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ASPEC survey (Walter+1 $),

e Paper | : Walter+16 (survey description)

Paper Il : Aravena+16a (mainly
continuum band 6)

e Paper Il : Decarli+16a (CO LF) (by YY)

Paper IV : Decarli+16b (bright CO
emissions)

e Paper V : Aravena+16b ([Cll] emitters)

 Paper VI : Bowens+16 (uv-selected
galaxies; IRX-3, IRX-Mstar)
Paper VII : Carilli+16 (intensity mapping)
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Introduction

* Extragalactic background light (EBL) at IR-to-mm (CIB):
contains information about the history and formation of
galaxies, and of the large scale structure of the Universe

e SMGs (S51.2 mm > 2-3 mdy) were found to contribute
only a minor fraction of the EBL at submm

e the contribution of the fainter galaxy in EBL?

 Molecular gas = the fuel for star formation
e avital information in galaxy evolution
* measurement of molecular gas from dust and CO

S



Resolution : 3”.6x2".1 - 1”.7 x 0”.9 for band3 and 6
« CLEAN with natural weighting
« multi-frequency synthesis (mfs) with nterms=1 (for wide frequency coverage; fitting spectral
index)
* rms in the centers :
continuum: 12.7 yJy (B6) and 3.8 pJy (B3) (Aravena+16b)
line : 0.44 mJy/beam per 50 km/s (B6) and ~0.18 mJy/beam per 50 km/s (B3) (Decarli+16b)
e coverage : ~1 sqg. arcmin (within 4.7 sg. arcmin HUDF)
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[AU name Short name  RAji.2mm Deci.omm SNR  Si2mm PBiomm S3mm PBsmm OID?
ALMA.. ASPECS... (J2000) (J2000) (udy) (udy)
(2) (3) (4) (5) (6) (7) (8) (9) (10)
T sources > TS (0) Main sample at > 3.50 significance
MMJ033238.54-274634.67 C1 03:32:38.54 —27:46:34.6 399 553+14 0.92 31.1 £5.0 0.89 Y
MMJ033239.73-274611.6' C2 03:32:39.73 —27:46:11.6 10.3 223 + 22 0.59 < 21 0.56 Y
MMJ033238.03-274626.5 C3 03:32:38.03 —27:46:26.5 9.6 145+ 12 0.95 < 12 1.00 Y
MMJ033236.20-274628.2 C4 03:32:36.20 —27:46:28.2 6.1 87+ 14 0.89 < 17 0.68 Y
MMJ033237.35-274645.7 C5 03:32:37.35 —27:46:45.7 5.2 71+ 14 0.92 < 16 0.70 Y
MMJ033235.47-274626.6 06* 03:32:35.47 —27:46:26.6 3.9 97 &+ 25 0.51 < 25 0.45 Y
MMJ033235.75-274627.7 C7 03:32:35.75 —27:46:27.7 3.7 T70X19 0.67 < 21 0.55 Y
MMJ033238.57-274648.0 C8 03:32:38.57 —27:46:48.0 3.6 46+13 0.99 < 18 0.62 N
MMJ033237.74-274603.0 03:32:37.74 —27:46:03.0 3.5 55 = 16 0.80 < 16 0.70 N
;7 Sou rces (_3_0_3_509upplemetary sample at 3.0 — 3.50 significance

MMJ033237.36-274613.2 03:32:37.36 —27:46:13.2 3.3 45414 0.93 <13 0.88 N
MMJ033238.77-274650.1 C11 03:32:38.77 —27:46:50.1 3.2 47+ 14 0.88 < 21 0.55 N
MMJ033237.42-274650.4 C12 03:32:37.42 —27:46:50.4 3.2 59 & 18 0.69 < 19 0.60 Y
MMJ033236.50-274647.4 C13 03:32:36.50 —27:46:47.4 3.2 67+ 21 0.60 < 22 0.52 Y
MMJ033236.43-274632.1 Cl14 03:32:36.43 —27:46:32.1 3.1 46 £ 15 0.85 < 16 0.73 Y
MMJ033237.49-274649.3 C15 03:32:37.49 —27:46:49.3 3.1 52 + 17 0.76 < 18 0.63 N
MMJ033237.75-274609.6 C16 03:32:37.75 —27:46:09.6 3.0 41114 0.93 < 14 0.85 N

" Sources ASPECS C1, C2 and C6 in this paper correspond to sources 3mm.1, 3mm.2 and 3mm.5 in Decarli et al. (Paper IV).

