PSZ2 G313.33+61.13 (Abell 1689): Model Fit

 The analysis effectively constrains the model
geometry at the few percent level.

« Compared to the similar gas-only analysis using
X-ray and SZ data presented in Sereno et al.
(2012), the axial ratios and elongation
parameters in our study demonstrate a
substantial improvement, with uncertainties an
order of magnitude lower.

dICM,1 qICM,2 cos 6 €| Reference

0./0x 015 0.81x0.16 0O.70 £ 0.29|1.68 £ 0.53 Serenoetal.(2012)
063014 0.7/0£0.16 093 +0.06 116 £0.10 Umetsuetal.(2015)
065£0.02/ 079002 2096 [1.24+0.03 Thiswork
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O Intensity Mapping for Capturing
Star-formation History in the Early
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Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
400,000 yrs. Galaxies, Planets, etc.

Inflation

Quantu
Fluctuations

1st Stars
about 400 million yrs.

Big Bang Expansion

13.7 billion years

NASA/WMAP Science Team

https:/map.gsfc.nasa.gov/media/060915/index.html

JUNHAN KIM, 72ND WORKSHOP ON GRAVITATIONAL WAVES AND NUMERICGAL RELATIVITY (05/01/2024) Korea Advanced Institute of

Science andTechnology



https://map.gsfc.nasa.gov/media/060915/index.html

History of the Universe

Multipole moment, 4 Dark Energy

13 B0 50 1000 1500 2000 \ccelerated Expansion
Afterglow Light
Pattern
400,000 yrs.

Inflation

1
xX
-
v
=
Q
~
!
=
O
-
=
D
-
-
-—
V)
—
L
(&8
=

e

Angu lar0 Szca le ‘.""o ::
.

. . o |
Cosmic Microwave i
Background (CMB) Quantun

Fluctuations
pa Galaxy surveys
z = 0-1+
E/Planck Collaboration https:/ma NMsvlgcpnaszm ov/media/060915/index.html

Science andTechnology

JUNHAN KIM, 72ND WORKSHOP ON GRAVITATIONAL WAVES AND NUMERICAL RELATIVITY (05/01/2024) IKAIST  KoreaAdvanced institute of
- E—



https://map.gsfc.nasa.gov/media/060915/index.html

Carbon Monoxide (CO)

 Tracer of cold molecular gas, the fuel
for star formation.

e The second most abundant molecule
In the gas phase.

* Line emissions at multiples of ~115 GHz.
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Line Intensity Mapping (LIM)

 LIM is sensitive to the “aggregate line emission from all galaxies in the line of sight”.

(convolved with ~5 arcmin beam)

CO Intensity Map

CO Power Spectrum

Fourier transform

Multipole moment, £
500 1000 1500 2000

l[emperature fluctuations | u K |

k (Mpc~)

Angular scale
all Of the photonS! Kovetz et al. (2017), Cleary et al. (2022), Credit: Patrick Breysse & Dongwoo Chung
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CO Mapping Array Project (COMAP)

Peak of the

» CO probes cold molecular gas, the fuel for star formation. Star-formation History
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COMAP Pathfinder

« Site: Owens Valley Radio Observatory (OVRO), CA
 Telescope: “Leighton” dish (10.4 m)
 Receiver: 26-34 GHz (z=2.4-3.4)

* 19-pixel, single-polarization focal plane array
 Backend digitization

e 38 ROACH2 spectrometers, 2 MHz resolution

Cleary et al. (2022)

JUNHAN KIM, 72ND WORKSHOP ON GRAVITATIONAL WAVES AND NUMERICGAL RELATIVITY (05/01/2024) Korea Advanced Institute of

Science andTechnology




COMAP Pathfinder: Season 1 Results
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COMAP Pathfinder: Season 1 Results
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OMAP Early Science Papers (2022)
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Figure 1. COMAP Pathfinder Season 1 constrairt (cink] on the redshift-cpace CO(1-0) power scectrum at Z ~ 3, zlchgside
the predictions from various maodels and our Year Z Pathfincer sensitivity forecast (blue shaded area). The models inc'ude (i)
the fiducial COMAP cata-driven model from Chung et al. (Z027) ("UM+CQIL D7+COFSS"), (i) an altarnat ve modzl from
Keating et al. (2020) ("Li+20165-Keatng—2020") with emission ‘rom “a nt galaxies that may be missed by the surveys
informing the fiducicl madeal, and (il mode's based on L(My) relations from Padmanaoshar (2017), Fullen et a. [2013), and L
et al. (2016). Also shown is the result from anotner CO LIM experimert, COPSS, that targeted the shcot-noise comporent of
the power spectrum IKeating 2t al. 2016). For each, the legenc indicates the expected signa-to-roise rat o with which we
waould reject thz null hypathesis (1.2, excluding samplza variance from the calculation)
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