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Seclence

+ The results to be presented in this talk
come from three publications:

4+ Johansson, D., Horellou, C., Sommer,
M.~-W., et al. 2010, A&A, 514, A77

4+ Johansson, D., Horellou, C., Lépez-
Cruz, et al, 2012, to be published in
A&A |

+ Lopez-Cruz et : 2012 (1n
preparation) '
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*The BuIIet Cluster (1E, 0657 -57) was d|SCOVered Tucker et al.#(1995) using. Emstem‘IPC
Tucker et al. (1998) used*ASCA #ta and derivedkT= 17 keV (5.2 108 K)» one of the hottest
known' cluster. Establlsheq as a oluster=cluster merger by cker et al. (1998a) using

ROSAT. The mostluminpus synchrotron radio halo«Liang et al 2000) quersonlc merger‘
Hlaeh'Zs-S shocks 00-5000 km/s (Markgvrtch etal: zoom iy : :
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Physical Properties of the gas in the Bullet
Cluster (Markevitch et al. ,2002)
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Fra. 4, —{) ACIS 0.5-5 ke sorface brghines: prafile in a 1207 sector ¢esterad on the bullel and dirceii] westwand, The pealile 3 catmaated = clliplicsl
sepmenls parallel w0 the shock Tronl; the r-coomfisale comesponds 1 &5 averspe radivs wilhis & sepménl. Erroos an this Gguee arg 1 o, The Bislggras shows the
Best-in mode] (see 1oat), The correspoamling esgropsatad mode] density prolile slong e symmetry axis wshown in {8), whach also smcludes an approaimale gas
grissune mocde] wwing erperaluni m regiond B 5, and P o Fig. 2, Ervor baos on pressune cormespomd 00 Grroes in lergeralurs,
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APEX - Telescope 5/24/11 518 M

Atacama =c. P
Pathfinder Max-Planck-Institut +%+ :
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EXperiment Radioastlronomie :
Telescope

Home > Telescope

The APEX
Telescope

Location Liano de
Chajnantor
50 Km east of
San Pedro de
Atacama,
Northem Chile

Coordinates
Latitude :
23°00'20.8"
South

Longitude
:67°45'33.0"
West

s 5105 Technical description of
LABOCA

Diameter 12m
Mass 125000 kg

Main reflector 264 aluminium General

anels

gverage panel

surface r.m.s. 5 LABOCA is 2 multi-channel bolometer array for continuum ocbservations. It operates in the 870

micron um (345 GHz) atmospheric window. The array consists of 295 channels, which are arranged in
Secondary Hyperboloidal 9 concentric hexageons arcund a central channel. The angular reselution is 18.8" (HPEW), and
reflector Aluminium the total field of view is 11.4". With a channel separation of about 36" {twice the beam size) the

Diameter 0.75m array is undersampled, thus special mapping techniques are used to abtain fully-sampled maps
Mounting Alt-Az in a time-efficient manner.

Surface 17 micron

The Bolometers

A bolometer is practically a thermometer. The
radiation arriving at APEX from astronomical
objects is absorbed by a thin metal film
cooled to about 280 mK. This metal changes
its temperature while absorbing the radiation,
and this is measured by a heat-sensitive
semiconductor. This results in a voltage
change, which can be measured and
amplified and is in principle proportional to
the intensity of the incoming radiation.

nitp:/ fwww.apex-telescope.org/telescope/ Page 10of 2

For LABOCA, the thermal, electrical and
mechanical structure of the bolometer array
is based on a single silicon wafer. Free-




The 17 sources detected by APEX/LABOCA 850um
observations. The black contour shows the 2 mJy/beam level.
The red inner dashed circle marks the 10 arcmin used for
analysis (<z,p> ~1.3, Rex et al. 2010). (185 scans/8 min int.)

The GMF significance map, F/AF, is computed as
F B 5 -Wiap i
AF  Wwae Pt o

where 8 is the signal map, W is the weight map {the reciprocal
of the nodse mag, sguared), and P is o Gawssian of the same sz
as the beam. The & sign denctes a convolution.




Table 2. List of sources extracted From the LABOCA map.