with CO detection (Decarli+16b)



log(S,) dN/dlog(S,) N(>S.) ON- ON
(mJy)  (mJy™")  (deg™®) (deg™®) (deg )
(1) (2) (3) (4) (5)
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| | T 1T Tl | 1T T 1T | I 1T T 11T | | —1.24 10 71500 16600 21500
- X P —0.99 3 23700 9400 14700
. E *J —0.74 1 9200 5800 11900
6 C —0.24 1 4500 3800 10400
A : effective (survey) area
i O Qe il Xi : number of sources in each
- 5 ® - particular bin |
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i 5 1 Cj : completeness

o .
O Karim+13 ® . flux density is scaled for
B e Hatsukade+13 | consistency with Fujimoto+16
) S12mm = 0.4 Sg7oum
2 B ® On0+14 O ] 81.2mm=0.8 S1.1mm

- @@ Carniani+15 Siomm=1.3S13mm

- @ Oteo+15
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log N(>S,) [deg~?]

generally agree with earlier measurements
but ~x2 lower than those values of (aka)

0 Fujimoto+195 Japanese groups at a regime of 0.06-0.4 mJy

- < This work 1. targeting biased sample for JP groups?
| | | 2. cosmic variance? (underdensity of ECDFS,
| | | | | | I b t a I.es onl for br. ht So rces
0.001 0.01 0.1 ut applies only for bright sources)

3. scatter in different analysis technique and
S,(1.2mm) [mJy] methods?




e 1.2-mm sources are not
clustered

* search counterpart within 1”

e 7/9 (main catalog) have
clear counterparts and 5/7
have spec-z

* 4/7 (low S/N catalog) has
no optical counter part
5 (could be a spurious or, faint
-27° 47’ 00” . | dusty galaxies)
03"32M40%39° 3% 37°  36° 35° UI=BRTIaleNVSale RV INCIZuh e
Right Ascension (J2000) . _

T [ gy e 26 bands in optical and IR
— ALMA 1.2-mm sources (from U_ to 8 Um) + ALMA

Field galaxies 1<z<3
ian = / 1.2 mm (no Herschel due to
edian = 4610 Ms edian = 40 Msun/yr | (
blending)

e fixed at photometric redshitt

e deriving Mstar, SFR, Mdust,

Declination (J2000)

10 11 122 1 0 2 3 9
log(M.) (M) log(SFR) (M, yr )
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Results : Redshift distribution

* none are convincingly
z>3 (for only those
mainly bright ShiGs with counterparts)
Chapman+05 2

Weiss+13 ' ' '
. Simpson+15 * viewing different

—  Miettinen+15 lax lation
— Strandet+16 galaxy populatio

' found in shallower but
wider submm surveys
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* ‘downsizing’ of
submm sources
(evolution of LF)

e [ower flux with
lower redshift
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- faint ALMA 1.2-mm continuum sources are MS galaxies

o Hatsukade+15: 545, > 0.2 mdy sources on MS at z=1.3-1.6 (>x2 brighter than ASPECS
sources) , but could be associated to the dense environment?

« why no detection having similar SFR?

« uncertainties in the SED fitting (thus larger Mstar)
e edges of the mosaic (lower sensitivity)

e a genuine difference in individual galaxies




redshift
Z=1' o

stellar mass
log(Msun) = 9.5-10.5

SFR
SFR ~ 3-10 Msun/yr

+20 In 10 steps

Galaxies at 0<z<1, N,,=12 Galaxies at 1<z<2, N,=11
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Galaxies at z>2, N,,,=15

N)>1 0.0, NObj=9

HENR ._1 EEEENENR
Mgy Y 1)>1.5, Ny,=5




\
Dust emissivity index from stacking

Masked

+20 in 10 steps

e 3=1.3+£0.2

in the RJ-limit e B=1.1+£0.3 (all)
* B =0.920.4 (masked the

brightest detection in 3

mm)
* lower 3 = lower flux value at 3 mm or (intrinsically larger) flux
* missing flux at 1.2 mm or marginal detection of 3 mm? or, 3 mm from free-free? 13




ISM propertles (Aravena+1 6b
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e 2/3: Mgas from dust (Scoville+14) < Mgas using CO
(aco = 3.6)

[ Illllll

(note that dust-
based measurement could be underestimated)
« fgas is 0.06-0.2 for z~1.5 sample (significantly )
lower value) compared to depletion time is in : f 5  ©ASPECSDSFGs

: 1 Tacconi+13
general consistent Geach-+11

Saintonge+13

I T I I I |

* consistent with the scatter obtained in CO 3
hard to discuss any evolutionary trend
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EBL at 1.2 mm

* integrated intensity = 7.8+0.4 Jy /

sqg.deg (but only for <0.6 mJy) o ASPECS (counts + stacking)
: : 0 ASPECS (counts)
 for brighter sources, used Karim Planck EBL SED

