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IN A GALAXY FAR AWAY ...

Looking back in time!

Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
400,000 yrs. Galaxies, Planets, etc.
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1st Stars
about 400 million yrs.

Big Bang Expansion
13.7 billion years
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Evolution of galaxies: production of stars, metals, and molecules
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CO AT HIGH REDSHIFT
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QSOs: FEW MOLECULAR LINE OBSERVATIONS

® Forz>2: 100000
~35000 quasars known 10000
1000

~30 have CO detections
100
10
® Small number due to: 1

sensitivity, bandwidth, ...
® Typically single object studies
® -~ 1/3 QSOs are FIR bright

. All quasars
B QSOs w/ CO obs
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redshift z 0 2 4 6
Universe age | 13.7 @ 3.3 .6 | 0.95

CO in quasars




COINZz =4 -5 QUASARS

CO in z=4-5 quasars

Knudsen, Bertoldi et al. 5




REDSHIFT

Example: J0808
stss=4.4562,
Zzco=4.4173
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CO in z=4-5 quasars




H> AT 2=2.8

Imagnification| ~*80 x

Lensed dwarf galaxy
M* ~ 4XIO9 Msun

Hy: Tex = 377 K
MH2 - 2XIO8Msun
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Wavelength m
i el Gonzalez et al. 2010

H2 at high-z 7




H->O AT HIGH REDSHIFT

B para H2O 202 - 11, 9879GHz | nsed Herschel source:
£ e0r SPD.17b, z=2.305
2 [ H20 / CO similar to Mrk231
5 7 Omont et al. 2011)
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Lensed quasar:
—t MG 0414+0534, z=2.64

1 + S - Possibly associated with circum-
. nuclear accretion disk or jet
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HIGH DENSITY TRACERS

APMO08279 (z=3.9) Vs [GHZ]
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e.g. Solomon et al. 2003; Garcia-Burillo et al. 2006; Riechers et al. 2007, 2009, 2011

High density tracers 9




HIGH DENSITY TRACERS (HCN)

HCN flux density APM JOB279+5255 (z=3.9)
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Riechers et al. 2011
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APMO08279:
Strong IR radiation field.

Collisional excitation not enough,
_likely radiative excitation
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NGC253 (Knudsen et al. 2007)

High density tracers
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HIGH DENSITY TRACERS (HCN):
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THE EYELASH - EXAMPLE OF LENSING
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The ‘Eyelash’ —
the (apparently) brightest source known

[serendipitous LABOCA detection]
lensing gives 200pc resolution

in source plane Danielson et al. 2011

—>Very luminous, compact HITTeg.




THE EYELASH - EXAMPLE OF LENSING

LVG model PDR model
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The ‘Eyelash’ -
two components based on CO
excitation and dust emission:
1) low-dense, ~25K, 1-2kpc
2) high-dense, ~60K, ~200pc

Danielson et al. 2011

CO excitation 13




CO LINE SEDs

IRAM 30m CO SED survey
(1, 2, 3mm bands)

Weiss, Walter, Downes, Henkel, in prep.

CO excitation
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CO LINE SEDs

normalized '2CO flux density

* single gas component

Orm— T T T T T T T 1 QSO turnover: >6-5
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Weiss et al., in prep.

CO excitation
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MASSIVE GAS RESERVOIRS

z~2 gal’s: not extreme starbursts, but massive gas reservoirs
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BzK-21000 BzK-4171 BzK-12591 BzK-16000 BzK-17999 BzK-2553(
z=1.522 z=1.4635 z=1.600 z=1.522 z=1414 z=1.459
= 6 of 6 detected in CO, ~10 kpc size

= Mg,s> 10'° M,, ~ high-z HyLIRG
(SMG, QSO host)

But:
" SFR < 10% HyLIRG

HST

Star forming SED and Disk-like Morphology (n< 2.5):

o
.

" 5 arcmin2 (vs 0.05 for SMGs)

=> common, ‘normal’ high-z galaxies

- SFR/M. const. w/ M.: ‘pre-downsizing’
Daddi ea. 2007, 2008, 2009, Tacconi et al. 2010, Genzel et al. 2010
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OTHER GALAXIES, DIFFERENT EXCITATION
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DISK DIMMING DUE TO CMB

From Axel Weiss

CO excitation
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CO, C*, [CI] AT HIGH REDSHIFT
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MASSIVE GALAXIES AT z=1.5-2.5, ALMA SIMULATIONS

From: Fabian Walter

ALMA simulations




QSOs AT z=6 WITH ALMA

From: Fabian Walter

ALMA simulations




PAHS IN HIGH-Z GALAXIES
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- Low AGN contribution, intense starburst activity
- Differences with local starbursts, possibly due to extinction

*¢ "tog (L7.7um)

e.g. Menendez-Delmestre et al. 2009; Pope et al. 2008

PAHs
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SUMMARY

e Growing number of detections of molecular gas at high-z!

e Detections of HCN, HCO*, CN, H20, only in a few extreme objects
(quasars and lensed starburst galaxies).

e EXxcitation of gas shows a variety of conditions

e Example: The Eyelash - CO line SED shows the a composite of
low-dense and high-dense gas.

e Massive galaxies with low excitation molecular gas.

e At high-z, the CMB will impact the observations of cold, diffuse
gas in e.g. disks.

¢ High-z PAH studies allowing to probe differences between high-z
starbursts and local ULIRGs.

e With full-array ALMA, astrochemistry in high-z galaxies will
become possible.

Summary 23




