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Dust-obscured activity dominates the build-up of

stars and black holes in galaxies
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Dust-obscured activity dominates the build-up of
stars and black holes in galaxies
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Stars and black holes grow together in galaxies

Correlation Between Black Hole Mass

and Bulge Mass
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Dust-obscured activity dominates the build-up of
_stars and black holes in galaxies
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Outstanding Questions:

e How is the star formation linked to the black hole growth?

Can we separate emission from each in our observations?

® Are the mechanisms of triggering and fueling star formation
during the peak period of z=1-3 different from those in the
local Universe?
How do the interstellar medium conditions differ during the

peak period of z=1-3 from those in local galaxies?
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How do we probe the interstellar medium (gas

and dust) in high redshift galaxies?

The Largest Interstellar Molecules...
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Luminosity density (WHz!)

How do we probe the interstellar medium (gas
and dust) in high redshift galaxies?
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: How do we probe the interstellar medium (gas
and dust) in high redshift galaxies?

Luminosity density (WHz!)
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Spitzer mid-IR spectroscopy is
sensitive to:

1) radiation heating the dust :
star formation (SF) or AGN

2) PAHs tell you about dust
composition




: How do we probe the interstellar medium (gas
and dust) in high redshift galaxies?

Luminosity density (WHz!)
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Herschel imaging samples the
peak of the dust emission:

1) dust temperatures

2) total IR luminosity
(proxy for SFR)
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g How do we probe the interstellar medium (gas A

and dust) in high redshift galaxies?

¢® Herschel
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g How do we probe the interstellar medium (gas A

and dust) in high redshift galaxies?
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Large Millimeter
Telescope (LMT)

o Currently operating
in Early Science mode

o 50m millimeter as a 32.5m telescope

telescope in Mexico

o Early science
o 15,000 ft: Excellent

mm site

Instrumentation:
-AZzTEC 1.1mm camera
(FWHM=8 arcsec )

- Redshift Search
Receiver (RSR) 3mm

o Owned by UMass

and Mexico

5 50 m LMT [~2016]
= 1/3 the collecting
area of ALMA

Mazatign® 1
\‘ 1 AMPICo
) §
° i “uxpan
Guadalajara LT
- MEXICOO . ” .chﬂClo:
Manzanilio ™ Pusbls =~
2 ~ s
Lazaro Cardends™ ik
Acapulcd™~

Time lapse video from June 2013, courtesy of James Lowenthal
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: How can we probe the interstellar medium (gas
and dust) in high redshift galaxies?
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o ' j » Spitzer mid-IR spectroscopy
'TE j is sensitive to the radiation
= 10 MIPS A :y heating the dust : SF or AGN
:);; . |+ Herschel imaging samples
2 . } the peak of the dust

Goal: Understand how dusty star formation and black
hole growth proceeds during the peak epoch

Approach: Link multi-wavelength diagnostics qf the ISM

in high redsb{'ft dusty galaxies




-

Decomposing Spitzer mid-IR spectra into
two main components:

2. Active Galactic Nuclei:
Power-law + extinction

1. Star formation:
Polycyclic aromatic hydrocarbons (PAH)

emission lines + extinction
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Number of Sources
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Redshift

Redshift range: 0.2-4
All sources have mid-IR spectroscopy

Photometry from Herschel, Spitzer, and
ground—based telescopes

\Kirkpatrick, Pope, et al. in prep

High redshift mid-IR spectra supersample

343 galaxies from Spitzer FLS and
GOODS

Selected at 24 U m:

S24 > 0.9 m]Jy (xFLS)
S24 > 0.2 m]Jy (GOODS)
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Split 343 galaxies into 3 categories:
Star Forming Galaxies — 30%
Composites — 34%

AGN — 36%

Average SEDs:
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" SEDs as a function of mid-IR AGN fraction
(based on spectral decomposition)

