SMA observation of faint submillimeter galaxies
with Sg; <2 mJdy: Ultra dusty low-luminosity
galaxies at high redshift
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0. Abstract

We obtained Submillimeter Array (SMA) observations of eight faint (intrinsic 850 p#m fluxes < 2 mJy) submillimeter
galaxies (SMGs) discovered in SCUBA images of the massive lensing cluster fields A370, A2390, and A1689 and
detected five. In total, we obtain five SMA detections, all of which have de-lensed fluxes <1 mJy with estimated total
infrared luminosities 10'°~10'? L, comparable to luminous infrared galaxies and normal star-forming galaxies.
Based on the latest number counts, these galaxies contribute ~70% of the 850 m extragalactic background light
and represent the dominant star-forming galaxy population in the dusty universe. However, only 40‘:31%‘7(:‘ of our
faint SMGs would be detected in deep optical or near-infrared surveys, which suggests many of these sources are
at high redshifts (z 2 3) or extremely dusty, and they are not included in current star formation history estimates.
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1. Introduction

» Bright Submillimeter Galaxies (SMGs; Sgg( ,, > 2 MmJy)
— TRIMERCIEE(CBAB LY (ULIRG class; Lig > 102 L)

— Optical / NIR TIFFE(CEEL)

- Faint SMG class CTIEEDIRDDH ?
— IR EH/NEL 12D, SED H' UV dominated (C/23 ? (e.g. Chary

& Elbaz 2001)

— Optically selected galaxies & overlap 923K DICIRD ?

100 ; 3
N 1 O E _"-:-
- E 3
N ; —~ T S T ;
¥ o T N -\
L S N A N
= (e NIV NUE
g 0.1F [T RN
5 ' log(L/Le) =12 W
< 0.01fF ===- log(Lg/lLe) =11 4
oool b — T log(L,s/Ls) =10 \\.\5‘
0.1 1 10 100 1000
A (um)  Chary & Elbaz 2001



1. Introduction

« CNETOEDVHIT bright SMGs DB RARNSNTEIE
—- A RED, HR - B28=, YA NEE etc...
_ SMG DI (15 B LR e

— Bright SMGs @ CIB AND&FS(E 20-30% (&
« Dusty star formation DARBEPDRITDEE I TULVR
=> Faint SMG class DXAHZIREE T DIENH D

« Faint SMGs (S ~ 0.1 - 2 mdy)
— EH—$5 (4 confusion limit DT=SOETRINYEE L L
- 1L > A ER0][HlnElE % FI
~850 um (C81F3 CIB D ~ 70%% 583

« COimX ClZE...
—SCUBA Z#HWTENDL > ARAEI TR SNz 8 XEZikD
« A370, A239, and A1689

« BUMEFE (U > 3), intrinsic 850 um flux < 2 mJy



2. Observation and data reduction

2.1 SMA observation

« SMA compact configuration (16-77 m baselines)

Table 1
SMA Observations
LD. Source Name Track Dates Beam® Beam? o? Flux Passband Gain
FWHM PA. (mly Calibrator(s) Calibrator(s) Calibrator(s)
(" %" (deg) beam~!)
(D (2) 3) 4) (5) (6) (@) (8) 9
Chen-1 40 20121030, 20121109, 20121111 2.08 x 2.06 558 0.61 Neptune bllac 0309+104, 0339017
Chen-2 12b.c 200906264, 200906274, 20091016 1.98 x 1.63 448 0.80 Callisto, Uranus 3c4543 3c454.3, 2148+069
Chen-3 14 20110524, 20110925 2.22 % 1.80 -333 1.01 Uranus 3c454.3, 3c84 3c454.3,2203+174
Chen-4 SMM J131128.6—012036° 20120506, 20120509 1.93 x 1.74 80.7 0.92 Neptune, Titan bllac, 3¢279 3¢279, 3¢273. 1337—-129
Chen-5 SMM J131129.1-012049¢ 20120508 205 x 1.78 78.6 1.10 Titan bllac 3¢273, 1337—-129
Chen-6 SMM J131132.0-011955¢ 20130226, 20130303 236 x 1.86 —43.7 0.74 Titan, Callisto bllac, 3c84 3¢273, 1337—-129
Chen-7 SMM J131134.1-012021f 20130226, 20130303, 20130306 236 x 1.98 —434 0.65 Titan, Callisto bllac, 3c84 3¢273, 1337—-129
Chen-8 SMM J131135.1—-012018%f 20130226, 20130303, 20130306 236 x 1.98 —434 1.008 Titan, Callisto bllac, 3c84 3¢273, 1337—-129
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2. Observation and data reduction

2.2 SCUBA-2 Observation

* Toos gz < 0.05 @D best weather, 10 ~ 0.8 - 1 mdy/beam

2.3 HST and Spitzer observation

« HST WFC3/F125W 10 = 26.3, 26.0 mag,g for A2390 and
A1689, respectively

« Spitzer IRAC, MIPS 24 um

Table 2
Spitzer Super Mosaics

Field 3.6 um  Sensitivity 4.5pm  Sensitivity 5.8 pum  Sensitivity 8.0pum  Sensitivity 24 pum  Sensitivity

(ks) (udy) (ks) (udy) (ks) (ply) (ks) (pdy) (ks) (pdy)
A370 13.0 0.3 12.3 0.3 13.1 1.5 11.8 1.5 2.6 31
A2300 6.3 04 6.9 04 6.3 1.7 6.6 2.5 0.6 41
A1689 10.8 0.3 10.7 0.3 10.7 1.4 10.3 1.5 0.5 36

Notes. The exposures are the median exposure time in each super mosaic in kiloseconds (ks). The sensitivities represent 1o errors of
the aperture photometry.



