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Cosmic evolution of star formation in galaxies since the highest redshifts
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We want to study high-z star formation from the far-IR
Obtain probes comparable in depth to UV rest frame studies (e.g., UDF)
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Cosmic evolution of the molecular gas content in galaxies since the highest redshifts
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What'’s the role and content of molecular gas in early galaxy assembly ?
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early ALMA science
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How deep we can go with ALMA now and then: continuum

Early Science: 16 antennas and 2 GHz full polarization bandwidth
(case for unresolved emission, compact configuration, 1 track of 8h)
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It takes minutes of integration times
To detect any Herschel source or any
SMG known to date

(already in early science)

In 1 track: 0.3mJy@850um, ImJy@450um

ALMA final: 50 antennas and 8 GHz full polarization bandwidth:
—> continuum: 6.3 times deeper at fixed t,, 40 times faster to a given f,
—> lines: 3 times deeper at fixed t;,;, 10 times faster to a given f,
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How deep we can go with ALMA: SFRs/L;

Early Science: 16 antennas and 2 GHz full polarization bandwidth
(case for unresolved emission, compact configuration, 1 track of 8h
Use Chary & Elbaz template shape for Lz =10 L)
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SFR{M

To z=1—2 most of the optical/near IR selected galaxies are within reach in 1 track

" Arp220 ®

z=1
Elbaz et al 07

Down to a few 10710 Msun for disk galaxies on the ‘main sequence’ (mass-SFR correl.)

- -
* -
en
S ta o e
N -
-
ey *” 3
Ser
-
e
%
" .
-
-
-

1000

]

—_—
~
L

-~
L

SFR(mid—IR+UV) [Mgyr-!

—
o

-

T ITIIIII

T

b)
=2

Daddi et al 07 : =
o 8] 5 H D-D

R EE T

Stellar Mass [\1“]

E W 8 P g ﬁfg-og,-- RE o ]
C g 880 o 9 O0hp0 N
- = .dp -o--"dJCE [ n -
= o o e ; o o -
o @ !D'éq’ é’ & =
I DDU BDDm C& o 0O o
0" Dhend ® oiE .p o
L = O D.c-"'?;ﬂx? J e -
..} Efgl liD-ll
'
g .'Edb g % DDB o
— D —
- o 3 ]
1 ool : 1 ool
100 1011




Similar mass limit applies to higher-z, but massive galaxies are not there!
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Detecting the z¥6—7 LBGs will definitely need the full ALMA
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How deep we can go with ALMA: SFRs/L

Early Science: 16 antennas and 2 GHz full polarization bandwidth
(case for unresolved emission, compact configuration, 1 track of 8h
Use Chary & Elbaz template shape for Lz =10 L)
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How deep we can go with ALMA: SFRs/L

Early Science: 16 antennas and 2 GHz full polarization bandwidth
(case for unresolved emission, compact configuration, 1 track of 8h
Use Chary & Elbaz template shape for Lz =10 L)

1014 ||IIII| I T I|III|| 104

GOODS depth radio/24um
20uly@24um 15uly@1.4GHz

T TTTTT
N

T
AN

Most sources easily within reach

1013 3 1000 Expecially at high-z

i g
1012 - 10073
)
[0
.
N
101t E < 10
1010 1 | 1|| a ] ] 1 L v 1

Redshift



How deep we can go with ALMA: SFRs/L

Early Science: 16 antennas and 2 GHz full polarization bandwidth
(case for unresolved emission, compact configuration, 1 track of 8h
Use Chary & Elbaz template shape for Lz =10 L)
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How wide we can go with ALMA: not a survey machine (?)

Number of

Pointings

UDF 10 150
10 arcmin”?2

GOODS 300 4500
300 arcmin”2

0.1

Beam FWHM area (arcmin?)
Beam FWHM size (arcsec)

COSMOS 7200 10°
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Frequency (GHz)

But, e.g., full GOODS-S field to 20mJy@450 (all Herschel-SPIRE sources above confusion):

—>~150h of integration time with 16 antennas (and subarcsec resolution versus 30” Herschel)
= <10h with 50 antennas



How wide we can go with ALMA: not a survey machine (?)
Which is the best band for continuum surveys ?

1 track / 1 pointing 1 track / 1 arcmin?
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Most efficient band for surveys: Imm (or 450um at z<1). All ULIRGs any z, 1track/larcmin?
But overall, differences are not big, at z>2 850um to 3mm are comparable
- Multiband surveys should provide redshift sensitive informations for reasonable fraction



Optical Deep Field

z<1.5 z>1.5



(Hypothetical) Submillimeter Deep Field

Gal_axies Zz<1.5

z<1.5 z>1.5



Molecular gas in massive galaxies at z=1.5-2.5
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5—climits in 1 track [Jy*km/s]

How deep we can go with ALMA: Molecular lines
Early Science: 16 antennas and 2 GHz full polarization bandwidth

(case for unresolved emission, compact configuration, 1 track of 8h)
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Reach ~0.1-0.2 Jy*km/s at 1—3mm
0.5 Jy*km/s at 450um

Obijects studied so far will be
easy to detect



Massive Galaxies at z=1.5-2.5 --- ALMA simulations

input: BzK galaxy at z~1.5 with CO(2-1) peak: 1mly
[typical values in Daddi, Tacconi for BzK galaxy with SFR~100M,, yr]

