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Why do CO Line Intensity Mapping?
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CO is an excellent probe of galaxy formation

- CO probes dense, molecular

hydrogen regions—the regions which
are about to collapse into stars
- Correlates tightly with a galaxy’s star
formation rate

- Extremely sensitive probe of feedback
processes

- Scientifically, it's a great complement to /
other LIM tracers

[Kovetz et al. 2017 via Breysse, Scientific American]
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CO s particularly interesting around star formation peaks
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e Targeting the CO(J=1-0) rovibrational Lookback time (Gyr)

transition at redshifts 2.4-3.4
o 26-34GHz R~ 1000
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e Targeting the CO(J=1-0) rovibrational
transition at redshifts 2.4-3.4
o 26-34GHz,R~ 1000
e 10.4 m Pathfinder instrument with 19-feed
focal plane array

[Cleary et al. 2022]
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Quick facts about the COMAP instrument
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e Targeting the CO(J=1-0) rovibrational e COMAP covers 12 deg? over 3 fields
transition at redshifts 2.4-3.4 o  Cosmological volume of 60 million Mpc?
o 26-34GHz R~ 1000
e 10.4 m Pathfinder instrument with 19-feed
focal plane array
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e Targeting the CO(J=1-0) rovibrational e COMAP covers 12 deg? over 3 fields
transition at redshifts 2.4-3.4 o  Cosmological volume of 60 million Mpc?
o 26-34GHz R~ 1000 e Season 2:25 - 50uK uncertainty

e 10.4 m Pathfinder instrument with 19-feed
focal plane array
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COMAP is currently partway through its planned Pathfinder survey

& 2019
Pathfinder Observing

%, o)

¥ 2022-2025
Operations

& Survey Science 1

& 20152019 |  Pathfinderisurvey
Pathfinder '
Construction &

Commissioning

Season 1
Season 3




COMAP

Delaney A. Dunne

Several future stages of COMAP are planned (and funded!)

A
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COMAP is also performing a mK-sensitivity Galactic Plane Survey
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[Rennie et al. 2022, arXiv: 2111.05932]
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Simple,
TOD noise-weighted Internal
pipeline mapmaker cross-correlations
Raw Cleaned
TOD TOD Maps Power Spectra

[Lunde et al. 2024, arXiv:2406.07510]



https://arxiv.org/abs/2406.07510

COMAP

Delaney A. Dunne

P(k) = Adysg Pn(h)

(Th)

()

.

+ P shot

kP(k) (uK? Mpc?)

[Chung et al. 2024, arXiv:2406.07512]
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Models:
—— Padmanabhan2018, fyuy = 1
——— Pullen+2013, Model B
¥ Keating+2020 clustering UL
1 === Keating+2020 Pg estimate

Li+2016-Keating+2020 LIM observations:
Chung+2022, UM+COLDz+COPSS (CO(1-0), z ~ 2.8, 95% UL /10 Cl)
Li+2016 -+ COPSS

Padmanabhan2018, fy,y = 0.1
Yang+22 empirical fit
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clustering
+ shot noise

kP(k) (uK? Mpc?)

[Chung et al. 2024, arXiv:2406.07512]
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30 10
——— COMAP S2 analysis
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[Chung et al. 2024, arXiv:2406.07512]
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The extended Baryon Oscillation Spectroscopic Survey (eBOSS):
e Quasi-Stellar Object (QSO, or Quasar) catalogue
e More than 750 000 objects total, 243 of which are in the COMAP footprint
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[Dunne et al. 2024]
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COMAP
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Field 1 (2798 objects) Field 2 (3829 objects) Field 3 (O objects)
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[Dunne et al. 2025b (in prep.)]
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Forecast: COMAP Y5 x LAEs
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Duplicate* COMAP Pathfinder for wide-field intensity mapping

e 10.4 m antenna at Owens Valley Radio
Observatory

e 19feeds covering 26-34 GHz
e 2 year observing campaign on ~400 deg?