Source (12000 SI000)  Flux density® Deboosted” Demagnified”  FrAFY
Tlux density Mux density
(hmis) """ (mly] (mly] (mly]
1 D6-58:37.62 -5557(d 8 4E6+ LT 480 =13 0.6 BZ R
3 DA-58:24.47 -55:55:125 151 =10 147 + 1.0 BH 209
3 DA-58:25.45 -55:5A:40.1 A8+ 04 6.4 = 1.0 23 178
4 DB-58:19.36  -55:58:30.3 82109 7.7 209 4.7 16.2
5 DB:58:27.27  -56:01:16.3 90+ 1.3 80=13 f.3 159
& DB:S8:28.94  -55:53:48.4 9.3+1.2 86212 f.3 15.4
7 DBc59:01.39  -55:52:181 11.9=21 97221 B4 14.2
8 DBcS8:24.05 -55:57:23.0 53+09 47210 1.8 13.1
9 DA-58:55.98  -55:50:50.7 SA4+12 44213 13 128
10 DBcSB4S.60  -55:58:48.0 6.2+ 1.1 5511 16 120
11 Df:58:53.22 -S6:00450 TR+ a4 =16 5.2 1138
12 DA<58:52.22 -55:55:457 £5+12 45212 14 112
13 Dp-55:22 88  -56:00k40.7 4812 38213 149 110
14 Df-55:46.68 -S6:02:11.8 T2+19 46225 18 108
15 DA-58:33.60  -55:54:408 4611 36212 25 10.1
16 Df<58:12.44  -55:57:207 49+ 10 42210 1.4 4.2
17 DA:59:15.72  -56:01:075 2 236259 - - .0

Modes, Slatisiecal uncertainies om the hsted postons are 1-2", whech is smaller than the pointng uncertainty, ™' Flux deasily as exitracted from
the map. "™ Flux density corrected for boosting due 1o confusion noise. ' Flux density corrected for lensing. ™ Signilicance of the detection in
the Gaussian-matched-fltered map, '™ Sounce #1 is extended nelative o the 22° beam: it has an apparent size of 202" % 23,37 Y% Source #17 lies
i the duler part of the map whene the noise level 18 high and the method wed 10 deboost the lux densities fals,

Johansson et al. 2010, A&A, 514, A77



+LABOCA

log AR, [Jy Hz)

Figure I: Figure la (upper léft).- Gaussian fltered map generated from APEX+LABOCA observations at 50 pm. This map shows
Source #1-with gleven further soyroes within the central 10-arcmin region of constant noise in the analysis of Joharsson et al. (2010). Figure
1b-(upper right).- Smller region near Source #1, from an unsmoothed map generated from APEX+LABOCA cbservations at 870 um, the
‘faintextended Sunyaev-Zel'dovich effect signal s also visible (green). The resolution of 19.1 arcsec in this image s insufficient to resolve
gomponents A and B-of Source#1. However $he elongation of the confours = consistent with the positions of source A and B. Figure
1c flower ceniter).- Preliminary modeling of the rest-frame SED of Source #1 using GRASIL (Silva et al. 1998), with a renormalized flux
density scale. Data:points are taken from Gongalez e 2l (2009), Rex et 2l (2009), Johansson et al. (2010); and the revised measurement
by Wilson et al (2009). The full data set canniot be modeled 2s 2 fypical ULIRG.




The bullet has the most
lensed galaxies

Johanssen el al.: A LABOCA survey of submillimeter palaxies

Sullal sl b

Al 444

Fig. L. Signal-to-noise maps of the five cluster fields. White circles represent the significant sources in the map and black contours
show the noise maps of cach loster map at levels of 2,4 and 8 miv beam ™" . The signal-to-noise representation causes the appearance

of the increasing noise towards the edee of each map 1o be suppressed.

Clusters observed with
APEX/LABOCA by
Johansson,Sigurdarson
and Horellou (2011)
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Why the Bullet Cluster (1E0657-56)? sl >

LA

® Known bright, multiple-image, lensed submillimeter galaxy in the
background (z=2.8; Bradac+t06, Gonzalez+09, Rex+09)

® Recent collision of two clusters at z=0.3 (Markevitch+02,04)
® Sub-cluster conveniently travelling perpendicular to our line of sight (<8° from sky plane)
® Analysis of X-ray emission shows a supersonic bow shock proceeding the gas

* Weak lensing maps indicate the X-ray gas lags behind the cluster galaxies due to ram
pressure

e Abundant ancillary data:

* multi-wavelength imaging

® 930 spec-zs

(mostly in cluster / foreground)

e weak/strong lensing maps

Clowe et al. (2004)
Rex et al. (2009)




Ohserver Cluster of Galaxies

Background Galaxy
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Fipure 1. Reconslrecied surfacs mass densaly & ol the dlosier For a [dacial
sgunce 4l anlinite redshill, 7, — &5,

