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Einstein Ring Gravitational Lenses Hubble Space Telescope » ACS

k4
. .
L .

-, - -, -
JO73728.45+321618.5 J095529.77+510006.6 J120540.43+491028.3 J125028.25+052348.0
- | - .
J14022821-632133.5 J162746 44-005357.5 J163028,15+452036.2 J232120,93-0939102
NASA, ESA, A. Bolton (Harvard University), and the SLACS Team STScl-FRCCD-32

Lensing
Galaxy



A©) = ) + 2w (£)

n—1



Figurc 7. Several examples of axially symmetric optical [enses simulating the light deflection
properiies due to a poiat mass (a), an §15 galaxy (&), a spiral galaxy (¢}, a aniform disk (¢} and
2 truncated uniferm disk of matter (#).
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Gravitational Lensing by a Black Hole
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| Astromelric microlensing of quasars:

Treyer & Wambsganss 2004,

nlrodactary Lecture: "Gravitatioaal Lensing Theory anc Apolications™
Joachim Wambsganss, KITP 3anta Darbara, 3epiember 28, 2000




History

¢ Paczynski suggests lensing
¢ 1987 Fort et al. confirm. Spectroscopy.



Historically: first source interpretation of a giant arc

CL2244

SORCE PLANE
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First spatially resolved source
interpretation from the [EeE———

efaneere-lin e a
gelney

identification of bright clumps [
in a giant gravitational arc
Hammer et al. 19589

Hammer & Rigaut 1989




Advantages of magnification

Magnification

increase of the observed angular size:
better spatial resolution in the intrinsic
source.

increase of total flux; better sensitivity.

The gain in resolution is anisotropic: along the shear direction it varies
between /it and p.




Strong lensing and magnification effect
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Maximal magnification effect in the vicinity of the critical lines

ji drops more quickly away from the critical line for more massive lenses /
largest Einstein radii

Cluster lenses provide the largest image plane area with a large
magnification




Example of resolutions achieved

SoJdrce madel Graund-bassd A0, Hav

A i 4 w

Lensed ground-based Lersed HOT

- /

Model of distant galaxy with multiple components and 2 star-forming
regions separated by 500 pc.

Only with the combination of lensing and high resolution imaging can we
reach spatial resolutions < 1kpe in distant galaxies.




Direct reconstruction
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- Correlated source plane pixels at the highes
resolution pixel grid

- Point Spread Function remains in the source
plane

+ Straightforward calculation
+ No assumption on the source
morphaology

This technique gives useful results when the PSF is small (Adaptive Optics,
Hubble images, good seeing) and when the image to reconstruct is isolated.
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Liang et al. (2000)
1.3 GHz ATCA
observations




Physical Properties of the gas in the Bullet
Cluster (Markevitch et al. ,2002)
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Table 1. Derived parameters for MMJ065837 —5557.0. The absolute cali-
bration error of the flux density is given in parentheses.

Flux density 159+ 05 (£13)mly
SZE-corrected flux density 135 £ 05 (£1.0)mly
RA centroid position 06:58:37.31 = 0.0253
Dec. centroid position —55:57:01.5 = 0.32 arcsec
Source FWHM (RA) 36 £+ 1.3 arcsec
Source FWHM (Dec.) 32 £+ 1.2 arcsec
Position angle of elongation 34° £ 8°
reduced )(2/ of fit 0.94
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Technical description of
LABOCA

General

LABOCA is a multi-channel bolometer array for continuum cbservations. It operates in the 870
um (345 GHz) atmospheric window. The array consists of 295 channels, which are arranged in
9 concentric hexagons around a central channel. The angular resolution is 18.6" (HPEW), and

the total field of view is 11.4". With a channel separation of about 36" (twice the beam size) the

array is undersampled, thus special mapping techniques are used to obtain fully-sampled maps
in a time-efficient manner.

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.

For LABQOCA, the thermal, electrical and
mechanical structure of the bolometer array

is based on a single silicon wafer. Free-



The GMF significance map, F/AF, is computed as

F (5 WaP "
AF T Wa

where 8 is the signal map, W is the weight map {the reciprocal
of the nodse map, sguared), and P is o Gawssian of the same size
as the heam. The & sign denotes a convolution.



