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Roles of NRO in ALMA Era

Enhancing Science with 45m/ASTE toward ALMA Era
New Developments to create new seeds for the future

Planning a Large mm/sub-mm Single dish for opening
new discovery space in ALMA/SKA- era

NRO 45m Telescope Natural 4 - 2 :D~30-50m

Transition fea ey .~ Freq.=70 GHz - 1THz?-
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45m & ASTE Synergies create
excellent SEEDs for ALMA Science
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45m & ASTE Synergies create
excellent SEEDs for ALMA Science

-
f

-Wide Fiel‘d Survey Is

\ a Key in.the ALMA Era

survey of Star-
oo
forming Regions’




M51 CO(1-0)
NRO 45m (BEARS+OTF) + CARMA &

Koda, Sawada + 2009
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Sub-millimeter Cosmology & “SMGs”
SMG Survey with AzTEC/ASTE

New Science with New Single Dish Telescope

Synergies with other telescopes




Why are submm galaxies (SMGs) so

important?
- Formation of
Cosmig Infrared Background e
" .. Giant ellipticals
).
Cosmic star-formation history . 9 \
e .‘*
v Formation of
Large-scale structure
Super-massive black hole
Dark matter
Quasar
Cosmology, Galaxy Formation Galaxies and SMBHs

(large area of the sky) (large sample)
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Submllllmeter Cosmology

found In local universe by IRAS
— Starburst due to merging of disk gals; e.g., Arp220

- 102 L_,_; radiating its energy (>90%) at FIR (dust
thermal emission), & SF Regions heavily obscured

("05-1mm) has a

very unique characteristic; negative—K correction
allows us to reach such ULIRGstoz = 10!
(proposed by Blain & Longair;71993)

 Submillimeter blank sky survey discovered high—z

and very dark (in optical) massive prmrm———"—"
N 0 LIR 2 1012_13 I—sun
starburst galaxies, I.e., SFR = 100-1000 M___/yr

Submillimeter Galaxies (SMGs) Mass,i}: 10 M
(e.g., Hughes et al., Nature, 1998)

Vi 10-11\A
Mgas =10 Msun

~ PN E—"



Ground-based large SD at 850- 1200 um

' ™
From blue to red: 24,
70, 110, 160, 200, 350 |
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SIVIG & Cosmlc IR Background (CIRB)

 CIRB is extragalactlc background (by dusty SF gals)
— > 90 % of Optical BG was resolved into gals
— Only ~ 10 % of sub—mm BG was resolved to SMGs

 Key issues for the understanding of CIRB

— What & where is

the other 90 % of CIRB?
— What is redshift
distribution of CIRB

sources?

=> related to cosmic SF
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The Extraqal actic Bac kground
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.. SMG and.Cosmic Star Formation History

ASMG is a Key to unveil hidden Star
Formation (SF) & Cosmic SF History

redshift
Chapman et al. (2005)




- ‘Large Scale Structure & SMG Clustering
. Y N—quy simulation (Dark matter)
SMG is a massive starburst galaxy at z=30 z=5

high-z & will be associated with
massive Dark Matter halo

=> Clustering of SMGs
=> tracing LSS invisible in opt/IR 223 252

e Dark Matter Halo firstly formed

DM Halos evolve to form LSS through , |
“Hierarchical” Structure formation ETEE ¥ Ly

* Baryonic matter collapses into DM

Halo to form galaxies; evolving to S
igesiigRy. mereing Yahagi'et al. (2005}
G



" Relations'among high-z pops
from “Zoo” Toward “Science Museum”

* Need to compare the high-z galaxies
- through Spatial correlation
- with the same measures; e.g., SSFR vs Mass

from Kodama (NAOJ)

SMG B
. /-0

SFR Mstar

Mstar , Mgas
(Evolutionary Stages)

3
o e LAE Mstar, Mgas
- — LAB Stellar, Gas Mass
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Toward Unified View of

~ From “:{oo ” to “science museum”’ ~

Galaxy Formation and Evolution
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AzTEC on ASTE SI\/IG Survey

ASTE(Atacama Submm Telescope Experiment)
. .

