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Survey efficiency: Single dish vs ALMA

1.1mm (270 GHz)

ASTE-II?
D=12m

*

ASTE/
s
*ASTE/ AZTEC

By Yoichi Tamura

D=35m

) GA

D=50m (option)

A deep survey
of 10deg? areca
using 500 hours.

Bandwidth:
8 GHz for ALMA
50 GHz for SD

Num. of pixels
1 for ALMA
>1073-10"4 for SD !

1.2 million pointings
(!!) will be needed
for ALMA/Band 6 to
fully cover a 10-deg?
region.



ALMAZS
* Cycle 0OOFFER (TG ! ) + B EITH
« Cycle 1DAE 2012/7/12%%Y]

« FNIZHIIE . Notices of intentD H £
— T724%: cycle 0&LEERLT3ENFE L (60144)

> FRICS R 1200412 EEADEAIZ
BB ET !
EEDIEEIE
1161=> 1133 jti?”""
EEEEEF g@ e@%" C A



ALMA proposal submission

BRREIEEEDHIZ!
Cumulative
Differential S Coolol

(per hour)



Outline

* Deep surveys in mm/submm wavelengths

— Role of single dish telescopes equipped with large
format mm/submm arrays

— Superb capability of ALMA for spectroscopic follow
up (even 1n the early phase!)

 HSC surveys and ALMA

— Cross correlation between submm-selected galaxies
and galaxies with photo-z from HSC surveys

— Rare objects uncovered by HSC surveys: very suited
targets for ALMA follow up!



Deep surveys
in mm/submm wavelengths:

Why mm/submm?



Star formation rate density [Mo/yr/Mpc3]

Because a large portion of the cosmic star
formation 1s obscured by dust
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More hidden star
formation
@higher redshift
>70% at z~1)

1 Based on the comparison
1 of Lum. Functions at

| FUV with GALEX &

1 IR with IRAS/Spitzer

Takeuchi, Buat, &
Durgarella 2005,
A&A, 440, L17



Flux Density (mly)

And because mm/submm 1s the best
to unveil the dust obscured star
formation in the early universe

Average SMG (L =5 X 10" Lg)
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Mm/submm 1s a unige probe of
dusty galaxies 1n the early universe

 Almost constant flux
forl <z<10!!! 100 3500
/)

at 850um ~ 1.1mm

due to strong negative 2 10 (950%]
K correction % 7 I

 Current survey 18 ZH _&—-—'_
already sensitive to é ﬁl{lrrzrét ;Enflf dish telescopes
ULIRGs at z~10 Z 0.1 e -1 mm Sg;vey
(though limited by % 5
COI’IfUSiOIl) 001 %g

Blain et al., 2002, Physics
Reports, 369, 111-176 Redshift



Deep mm/submm surveys



AzTEC/ASTE 1.1lmm map of ADF-S

Hatsukade et al. 2011, MNRAS, 411, 102
l6=0.4-0.8 mJy, ~0.25 deg?,
233 new detections

Wide field survey
complementary
to ALMA!

ASTE

0.5 deg

AZTEC



Constraints on redshifts of
AzTEC sources in ADF-S

- Hatsukade et al. 2011, MNRAS, 411, 102
e 90um/1.1mm flux ratio atiiade cta

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

+ L(FIR) ~ (3-14) x 102 Lo, SFR ~ 500-2400 Mo/yr
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|CII] at HDF&850.1 (*classical” and
typical unlensed submillimeter galaxy)

PABI 307 GHz e Redshift z=5.1 !!!
PdBI & VLA observations
PdBI 112 GHz L[CII]=1.1x10"10 Lo

L(FIR) = (6.5+1) x 1012 Lo
> L[CIJ/L(FIR) ~ 2 x 10"-3

PdBI 93 GHz M(dust) = (2.8%0.5) x 10"8 Mo
1.e., huge amount of dust exists
already at z=5.1

VLA 37GHz Walter et al. 2012,
Nature, 486, 233



Mm/Submm deep surveys of SXDF

SCUBA/JCMT 406 arcmin? ~2 mJy @850um 60 (S/N > 3.4)
AzTEC/ICMT 1330 arcmin?  1.0-1.7 mJy@1100um 28 (S/N > 3.7)
AzZTEC/ASTE 1300 arcmin?  0.4-0.9 mly @1100um 252 (S/N > 3.5)

Improvement of sensitivity by factor of 2-3
1s the 1ssue because of the steep number counts !