1. Johansson et al: Snbmilhmeter palaxies hehind the Bullet clnster

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

Source a(J2000) S(J2000) Iux deasity?  Deboosted®  Demagnified®  F/APY
Mux Jeusily Mux density
(liimey) ("™ (idy) (udy) (udy)
1 D6:58:37.62 -5537.048 48.0 = L.} 280+ 1.3 0.64 828
2 00582247 -55.55:.12.5 50210 127+ 1.0 8.8 23.6
3 06:58:25.45 -53:56:40.1 6.9 £0.9 654 + 1.0 22 17.8
< 06:58:19.36 -53:58:30.3 8.2+09 7709 4.7 16.2
5 06:58:27.27 -36.01:16.3 90«13 BO+ 13 6.3 156
6 06:58:28.94 -55.53:43.4 93+1.2 B6+ 1.2 6.3 154
7 06:59:01.39 -55:52:18.1 119+ 2.1 27 +2.1 8.2 142
8 06:58:22.05 -55.37:23.0 5.2+09 47+ 10 1.8 13.1
9 06:58:55.98 -53:56:51.7 S54x1.2 44+ 13 3.3 12.8
10 06:58:45.60 -55:58:43.0 6.2+ 1.1 55+ L1 3.6 120
11 MSR:55.22 SR(0:45.0 TE+ LS 4+ L6 5.2 1a
12 06:58:52.22 -53:55:45.7 5512 45+ 1.2 34 11.2
12 06:58:22.88 -50:00:40.7 48+ 1.2 38+ L3 29 110
14 MSR4An68  —SRO2:1 1R T7+19 16+75 38 I8
15 MSR:535.609 —S55954:40R a6+ 1.1 36+ 1.7 2.5 1l
16 MR 17244 SN EY T 40+ 1.0 47+ 10 1v uz
| ] IR INT?2 SROTOTS Tih+ 54 — - un

Notes. Statistical uncartainties on the liged positinons are 1-77, which is smallar than the painting ancertzinty. © Flux density as extracted from
the map.  Flnx density comectad tor honsting due ‘o sonfision noise. © Flne density enrrecterd tor lersing. @ Signibeance nt the detection in
the Liaussian-matched-filtered map. ) Source #1 1z extendad relative to the 22 beam: it has an apparent size of 29.2” % 23.3”.U) Source #1° s
in the outer part cf the map where the nose level 1s high and the method used to deboost the Hux censities tails.



APEX+LABOCA

log AR, [Jy Hz)

Figure 1: Figure 1a (upper left).- Gaussian filtered map generated from APEX+LABOCA observations at 870 pm. This map shows
Source #1 with eleven further sources within the central 10-arcmin region of constant noise in the analysis of Joharsson et al. (2010). Figure
1b (upper right).- Smaller region near Source #1, from an unsmoothed map generated from APEX+LABOCA cbservations at 870 um, the
faint extended Sunyaev-Zel'dovich effect signal is also visible (green). The resolution of 19.1 arcsec in this image s insufficient o resolve
components A and B of Source #1. However the elongation of the confours = consistent with the pesitions of source A and B. Figure
1¢ (lower center).- 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 Gonzalerz e 2l (2009), Rex et 2l (2009), Johansson et al. (2010); and the revised measurement

by Wilson et al (2009). The full data set cannot be modeled 2s 2 typacal ULIRG.
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Left: signal-to-noise map with overlaid circles indicating extracted submm sources. The contours show the the projected
mass density from the weak lensing analysis by Clowe et al. (2006). The contours range from 40 to 85% of the maximum
value and are spaced by 15%. The weak lensing map was retrieved from the website http://flamingos.astro.ufl.edu/1e0657/
public.html. The rectangles show the regions of complete coverage of Spitzer MIPS (small rectangle) and IRAC (large
rectangle). Right: signal map (in units of Jy/beam) with contours of the X-ray surface brightness from XMM-Newton
observations. The noise level in the signal map increases rapidly towards the outskirts because of the low coverage there.


https://www.aanda.org/articles/aa/full_html/2010/06/aa13833-09/aa13833-09.html#Clowex2006th
http://flamingos.astro.ufl.edu/1e0657/public.html
http://flamingos.astro.ufl.edu/1e0657/public.html




Johamsson et al.: A LABO(CA survey of submillimeler galaxies
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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 cluster map at leviels of 24 and 8 mIv beam ™' . The signal-to-noise represeniation causes the appearance
of the increasing noise towards the edpe of cach map 1o be suppressed.

