS) (IRC)

r 9-160um 6 band (Super-IRAS)
MIR 100mJy, FIR 1Jy

N 2-160um 13 band deep

NIR 10udy, MIR 100udy, FIR 1mJy
m launch 2006/02/22 by M-V rocket
m cold mission (Phase 1/2)
2006/05/08-2007/08/26
m warm mission (Phase 3)

2008/06/01-
2, 3, 4um 2.5-5um R=100

TAO
TAO warm mission NIR



AKARI all sky survey

9um all sky map (Ishihara et al. 2008)



AKARI all sky survey

16]| > 30

16]| > 30

FIR

60, 90, 140, 160um

30

0.5

MIR

9, 18um

85

LMC




Example of AKARI all sky survey source follow-up

AKARI/IRC all sky survey
R=14 K=12.7 9micron 83mJy 18micron 330mJy

m K-9um
m AKARI(warm mission) NIR
[



Example of AKARI all sky survey source follow-up

v Fv (erg cm?s™)

10’9? T T T T T 171 T T T T T 171 T
-0 N\

107 N
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B iy !
il

10% — o .

- N
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%,f‘ﬂ‘l'!

i
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B

"ﬁ “ M82
10’13‘ E L L L L L L1 1 l L L L L L L1 1 l L l

0.1 1.0 10.0 100.0

Rest wavelength(um)

AKARI MIR survey

AKARI(warm mission) NIR
(Oyabu et al. 2009)




Example of AKARI all sky survey source follow-up

8 1 L B B B B B B B B L B L B ) i R N n
4x10 — —
< 3x107"%— ]
(Tl L —
c L |
O L —
- r |
" L |
ol L |
S B i
5 2x107 " — _]
o B ]
" VM/WMMMWM W k
oL ol N N T TR TR T B B I N T TR TR N Y B I N T TR TR N Y B ]
4000 5000 6000 7000
Wavelength(A)

AKARI MIR survey
(Oyabu et al. 2009)



TAO follow-up of AKARI deep and wide survey

NEP DEEP, NEP WIDE
m Wada+08, Lee+08

AKARI DEEP FIELD SOUTH (ADF-S)
m Shirahata+08

LMC

m [ta+08

TAO
TAO



TAO AKARI

dusty universe

flux density[Jy]

dusty universe with SUBARU and ASTRO-F

: ASTRO-F  +
10° F- SURABU/MOIRCS ¥ 4
: , © SURABU/ISCAM [ ] 3
10" E e
: ARP220 z=0.5 ------- -]
s ARP220 z=1.0 ---------
10_2 3 Lol : ‘
1073 3
10*
107 3
10° E
107 &
108 3
S U S N 1 R S U A S O 0 U S A R U
10
107 10° 10 10 10 10°
wavelength[m]

Arp220 SED Takagi model(Takagi et.al. 2003)



Example of AKARI deep and wide survey; LMC

Imaging (3, 7, 11, 15, 24), and spectroscopy (2-5um, R=30)

i
E
£
g - A
L ;
S 0 I[a."
1:— | ,.[—- L
; T aE o ay T R T E s T R T B T T T R R ¥
Wewlzrgth () Waselangts 1 Veavelangth fue)

Fix. 4— Faxanple of vhe NTR speetea taken with the TRC shit-Tess spoctrosenpy meode. ()
HII region, (b dusty carbon star, and (o) young stellar object,

(Onaka et al. 2007; Ita et al. 2008; Shimonishi et al. 2008)



SPICA

m launch 2010
= 2008-2010
m2011-

TAO
SPICA

(SAFARI; 35-200um, 2'x2’, R=2000)
(MIRACLE; 5-38um, 6'x6’, R=10-100)
(MIRHES; 10-36um, R=1000)

(MIRHES; 4-8, 12-18um, R=30000)
(SCI;  3.5-26um, 10"6)
(BLISS; 40-400um, R=1000)



SPICA TAO

LAE at z>7 Halpha
m SPICA
[

JWST/MIRI
VISTA+JWST/MIRI

LAE at z>7 PAH
m SPICA

z=1-3 PAH emission
m SPICA
[ |

(MIRACLE)

(SAFARI)

(MIRACLE)



2010

James Webb Space Telescope(JWST) 2012-
m 0.6-26um
m6m
[

NIRcam 2’x2’
nJy

SPICA 2012-
m 5-200um
m3.5m
O

FIR 2'x2’
MIR 6'x6’

(2005 )



2010

flux density[Jy]

Optical and Infrared Astronomy in 2010s

ARP2

SDSS

KIDSS DXS
IDSS UDS

é\\;\:l.o

ARP220'%=3.0

\

W\

‘MIR\\ <> 3 ;

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

TH B

wavelength[m]

Arp220 SED Takagi model.(Takagi et.al. 2003)



TAO SPICA dusty universe

dusty universe with SUBARU and SPICA

1072 P
3 . A
: : ; g x"\‘ >< :
R OO O 0 SOOI 0 SO L N JWST/MIRI K
103 .. ASTRO-F [ ]|
S R . SDSS @ ]

p:s) —
ARP220 z=2.0 (talg10) ------- ]

flux density[Jy]

wavelength[m]



m TAO MIR

= NIR
[ |
TAO_ NIRCAM
[ |
[ |
Subaru/HSC

AKARI catalog
SPICA regacy observations



TAO- NIRCAM WS

o e

TAO-NIRCAM Workshop, Sep 11 2009
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> fil ol

IR SR, ERASRAIE,
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| 1E]

TAO-NIRCAM Workshop, Sep 11 2009
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B> TAO-NIRCAMODIRE 4
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TA“ %D%b \(L_%% -
WXTAO-NIRCAMODHEE I Fh

S = EVRIRREZ BRI,
» FTTIERRDE TDTII
» H5mEIEOTER (EF) &4

= Subaru/MOIRCSTHR/RWNC &
(BLRIRFE. AO. KAKiEIR(HSC, VISTA))

TAO-NIRCAM Workshop, Sep 11 2009
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TAO-NIRCAM Workshop, Sep 11 2009
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