Bradac et al., 2009

Gonzalez et al. 2009

Flgwre 1. Top: & jem image showing the location of nage O relative o imeges
A znd B. In this image the galaxy between images A and B hes been soberacted
fior clarity. The field of view (FOW) is 657 = 507 Botton: FRSOLE cotouts of
the regions sirroundhing leresd Enages A dnd B Qe and snags © (right]), The
Grosses denols the locations of cach mnage; the solid curve: in the IR pancl is
the éital curvi fnas the @ = 2.7 magealicilion map. The obgpects détasied in
the: FRSILF imape that be closest o the IRALD coordinates for imapes A aml
B arg oumberad 1= Objest | i & cluster cllptical palesy and obgec 2 s a
shir, The Twa Ginler gpalaxics {3 and 4 arg ¢lsel frioe the TRAC detections by
I8 and 175, wheseas (he relalive astnameley i pood w0725, and can thus be
cacluded as optical counterpanns b the kenses, The POV & 179 = 12" s bath
pamls. For all Endges nodh is up sl Gisl s o e bell,

P B TN B ST







Bullet Cluster

X-ray luminous cluster
merger at z = 0.3

Special thanks...
Doug Clowe (Magellan/IMACS images)

Jean-Gabriel Cuby (VLT/HAWKI images)

Anthony Gonzalez, Sun Mi Chung
(Magellan/IMACS redshifts)

Dario Fadda, Phil Appleton (CTIO Hydra
redshifts)

Cathy Horellou, Daniel Johansson and
LABOCA team

David Hughes, ltziar Aretxaga and AzTEC
team




BLAST vs SPIRE

BLAST Zgum |
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SPIRE 55@.-“
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H c‘-; 1:!'
Spitzer/MIPS HLS18
z = 2Z2./9
Epit:gr WIPE
Herschel PACS

ity [Jy]

Flux Dens

PACS 160um SPIRE 250um SPIRE 350um
. 2=28

. B

100 1000
Observed Wovelength [um]

Rex et al. (2010)
Magnification factor 50x (— 100x including unquantified local lensing)

* Observed flux densities: 7.0, 24.5, 65.3, 98.6, 101.4 mJy
* Corrected for lensing (x75): 0.09, 0.3, 0.9, 1.3, 1.4 mJy

Impossible to observe without lensing

Galaxy clusters: observations, physics and cosmology Herschel Lensing Survey: lensing, cluster galaxies and the SZ effect




CO redshifts for SMG

Phillips & Keene
o Proc IEEE 80 1662 1992
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| I T U M82 reconstructed apodized spectrum
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Gonzalez et al. 2010 PAH redshift, z=2.791 +/- 0.007

Mo 1, 2010

Rest Wovelsngih [am
K =]

Flus [midy]

i 5 30 33
Wovalangik [um]

Figary 2. [R5 spedtnum of the galiny, Waken in the long-low axxde. The Jala an
presenind as the shadall ba wilh The emcostaintics sborwn by the hisked
histogram, The dof-dashad lime indicabes the best Gl from PAHFIT, whili he
thashanl curves coerespond to fils 80 e mdividual PAH lines using Drude praliles
sl the Feermmaukad: Trom Sroith of &l, (3007}, Thee vestical marks ghove the spectrum
demone all spectmal femures robualy detecied in our analyais,

(A color version of this figure is mvailahle in the oxline jozmal.)

& p =279 LENSED LIRG BEHIND THE BULLET CLUSTER

Tahle 1
Observed Fluxes and hagnitodes®
Cramlity Vil

JUA2 ) 1d£0.2 w i emgs' em—3
JUT.T e} 63+ 1.2 % 10" empa! em—
FUR.6 ) 52433 % 10-¥empst em—2
S 540} S8 LS 10" empa! em—
FiHL 5050 5412w 0P emgs~ em3
JULT e 162 ) 254 1.1

e 360 L] (AR

Mt ® Al quates] values s foe the comination of nages A and B

use a power law to fit the underlying continoom. We derive
the redshift from the pwo strongest PAH features (6.2 um and
7.7 um), obtaining 1 = 2.79] £ 0.007. This redshift confirms
the photometric redshifts in the literature (7 ~ 2.7-2.9; Wilson
et al. 2008; Gonzalez et al. 2009; Rex et al. 20047,

The derived fluxes for the PAH features ase listed in
Table |. The flux ratio for the two highest 5/N lines,
_i"'('i'.'.'l' g, 6.2 p.l:nj = 4.5+ 1.1, can be compared with re-
sults from Pope et al. (2008) for SMGs. The star formation
dominated SMGs in ﬂu: Pope et al. sample {z ~ 1-2.5) have