10 m submm telescope 5

alt. 4860m, Atacama desert, Chile \;H

350 GHz (0.87 mm) spectroscopy:
CATS345+MAC/WHSF

beam = 227, single pix
low Tsys & OTF

270 GHz (1.1 mm) continuum:
AzTEC camera

144 pix
FOV ~8 arcmin, beam = 28"
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AZTEC on ASTE SMG Survey
g ] AzTEC ~‘

144 pix Si;N, micromesh “spider-web” bolometers
Pl: G. Wilson (UMASS); Developed for LMT 50m
Wavelengths: 1.1 mm

Spatial resolution: 28 arcsec @ ASTE
Mapping speed: 10-30 arcmin? hrt Jy2
Successful operation on JCMTi(late 2005) =
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AZTEC on ASTE SMG Survey
g J Overview |

One of Key Science Projects with AzTEC
Deep & Wide SMG Surveys in 2007 — 2008
- spent > 80 % of AzZTEC/ASTE time
- reached to mostly confusion noise (0.5 mly)
- wide fields as much as possible to minimize cosmic variance
10-20 time higher mapping speed than SCUBA
: 10-30 arcmin? hrt Jy2
- AzTEC has high sensitivity and stability + good pipeline
- Excellent Atm. Condition; t (220 GHz) down to 0.02
* Detected > several x 100 sources with surveys of
> 1 deg?2 in total




Blank Field Surveys

-

"
* Survey Area SSA22
1 “ SDF %degZ

- 160 arcmin? to 1 deg? 0.7-1 mly

- 2 deg? in total

- wider than SHADES /S)ézgz
+ Depth o cosos
-0.5to 1.0 mly AOFS s Sy
- corresponding to d il
1-2 mJy at 0.85 mm -
- deeper than SHADES SXDF  HDF
’ :,,:,.._/—H: .
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_ AZTEC/ASTE Deep Wide-field SMG Surveys

Coverage (arcmin?) 909 056 092
Depth (16, mly) 0.43-0.78 0.46-0.87 0.62-1.2

No sources (>3.50) 198 206 127
reference Hatsukade+11a,11 b Ikarashi+10 Tamura+ 09, 10
MNRAS MNRAS, Nature, 459, 61
+ 11 in prep.

-
......

o | SsA22
-
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AND More ....; "’-40 Mass-Biased Fields

2.5<z HzRG
proto-cluster
o :

1.5<z<2.5 HzRG

0.5<z<1.5 HzRG

0.5<z<1.5 clusters

2<0.5 clusters

Wilson, Hughes, Yun et al.
Ezawa, Oshima et al.

SMGs & SZE
Survey
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| _' AKAI'%I Deep Field South

-
* Near South Ecliptic Pole
* Lowest-cirrus contamination
 Deep AKARI observations
— |RC: 3.2,4.6, 7, 11, 15, 24 um
— FIS: 60, 90, 140, 160 um
 Multi-wavelength follow-up
— GALEX (UV), CTIO (UBVRI Ks),
— Spitzer
— BLAST (250, 350, 500um),

_(ADF-S)

aaaaa

ADFS

— LABOCA (870um), ATCA (20cm)

e AzTEC/ASTE Observations

— 2007-2008

— central ~1200 arcmin? area




Constraints on reélshiflf of
.AzTEC/ASTE sources in ADF-S .

. 90Aum/1.1mm flux ratio

=>» most of the AzTEC sources (196 out of 198) : z> 1
— AKARI 90um sources : low-z, AzTEC 1.1mm sources: high-z

* L(FIR)~(3-14) x 10*? Lo, SFR ~ 500-2400 Mo/yr

Average SMG ——
Arp 220 '
3o upper limits

Flux Density (mly)

Observing Wavelength (pzm)




o .C-omparis‘o"n with AKARI 90um

 Only one AzTEC source (AzTEC12) is detected at 90um

» others: Upper limit to 90um/1.1mm flux ratio=>» z 2 1
— AZTEC source: higher L, higher z

— 90um source : lower L, lower z

Redshift

A R gl
- -



AzJEC12 — WIDE-S#1/8

* Detected with AKARI at I o T
— 90 um (WIDE-S) } }
— 21 cm (ATCA)

&z . d=UThG

spec
e Starburst;

2307 A0, N
e SFR(Ha)~ 30 Msun/yr X Arp220

NGC6946
M51

°
[mJy]

Stacking Analysis toward
45 90 um Sources in ADF-S
- 70 1.1 mm signal

-<S1.1 mm>~ 0.6 mly
- indication of fainter &

>
D
-
0}
-
)
A
—
£2

Low-z (z <1) population
<l SF T L

solar




1 1 mm Number Count & CIRB

Hatsukade et al. 2010
o Number count of ADF-S toward much fainter fluxes

- detected SMG ~ 10 % of CIRB

- sum-up to 0.01 mly with Number count ~ 100 %

wxxrk F

.Higher variance at brighter end*
®-. 9 (Austermann+08) 3 ]

§§4>

dN/dS (mdy*xdeg®)™’

[ &+ ADFS

- GOODS-N
L »®-: COSMOS
Best-fit

= Fluctuation analysis

& Bayesian (method 1)

— Bayesian (method 2)
1 1 1 1 1 I 1

1
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MGs in SSA22 by AzTEC/ASTE

-

(comoving) [#75 Mpc]

relative Dec [arcmin]

150

60 80

relative RA [arcmin]

Al 2 Tamura et al., 2009,
RECSMELEEKE Nature, 459, 61

& WN.\
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‘ —Angularcross corréiation between SMGs & LAEs

A clear detection of cross correlation signal with z=3.1 LAEs
=>» detected bright SMGs in SSA 22 are also clustered around z~3 !