Ikarashi et al., 2012 in prep.

SCUBA/JCMT AzTEC/ASTE
Coppin et al. 2006
MNRAS, 372, 1621

AzTEC/JICMT

Austermann et al. 2009
MNRAS, 393, 1573



SXDF1100.1/0Orocha:
a ultra-bright SMG at z~3.4?

 Inconsistency between photo-zs with UV to NIR
SED and FIR/submm to radio SEDs

$ 19,

Contour: SMA 880 um 1mages Ikarashi et al. 2011,
MNRAS, 415, 3081



F, (udy)

SXDF1100.1/Orocha:
a ultra-bright SMG at z~3.4?

Ikarashi et al. 2011
MNRAS, 415, 3081

 Inconsistency between photo-zs with UV to NIR SED

and FIR/submm to radio SEDs

» =» overlapping of z~3.5 SMG and foreground lensing

object (cluster or a galaxy)?

Photo-z for

» =>» confirmed by GBT CO(1-0) spectroscopy gust: z-3 4
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Num. of high-z SMGs
from AzTEC in COSMOS

AzTEC/ASTE 1.1mm map
10~1.3 mly, 189 sources

Surface density of z>4 SMGs:

~ 10 deg”-2 observed

(Smolcic et al. 2011, AplL, 731, L27)

Already exceeding the expectation??

~7 deg”-2 (Baugh et al. 2005, MNRAS, 356, 1191)

AzTEC deep survey fields are

suitable for this study with ALMA!

(c.f. a lensed Herschel population) xaga et al. 2012,
MNRAS, 419, 1824



From ALMA cycle O results:
ALMA as a redshift survey
machine



LABOCA/APEX Extended Chandra Deep
Field South Survey (LESS) at 870 um

* 900 arcmin?, 30 arcmin

 1.2mly (lo),
e 310 hours

e 126 detections
(>3.7 ) of SMGs

APEX

LABOCA



ALMA observations of 2
LABOCA selected submillimeter
galaxies LESS 61 & LESS 65

A part of an approved cycle 0 program to observe all 126
LESS sources; 2011 October - November  quinbank et al.

345 GHz (Band 7), dual polarization izl?llje’S?NRAS’
7.5 GHz total band width (LSB + USB) arXiv:1209.1390
Covering 336.1-339.8 GHz & 348.1-351.9 GHz

under good weather (PWV<0.5mm)

15 antennae, Compact configuration =» 1”.8x1”.2 beam

On-source: 120 seconds each = 0.44 & 0.42 mJy for
continuum, 3.8 mJy/beam for dv=54.5 km/s (df=62.5
MHZz) spectroscopy



ALMA band 7 continuum images of
two LABOCA selected SMGs

x3 deeper, x150 sharper (in beam area) than LABOCA
with just 120 seconds on-source each !



Serendipitous [CII] detection

« ALMA band 7 frequency
coverage 336.1-339.8 GHz :
& 348.1-351.9 GHz =&
redshift coverage z=4.399- = °
4.461 (USB) & z=4.590- ’
4.656 (LSB) for
[CIT]158um

« Line equivalent width: =
0.44%0.06um, r
1.12£0.15um =» similar
to [CII] 1n local (U)LIRGs

0.76£0.06um (Brauher et
al 200R)




Log L[CII}/L(FIR)
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L(FIR) vs L[CIT]/L(FIR) in

— Swinbank et al.
2012, MNRAS,

arX1v:1209.1390
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LICI}2-5x 109 L
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- detect [CII] of z~4.4 % 1. inpress
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Are they really [CII] at z~4.4 ?

They can be [OI]145um@z=4.9,
[INII]122um@z=6.0, [NII]205um@z=3.1, or
|OII[|88um(@z=8.1, but the luminosities of these
atomic lines are x10 fainter than [CII]

They can be high-J CO (J=7-6(@z=1.3, J=8-
Twz=1.6, J=9-8@z=2.0, J=10-9@z=2.3), but again
these lines are much fainter (x10) than [CII]
Observed line/FIR continuum luminosity ratio 1s

consistent to previous [CII] detections at high-z
galaxies



Constraint on [CII] luminosity

function by ALMA observations

« LABOCA selected SMGs: 0.5 x 0.5 deg”2, dz=0.12 at
z~4.4 =» comoving volume of 2.9x10"5 Mpc"3