HAuie wnbine im iha camms w8 1 4 T & Fne dharn DA LT Tinse e

DES affsed (mremec: JS00)

pas]
RA offsel {arcsec, I2000]

40

Fig. . Central region of the SARBCA 350 ym map. The gravseale
i in Jybeam. The red contours show signilicance levels of
+1.5, 3.0 and 3.5 (positive values as solid lines and negative val-
wes s clashed lines). SMM J063H is detected al the center ol this
imape al 1 ke significance, The white eircles indicate the positions
al the three Spitoer images A, B and C. The magenta cinde has a
diameter of 1006, the FYWHM af the SABOCA image; it is located
al the position af an infraced-bright galaxy al 7 = 035
(Bex el al. 20000 which is nod detected by SABOCA, as expected.
The vellow dashed lines correspond fo tee 3. 6 amd 120 levels of the
LABOMCA 870 yrn detection. The source was detecied by Herschel
{Bex el al. 20000 the evan circle shows Lthe size of Lhe Herschel beam
al 350 em (FWHM of 257).




ATNF Facilities: ATCA 6 x 22m

APOD 080310 White & Cozens




CABB

Table 1. Some ATCA properties. — See the ATCA Users Guide (Table I.1) for more details and up-to-date information.

ATCA observing bands  16-cm* G-cm Fcm 15-mm  T-mm F-mm

(L/S) (<) (X) (K) Q) W)
frequency range [GHz| 1.1-31 44-67 TH-105 15-25 -850 BS-108
number of antennas 0 6 B [ [ s
number of basclines 15 15 15 1% 15 10

primary beam FWHM  44'- 168" 10¢7 - T/4 673 - 81 2 ~T0 ~30"

Notes: ATCA observing information can be found st uwow. norrabr adanf, coirn, au/ohssrving, including a link to the CABB Sensitivity
Caleulator which is highly recommended to obtain observing characteristion (0., T ot specific frequencies and correlstor settings
(wew nlsc Fig, 3), The ATCA primary beam size (in srcmin) can be approximated by 50/ where o is the cbeerving frequency in GHz;
the MIRIAD tssk PEPLOT provides detsils of the primary beam model (see Fig, 4). * In 2010 the 1.5 GHz (20-cm) and 2.3 GHz (13-cm)
bands were combined into one broad bsnd covering the frequency range from 1.1 0 3.1 GHz (now referred to as the 16-cm bamd), Note
that the 3- and G-cm bands can be used simultasseously,

the ringing that was commonly seen with the original ATCA
and other correlators while observing narrow spectzal lines, i P rp s O

» Modes providing high velocity resolution (for spectral
line stucies), high time resolution (for the study of fast tran- CFB 1M-0.5k 1.0 MHz 0.488 kHz
sients), or pulsar binning come as an addition to the basic CFB 4M-2k 4.0 MHs 1.963 kHs
wide-bandwidth modes. CFB 16M-8k 16.0 MHz 7.B12 kHz
CFB 64M-33% 64.0 MHz 31.250 kHz

s CABB alo provides auto-correlation data.

Table 2. Basic CABB configurations,
These improversents have & major impact on the sci-
entific ability of the ATCA (see examples in § 6), including
the following: sampling depth allows for higher dynamic range and lower
Tawe:
® the much larger bandwidth reduces the time reguired to ® narrow, independent channels allow for precise excision
reach any particular continuwm sensitivity, and the increased of narrowband interference;

|
'




Table 1. Parameters ol the ATCA observatlions amel data.

Fhase cember (J2000%:

Right ascension 055 ITA2

[Declination —-55°5 T D4R

I mm

Conflguranion, S The first 3mm CABB channel map. Observed
andpass calthrabar 2 1-393 !

Phase calirator 0537441 October 17-18, 2010 with ATCA

Frimary flux calibralor Lranus

Frimary beam FWHM kL

Synthesized beam” 21 =177 82

Channel velocity width 33 kms™

Final velocily resalution B0 kms™?

Maise level® 1.6 mly

7 mmm

Cemfguaration TH0A and 7500

Handpess calthralar 153741

Fhase calibrator 072447

Frimary flux calibralor Lranus

Frimary beam FWHM 110"

Synthesized beam” 575 % 17 67

Channel velocity width 98 kms™

Final velocity resalutin 80 kms™?