Target o [J2000] & [J2000] z rms” [§3

[k m 3] [* ° “] [mlybeam™]  [arcmin’]
Abell 1163 161545.] -060831 0203 132 150
Bullet Cluster’ 0658292 -555645 029 1.2 210
Ahell 27447 0014 150 -302260 0308 1.5 210
AL 1147 1258523 -344655 0312 1.2 130
MS 1054-03° 1057002 -033727 08213 1.6 200



Why the Bullet Cluster (1E0657-56)? s >

s
N s o i

* Known bright, multiple-image, lensed submillimeter galaxy in the
background (z=2.8; Bradact+06, 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 speczs

(mostly in cluster / foreground)

e weak/strong lensing maps

Clowe et al. (2004)
Rex et al. (2009)
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Doug Clowe (Magellan/IMACS images) - o
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

Galaxy clusters: observations, physics and cosmology



BLAST vs SPIRE
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Wavelength (um)

Rieke et al. (2009)
Chary & Elbaz (2001)

Ltk T = Tdust 4 = Lrr/LMir T

Do these local templates adequately describe high-z galaxies?

Herschel Lensing Survey: lensing, cluster galaxies and the SZ effec
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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




That is all fine for imaging.
But we need spectroscopic
redshifts!!



Schematic and now dated
sub-mm spectrum of a
molecular cloud showing
fine structure & molecular
emission lines (only the
lowest rotational transition
IS shown).

Not all of the suggested

species have been detected.

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

Mo, 1, 2010 Az =279 LENSED LIRG BEHIND THE BULLET CLUSTER 247
Rost ‘Wavelsngit [um] Tahle 1
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I TR T T [ T N TR T N S S S use a power law to fit the underlying contimaom. We derive
a0 75 an 15 the redshift from the two strongest PAH features (6.2 gpm and

Wovalangéh [wm]

Figure L [R5 spectrus of the galacy, waken in the long-low maxde. The Jats ane
presinbid as e chadal Baslopram, with (he escortaintses. dboran by the haded
histogzam, The dol-gashal ime indicales the best G from PAHFIT, whilc the
hisghed curves cornespond B0 fils B the mdvicdoal PAH lines using Drude praliles
&l The Tormiikac oo Smith of &l (2007), The vestical marks ghons Thé spatirum
demide all speatzal Teatures robustly deteciod in our analysis

(A color version of this figore is mvailable in the online joemal.)

7.7 pm), obtaining z = 2.79] £ QLO0T. This redshift confirms
the photometric redshifts in the literature (7 ~ 2.7-2.9; Wilson
ct al. 2008; Gonzalez et al. 2009; Rex et al. 20097,

The derived fluxes for the PAH feawres are listed in
Table |. The flux ratio for the two highest 5/ lines,
ST pm)/ Fi6.2 pm) = 4.5 £ 1.1, can be compared with re-
sults from Pope er al. (2008) for SMGs. The star formation
dominated ShGs in the Pope ct al. sample {z -~ 1-2.5) have

Anve wnkiar im fha eamas <8 1T 4 T & Sne dhara DAL Tinse ]

red curve shows the histogram of the signal map.

~002
-5730"

0.04

G"58™42% 40° 38 36% 34% 32

Fig.2. SABOCA 350 ym map, overlaid with signal-to-noise contours
at £3.0c and + 3.4 (black and gray). SMM J0658 is clearly detected
in this image at 3.60 significance. We show also the positions of the
three images of SMM J0658 (red circles) and that of an infrared-bright
elliptical galaxy within the Bullet Cluster (white circle). The size of the
white circle is 1076, the FWHM of the SABOCA image. The green
line corresponds to the 3.50 level of the LABOCA 870 pum detection
and the yellow circle corresponds to the Herschel SPIRE 350 ym band
beam FWHM (see Rex et al. 2010).



ATNF Facilities: ATCA 6 x22m
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Table 1. Same ATCA propertics. — Zec the ATCA Users Guide (Table 1.1) for more details nnd ap-to-date information.

ATOA observing bands li-em®” B
(L/S) i
frequency range [GHz 1i-31 44-67%
number of antennns ] [
number of basclices 15 15

primary beam FWEIN dd'— 14

ET - T4

Fem 15-mm T-Tnim Fmm
(X) (K} Q) (W)
Fa-105 16-2% S0 -00  BS - 108
i ik i i
10 Lix 10 14
A I e ~ Tl "

Mt ATCA chearrving information can be foumd st wwew pormaded sl caim,audohesrming, including a link to the CABH Sensitivity

Oslelator which is highly recomemended Lo oblain abserving characteristis (g, l'.,m] af gpecilie fregpueneies and corpelslor sellings