Dark halo

Tamura et al., 2009,
Nature, 459, 61

‘ACDM26
ACDM 1o ) ® o LAEs

all sample = 1 Less
bright sample —e— massive

correlation signal at® < 5

SMGs
Massive
SB

> wu.‘ ‘]'



Flux density (uJy)

”K-drop SMG” with eIevated SFR >1000 I\/Io/yr

Also Detected a deeply obscured

(N} “QOZ“cm ?) hard X-ray source

- witnessing formation of SMBH as well
as massive galaxy formation

|||l] I IIIIIIII I IIIIIIII 1 iTlIIIII o rrrn 1 IIIIIIII
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L 1mr>3mly) SMGs are strongly
. clustered

213 brlght SMGs Best-fit function ‘ Best-fit function

In ADF-S, SXDF, SSA22 [ 318 moderate
1 [k (S1.1mm < 3mly) SMGs

Bright (S

Detection of clustering:

No significant signal:
- Amp. =5.8+1.9

Amp.=1.1+1.1

10000 [10

f (arcsec) 6 (arcsec)

m

ADF-S  >3mly 14+6.7 SSA22  >3mly
<3mly 133 --- <3mly
SXDF  >3mly 69 6.1£5.6 Combine >3mly
<3mly 137 2.242.7




—

Correlation Length and Halo Mass
%
Comparison of
clustering properties
between dark halo
model and AzTEC
sources

=) Mass of Dark Halo
hosting bright
AzTEC sources:
~ 101314 Msun
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Az'I'..EC/,&STE SMG Survey

- Reaches 6 ~' 0.5 mlJy & 2 deg? in total
- more than 1400 SMGs uncovered; z > 1 for most of them
~ 1 or 2 SMGs every hour observations

- Limitation of FOV (7.5 arcmin.); future 10 k-pix camera
unavailable, & need larger FOV

- Confusion Limited SMG survey
; need smaller beam, which also allows easy source ID
- Small RX Cabin; can accommodate only ene/two RXs

- photo-z or spec-z is unavailable



I ColoF TES Camera for TE

Main Purposes

- Photo-z estimate for SMGs

- New surveys of SMGs/SF regions
Collaboration with UCBerkely (A. Lee),
Cardiff, McGill, U. Tokyo, Hokkaido U.
Installation will be in Oct 2011
Science Oper. From Nowv.

Wavelength No. Beam FOV
of size (arcmin)
pixs > ' = =

1.1 mm

850 micron

450 micron



Redshlft from CO Iadder
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Spectrometer
e LO=86-112 GHz “S AMAS”
 IF=4-8GHz
e Beam separation = 45" =S5 A/D
SIS Receiver “TZ100” _“PANDA”

Max 16 IFs
4G Sample/sec

(==, |
AN YL
{*Q\/ 16 MHz — 2 GHz

E T KL %j( 1@ ‘J}- Hz — 0.5 MHz
it Y
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d ALMA/SPICA Synergy TEIescope
ASTE- | | (Tentative)

* ANewlarge mm/Sub-mm Single dish Telescope (in Chile)
- com Jementary to ALMA, SPICA, SKA, .
- opeﬁ\g new discovery space in ALI\/IA/SPICA/SKA era
Wide Field Imaging & Ultimate wide-band Spectroscopy
NRO 45m Tel D 30mor50m? '

Natural “Freq. = 70 GHz — 1 THz (or 400 GHz??) ,
Evolution Completlon 2018 20 27

. ASTE 10 m Q”Wlde F|eld” O
.1 Telescope CO/[CII],\IQmograp
| In Chie &£ A




lew Single Dish ("ASTE-I1")
e D~50m, Freq.=70-400 GHz (4 mm —750 um)

FOV of telescope ~ 1 deg
* Mm/sub-mm Camera + MOS/Imaging Spectrometer

SR g v R

Beam size ~ 6” at A 1Imm; easy to ID IR/Radio count.
Source Confusion < 50 ply; ~ ten times deeper

Redshift Survey by exploiting;high-sensitivity & wide
FOV; spec-z of SMG every 10-20'min..each pix

=> spec-z of several x 100 SMGs with 100 pix MOS/hour
allows to unveil cosmic star formation:history & LSS

A i W QY
R
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- New Science with New Single Dish
L < (“ASTE-H) ‘

i

e SMG Redshift Survey

* Cosmic Star Formation History

* Understanding Galaxy Evolution
Relation with high-z populations

 Starburst & QSO co-evolution E
with CO SEDs

e MW Galaxy Formation

* Census & Serendipity

e Survey of Galaxies in EOR?