+13 and Oteo+15 4 Fujimoto+16
« then, 8.6+0.7 Jy / sg.deg
 From Planck, EBL at ~242 GHz :
14.2+0.6 Jy / sq.deg

— ~00+6 % of EBL is recovered
at ~242 GHz

e from stacking
e 11.4+0.8 Jy/ sq.deg

—~80+7 % of EBL is recovered 1000
at ~242 GHz Frequency (GHz)
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D
©
>
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M
O

* [he resolved sources are on average
e Mstar ~ 410 Msun, SFR ~40 Msun/yr at z~1.7
* (by stacking) Mstar ~ 0.5-1.5x1e10 Msun, SFR ~10-20 Msun/yr

* The remained unresolved EBL (~10%) is coming from less massive galaxies
(Mstar < 1€9 Msun)

15



\________________________________________________________________
Summary (Aravena+16b)

S12mm = 0.036-0.57 mJy,

(lower than
SMGs) located at lower redshifts than mm-selected SMGs
( ) and on the MS

e from stacking, finding that galaxies undetected are at
similar redshift but less massive with lower SFRs

ISM mass of faint SMGs are near the relation of SFR-Mgas
with

at
242 GHz, by adding fainter sources from stacking
analysis and brighter sources in other literature, it is
resolved by 77-84% A




Decarli+16
« Sample selection .
+ from1302 galaxies within ALMA Asppeg.  dotted s Whitaker+12
band3 FoV ~dashed : Schreiber+15
> CO detections v
= select 56 that have secure spec-z A €O limits ¢

= then, restrict analysis for those at
least having low-d (J<b5) transition
coverage : J=2-1, 3-2, 4-3
= select 11 galaxies that has LIR >
1e11 Lsun from SED fitting
(MAGPHYS)
= result : 7 are detected, 4 are
undetected

Detection criteria

1. S/N > 3 (Gaussian fitting) at the
central position of optical coordinate

2. for undetected, set 30 upper limit
of Lco using FWHM ~ 300 km/s

)
by
o

2]
o

O
0

17



Table 1. The sample of galaxies examined in this work, and their optical/near-IR global properties. The sorting is based on
the significance of the CO detection. (1) Source ID. (2) ASPECS name for blind CO detections (3mm.X, see Paper I) and for
the blind 1.2mm continuum detections (CX, see Paper II). (3-4) Optical coordinates in Skelton et al. (2014). (5) Redshift. (6)
Jup of the CO transitions encompassed in our ASPECS data. (7-10) MAGPHYS-derived stellar mass (M), star formation rate
(SFR), specific star formation rate (sSFR), IR luminosity (Lir). (11) Effective radius from the near-IR analysis by van der Wel
et al. (2012).

ID ASPECS Optical RA Optical Dec Z Obs.CO M, SFR sSFR Lir R.
name trans. [x10°Mg] [Mgyr~'] |[Gyr™'] [x10' Lg] [kpc]

(1) (2) (3) (4) () (6) (7) (8) (9) (10) (11)
1 3mm.1*,Cl 03:32:38.54 -27:46:34.0 2.543 3,78  17.877 637¢ 347937 123F1%1 | 17
2  3mm.2,C2 03:32:39.74 -27:46:11.2 1551 25,6 275150 74150 027197 12,0755 | 8.3
3 3mm.3  03:32:35.55 -27:46:25.5 1.382 2,5 52%10 1879 042913 1.9%13 8.3
4  3mm.5,C6 03:32:35.48 -27:46:26.5 1.088 24 2877 23720 0.9129 2.8722 5.8
5 03:32:36.43  -27:46:31.8 1.098 24 5.8 444 741707 155715 6.0
6 C7 03:32:35.78 -27:46:27.5 1.094 24 75115 1650 0.21%%  3.1FL8 3.8
7 03:32:39.08 -27:46:01.8 1.221 25 151715 148713 9.3%0%  49.0%3%7 0.7
8 03:32:36.66  -27:46:31.0  0.999 4 70717 4073 054704 71tld 6.6
9 03:32:39.41 -27:46:22.4 2447 3,78 26733  11.8%12  42%3% 1357313 58
10 03:32:37.07 -27:46:17.2 2.224 36,7  12.01]3 22750 1.86753  1.9575% 2.7
11 03:32:36.33  -27:46:00.1  0.895 4 15.9193 42+,  2.710E 5.810% 1.2

* Also Imm.1 and 1mm.2, see Paper I.



