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The New Frontier of Cold Gas

Current instruments have yielded
dozens of high-redshift CO and [Cll] detections...
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...but what are the prospects for wide-field, wideband surveys
to measure emission arising from millions or billions of galaxies?
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Why Wide-Field?

Molecular Gas is incredibly complex:

CO, [Cll] is dependent on chemistry, feedback, etc.;
understanding how its ties to molecular gas requires
both detailed studies and large, statistical samples

Image Credit: Alberto Bolatto

Cosmological applications:
Multiple cosmology-related measurements
require > 1 deg?

A wealth of full-sky/large-area data:
Entering an era of large, multi-wavelength ,
full sky surveys (photo + spec) C-—»*'
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Extracting Galaxy Emission

Direct Detection: Faint objects
can be prohibitively expensive.

Needs ancillary data

Intensity Mapping:
Excellent for faint sources, requires
strong control of systematics.
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Extracting Galaxy Emission

Keating et al., 2016
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- Onsmaller scales (< 1'), it measures contributions from individual galaxies
- Onlarger scales (> 1'), it probes contributions from the cosmic web
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Think Big, Go Small!

SZA DiShes COPSS Collaborators:

Karto Keating (PI; SAO, formerly Berkeley/UCPD)
Geoff Bower (ASIAA) Erik Leitch (CalTech)

The CO Power SpECtrum Survey John Carlstrom (Chicago) =~ Dan Marrone (Arizona)

Tzu-Ching Chang (ASIAA) Amber Miller (Columbia)

(CO PSS) Dave Deboer (Berkeley) Stephan Muchovej (CalTech)
Chris Greer (Arizona) Dick Plambeck (Berkeley)
Carl Heiles (Berkeley) David Woody (CalTech)

James Lamb (CalTech)
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Primary Survey Results

CO Power Spectrum CO Redshift Evolution
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First (tentative) detection! Py = 3.0%13 x 103 uK?* (Mpc/h)3
Weak evidence (~ 10) of increasing power with decreasing redshift.

Keating et al., 2016
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The CO Luminosity Function
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Cosmic Molecular Gas

—— Obreschkow and Rawlings (2009)
' Lagos et al. (2011)
Sargent et al. (2014)
107+ Popping et al. (2015)
' Model Uncertainties (1o)

10;" Keres et al. (2003) 1
: Walter et al. (2014)

Low Metallicity acg = 11 M (K km s~ pe=2)~L
@ \Miky Wayorg =43 M, (Kkms !pe?)!
A SVG/DSFG ag =2 M, (Kkms! pe2)!
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Current State of Cold Gas Surveys
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Progress in Intensity Mapping
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Future CO/[CIl] Intensity Mapping

The Mllllmeter Intensity Mapping Experiment (mmIME):
“It only looks like there’s nothing there”
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\ VLA, ACA and SMA are well-suited for intensity
mapping cross-correlation studies!
T Karto Keating (Pl; CfA/SAO)
Geoff Bower (ASIAA) Natalie Mashian (CfA)

Tzu-Ching Chang (ASIAA) Dan Marrone (Arizona)
Anastasia Fialkov (CfA)  Wei-Hao Wang (ASIAA)
Avi Loeb (CfA)
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Recent Progress with mmIME

VLA COSMOS Continuum Image

Presently analyzing a 500 hour 1
VLA legacy project, targeting CO
in GOODS-N and COSMOS.
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Recent Progress with mmIME

107 ¢ | —"— COPSS 1l Noise Limit

v— ACA C4 Noise Limit

2w ACA completed a 40 hour
4 survey in Cycle 4, targeting VLA
Xt region in COSMOS in Band 3
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Recent Progress with mmIME
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Comments and Questions

Concluding points:

* The cold gas of typical high-redshift galaxies a critical piece of
the star-formation puzzle of the early Universe

* Intensity mapping of CO/[CII] offers an inexpensive way to probe
- cold gas, that would otherwise be difficult to detect directly

o5 The first generatlon of experlments and mstruments are comlng
onlme now, stay tuned' £
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