(e alss Fig, 30, The ATCA poimary beam size (in sremin] can be approcimated by 500e whera o i the skeerving Freqeeney in GHz;

the MIRIAD isshk PEPLOT provides delsils of the primacy beam model (s Fig, 4], * In 20010 tha 1.5 GHz (20-cm) and 2.3 GHz (13cm)]

bands were combined inta ane broad band covering the frequency range frem 1.1 G0 3.1 GHe (now mefermsd to as the 16-cm bard ), Nota
that the 3- acd Gcrn bands can be used simultaceously,

the ringing that was commmonly seen with the original ATCA
and other correlators while observing narrow spectral lones,
» Modes providing high velocity resolution (for spectral
linar sbudies], high time reolution [for the study of et trun-
sients], or pulsar binning come as an addition to the basic
wide-bandwidth moscbes
s CABHR alo provides auto-cormelation data.

These improversents bave s major impact on the sei-
emtific ability of the ATCA [see expmples in § B), including
thie fullowing:

» ther mowch larger bancdwiddth reduces the B ceguized o
reach any particular continuwm sensitivity, and the increased

configuration chanee] width

primary bamd  pecondacy band
CFB 1M-0.5k 1.0 MH= 0485 kHz
CFE 4M-2k 4.0 MH= 1.853 kHz
CFE 16M -8k 16.0 MH= T.B12 kHz
CFE G4 -33% 640 MH= F1.250 kEHz

Talile 3. Basic CAHBE conligurations,

sampling depth allows for higher dynamic moge and lower
Fayaz

» parrow, independent channels allow for precise exciEion
o narrowhamd mtecference:



Table 1. Paramelers ol the ATCA ohservalions amed data.

Fhase center (J2000):

Fight asoension 0E"SE=3TA62
[Declination -55"5 TR
I mm

Cemfigaration 214H
Handpess calthrabor 1w21-293
Fhase calibrator 0537441
Frimsery flux calibralor Lranus
Prinsary beam FWHM kL
Synthesized beam 17T B
Channel velocity width 33 kms™
Final velocily resolulsn B0 kms™
Noaise level” 1.6 mly

7 mm

Comfiguration T50A and 7500
Bandpass calibratar 0337441
Fhase calibrator 072447
Frimsery flux calibralor Lranus
Frimary beam FWHM 11"
Synthesized beam 5w 1Th; —R
Channe] velocity width 98 kms™'
Fnal velocily resolulsn B kms™
MNoise level” 0.85 mly

DEC (J2000)

DEC (J2000)

42"

48"

54"

5700

06"

-55'57'18"

42"

48"

54"

57'00"

6"58™M40°

39°

38°
RA (J2000)

37°

36° 8"58™M40°

38°

RA (J2000)

4x107%



Lco = 3.25 x 107 ScoAvv 2
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2D 2(1+2)3

obs

DEC adiwal (nremes; 20000

I o -10 10 a -10 10 [ -10 10 0 -10
RA affail [arcese, J2000] RA offapl [aromes, J2000) RA edfsol (aresbe, J2000)

R affaul (arese, J2000)
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]
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Figged. Top: Channel maps at 3 mm, the bend inte which the CO{3-2) lne i3 redshifted. The white circles indicale the posilions of the Spateer
images A and B (GOD0). Emission is clearly seen near image B (the western image) in the seoond and thind panel. Fainl emission near Image A i3
:ae:linﬂLn-'IJ'linl]ﬁ.nel.'.l'.I'r:mnl.raJh'nlm.ﬁl}'n!'ba.l‘:hq‘;'h.a.nn.nJiJnmﬂlhﬂmumrkﬂm.htmﬂwidmu.r-rJI.'l]lrni"m:pl}nd.im
- W0 channels. The beam s shown in the bottom lefl comner. Botfom: Channel maps at 7 mm, the bamd into which the OO0 Lne is redshifled.
Mote the differenl scade of those maps: they &ne twice as large as the 3 mm maps. The beam, shown in the battom lelt corner, s elongated in the
nurth-south dirsclon. A continuum source 5 soen in every channel map aboul 20 anceeconds south of the two Spiteer :m.ag;: shown as while
circles. Emission 1 detected close 10 images A and B and 15 I:lm[mm'lhulhuﬂ panel. The channel width af - 300 ks carresponds by — 3
chanmels. The color bars show the range of surface brightnesses, in mJy beam™ .

Tahbe 2. Integrated flux densities and upper Limits on inleresting modecular ransilions in e ATCA bands.