Table 2. CO lines in the galaxies of our sample. (1) Source
ID. (2) Upper J of the CO transition. (3) Velocity shift,
compared with the redshift quoted in Tab. 1. (4) Line flux.
(5) Line width, expressed as full width at half maximum
(FWHM) from the gaussian fit.

Calculate L'co1-0) using Daddl

ID J"p A'U Flinu F\K’HI\/T + 1 5 . r — O 76 + O 09 r3 —
kms™'] [Jykms '] [kms '] - 121 = - - ) 1T =
v o o o 0.42+0.07, 141 = 0.3120.06
1 3 —45+8  0.72310 005 504 4 12 - - ) - -
1 7 —1504+120 0.786 000 504~ _ 3 6 M ( K nﬂ -1 2)_1
1 8 —45+70 1.09879°905  p5oq* ACO = . SUn S pC
2 2 135+9  0.44370097 538413
2 5 135+45  0.50279090 538"
2 6 —45+45 0.82070190 538"
/ !/
3 2 8748 0135050 57412 Dz Juw L CO(1-0) Myo — Muz/M. - faepi
3 5 - < 0.021 57 [x10°K kms™ ' pc?] [x10°K kms~'pc?] [x10° Mg)] [Gyr]
4 2 5247  0.180709% 82411 H @ 6 (4) (5) (6) (7) (8)
1 4 B < 0.121 89+ 1 2543 3 24.0315-19 57119 206134 1212 3.310'¢
5 o 220£35 019070090 3591 11 2 1551 2 13.7119-21 1812 6515 0247995  0.979-¢
aant0.065  amos 3 1382 2 3.36470:05 4.4753 159719 0305057  0.9703
o ¢ 2824 0590 ooss 502 4 1.088 2 2.83110-9 3.710:3 134117 0481913 0604
v v ‘ +0.060 ‘ * * —0.09 1 —-0.5 CE—1.7 . —0.11 *Y—-0.3
6 2 _160 :t 70 0'340 0.070 5'30 :t 11 5 1.098 2 3 089+0.70 4 1+1.0 15+4 9 5+0.7 0 33+0.09
v ‘ ‘ -0.090 ., : . —0.66 *+—1.0 —4 *~Y—-0.6 U —-0.09
6 4 230 =70 0.3707 5 p90 182 6 1.094 9 5.388 1091 7 1+1.5 95+5 0.3410:10 1.610:2
7 2 15017  0.10419019 150 + 11 ' D o S A T
. - ote 150 7 1221 2 2.0471537 2.770:3 1073 0.6705°  0.06610050
: 8 0999 4 < 0.20 < 0.63 <23 < 0.03 < 0.06
8 4 — < 0.059 — 9 2447 3 <24 <58 <21 <8 <18
9 3 — < 0.076 — 10 2224 3 <22 <5.3 <19 <16 <0.9
9 T — <0.012 — 11 0.895 4 < 0.53 <17 < 6.2 <04 <0.15
9 8 —_ < 0.230 —
10 3 — < 0.048 —
10 6 — < 0.144 =
10 7 — < 0.465 —
11 4 = < 0.015 —

* Fixed from the fit of a lower J line.




CO excitation

- No SB-like excitation 15 ;—ID.II ! o . JE: —1ID. 2' X-rally de{ected_
comparable to M82 (or = + =
high-z SMG) L E EZ o
ID.1:r75 =0.2 0.5 E + & 5\ =
(consistent with high- 0 E(,f.- d;ffr?{ i | }V}V}'lfkie} “ﬁ I =
density PDR), but CO(8-7) = 03 El FID4 ¢ E
goes up that is attributed w7 F + 3
by its compact emission g 0O F | E3 E
(~1/5of ID. 2) i 0.1 F NN 3
ID. 2 : lower excitation in = 0 E4 1 I ey i %ff%/ I E
CO(5-4)/CO(2-1) IiKe MW X 0@ FID.5 ES E

e 1.3 =0.16-0.63 in PDR e~ T F + 3
powered by SF, but can s 0.4 =2 =
be r;; =30in 5 02 F | \\ -+ // =
presence of intense X- 0 B e I];‘; i 1 37 I W e
ray illumination -1D.7 X<ray detected4 < 4 6 8

« AGN in ID.2 has not 0.2 ; = M8
major impact on itls 01 = 3 N 1]\),1%
global CO excitation i E(;"fl R - Dis,

e 4 6 8
Filled : blind search detectio J




.
The position of the MS

dotted : Whitaker+12

+ Mstar = 2.8-275x1e9 isiiftitiogsasth - Schreiber+15
Msun A CO limits 1:) 2y

- LIR >1e11 Lsun 50&%;2&5

- SFR>10 M/yr (12-150 & S S

A
R
e "

