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Introduction

From Fig. 6 of ACT DR6 paper

High ℓ analysis
cosmic variance

foregrounds contamination

Contaminants of the primary CMB signal 
clean CMB signal and extract information from the early 

Universe

Tracers of the matter density field 
clustering studies, formation and evolution of the LSS, 

and information on astrophysical processes
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IntroductionIntroduction Halo Model

Halo Occupation Distribution

● Satellite galaxies

● Central galaxies

Tinker & Wetzel (2010)

Single galaxy population 
models for CIB

Lagache et al. (2003)
Maniyar et al. (2018, 2021)

Viero et al. (2013)

Early-type (ET) galaxies

Late-type (LT) galaxies

● old stellar population
● formation redshift >1.5
● low star formation
● reside in massive haloes

● young stellar population
● formation redshift <1.5
● high star formation
● reside in less massive haloes

Zagatti et al. 2024
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Emissivity function (luminosity function)

● Clustering term
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Emissivity function (luminosity function)

● Clustering term ● Shot Noise term
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Planck 
(P14)

Planck-Lenz 
analysis (L19)

Herschel-SPIRE 
(V19)

Dataset Frequency 
channels 

(GHz)

Multipole 
range

P14 217, 353, 545, 
857

150-2500

L19 353, 545, 857 75-2500

V19 600, 857, 1200 600-11000

● Different frequencies are sensitive to different 
galaxy populations

● Different scales are sensitive to different power 
spectrum components



Giorgia Zagatti SF2A, Grenoble - 23/06/2026 6 of 12

Introduction Halo Model CIB Model Datasets

Planck 
(P14)

Planck-Lenz 
analysis (L19)

Herschel-SPIRE 
(V19)

Dataset Frequency 
channels 

(GHz)

Multipole 
range

P14 217, 353, 545, 
857

150-2500

L19 353, 545, 857 75-2500

V19 600, 857, 1200 600-11000

● Different frequencies are sensitive to different 
galaxy populations

● Different scales are sensitive to different power 
spectrum components



Giorgia Zagatti SF2A, Grenoble - 23/06/2026 7 of 12

Introduction Halo Model CIB Model Datasets Results

Planck data

Zagatti et al. 2024

● 𝛼ET unconstrained



Giorgia Zagatti SF2A, Grenoble - 23/06/2026 7 of 12 

Introduction Halo Model CIB Model Datasets Results

Planck data

Zagatti et al. 2024

● 𝛼ET unconstrained

Planck-Lenz analysis

Zagatti et al. 2024

● Too high χ2 , only qualitative 

conclusions

Hint of possible dust contamination



Giorgia Zagatti SF2A, Grenoble - 23/06/2026 7 of 12 

Introduction Halo Model CIB Model Datasets Results

Planck data

Zagatti et al. 2024

● 𝛼ET unconstrained

Lenz data

Zagatti et al. 2024

Lenz data

Zagatti et al. 2024

● Too high χ2 , only qualitative 

conclusions

Hint of possible dust contamination

Planck-Lenz analysis



Giorgia Zagatti SF2A, Grenoble - 23/06/2026 7 of 12 

Introduction Halo Model CIB Model Datasets Results

Planck data

Zagatti et al. 2024

● 𝛼ET unconstrained

Lenz data

Zagatti et al. 2024

Lenz data

Zagatti et al. 2024

● Too high χ2 , only qualitative 

conclusions

Hint of possible dust contamination

Planck-Lenz analysis Herschel-SPIRE data

Zagatti et al. 2024

● 𝛼ET constrained



Giorgia Zagatti SF2A, Grenoble - 23/06/2026 7 of 12 

Introduction Halo Model CIB Model Datasets Results

Planck data

Zagatti et al. 2024

● 𝛼ET unconstrained

Herschel-SPIRE data

Zagatti et al. 2024

● 𝛼ET constrained



Giorgia Zagatti SF2A, Grenoble - 23/06/2026 7 of 12 

Introduction Halo Model CIB Model Datasets Results

Planck data

Zagatti et al. 2024

● 𝛼ET unconstrained

Herschel-SPIRE data

Zagatti et al. 2024

● 𝛼ET constrained



Giorgia Zagatti SF2A, Grenoble - 23/06/2026 8 of 12 

Introduction Halo Model CIB Model Datasets Results

Planck and Herschel-SPIRE comparison

Zagatti et al. 2024

5σ tension between the best fit values of the minimum mass 
for ET galaxies.

All the attempts to alleviate the tension among the two 
datasets have failed.

● No unique model for 
all frequencies and 
angular scales

● No joint fit

● Issues with the 
datasets
Maniyar et al. (2018, 2021)
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z

𝜈rest

𝜈rest

𝜈rest

z1

z3

Extragalactic Carbon-Monoxide (CO)
Diatomic Molecule

Carbon Oxigen

Rotational transition
J→J−1

NO continuous spectrum

𝜈rest ~ 115 GHz

z2

Extragalactic CO as a continuous emission

A forgotten signal in CMB 
analysis pipelines?
Maniyar+23
Kokron+24
Mehta+25

Different CO transitions originating at different redshifts can be observed 
within the same CMB frequency band
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spectra of different tracers and their cross 

correlations
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Halo Model formalism employed to compute power 
spectra of different tracers and their cross 

correlations

COxCIB comparable to other 
extragalactic signals included in 

CMB analyses
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Introduction Halo Model CIB Model Datasets Results Conclusions