Maise level® 085 mly

DEC (J2000)

06"

12"

-55'57'18"
6"58M40° 39% 38° x 36° 6"58M40° 39° 38°

RA (J2000) RA (J2000)




Fig.3. uv<liagram showing the coverage of the 7 mm observations

(black lines) and the 3 mm observations (red lines). The incomplete

coverage in the 7 mm band (CO(1-0) observations) resulls in 8 more
ated beam.

DEC adfeat {nreser; 120000

DEC odteet dnremer; 120000

19 ] -10
RA oftzat (nrosec: J2000)

Fig.4. Channel maps around the C0 lines, The white circles indicate the positions of Uhe Spitzer images A and B (G0, The ceatral velocity
al each channel is noded in the upper bell corners. The channel width is - 300 km ', The beam is shown in the botiom bell corner and the
color bars show the range of surface brighinesses, in Jy beam ™', Top row: Channel maps ai 3 mm, the band inio which the CO03-2) line is
redshifted. Emission is clearly seen near image B (lhe weslern image) in the third panel. Fainl emission near image A i seen in the third
panel. Bottam row: Channel maps al 7 oom, the band inte which the CO01-0) line is redshilled. Emission is detected close o images A and
B and i est seen in the third panel. The continuum source discussed in Secl. 3.2 Les outside the Geld displayed bere.

Table 2. Integrated fAux densitics and upper Emits on inleresting molecular ransions in the ATCA bands,

Imnage A Imape B Image A+B Image A+B
Line Fren ievmim e nenea o Integrated flux ...l e (w1000 Flux BiA

[GHz] 1y kms'] 10" K kms™ pe’|
EE1-0) 115271 03007 02192007 0430000 Z6=36 u.l;:,ll:;
CON3-2)  MET98 054 +035  235+035 118050 127=20 2455
HOM{E-3)  354.460 <07 <27 .
HOO M 4-3) 356734 <07 <27
C57-4] 342883 < L5 <20
Brighimess temperalure ralios (rs )

03EE pEets 05602

Mifes. Uncertainties cornsspond 1o the ler Jevel while upper limits are < 3or. Infegrated Aux values are derived [rom Going poinl souroes al the
pasilions of mmages A& and B in the CO(1=-0) and CO(3=-2) maps collapied for velocilies beltween =350 and +170 kms™', as described in the text.
Thas velocity range was determined from the spectral exlent of the CO(3-2) spectrum.




£hnamynt ag® s a7 3g* ans

RA (J2000)

Fig. 5. Hubhle Space Telescope WEC3 1.6 pm image of the region arousd $MM J065E. The blue conlours show the CO(1-0) integrated intensity
of hoth images of $MM JOESE and, red contours show the CO(3-2) imegrated intessity. The 7 mm conlinuum emission From the 7 = (.35 galaxy
1o the south is indscated by yellow contours. The two black squares indicate the Jocations of the two infrared Spiteer images, A 1o the east and B
lo the west (Gormeale o al. 2009). The gray line between images A and B is the critical line, derived From the lensing model for a source
redshifl of z = 2.7 (Gonzalez ef al. 2009}, very similar to the redshill derived from the OO0 observations. The while cirele shows the extent of
the ATCA FWHM primary beam for the O0(3-2) observations; the primary beam al 7 mm 35 larger than the field displayed here. The oflsets seen
between the various companents are discussed in Seet. 5.1,
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Fig-H. HET image (G100 of SMM W358 averlsnd with the two Spiloer
image posilens A okl B (white squares) The red and Moe contours
are Lhe same as in Fig. 5, and show the U003=-2) and 004 1-40) emis-
sion. We used GALFIT w subitract a madel of the elliptical galaxy at
[tF2000, Foooo J=(MGE58 3T A, —55:57:2.4) and masked 1he regzon ol thal
palany, & pearby star and lowr alher objects (gray disks). The faint
- - ) ) N arc belween images A ared B 14 visible, roughly orthogamal te the crit-
.'%-”:;-.12 - [d-;uj—mlltr :{I:ZE;- ?I;Iﬁ;l.m;.:'h-_r;:: Ignmll:x{:l::'!i' :I-; iczal line shown in black (e FLE._E in_L_i-]L'IIur a.|:|.11I|.1:r imu|._5|."|.ThL: Criss
| U 1-00 emismion {Johanssan ol sl |995] in the rl.'Hil.l" Hoth and box maErkers show The cenbrowd ol the LABUC A amd SABOCA de-
large- nrd smnllsenle strsctures nre evident. Morth is up, Eost is lections, The synthesioed beams sl 3 mm and 7 mm are shown in
ek the lower lefl corner as red and blue ellipses.
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Figetie COT-0) and CO(3-2) spectra as function of velosity and red-

shill, showing that bolh emission lines ariginate From gas al the same

syalemic velocily. The upper and middbe panels show individual spec-

tra loward the positens of mmage A and B, The lower panel shows

the combined spectnam, in which we also indical the derived redshift

935 (dashed Lne} which is dilferent from the redshafl derived by

T4, datted lne). The velocity resalulza al bath the CO1-

0 and CO{3-2 ctram is B0 kms | Nole that the yeaxis scaling is
dillferent in the lower panel.