- ALMA Early Science - - ALMA Early Science
1 hr = 0.45 mlJy/beam 1 hr, 1 o= 0.45 mly/bea
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2-3 sigma detection in 1h (2-3 times faster than PdBI)



Massive Galaxies at z=1.5-2.5 --- ALMA simulations

input: BzK galaxy at z~1.5 with CO(2-1) peak: 1mly
[typical values in Daddi, Tacconi for BzK galaxy with SFR~100M,, yr]

ALMA Early Science
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Massive Galaxies at z=1.5-2.5 --- ALMA simulations

input: BzK galaxy at z~1.5 with CO(2-1) peak: 1mly
[typical values in Daddi, Tacconi for BzK galaxy with SFR~100M,, yr]

- ALMA Full array
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Massive Galaxies at z=1.5-2.5 --- ALMA simulations

input: BzK galaxy at z~1.5 with CO(2-1) peak: 1mly

[typical values in Daddi, Tacconi for BzK galaxy with SFR~100M, yrt, M,,~ few 101° M

sun]

10h with full ALMA - multiple serendipitous CO detections in any field of view !!

Frequency [GHz]

Frequency [GHz]

| T T ' T | T T T
ALMA Full array ALMA Full array
10 hr, 1 o= 0.044 mlJy/beam ] 10 hr, 1 o= 0.044 mlJy/beam ]
< <
o o
= < @) g (qp] O
o o o (@)
{ | { 1 —_— )
':‘ = ‘ 7 ':‘ —_— q- v I N
E LS = £ 2 &
h; Z [ <Ir h; 1 Z S~ |
. o “ LN B ) m O ‘
O A v ¥
. | @) o L -
[_" ‘\‘\, ol u”“ Voo g , Lodi ) M -M ‘\" Y A ol ”'I" fml "i /\ J “ [1 ~
L’l‘r“,‘f‘! ‘»“;,_‘Qlﬂl‘!_,‘,’ \4"‘[ {)F "-L‘.‘.'f"| h 11‘ \ "] \‘ u\h ‘“ "f‘ M VM y*q \"‘,i" ’ W " % ~""w_ﬁ" e \ﬂ' f" ’4 ‘ “ n ;\ 'J 1\' (i \h',! ",1'_,““'\?4
I 1 1 L l 1 'l 1 I 1 1 1 I I 1 1 L l 1 'l 1 I I 1
88 90 92 94 88 90 92 94



Less massive Galaxies at z=1.5-2.5 --- ALMA simulation

so far, only the brightest BzKs have been looked at:
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Massive Galaxies at z=1.5-2.5 --- Resolving the Gas

science drivers: resolved dynamical analysis — resolved star formation law
-- evidence for interaction

BzK-21000: CO[2—-1] over F775W
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Sources are extended on ~1” scales.
1kpc resolution (0.15”) = ~50 independent beams

previous example: S/N=25 in 50 km/s channel for the full source.



Calibrating Mdyn/a,, estimate through clumpy disks simulations (Daddi et al 2010)
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CO Line redshift coverage for ALMA and EVLA
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Excitation is important

normalized '?CO flux density
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CO Line redshift coverage for ALMA and EVLA
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200 flux BzK-21000 (z=1.522)

BzK-21000 z=1.521 we tried to look at CO54, detected! 15— , S
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L', (funny units)
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How deep we can go with ALMA: Molecular lines
Early Science: 16 antennas and 2 GHz full polarization bandwidth

(case for unresolved emission, compact configuration, 1 track of 8h)

co[5-4]

Excitation pattern of BzK-21000
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Normal galaxies might be hard to detect at high redshift z>3 (due to the low excitation)
Full ALMA will get us 3x deeper at fixed time = 3x10%° in Mg, gas at z=5 in 1 track



Amazing regularity in the gas luminosity
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But notice: both axis require a factor to convert to physical props:
GCO (L’CO'>Mgas) and ”\/“: (L|R-> SFR)
Small scatter - both vary little in relative terms




How deep we can go with ALMA: Molecular lines

Early Science: 16 antennas and 2 GHz full polarization bandwidth
(case for unresolved emission, compact configuration, 1 track of 8h)
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Up to z~2 we’ll be able to detect CO
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CO Line redshift coverage for ALMA and EVLA

atomic lines:
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[Cll] to the rescue at z>6

Flux density (mJy per beam)
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e [Cll] size ~ 1.5 kpc =>SFR/area ~ 1000 M, yr! kpc
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e Maximal starburst: (Thompson, Quataert, Murray 2005)

» Self-gravitating gas disk, Vertical support: radiation pressure

» ‘Eddington limited” SFR/area ~ 1000 M, yr! kpc
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ALMA Early Science and galaxy formation and evolution

e Early Science with 16 antennas already powerful for galaxy formation

* detect SFR>30M, yr! up to very high-z (3 Mg yrifull ALMA)

e ALMA will not be a wide-field survey machine (but survey capabilities exist)
e big improvement in CO studies over existing state of the art

* low excitation of CO and uncertainties in a., will pose problems

¢ at z<2 CO easier; at z>3 continuum easier (for normal galaxies)

e other molecular/atomic tracers will become detectable/important (Cll/etc)