Cosmic Infrared Background

● Implementation of a full shape two 
galaxy population description of the 
CIB based on a Halo Model framework

● Improvement with respect to 
available single galaxy population 
models

● Same dataset-related issues found by 
previous works

Extragalactic CO

● Extension of the Halo Model to the 
evaluation of the extragalactic CO 
power spectrum

● Analytic model for COxCO and COxCIB 
power spectra

Need of a physically motivated and 
comprehensive model of foregrounds 

emission for forthcoming CMB 
experiments
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●

●

●

Non-linear galaxy power 
spectrum in a halo model 

framework



Two-galaxy-populations model
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More massive and more static 
DM haloes 

Less massive DM haloes, 
which more likely merge with 

other low mass DM haloes 



Emissivity functions
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NB: broader contribution over 
redshifts from ET galaxies.
The fact that we don’t expect 
any contribution from ET 
galaxies at very low redshifts 
is encoded in the emissivity 
functions (cut-off).

flux densitySurface density of sources 
per unit flux density and 

redshift interval LF

The luminosity function for ET galaxies is a convolution of the halo formation rate (obtained 
as the time derivative of the hmf) and the galaxy luminosity distribution (log-normal 
distribution).

Required an empirical parameterization for the luminosity function of LT galaxies. (Cai et al. 2013)
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Dataset Total 
area 

(deg2)

Frequenc
y 

channels 
(GHz)

Multipole 
range

Binning 
scheme

Color 
Correc

tion

P14 2240 217, 353, 
545, 857

150-2500 Logarithmic 1.119, 
1.097, 
1.068, 
0.995

L19 2240 353, 545, 
857

75-2500 Linear 1.097, 
1.068, 
0.995

V19 90 600, 857, 
1200

600-11000 Linear and 
logarithmic

0.9988, 
0.9929, 
0.9957

ET

ET + LT

clustering

shot noise



Different contribution in frequency
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favours detecting the 
integrated CIB from rare, 
bright, high-z starbursts 
(ET progenitors) rather 

than resolving individual 
faint LT galaxies

can start resolving 
the LT population 

individually



P14 without 217 GHz
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Smaller shift in the 2D posterior 
distributions. To understand this we 
need to look at the full parameter 
space explored by the fit. We find a 
tension in the two scenarios for the 
value of the shot noise level of the 217 
GHz frequency channel. Specifically, 
we obtain a value for the shot noise 
level which is higher in the case with 
free correlations than in the case with 
fixed correlations. We also see that 
the correlation coefficients involving 
the 217 GHz frequency channel are 
significantly lower than unity. We 
explain this behavior by noting the 
degeneracy between the shot noise 
level and the correlation coefficients 
at 217 GHz, which P14 data are not 
able to break. Specifically, they are 
anti-correlated, meaning that a shift 
of the shot noise level toward a lower 
value, closer to the one obtained in 
the first scenario, leads to higher 
values of the corr coeff.

The exclusion of the 217GHz frequency channel makes the results of the fits 
more stable among the two scenarios.



P14 Shot Noise correlations
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L19 re-analysis
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Three different datasets obtained after a 
re-analysis of the maps.
● The first version of the data set was 

obtained applying the same neutral 
hydrogen column density (NHI) threshold 
of 2.5 x 1020 cm-2 across all three 
frequency channels (blue curve).

● The second data set applied a lower NHI 
threshold of 1.5 x 1020 cm-2 across all 
channels to explore the impact of dust 
and in particular of dust residuals in the 
analysis (green curve).

● The third data set has been obtained 
following the prescription of L19 and 
imposing a different threshold for each 
frequency channel. Specifically we set 
NHI = 2.5 x 1020 cm-2 , 2.0 x 1020 cm-2  and 1.8 
x 1020 cm-2  for 353, 545 and 857 GHz 
respectively (orange curve).



L19 dust contamination
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the two higher frequency channels result 
in much higher best-fit values for the 
Mmin of ET galaxies. Recalling that this 
clustering parameter acts as a re-scaling 
of the power spectrum, the high values 
could possibly be hinting at an excess of 
power coming from dust residuals.

more aggressive mask, so smaller 
contamination. The behavior of the 
posterior distributions of the 
clustering parameters changes 
significantly.  There is no tension 
between the minimum masses of ET 
galaxies, supporting the hypothesis 
of a dust residual.

different thresholds for the three 
frequency channels, showed no 
significant differences from the second 
data set, except for the 353 GHz 
frequency channel which provided 
more constraining power due to more 
data retained.



P14 model vs data
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L19 model vs data
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Data model comparison
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Model-Data comparison

Instrumental response
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CO power spectrum
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COxCO COxCIB

●                                                    emission/geometric kernel

○                                        mean emissivity

■                           central CO luminosity
■                           satellite CO luminosity

●                                                            COxCO power spectrum

○                                                                                1h term

○                                                                                 2h term

○                                                                            shot noise

For the COxCIB power spectrum I’m using my 2 
populations CIB model (so 2 sets of HOD 
parameters) and an effective HOD for the CO 
population.

○                                                                                         1h term

○                                                                                 2h term

○                                                                                          shot                                                     
……………………………………………………………………….noise



COxCO vs COxCIB
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COxCO

COxCIB



eCO: comparison with previous works (all simulation based)

Giorgia Zagatti SF2A, Grenoble - 23/06/2026