Gas Mass and Dynamical
Mass

CO-H, conversion.
o = 0.8M5(Kkms™! pc?)—1
My, = (1.8 +0.3) x 10° M

AVFWHM) ( ¢

n =116 x 10° [ ——— L.
W : ( 100 km s~ kpc

) (sini) 2

Formula by Papadopoulos et al- 2000; taking <sin > = 0.5; L = 2 kpc

l n
Mgy = (1.3+0.4) x\10"° ( : Kpc) Mg




Dust TTemperature

>
124
v — A I/_ BV(Tdust)
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Fig. 7. Spectral energy distrzbution of SMM HGS5E. The salxd line corre-
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1 lhe 95% confidence intervals. The black curve is the LIEG pemplate
Troam Rigke e al. (2009,




Comparison with other highly
magnity galaxies

¥, Jahansson el 4l - Molecular gés amd dust in a highly magnalied galaxy 81z ~ 2.8

Table 4. Summary and comparisen ol physical propesties of SMM PGSE and other highly magnified ShMGs.

Smanoe

SMM Ji65s

(1

ShiM 11635946612

{2}

MM JZ135-0102

(3

Red=<halt

Mapgnilicalion

Submm [Mux density (mly)
Lovwi - (10° K kms— pe?)
Loog-z (10° Kkms™ pe®)
MIH ) (107 M)

M (10% M)

Lem (10'L)

SFR (M- y1r ')

SFE (L M;')*

Mg (107 M)

T (KD

2775
10Kl
~Ap5
Xozx36
127220
23
4
3
100 - 150
170
1.1
127450

25174
45
~Ah.5"
ITx2
4.5+ 1.0
- 3l
L6 lhd
= S
= 320
19+03
501+3

13759
25=z45
-3
173+ 9
1176 +£049
14 =1
- 53
23x01
40 = 20
16547
-~ 15
35T+ 3

Motes. All values have been corrected for the individus] gravitational magnification Factors. ' Flux density messuned at 850 pm while the other
twnr flux densitics wene measured a1 270 gm. For a submm spectral index of = 3 the fux difference between the two wavelengths s bess than 3%,
0 Srer Fosenation elliciency, delined a8 Ly FMUH)

(1] This wark.

(2] Kneth el al, (2008, X05].

(3] Danielsan el al. (2000).




ID. Johénssem ef al: Molecular gas &nd du

S I
ENMIESE

Hrwi . @l 2005 o P
Canieison ot al 2040 .

oz el 2003
Bodeamaait bl al 19407

SNGE Grees of ol JHE

= -
in o
e

ke
——

]
Mgas
()

—_
&
=
g
£
g
g

k=1
=h

= Starbursting 15 — 20 Myr

i 14

) 1.l}- ) 11 12
logyp (g [E:])

Fig.%. Far-infrared Juminosity wersus CO{1-0) luminosity for
SMMM 0658, SMM  J16339+6612 (Kpmib et &l 2005 and
SMM JF2135-0102 (Damielson et al. 20010) (the three galaxies
summanzied 1n Table 4). Local luminoas mfransd palasess (Yao et al.
(2013} Sokwmon el &. (1997)) and high-redshfl swbmm galaxes (Gneve
el al. 5] are alsa shown, SMM NG5S i he least FIK-Iuminoeuos
high-redshill galaxy.

fgas — Mqa,s n M*

= 31+ 12%

feas(local spirals) ~ 7%
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SMG are usually ULIRGS

Michalowski et al. 2010
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Far-IR/submm template SEDs

Wavelength (um)

Rieke et al. (2009)

Chary & Elbaz (2001)

Ltk T = Tdust 4 = Lrr/Lmr T

Do these local templates adequately describe high-z galaxies?




SMM J0658 SED

Published observation, modeled with GRASIL in progress

Log(Ag) [pm]




Conclusions




