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How does the Universe evolve?

Key phases of cosmic history Cosmic star formation
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How does the Universe evolve?

Key phases of cosmic history Cosmic star formation
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The origins of structure with galaxy surveys

Imaging (for source detection) + Spectroscopy (for redshifts
\

»aLab "/ athin slice in DESI year 1 data "
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The origins of structure with intensity mapping

use all photons, bypass source detection, trade resolution for efficiency in volume & depth

galaxy size = few kpc
] 1000x
typical cosmology scale cut = few Mpc

additional information:
faint end + low surface brightness + diffuse gas



The origins of structure with intensity mapping

use all photons, bypass source detection, trade resolution for efficiency in volume & depth

galaxy size = few kpc
] 1000x
typical cosmology scale cut = few Mpc

CMB as a 2D example

additional information:

faint end + low surface brightness + diffuse gas



Line intensity mapping (LIM) for a 3D view

CO: traces fuel of star formation

CO rotational transition




Line intensity mapping (LIM) for a 3D view

CO: traces fuel of star formation

CO rotational transition

[Cll] excited state
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Experimental landscape and exciting recent progress
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Experimental landscape and exciting recent progress
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Experimental landscape and exciting recent progress
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Experimental landscape and exciting recent progress

v — COMAP (Chung+24)

Models: —— Li+2016—Keating+2020 LIM observations:
Padmanabhan2018, fguy =1 -~ Chung+2022, UM+COLDz+COPSS (CO(1-0), z ~ 2.8, 95% UL /1o Cl)
Pullen+2013, Model B — Li+2016 COPSS
Keating+2020 clustering UL “***- Padmanabhan2018, fgyy = 0.1 COMAP Season 1
Keating+2020 Pg, estimate —— Yang+22 empirical fit H8 COMAP Season 2 (this work)
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KP(K) (1K Mpc?)

Experimental landscape and exciting recent progress
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1 mmIME

We just don’t know the CO & [CII] line strengths yet |.-

—— Li+2016—Keating+2020
Padmanabhan2018, fguy =1 - Chung+2022, UM+COLDz+COPSS

Pullen+2013, Model B — Li+2016
Keating+2020 clustering UL  --*-- Padmanabhan2018, fyuy = 0.1

\67'_: - Keating+2020 Pg,, estimate —— Yang+22 empirical fit

LIM observations:
(CO(1-0),z ~ 2.8, 95% UL /10 Cl)
COPSS
COMAP Season 1
H8 COMAP Season 2 (this work)
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Best bet for a first CO / [CIl] detection?

0 Spectroscopic, R>700 LIM surveys e How about R~3 maps
are not yet deep or wide enough x galaxy surveys?

line dominated continuum dominated
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11 broadband mm-FIR maps covering 50-fold frequencies

Planck Herschel

YKC+ 2025 ApJ
YKC 2026 Nat. Astron
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11 broadband mm-FIR maps covering 50-fold frequencies

Planck Herschel IRAS
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11 broadband mm-FIR maps covering 50-fold frequencies

Planck Herschel
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Tomographic CIB spectrum + small line excess
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Tomographic CIB spectrum + small line excess
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Cosmic star formation is 80% dust-obscured

Tightest CSFR

— constraint
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Cosmic star formation is 80% dust-obscured

Tightest CSFR
constraint

No cosmic variance
No SED systematic

Complete to the
faintest galaxies

What drives the dramatic evolution?
Change in molecule fuel or star-formation efficiency?

YKC+ 2025
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Fit 0 functions for lines, jointly with the continuum
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First cosmic mean CO & [CIl] detections
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First cosmic mean CO & [CIl] detections
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Mean CO & [CII] anchors 3D LIM and CMB foreground
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Molecular gas fueling as driver of cosmic star-formation
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Depletion, replenishment, & universal star-formation law

depletion time, SF efficiency 1-
10 _: ('I\l—l ///
i | L’
. g
E = V4 O
e — (/p] O - ///
-E ; t"’ COS’TMC qc) TL Rl
O 1 = \' O > ///
+ 2 : \.\- Wlm‘“- (D) e
@ o Main-Sequ: —— O ©
% Q nc g IaxieS T — qg E
T 4y a coni+20) (:,3) v —1 -
% T~
O 0.1 - NN |
5 redshift z
_ O 3 4
] tdep — pHZ/pSFR _D -
0 1 2 3 4 4
redshift z
YKC 2026 Nat. Astron. gas surface density

Yi-Kuan Chiang (ASIAA) June 10 2026 @ OSU CCAPP's 20th Anniversary



warm peutrol
and ionized gas

formation of

cold HI clouds disruption of

stellar

formation of ;
evolution

molecular clouds

star formation



mean brightness temperature T, [uK]
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11 R=3 FIR to mm maps (108 pixels)

Intensity mapping

Summary

galaxy surveys

¢ First detection of the cosmic CO and [CIl] backgrounds

e Empirical anchors for future 3D line intensity mapping surveys

e Revealing a large but limited molecular reservoir regulating cosmic star formation
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