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Madau plot is a work in progress

SFRs uncertain due
to lack of infrared
observations

Fainter galaxies
absent from the
galaxy catalogs

We really need to
know in order to be
sure that galaxies
powered the EoR

plot from Madau +14
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The solution is the PS of a LIM tomography

Tomographies of lines
that trace the SFR

Intensity at each
voxel is the integrated
emission from
multiple galaxies,
including the faint
ones

We can measure the
PS, tracing the first
and the second
moment of the LF.
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Fred Young Submillimeter Telescope (FYST)

6-meter telescope at
5600 meters

Includes
spectro-imager that
operates at
submillimeter
wavelengths

Novel optical design
for high-throughput,
fast scanning, optimal
for LIM

First light 2024
Photo provided from CCAT-prime Collaboration
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A range of predictions of the [CII] (post-)EoR PS

Plot from CCAT-prime Collaboration et al. 2022
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The problem with the foregrounds
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A very simple model

To observe the z > 2
[CII] universe, we
have to get rid of the
CO z < 2 influence

We model the CO
emission using the
same
simulation-based
approach

We then propose a
masking technique
based on an external
catalog
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A very simple model

We start from the
SFR of the TNG
simulation

We assume a
constant depletion
time and αCO

Molecular gas mass in
good agreement with
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Mixing CO SLEDs
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The ISM of any galaxy is a mix of a MS and Staburst ISMs

We use CO SLED observations of the MW and NGC 253

Each mock galaxy gets a linear combination based on its
distance from the MS
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Range of CO foregrounds predictions
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Our fiducial forecast comes from the SLED mixing approach

The luminous foregrounds model comes from giving all
galaxies a starburst SLED

The faint foregrounds model comes from giving all galaxies a
MS SLED
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Mean and variance of the line intensities
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Mean [CII] intensity same level as the CO lines at 350 GHz

Low J CO lines less spectrally smooth

Ideal for aggressive masking
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The mock external catalog

E-COSMOS,
E-Chandra or Euclid
Deep fields

Stellar mass
completeness between
COSMOS2015 and
COSMOS2020
compatible with
Euclid Deep Fields

Gives the position
and distance from MS
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How deep should we mask?

The answer varies a
lot due to the large
range of CO and [CII]
predictions

Characterizing the
foregrounds is going
to be one of the early
science goals

The changes in the
total PS as we map
deeper will help us
rule out extreme CO
models
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How deep should we mask?

0 10 20 30 40 50 60 70
Percentage of Voxels Masked

104

105

k3 P
/2

2
(Jy

/s
r)2

[CII]

CO

280 GHz

All CO transitions, k = 0.1 Mpc 1

0 10 20 30 40 50
Percentage of Voxels Masked

104

105

106

k3 P
/2

2
(Jy

/s
r)2

[CII]

CO

350 GHz

All CO transitions, k = 0.1 Mpc 1

First, we test the impact of masking on the CO, neglecting
any influence it has on the [CII]

The results vary a lot depending on the model, but as
expected, the future looks bright for > 300 GHz and
challenging for < 300 GHz
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The effect of masking on the [CII] Power Spectrum
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Recap: Key Points

Aims

Trace the high-z SFR by measuring power spectrum of [CII] line in
(post-)EoR galaxies. But first: mitigate CO influence from lower-z
galaxies

Methods

Create models for signal and foregrounds using TNG simulation,
test masking technique based on external catalog

Results

Bright future for z < 5, challenging for z > 5. CO foreground
characterization is a main objective of FYST early science
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