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LIM Benefits from Joint Analyses with Galaxy Surveys

e |mproved sensitivity

e Robustness against
systematics and
foregrounds

e Multiple tracers helpin
understanding galaxy
formation and evolution

[Kovetz et al. 2017 via Breysse, Scientific American]
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There are a Variety of Joint Analyses Available

[Chung et al. 2019]
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3D Stacking
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[Breysse 2022]



3D Stacking Delaney A. Dunne | delaneydunne.github.io

There are a Variety of Joint Analyses Available

e How would you optimize an
experiment for stacking?

e Whereis the stacked signal
coming from?

e What can the stack alone tell
us about astrophysics?
Cosmology?

3D Stacking

[Dunne et al. 2024]
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What is 3D Stacking?
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What is a Stacking Analysis?

e Galaxy catalogues can be used as tracers
of large-scale structure
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What is a Stacking Analysis?

Simulated Data Cube

e Galaxy catalogues can be used as tracers

of large-scale structure
e \oxels containing a bright catalogue object
likely contain an excess of LIM emission
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Simulated Data Cube
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3D Stacking is a Simple Joint Analysis

Nobj Improvement in sensitivity



3D Stacking

What is a Stacking Analysis?

e Galaxy catalogues can be used as tracers
of large-scale structure

e \oxels containing a bright catalogue object
likely contain an excess of CO emission

e Averaging these voxels together will
reduce noise

Delaney A. Dunne | delaneydunne.github.io

Simulated Data Cube
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What is a Stacking Analysis?

e Galaxy catalogues can be used as tracers
of large-scale structure .

e \oxels containing a bright catalogue object ‘
likely contain an excess of LIM emission

e Averaging these voxels together will
reduce noise

e Cutouts can then be analyzed for
large-scale fluctuations

Simulated Data Cube
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What is a Stacking Analysis?

e (Galaxy catalogues can be used as tracers
of large-scale structure E

e \oxels containing a bright catalogue object
likely contain an excess of LIM emission

e Averaging these voxels together will
reduce noise

e Cutouts can then be analyzed for
large-scale fluctuations

e A smaller aperture is summed over to do
final statistics

Simulated Data Cube
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L

LIM Experiment Blind Galaxy Survey
CO(1-0) Lya
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We simulate a futuristic version of COMAP for this analysis

2 2
2 6 ‘ T - =
». ] k=0.25 cMpc »
" A I Y
2 : 2
~ 2 - : E
E : £
¥ 0- fa-= NS
~ I

\8 I ; I \8
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Frequency Offset (GHz)

[Dunne et al. 2025]
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[Dunne et al. 2025]
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—_ R (Av/v)
- 103 107
18 1 T = —_ — 93.75 MHz Aperture
- 18 - —— Aperture = Channel Width
-1 16 :
= T T s
A 14 -1 = 14 :__
1 ) ! 1 =
12 i
121 1 i 8 1 i
| 10 | 1 T
10 —— i
1 8 ] 1
3 ; 5 5 T 100
Beam Width (arcmin) Channel Width (km/s)
Improved spatial resolution Improved spectral resolution



3D Stacking Delaney A. Dunne | delaneydunne.github.io




Delaney A. Dunne | delaneydunne.github.io

3D Stacking
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[Dunne et al. 2025]
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3D Stacking
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\ Stack Luminosity _
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[Dunne et al. 2025]
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[Dunne et al. 2025]
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[Dunne et al. 2025]
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I Default
[0 Bright
1 FRaint

10 20 30 40 50

Signal-to-Noise Ratio [Dunne et al. 2025]
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3D Stacking

I Default
[0 Bright
1 FRaint
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243 quasars across the 3 COMAP fields
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[Dunne et al. 2024]
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[Dunne et al. 2025b (in prep.)]
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Conclusions

arXiv:2503.21743 () .  Seancycuinc

joint limlam mocker

Stacking on LIM data measures galaxy populations in aggregate
The ideal galaxy catalogue for stacking has as many galaxies as possible

Catalogues of higher-mass halos give better stack S/N


https://github.com/delaneydunne/joint_limlam_mocker
https://github.com/delaneydunne/joint_limlam_mocker
https://arxiv.org/abs/2503.21743

COMAP Early Science Delaney Dunne

Extra
Slides
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What is a Stacking Analysis?

Catalogue selection
function

| \
1
(Lum) = 5 me(m,,-,p»x ﬂ

N(My,;)

LM+ > Lipg(May)
‘ , n=0

Selected halo
All other halos

‘Eht—-]';‘-ﬂ_,-f ""'_Jq‘\_‘_[_L—

Simulated Data Cube
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1.

Use the mass-peak patch algorithm (Stein et al. 2019) to generate a catalog of DM halos

1.00 7

0751 .
0.50 ..

025

Dec (Deg)

—0.25 A

0.004 .

-050 &

-0.754

N
we

-1.00

RA (Deqg)

5 l. T T T T T T
-1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00

13.0

125

log(Mhaio)

11.5

11.0

10.5

dn/dlogigM [Mpc—3]

Delaney A. Dunne | delaneydunne.github.io

10.5

11.0

11.5

12.0
l0g(Mhnaio)

12.5

13.0

135




3D Stacking

Delaney A. Dunne | delaneydunne.github.io

2. Paint luminosities for two different galaxy tracers onto each DM halo
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3. Add (correlated) scatter to each set of luminosity values
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3D Stacking
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4. Convert the LIM (CO) luminosities into a fluctuation map
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3D Stacking

8. Make observability cuts to create a synthetic galaxy catalog
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3D Stacking
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3. Paint galaxy catalog tracer luminosities onto each DM halo
(using abundance-matching)
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3D Stacking

log(L'cat/L o)

4. Add (correlated) scatter to each set of luminosity values
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7. Add COMAP-equivalent radiometer noise i Tsys
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Simulation pipeline workflow

Add Spectral
line
interlopers

Calculate halo Smooth by Synthetic 3D
linewidths telescope beam LIM Cube

Generate LIM
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Noise
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observability
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positives uncertainties

DM Halo
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Synthetic
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Number of DM halos
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Number of DM halos
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How does improved resolution improve stack S/N?
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Contribution from the Contribution from all other
catalogued halo halos
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‘Default’ galaxy catalog
(LAE-like)

‘Bright’ galaxy catalog
(quasar-like)
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3D Stacking

—— Default

18 A
<N

3 16
o
=

V4 14 -
X
S

1 124

10 A

)

(L'col(L'co, o

[Dunne et al. 2025]




Delaney A. Dunne | delaneydunne.github.io

3D Stacking
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Interlopers
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