Image A Image B Image A+B Image A+B

Line Vieu oo Integrted fux . L (e /1000 Flux BiA
[GiHz] [Jy km '] 110" K kma™ pet)
FCT-0) 115371 03007 029007 063 =010 21A=36 .8
BO3-2) M5796 08035 235+035 31E=050 127220 2 4:'”
HCM{4-3) 354460 <Kl < 3l
HOOR(4-3)  356.734 < B0 < 3
CE7-4) 342883 B B <14 <
ﬂ-ng'hl:n!n b:mpera.[‘ur! ralios (r)
03l osedy  0sel

Nobes. Uncertamnties correspond 10 the 1o level while upper limits are < 3cr. Inlegrated Aun values are desived From Ging poant souroes al te
positions of images A and B in the COC1-00 and O0(3-2) maps collapsed for velocilzes between 350 and +170 km ™", as deseribed in the text.
This velocity range was determined from the spectral exteal of the ©0(3-2) spectrum.



Declination (J2000)

Tt i B A
Right Ascension (J2000)

Fig.5. Hubble Space Telescope WHC3 1.6 pm image of the region around 553 Wa3E. The arange contours show Che OO0 inbegraled
mbensily of bolh images of 55 J065E and the T mm conlinuum emassion from he cluster galasy o the soulh, magenta coalours shaw the CO03
Z)integrated intensity. The comtours denote the 3, 4, Sor-levels, The two red squenes indicate the [ocaton of he two infrared Spiteer images, A o lbe
casd arkl B o the west (Gonzalee o al, 2009). The while circle shiws the exient of he ATCA PWEDM primary beam For the C0O(3-2) observations
(Chiz prirmary besm &1 7 mm 28 larper than the fiek] displayed bene). The alfsets seen between the varicos companents ane discussed in Sect. 5.1,



Figure 12: from [7]
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Fig. . OO 100 and O003-2) spectra as function of velosity and redshifl, showing thal both eenission lines originate from gas at lhe same systemic
wekncily. The upper panels show imdividus] spectra toward the positons of tmage A and B, The lower bl pane] shows the combined spectrum,
in which we also indicated the derived nedshift z = 27795 (dashed line) which is different from the redshilt derived by GO (z - 2,78, dovted
line). The velosity nesolution of both the CO{1-0) and O0(3-2) spectrum is 80 kms™' . The right lower panel shows the resalting spectrum when
coenbining the OO0 1-00 and OO(3-2) spectra tward Images A oand B Ia this panel we alio display the fited Ganssian, which 3 farther discassed
in thie Lext.
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D. Johansson ¢ ol Molecular gas and dust in @ haghly mogmihiced galaxy at 2 ~ 2.8

Table d. Simmuny el comppream of physical properties of SMM INGSR mal ol wes highly mapnificd SNGs

Source SMM JO658 SMMJ16359+6512 SMM J2135-0102
(1 (2} (3)
Reabni i 21793 25174 23759
Mg nificaion 0-115 45+ 1385 IP25+45
Subwin Nux density (mly) ~A.5 ~0).8" ~3
Leo-g (10° Kkms™* p=¥) 226236 - 173 £9
Loy (10° Kkms™' pe?) 12720 3712 1176 £08
M, (107 M.) 18203 15210 141
Moy (10° Mz) (12 L 4N L/ Ikpe)® 1513 0 80
Lane (1031, F 0.3 L0035 16104 23101
SER (Mo yr") 100 150 ~300 20) 1 20
SFE (Lo M1 10 ~320 165 L7
My (107 M) 115 19403 ~15
Tow (K) 13+5 51+13 (A 57+ 3

Nutes. Al vaslwes Twove bern correnstes] Toe (e fnclividal pravicatioos ] oepn foation Getonse @ Flua density soesesared 4 850 gon; the other two (i
densities were meesuresbal 870 poune For o salwom speactval idex af ~3 the Mo difMerenoe Fetween Qe Lo wavelengt s is kas fom 3% B st
size o the: CO-emitting, region. I Rext-franme inlraal hamosity bedween weevelengths 3 = 8=1000 jon. D St Mwnetiom eliciency, defimal ax

lan/Me, ' Dust temperatures for the extended and climpy dust component reparted by Danielson et al. (2017) far a two-phase model. (1) This
work; (2) Kne'b el ol (2004, 2005) (3) Dranie!son e al. (20710).
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SMGs Harris et al 2010