Want to look for evolution in
SED properties with redshift, L,
and AGN fraction

Create SED template libraries by
stacking sources to control for

these parameters

. AGN fraction

Kirkpatrick, Pope, et al. in prep
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Evolution in cold dust component
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Cold Temperature (K)

Evolution in cold dust Component
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Evolution in cold dust Component
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Cold Temperature (K)

Evolution in cold dust Component
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Evolution in cold dust component
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Composites sources: same amount of cold dust

as SFGS but same warm dust temperature as AGN
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Composites sources

S,/ S,, (Observed)

are important
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Take away points

1. Composite sources really do show a mix of AGN and

SF activity across the SED (MIR and FIR)

2. Composite sources can be significant contaminants to
samples of “star forming galaxies”

3. The AGN component of the total IR SED can be
significant — need to account for this when calculating

SFR from L




Take away points

1. Composite sources really do show a mix of AGN and
SF activity across the SED (MIR and FIR)

2. Composite sources can be significant contaminants to
samples of “star forrning galaxies”

3. The AGN component of the total IR SED can be
significant —need to account for this when
calculating SFR from L,
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Linking molecular gas and star formation at high redshift:
Integrated Schmidt-Kennicutt relation

K Daddi et al. 2010; Genzel et al. 2010 /




EARLY SCIENCE WITH THE LARGE MILLIMETER TELESCOPE: EXPLORING THE EFFECT OF AGN
ACTIVITY ON THE RELATIONSHIPS BETWEEN MOLECULAR GAS, DUST, AND STAR FORMATION

ALLISON KIRKPATRICK', ALEXANDRA POPE', ITzIAR ARETXAGA?, LEE ARMUS®, DANIELA CALZETTI', GEORGE HELOU",
ALFREDO MONTANA?, GOPAL NARAYANAN', F. PETER SCHLOERB!, YOoNG SHI’, OLGgA VEGA®, MIN YUN!

2014, ApJ, 796, 135

Observations: LMT/RSR CO(1-0) detections for AGN and SF galaxies
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NEW: AzTEC
1.1lmm imaging
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Log(LIR/LCO)
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Need to account for AGN emission when using these diagnostics
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Outstanding Questions

e How is the star formation linked to the black hole growth?

Can we separate emission from each in our observations?

e Are the mechanisms of triggering and fueling star formation
during the peak period of z=1-3 different from those in the
local Universe?

How do the interstellar medium conditions differ during the
peak period of z=1-3 from those in local galaxies?
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More cold dust and enhanced PAH

emission at high redshift
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Enhanced PAH emission at high redshift ...
similar to enhanced [CIl] emission?
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Enhanced PAH emission at high redshift ...
similar to enhanced [CIl] emission?
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Gracia-Carpio et al. 2011
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Link between enhanced PAH emission at
high redshift and more molecular gas
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Link between enhanced PAH emission at

high redshift and more molecular gas
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SUMMARY

e How i1s the star formation linked to the black hole growth?

Can we separate emission from each in our observations?

o Yes: decompose IR SED into SF and AGN components. Many

galaxies show significant emission from both: “composite galaxies”

o We observe differences in the cool and warm dust temperatures
between the AGN, composite and SF galaxies => AGN heat the

dust to higher temperatures and can account for up to 80% of L,

o AGN emission must be subtracted when calculating SFRs (e.g S-K)




SUMMARY

e Are the mechanisms of triggering and fueling star formation
during the peak period of z=1-3 different from those in the
local Universe?

How do the interstellar medium conditions differ during the
peak period of z=1-3 from those in local galaxies?

o Enhanced PAH emission is linked to the increased molecular gas in

high redshift galaxies -> star formation in scaled up PDRs?

ALMA+large single dish (sub)mm telescopes (e.g. LMT) are
allowing us to push studies of the ISM down to typical L”
galaxies that are dominating the SFRD




g Workin progress LMT Frontier Fields Program A
Pls: A. Pope, A. Montana

AZTEC S/N image
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