* Two [CII] emitters with - Ry e .";*;;‘éo"‘;;‘ilr"‘}'"
L[CII]>1x10"9 Lo o3 N — 2oL xTe) |
within this volume %0 gl |

= l"-{\‘&\
=>» x1000 increase in the ~ ;| EY
. 5 e T o,
number density of # 1ok g =
luminous [CII] emitters = | f ]
from z=0 to z=4.4 ! ) 0 .
107° | IGS .
Swinbank et al. 2012, 107 10° 10° 10"

MNRAS, in press arXiv:1209.1390 Licyy (Lo)



Redshift survey w/ grating spectrometer Z-Spec
Z-Spec/CSO/APEX

Lupu et al. 2012
AplJ, 757, 135



ALMA vs single dish telescopes:
spectroscopy of single object

m Main beam eff. _| Tsys [K]

ASTE 125 65 hrs

CCAT 25 0.7 125 100 min

IRAM 30 0.54 350 ~12 hrs

New 30m 30 0.7 125 48 min

New 50m 50 0.7 125 6.24 min or 374 sec

 ALMA instantaneous bandwidth: 8 GHz (4 GHz per
sideband) for line survey, 24 sec per set, to detect [CII]
at z=6.4 quasar J1148+5251 (L[CII]=4x10"9 Lo)

* =>» A new 50 m telescope should have the same line
survey speed 1f 1t 1s equipped with 8 X (374sec/24sec) =
124 GHz bandwidth (!) single beam receiver



Wide area mm/submm surveys






HerMES sky coverage

Oliver et al.2012, MNRAS424, 1614



Ultra-wide area mm survey (A=2mm)

SPT




Mm/submm surveys: area vs depth

lcaution!
This 1s a plot
for z=2.
Confusion?

Different view
at z>3 !

Oliver et al.
2012, MNRAS
424, 1614



FIR luminosity sensitivity vs redshift

Redshift By Soh Ikarashi



Discovery of rare population of
mm/submm galaxies by wide surveys



Discovery of ultra-bright SMGs:

gravitationally lensed populations?
* The brightest-end number counts of SMGs
significantly deviate from the normal SMGs

Lima et al. 2010, ApJ, 717, L31 Negrello et al. 2010, Science, 330, 800



Ultra-bright FIR sources uncovered
by Herschel

* Discrepancy between
photometric redshifts from
optically IDed objects and
FIR-submm SEDs =»
evidence for gravitational
lens system

[t 1s confirmed by arcsec
resolution SMA 1maging !

Contour:
SMA
Image:

Negrello et al. 2010, Keck I band
Science, 330, 800



SXDF1100.1/0Orocha:
a ultra-bright SMG at z~3.4?

 Inconsistency between photo-zs with UV to NIR
SED and FIR/submm to radio SEDs

$ 19,

Contour: SMA 880 um 1mages Ikarashi et al. 2011,
MNRAS, 415, 3081



More ultra-bright AzTEC sources:
=» photo-z~2—-67?

Takekoshi et al., in prep.
Tamura et al., 1n prep.



So what?

« TENLUXFFE, BRTIHELY, |
(by RESA)

* Internal structure of high-z dusty starbursts at ~100
pc scale !?

 ALMA study of surface brightness anomalies
caused by dark matter substructure in the halo

(Vegetti et al. 2012, Nature, 481, 341)
— 7z=2.059 background galaxy + z=0.881 lensing galaxy

=» Not only in continuum, but also in [CII] spectroscopy
with ALMA ??



HSC surveys

and
ALMA/ASTE



HSC survey will provide interesting
targets for ALMA follow up

 Clusters uncovered by HSC survey (Takada-san)

* Emission line galaxies such as [OIl] emitters at
z=1.47, 1.70, Ho emaitters at z=0.40, 0.45
(Tanaka-san)

* >30,000 LAEs, >3,000,000 LBGs!
(Shimasaku-san)

* Very rare objects
— 7z>6 quasars (Nagao-san)
— gravitationally lensed galaxies (Oguri-san)



Dark halo mass of SMGs from auto-
correlation function analysis

* Unprecedentedly large sample, but still poor statistics...

Hatsukade
et al. 1 prep.