2. Observation and data reduction
2.4 VLA observation

* 1.4 GHz observation

10 [udy/beam] Beam size [“]

A2390 5.6 17.4
A370 5.7 17.7
A1689 ~ 150 ~ 6"
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3. Results

« SMA T3 5/8 &
—KBRHDDE 2 KK (Chen-1, 4) (X SCUBA 2 THRIEH
=> spurious detection

—_— . . = =
— 55 1 X1K (Chen-7) (& multiple faint source: 3£l 3.3 &
Table 3
The Properties of the SMA Observed Sources
L.D. SMARA. SMA Decl. SCUBA RA. SCUBA Decl. SCUBA SCUBA-2 SMA
(J2000) (J2000) (J2000) (J2000) 850 um 850 um 870 um
(hms) (dms) (hms) (dms) (mly) (mly) (mly)
Chen-1 ‘e es 0239 53.83 —013337.0 2.17 £ 057 —0.01 £051 <2524 0)
Chen-2 215335.16 17 41 06.1 21533548 1741093 324+0.78 2351051 3.96 £+ 1.01
Chen-3 21533437 1742015 21533415 1742023 264+0.72 1.93 £ 051 472 +£0.89
Chen-4 ‘e .e 131128.6 —012036 2608 —0.95 £ 048 <3724 0)
Chen-5 131129.22 —0120445 131129.1 —012049 47108 439 + 048 525+ 087
Chen-6 131131.93 —011955.1 1311320 —011955 33£10 328 £050 2.73 £ 0.81
Chen-7 es 131134.1 —012021] 32+ 10 4321052 <256 (40)
Chen-8 13113495 —012017.2 131135.1 —012018 49+ 16 415+054 3.92+0.99




3. Results

« SMA T3 5/8 &
—KBRHDDE 2 KK (Chen-1, 4) (X SCUBA 2 THRIEH
=> spurious detection

— 55 1 X1K (Chen-7) (& multiple faint source: £#ll(& 3.3 &




3. Results
3.1 Chen-2

« BT UL THRE AR
— High-z faint SMG ?

— VLA 1.4 GHz @ 30 upper limit EDLL(E z > 3 &HRIE
¢ i%ﬁ'lﬁ;__lf_( p. — 4.8+0'5_0_25
— Intrinsic 870 um flux density = 0.8 = 0.25 mJy

—Arp 220 SED (T =47 K, B =1) ZIRET B & Lig= (0.62-1.1) x
1012,



3. Results
3.2 Chen-3

« IRAC & MIPS TXIRAK ? ¥
— Optical @ arc HSDHEY

— VLA 30 &DLBIE z > 3.5 HRIE
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3. Results
3.2 Chen-4,5,6,7, 8




3. Results
3.2 Chen-4,5,6,7, 8

de—lensed Sgq [MJy]
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3. Results
3.2 Chen-4,5,6,7, 8




3. Results
3.2 Chen-4,5,6,7, 8

Dec (J2000)

55.105 35.00s 34,90s 34,80s 34,70513h11m34.,60s
RA (J2000)



3. Results

Table 4
The Properties of the SMA Detected Sources

ID Magnifications S870, intrinsic S F125W intrinsic Z log(Lg—1000 um)

(mly) (mag)
Chen-2 48(4.7-5.3) 0.83 (0.64-0.97) >26.8 =>3.0 11.8-12.0
Chen-3 45 (=45) 0.12 (< 0.12) >28.2 =35 <11.1
Chen-5 19 (16-22) 0.09 (0.05-0.12)° 26.6 (26.5-26.8) 2.600 10.7-11.1°
Chen-6 10 (>10) 0.34(<034) >25.6 =>0.5 <11.6

Chen-8 6(3-9) 0.65 (0.37-1.51) ‘e >0.5 11.6-11.8




4. Discussion

* MIR/radio counterpart

—MIPS @D MIR ¥ VLA O radio 7—%4C SMG 7% cross-identify 9
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4. Discussion

* NIR counterparts
— Faint SMG (& bright SMG (S > 3 mJy) (CEEART, F125W THEL)

« BXF D optical/NIR survey TlIASZ/REIED faint SMG %
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4. Discussion

 F125W-10-870 um flux ratio
-V ISYIORINMBOKRETSY X NRFEHDRNES (S,
NIR/submm Lt(3 faint SMG TAZ < RRB(ET
- AR
» Faint SMG (& F125W TH&<, F125W/870um Lb(& bright SMG
EHFDENSTRUN
— Faint SMG (& high-z (Cf77E or extremely dusty

observed de—lensed
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5. Summary

« SMA C SCUBA ZHUWIEEHL > AR EIFE TRE S
NJ= faint SMG = &38|

R =MNTZERAI(E dusty universe TOERZREE) TSZAL
FY72 star-forming galaxy

* NIR, MIR, radio CH&L)

* High-z galaxy or extremely dusty galaxy

» Optical SFH [CEFENN/RK DR SFG M high-z (CZ <17
ELTWLWD
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* The faint SMG discovered by ALMA 1.1 mm survey
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