Msun/yr)

- 6/11 on the MS (within
0.5 dex)

3/11 above the MS

2/11 lower edge (~x1/3)
of the MS

)
by
o

2]
o

O
0

6
4
2
0




[ l [ I [ l | . | I l | | I | l [ I [

L |ILLLLL

HI

| IIIIIII| | IIIIIII| | IIIIIII} | Illll

i /] Rt
14 — 12 /] C Kennicutt 98 /// ]
i 11— glObal ey 100 g * Tacconi+13 RO
i = ( ] - ASPECS: "/0/ 3
u 10 & ,’/ i 10 :_ {> CO detections L7 /// _;
13 - o - — = <] CO limits /114 - 1‘ g
B 2 B Z‘ - IO : //4 | // -
ITD — 8 . — §" ]. E—' // /er/ x /// —g
i 12 i q-o‘ //2§ ‘1 | — E ‘10 // E
@ f ), : 105 o1k 84 42 096 - -
— - 87 ar g4, - > T E ) . E
w | ) 1l F 7 # Yaverage :
o - cwis, o<z<1 -~ 4 W= 001 L o7 L L N
11 = AL/ W13, z>1 o @ EN ’ surface :
- ’ i Z SN . .7 u .
B V% Decarli+ 14 - N 0.001 -7 ‘%{ d d -
v 4 —
~ / . . - Q// St =
- ASPRCS: ] IS densities:
10 B // CO detections & 0.0001 ;/ Cﬁ{/// (] a
- CO limits < A ' P 8 9 10 11 12 3
: CO detections w/o c.part ¢ : : g log M. [M] i
9 | | | | | | | | | | | | I | | | | | | | | | l llllllll | lllllIlI lllllllll lllllllll | llllllll L L

8 9 10 11 12 1 10 100 1000 10000

log L'eo_ey [K km s™! pc?] Zhe (Mg pc?]

« Most are within a trend of MS galaxies except two (ID. 5 and 7; starburst and ID.
7/ has AGN that LIR might have been overestimated)

lower excitation

e |ID. 8 and 11 (with the lowest coverage of J=4-3) :
« assuming CO size ~ optical size : most of them lie along the T~ 1 Gyr ling



Mgas/Mstar

| I | | | | I | | | | I | | I | I | | | T T T
CW13, 0<z<«1 ASPECS ¢ X2 than the
average value

CW13, z>1 .
- Tacconi+13 O o d_etffdlons
Decarli+14 \V €O 111rn1ts Of PH | B BS

1 Silverman+15

NI R RN
L 1l

lllllll

implying lower
excitation than
expected?

b
—
—
-
=
-
o
—
-

]

| llll”l]
] llllllll

still, they are
higher than
local values

| IIIIIHI
| llllllll

RS @ B
8 9 10 11 12
log M. [M,]

lllllllllllllllllllllll

0 1 2 3 4
Redshift

l

11T
lllII

—
p—




CO vs dust measurement | |
e CO is problematic?

B e e e e e L B s e e b * Higher excitation
thus, lower Lco107?
(difficult, given the
higher-d detection
matched with MW-
like)

Lower aco? but, LIR-
L'co is similar to MS/
local spiral galaxies
and they are MS
galaxies

 dust is problematic?

« calibration

e (3 can be lower than
assumption of 3=1.8

e missing part of

optically thin dust
a la Scoville © emission (limited by

MAGPHYS-based @ the surface
| I | | | | I | l | | I | l brlghtness

10.5 11 11.5 Ze”fit“V”W t_
L UST-10-gas ratio
log M, [M,] g

a la Groves @
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Summary (Decarli+16b)

success of CO (blind) detection
-+ CO excitation : no evidence of high excitation

- 50 % on the main sequence

e rest half above the MS, the other below the main

sguence

SF law : close to color-selected galaxies

-+ with depletion time

of ~ 1 Gyr

gas fractions : slightly lower than other galaxies at similar
redshift, but still large compared to local

CO vs dust : M(gas, du

* anumber of assump:

well-defined dust SE

st) < M(gas, CO)
lon, larger sample is required with

D
yA



@&l (Rujopakarn+16)

Istar ~ ISFR
median
~4.2+1.8 kpc

Star formation radius (kpc)

galaxy wide SF

SFR (Mgyr—)

in MS gaIaXIes P2 43 185 326

2 4 5
Radius encircling half of stellar mass (kpc)

—
o

MS galaxies are
x2 larger
than SMGs

B This work

V¥ Biggs & Ivison (2008)

® Simpson et al. (2015)
log(Ls.2.m/Lir), Shipley et al. (2016)
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