——— )

4 5 6 7 8 9 10 1

Upper J-level of the CO-line
\
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New Single Dish (“ASTE-II")

. MOS vs Imaging Spectrometer
vl |

- Based on high-z SMGs uncovered with submm deep survey
=> vey efficient but some bias (samples galaxies@ z> 1)
- Efficiency depends on multiplicity of technology available
Grating spectrometer, Filter Bank IC, heterodyne array (SIS, HEMT)

- Blank Field Imaging & Spectroscopy; CO-ladder.afid redshifted [CII]

- CO is sensitive to “low-z” star-forming galaxies

- redshifted [CIl] + high-J COare“sensitive to the EoR era

- Not efficient for high-z; Efficiency depends ongmultiplicity of
technology available

detector array + FTS, SIS/MEMT Array + Ultra-wide band
Spectrometer (A/D + FFT analyzer)

o —



Z-Spec/ CSO, 1220 B REDHIF-DI)T—H—D
: .  CJ 7% -
N NTL-T9F5 7L ggg)&j%;%ﬁ IKE[DTKSATFE
> Bradford et al. (2011)

APM 0827945255 Water Spectrum

Rest Wavelength [zm]

280 260
| ' |

APM 08279+5255

--COo
—-- H,0

Flux Density [Jy]

oor;vnl:um & CO subtracted
L1 | P I i
220 240
Frequency [GHZz]
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E Sensitivity limited Survey with the
New 50m Telescope (YASTE-II")
b, S -.*CO Tomography”

r.

A
* 50 m Single Dish equipped with 1000 pix
array detectors + spectrometers (covering ™
70 GHz to ~ 345 GHz)

e 1000 hours observations in Chile ALMA site
 Area= 2 sg-deg, 10 sq deg, or ..«

* Extracting galaxies-with at least one CO line
detected at > 50 from CO mock galaxies

(from Tamura-san’s work)



. Cosmolog?cal CO Tomogra’phy
Motk CO-emitting Galaxies

. S3 SAX A catalog of mock CO-emitting galaxies (Obreschkow et al.)

— based on dark matter skeleton at redshift out to 10, which has been
constructed in the Millennium simulation.

— Semi-analytic modeling of galaxy mergers, stellar populations, MBH
growth are treated in DelLucia07, Croton+06.

— assign radial profiles of HI and H2 density in each galaxy
Obreschkow+09b

Mock observing cone in
the Millennium Simulation

HI and CO sky realization
(1 arcmin?, z =1.0-1.1)




Observer here!
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Red: Hz-dominated CO_emi't'te:r's &
Blue: HI—dominated CO emitters

Coloring of the H; /Hl=ratio: Y e

Geometry of the cut:
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Galaxies with new 50m (ASTE-II)
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Volume Density and Number Counts
from the 2 deg? surve

'Y Required density for

N '\IEAO measurements

m
<

O
Q
=
>
=
1]
c
[
0

10-100 galaxies
are expected to be
found in the Epoch
of Reionization

Number counts dN/dz (per FoV = 2 sq-deq)

Redshift




'Vc.)lume Density and Number Counts
from the 2 deg? survey

i
% Required density for
BAO measurements

m
<

O
Q.
=
>
=
0
c
)
o

expected to be
found in the Epoch
of Reionization

Num©bBPer counts dN/dz (per FoV

[CII]158 contribution
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 New Science with New Single Dish
- (“ASTE-II") ; GRB etc.

- multi-band photometry @70 — 650 GHz
- Cold dust & gas in host galaxy

- mostly continuous @ 100 =400 GHz with R~ 1000
- Spectroscopy with R ~ 10>



AzTEC/ASTE 1.1 mm Image
Lupus-| Star Forming region

3 sg-deg.




SPICA/ISAS/JAXA

-

' Syne,,rgies—

-

Litébirdﬁ(EK i,
-

Mm to FIR Imaging Spectroscopy
Camera' -

ALMA & “ASTE-II”
(JP Univ./NAOJ)
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Summary

* A New Large mm/Sub-mm Single dish Telescope (in Chile)

* Baseline Plan; D~ 50 m & Freq. =70 — 400 GHz
* New Science with Wide FOV & Wideband Spectroscopy

_v.f’,W'i‘_dl.é Fiedd? - o '@ Census in
, b CO/[Cll] Tomography - . the Universe
CompI(?:tlon-around PAOPACY & LSS/SF at high-z - @ Serendipity
Synergies with A s e
ALMA, SPICA, SUBARU

Litebird, SKA ...CTA...