e Science Targets: Cross-Correlations
o COx21cmatz~7
o  CO x Spectroscopic Galaxies at z~3
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Galaxies

(Credit: Adam Lidz)
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Summary

COMAP is an active LIM experiment targeting cosmic CO emission z~3
We have the tightest constraints available on the z~3 power spectrum
Joint analysis techniques with galaxy catalogues could constrain
cosmic CO further

Upcoming COMAP stages will expand into the EoR


http://comap.caltech.edu
http://delaneydunne.github.io
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CO foregrounds are comparatively minor

Galactic

Galactic free-free
synchrotron

e e DD .

0.016305 1.01989%e-11 0.0001

¥ Faint point sources :

BT I K OB

-8.86204e-06 0.0001 0.0008

Delaney A. Dunne
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COMAP Instrument - signal path
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Low-pass filter
Normalization
Subtract 1.0

Remove
atmospheric
template

Filter low-order
polynomial across
frequencies

PCA filter
Across all

frequencies and
feeds

Time-series: single feed, frequency and scan

—— Normafized TOD
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002 —— Polyfiltered TOD
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o m

0.01

102 —— Az/El templste subtractad TOD

2 e PCA filtered TOD

Delaney A. Dunne

FT of time-ordered data

Before normalization
After normalization

After Az/El template
subtraction

After polyfilter
After PCA filter
- 1/f best fits

Frequency [Hz]

[Lunde et al. 2024 (incl. Dunne )]
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1. Pipeline 2. Freq. Window 3. Pixel Window
1 A
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Feed(-Group) Pseudo Cross-Power Spectrum (FPXS/FGPXS)
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Results — Null Test Framework

# Difference map null tests
= 312 =26 (null variables)
x 3 (fields)
x 2 (fast and slow scans)
x 2 (1D and 2D avg. FGPXS)

(For the interested: A list of all 312 PTEs are in the paper)

Delaney A. Dunne

Kolmogorov-Smirnov probabilities-to-exceed (KS PTEs) [%]

Spherically-averaged (1D) Cylindrically-averaged (2D)
Field 1 Field 2 Field 3 Field 1 Field 3
Combined | Slow  Fast Slow  Fast Slow Fast Slow Slow
58.7 5.5 N 16.9 24.1 41.8 489 321 8.4 72.0
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Data reduction and mapmaking:
arXiv:2406.07510

Power spectrum constraints:
arXiv:2406.07511

Implications for cosmic CO:
arXiv:2406.07512

COMARP Pathfinder — Season 2 results
I. Improved data selection and processing

J.G. 5. Lunde! 8, N.-0, Stutzer'5] P, C. Breyssc® 78} D. T. Chus
K S. . Harper'” T
1.R. Bond'

COMAP Pathfinder — Season 2 results
Il. Updated constraints on the CO(1-0) power spectrum

P.C.Brey D.T. Chu

COMAP Pathfinder — Season 2 results
1ll. Implications for cosmic molecular gas content
at “Cosmic Half-past Eleven”
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-0, Sutzer ST :
. E. Harpe Har i
el r N Murray 0. . ). Pearson®, L. Philip"*. A.
i D ool

Physis. Depitmentof iy,

Doshak o, Yo
Daruncat ofPysis b Asiormy Universt o Bish Colombia, Vascouve, BC Canad VET 121 Canada

i el 1998


https://arxiv.org/abs/2406.07510
https://arxiv.org/abs/2406.07511
https://arxiv.org/abs/2406.07512

COMAP

Unfiltered maps
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Filtered maps
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3.0 X104
——— COMAP Y1 analysis

25 = ; COPSS re-analysis
— ~——— COMAP Y1 + COPSS joint analysis
2124 =
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clustering
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[Chung et al. 2024, arXiv:2406.07512]
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COMAP
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OVRO is in the northern hemisphere, so S ' o7 ,
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