~1000 SMGs
Bl | ER B4R
(FAS) | AOER

GOODS-N 355 39
LH 1276 113
ADF-S 909 233
COSMOS 2967 205
GOODS-S 350 55

— ﬁiﬁ fE SSA22 973 125

— 53

TR RE R %K SXDF 954 215



Dark halo mass of SMGs from auto-
correlation function analysis
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Hatsukade et al. 2012, in prep.
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AKREBEDIEITEORE=ER A
gR ;A D A& (redshift~3.1)

SUBARU ASTE

= Lya emitters
SFR ~ a few 100
SFR ~ a few Mo/yr — a few 1000 Mo/yr
Distribution of LAEs
Around z~3.1

Nakamura et al.

No one-by-one correspondence Tamura et al., 2009,
to LAEs, but clustered at the LAE density peak  Nature, 459, 61



Concentration of bright SMGs
at the center of SSA22

AR olERERA] (z=3.1) &
e 22 SR 5] 0D 22 F] 9377 D LL 8K

AR oFERRER A (z=3.1) &
EEEA DR, 218 E1E
BEEE#, NAERXT—IL (27
ALUT)TEELGRYVI I
=» Overdensity of SMGs

at z~3 1?

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



Cross-correlation analysis between
SMG and IRAC selected galaxies

107 E

0%

100 |

SMG-=-galaxy cross-correlation (1<z<3) e f

SMG-galaxy(1<z<3)3
Cross correlation |

|
0.1

1.0 10.0
R (W' Mpc)

50 SMGs and ~50,000 IRAC galaxies

with photometric redshifts Hickox et al. 2012, MNRAS, 421, 284



log(M,,, [h_Jr Mo))

Dark halo
properties of
SMGs

13.5F it

13.0F
125}

12.0F-

11.5L

s
“‘“"~
-

Dark halo mass

vs galaxy properties:
A key HSC science!

Hickox et al. 2012,
MNRAS, 421, 284



Herschel vs AZTEC/ASTE 1mages

Red Green Blue
SPIRE 500um/350um/250pum AZTEC/ASTE 1100pum

Subaru-XMM/Newton Deep Field (SXDF), 6’x7’ area
Ikarashi et al., in prep.



Association of submm/mm fillament

ALMA map - .
oemser - and z~2 Ho emitters !?

Ikarashi,
Tadakai,
Kodama,
et al.

Large sample of emitters vs deep submm cont. surveys



Rare objects from HSC
=> follow up by ALMA



ALMA cycle 0 observations
of the LABOCA source LESS 76

Target: a luminous SMG LSS J033229.4-275619
at z=4.76

ALMA band 6, 18 antennas, compact config., total
observing time = 3.6 hours (3 separated runs, 1.2
hours each)

F obs =253.96GHz ([NII]205 in USB)
Bandwidth 1875 MHz

PWYV = 3-5mm for 1% run, 1-2mm for 2 runs
16~0.3 mJy (?) for dv=41 km/s



ALMA detection of [NII] 205um
toward an unlensed SMG at z=4.76

Fqu density

4.75

Redshift s
4.755 4.76 & 4.765
' [

! |

co(2-1)

'ATCA
J_____—._'_l'

I I I | | | | I E

g [NII] 205um _5

tALMA 3

1 : F =

0 =S W |f
-1 s

—2 N T I A A e N

-800 -600 -—-400 -200 0 200

Velocity (relative to Lya) [km/s]

Nagao et al. 2012, A&A,

in press (arXiv:1205.4834) 2@3152:11?11 mly

Continuum

1!

This is already chemically evolved.
Inhomogeneous?
Effect of outflow? can also seen.



The applicable redshift range for this
metallicity diagnostics

OI11]52ur____ SAFARI 2<2.8
NIIT|57pn | .04 BLISS R7g
OI11]88pr z<1.2 _[BI10l, [ BY

NI 121pnd 12<0.6 |21, | B9 B8/

0 1 2 3

4 5
redshift
* Expected sample of z>6 quasars are good targets

for FIR line based metallicity diagnostics
proposed by Nagao et al. !!



Summary

* Deep surveys in mm/submm wavelengths

— Role of single dish telescopes equipped with large
format mm/submm arrays =2 synergies with HSC!!

— Superb capability of ALMA for spectroscopic follow
up (even 1n the early phase!)

 HSC surveys and ALMA

— Cross correlation between submm-selected galaxies
and galaxies with photo-z from HSC surveys

— Rare objects uncovered by HSC surveys: very suited
targets for ALMA follow up!