SMGs Ivison et al 201 1 - o
ULIRGs Solomon et al 1997 - o%
LIRGs Yao et al 2003 (¢)
Danielson et al 2010
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Fig.7. Far-infrared luminosity versus CO(1-0) luminosity for the
three galaxies summarized in Table 4: SMMIJO0658 (this study),
SMM J16359+6612 (Kneib et al. 2005) and SMM J2135-0102
(Danielson et al. 2010). Local LIRGs and ULIRGs (Yao et al. 2003;
Solomon et al. 1997) and high-redshift submm galaxies (Harris et al.
2010; Ivison et al. 2011) are also shown. Because SMM J16359+6612
has not been detected in CO(1-0), the CO(3-2) line luminosity was

converted using r3; = 0.6 (which appears appropriate for SMGs, see
Sect. 3.2.3). SMM JO658 is the least FIR-luminous high-redshift galaxy.







D Panance et al: Tae Bulict clusicor revisied
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The Stellar Mass
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e NoISe Kevels DUl COMPpOose the DUIK O e populatcn & ngn-z.

Making use of the CO(3-2) emisson line to estimate the molecular gas content (Bolatto,
Wolfire & Leroy 2013) in the "Cosmic Seagull” and following a similar approach as before, in
) we find a CO(3-2) velocity integraed flux density of 228 + 44mly kms™" (corrected by a
magnification y = 4. at 91.5 GHz). Using a classical (Solomon & Vanden Eout 2005) conver-
sion o get the CO(3-2) luminosity, L, . . from observed velocity integrated flux densitics, a
typiczl ratio (Carili & Waker 203)of L7 /L = 0.56 and an upper imit for a, of
30M, (K kms~" pc?i~! derived from the dynamical mass (M, < My, — M, ), we estimate a
maximum molkcular zas content of My, = (4.7 +1.4)x10” M,,. Ccnsidering the estimated dust
mass from tae MAGPHYS fit, M, = (1.86 £0.07) x 10°M_,, this results in a mazimum molecu-
lar gas-to-dust mass ratic of M, /M, , = 300+ 80. The corresponding maximumn molecular gas
fraction f,. = M, /(M +M,_ = 80 +2)% indicaes tha: barycnic mass 's mos: probably dom-
inated by the molecular gas as commonly fcund in noemal high-z zalaxics (Taccoai, Genzel, Neri
et al. 2010; Daddi, Bourraud, Walier et al. 2010) unless a, is reduced to0.8 M, (K kms™' pe?)
a value typical of disturbed ULIRG-like galaxies. Compard to the previous estimates obaired
with the ATCA e kscope (Johansson, Horellow. Lopez-Cruz etal. 20:2) which combined £ | and
o) flnxes, after sealing o the same o, and assiming an sveraged 4 = U at those positions, we
find that our results for f, .. are a factor of two higher, emphasizing the power of our new ALMA
observations gven the uncertantics introduced by diffesential magnification in previous f | and

Assaming a constant SFR. we estimate a molecular gas depletion time of > (.25 £0.03Gyr,
in agrement with these commonly seen in rotzting disk galaxies.
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We have detected CO for the first time using ATCA/
CABB We have refined on the redshift on the
brightest SMG behind the bullet cluster.
The derived masses are consistent with galaxies
smaller than the Milky Way. Therefore S1 (SMM
JO658) shouid be more representative of the overall
population of galaxies at z ~3.
Observations with ALMA will allow us to impose
tighter constrains on the physical properties of this
rather interesitng low-mass galaxy.
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- Also oqntams Parge scale magnetic
their origln by initial conditions)

* Distort the CMB through the Sunyaev-

ird to explain

¢ how much mass?
© 'slope’ of central profile
¢ subclumps?
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Mass Density Distribution
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Magnification Alone

OO
O O
O C
OO
O O
oNe
O O
O O
oNe
OO
O O
O Q0
oXe;
O 0
sXe;

G O

CoOoCOoROOLO0O0D
0000000000000
Coo00QOCOOOCQC

OO00O00LDOOODO0O0
OCoOODCODOCOODIOO
CoODOOOQOOUODO0O0
GCO00000D00000O0
NeNeEsNeReNoNoNoNoRoNoRoRe
QOODODOOOOOO0ODO
Q0000000000000

QA

- (- ﬁ_v |
(UILLoUR) 08(] aAIB|aY

L - B O W - B g W
- !

1

O
Relztve RA (arcmin)

—1

—2



Shear Alone
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Blue: randomly oriented galaxies. Red: sheared
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