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Why CO x 21-cm?
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LOFAR Ultra-Deep Observation (LUDO)
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LOFAR Ultra-Deep Observation (LUDO)

e The field: Euclid Deep Field North (EDFN)

e 3,200 hours (400 x 8 hour observations) at 0.3” resolution

e Dithering pattern of 5 pointings to provide more even sensitivity across central 3.7
deg?2

e Field of view will be larger for lower resolution imaging (but impacted by confusion
noise)

TACOS @ SHSU



LOFAR Ultra-Deep Observation (LUDO)
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Forecasting Tools:

o OLIMpUS An effective model for line intensity mapping auto- and cross- power spectra in cosmic dawn and

reionization

https://github.com/slibanore/oLIMpus Libanore, Mufoz and Kovetz, oLIMpus: An Effective Model for Line Intensity Mapping

Auto- and Cross- Power Spectra in Cosmic Dawn and Reionization, arXiv:2507.15922

o LIM Stat A end-to-end pipeline for the simulation and analysis of line intensity maps

https://github.com/McGill-Cosmic-Dawn-Group/LIMstat Sarah Libanore

Hannah Fronenberg

TACOS @ SHSU


https://github.com/slibanore/oLIMpus
https://arxiv.org/abs/2507.15922
https://github.com/McGill-Cosmic-Dawn-Group/LIMstat

-

(P Zeus21

correlations.py
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LIMstat

Simulate 21cm Foregrounds

Generate
synchrotron emission
with pygsm?

Generate free-free

emission 7

I

Generate

Cosmological Fields

ra1,cn(k),
Pai(k),
Prei(k)

i—J—V

Gen

21cm map

erate || Generate

[CHl] map

Generate
GLEAMZ- like

unresolved point

source background

Interferometer Observation

bright radio
source sample

Simulate CO line

interlopers?

Find line
interlopers for
fregs of interest

Sample CO
Schechter
functions to find

Nemiters

Sample CO luminorty
functions to generate |-
foreground map

Single Dish Instrument

given observed
sky patch

Compute beam for

Observation

Y

Convolve map with

Compute and add

From antenna
positions,

generate UV map

Remove

\

redundant

Bin UV map according
to observed patch of

—>|

baserlines

sky

FFT sky map T

L Multiply UV map
and FFT of sky

Generate and add

thermal noise

Take inverse FFT

of resultant map

1 pygsm: Oliveira-Costa+ (2008) and Zheng + (2016)
2 This line interloper algorithm was heavily inspired by Cheng, Chang, &
Bock (2020)

3 GLEAM: Franzen+(2019)

TACOS @ SHSU
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Simulation
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Simulation
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Preliminary Results
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S/N ~0.2

FoV ~ 12 deg?
c_rms ~ 600 uk

z =17, Lil6/Keating20 model



Preliminary Results
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S/N ~ 4

t obs ~ 1000 hr



Preliminary Results

S/N ~0.3
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Thank you!
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Backup Slides

Our final CO model, from Yang et al. (2021a), provides
fitting functions optimized for intensity mapping based on
semianalytic models (SAMs) from Yang et al. (2021b). Un-
like most of the above models, which rely heavily on empiri-
cal scalings, it attempts to self-consistently model the under-
lying physics that gives rise to CO emission. The SAMs are
calibrated to a wide variety of galaxy observations, including
lower-redshift CO lines. By providing fitting functions, this
model enables easy application of the SAM results to inten-
sity mapping forecasts like our work here. Mass-luminosity
functions here take the form

-1
L M [/ M\ ™® M\?

The double-power-law shape of Eq. (35) is common to many
data-driven treatments of star formation tracers (see, e.g.
Moster et al. 2010; Padmanabhan 2018). Values of N, M;,
a, and (3 are provided for both CO lines, as well as sepa-
rate fitting functions for o and fyuty. We assume Mpyin =
10%° Mg, which here is set by the resolution limits of the
semianalytic simulations.
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Backup Slides
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Backup Slides

M, = f.fo My, (10)

where f, = Q/Qm is the baryon fraction (which we take
to be mass independent) and the mass accretion rate M;,
is found from the extended Press-Schechter formalism fit-
ted in Neistein & van den Bosch (2006) (we also include an
exponential model, where M}, (2) o e** with o = 0.5 Schnei-
der et al. 2021 as an alternative). In both cases we assume
a functional form for the efficiency

2 €«

% M = utys i |
f ( h) (Mh/Mpivot)_a* = = (Mh/Mpivot)_'B* fd i ( )
where
fduty — exp(_Mturn/Mh) (12)
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