
Euclid-INFN@TO Activity Report 
2024

Stefano Camera 
Dipartimento di Fisica, Università degli Studi di Torino, Italy



Federico Montano 
[1st-yr PhD Student] 

Detection of relativistic 
effects in power spectrum 
(cross-correlations, multi-
tracer, flux-tomography)

Stefano Camera 
[Associate Professor] 

Interface between 
theoretical and 

observational cosmology; 
multi-wavelength synergies 

Euclid Builder, ECPG-S 
member, DR1 KP-JC-1 

Coordinator

Lorenzo Fatibene 
[Full Professor] 

General relativity and 
extended theories of gravity 

Covariant metrologic 
conventions to fill the gap 

between theory and 
experiments

Sam Rossiter 
[3rd-yr PhD Student] 

Modelling of relativistic 
corrections to galaxy 
clustering bispectrum

Jiakang (Jack) Han 
[1st-yr PhD Student] 

Forecasts for CIB-
clustering/lensing cross-

correlations

St
ef

an
o 

C
am

er
a 

Eu
cl

id
-IN

FN
@

TO
 A

ct
iv

ity
 R

ep
or

t 2
0

24
 

11
 · 

IX
 · 

20
24

Giulia Piccirilli 
[Postdoctoral Researcher] 

Cosmology w/ Euclid and 
SKAO pathfinders/

precursors in auto- and 
cross-correlations

Francesco Pace 
[Researcher] 

Theoretical tools for linear 
and non-linear 

perturbations; comparison 
of theory vs data vs N-body 

simulations 

SWG-Theory WP7 Lead

Matteo Luca Ruggiero 
[Researcher] 

General relativity and 
extended theories of gravity 

Congruence of light like 
geodesic trajectories

Nicolao Fornengo 
[Full Professor] 

Particle dark matter 
modelling and indirect 

detection; multi-wavelength 
synergies 

  Cross-correlation of 
Euclid’s clustering/lensing 

and gamma ray maps

Benedict Bahr Kalus 
[Postdoctoral Researcher] 

Cosmology w/ Euclid and 
SKAO pathfinders/

precursors in auto- and 
cross-correlations

Euclid-INFN@TO Group



Euclid-INFN@TO Group
FT

Es

1

2

3

4

5

2020 2021 2022 2023 2024 2025

4,6

3,9
3,7

3,2

2,82,8

4,6

3,9

3,7

3,2

2,82,8

St
ef

an
o 

C
am

er
a 

Eu
cl

id
-IN

FN
@

TO
 A

ct
iv

ity
 R

ep
or

t 2
0

24
 

11
 · 

IX
 · 

20
24



Euclid-INFN@TO Group

• Who are we? 
• Active and proactive group; built up momentum over the years; diverse set of skills, building 

bridges between theory and observations; good balance between senior and junior 
members (~30% w/ management roles and ~70% working on projects)
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Euclid-INFN@TO Group

• Who are we? 
• Active and proactive group; built up momentum over the years; diverse set of skills, building 

bridges between theory and observations; good balance between senior and junior 
members (~30% w/ management roles and ~70% working on projects) 

• Proficiencies and know-how 
• Large-scale structure of the Universe; cosmological perturbations (linear and non-linear 

regimes); extended models of gravity for dark matter and dark energy; modelling of power 
spectra in Fourier and harmonic space; novel observables and multi-wavelength synergies; 
development of techniques to detect of yet-unobserved effects
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Euclid-INFN@TO Group

• Who are we? 
• Active and proactive group; built up momentum over the years; diverse set of skills, building 

bridges between theory and observations; good balance between senior and junior 
members (~30% w/ management roles and ~70% working on projects) 

• Proficiencies and know-how 
• Large-scale structure of the Universe; cosmological perturbations (linear and non-linear 

regimes); extended models of gravity for dark matter and dark energy; modelling of power 
spectra in Fourier and harmonic space; novel observables and multi-wavelength synergies; 
development of techniques to detect of yet-unobserved effects 

• Involvement in the Euclid Consortium 
• Galaxy Clustering, Weak Lensing, Theory, and CMBX Science Working Groups (SWGs) 
• Inter SWG Taskforces (ISTs) for Forecasts, Likelihood, and Non-linearities 
• Diversity Committee, Publication Group, pre-launch and DR1 Key Project (KP) coordination
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Research activities in 2024

• Milestone 
• Submission to the Euclid Consortium Editorial Board of KP-GC-7 Paper 11 (Euclid 

Collaboration: Turin et al.) [see later]
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Research activities in 2024

• Milestone 
• Submission to the Euclid Consortium Editorial Board of KP-GC-7 Paper 11 (Euclid 

Collaboration: Turin et al.) [see later] 

• Other deliverables 

1. Euclid Collaboration: Tanidis et al. A&A, 683, A17 (2024) 

2. Euclid Collaboration: Jelic-Cizmek et al. A&A, 685, A167 (2024) 

3. Submission of Euclid Collaboration: Koyama et al. arXiv:2409.03524 

4. Submission of Euclid Collaboration: Lesgourgues et al. arXiv:2406.18274 

5. Submission of Euclid Collaboration: Archidiacono et al. arXiv:2405.06047 [see later] 

6. Submission of Euclid Collaboration: Mellier et al. arXiv:2405.13491 

7. Development of new technique to detect relativistic effects in power spectrum [see later]
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Milestone
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• Observed fluctuation in galaxy number counts

Milestone

<latexit sha1_base64="lGkIPSYVuJ/G1vJ7/X90RByyJVM="></latexit>

� = b � �
@2
kV

H
� (2� 5 s)+�(loc) +�(int)
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• Observed fluctuation in galaxy number counts 

• Template fitting

Milestone

<latexit sha1_base64="lGkIPSYVuJ/G1vJ7/X90RByyJVM="></latexit>
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@2
kV

H
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<latexit sha1_base64="+oSHREsfSH3IRKICTpRy9IOjh6I="></latexit>

P��(k, µ; z̄) '
⇥
b(z̄) + f(z̄)µ2

⇤2
D2(z̄)Plin(k)
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• Observed fluctuation in galaxy number counts 

• Template fitting

Milestone
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Milestone
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Milestone
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Other deliverables no. 2
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Other deliverables no. 2

M. Archidiacono et al.: Euclid preparation

Fig. 10. Same as Fig. 9 for the model ⇤CDM+
P

m⌫+Ne↵ .

Fig. 11. Same as Fig. 9 for the model w0CDM model+
P

m⌫ .

details on the specific settings in CLASS and CAMB). Sticking to these assumptions, we consider four extended cosmological
scenario with an increasing number of free parameters:

– ⇤CDM +
P

m⌫ (baseline);

– ⇤CDM +
P

m⌫ + �Ne↵ ;

– w0waCDM +
P

m⌫ ;

– w0waCDM +
P

m⌫ + �Ne↵ .

In Table 4 we list the fiducial values for the parameters of our models.

Article number, page 21 of 48
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Other deliverables no. 2
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Other achievement no. 7

• Development of new technique to detect relativistic effects in power spectrum
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Other achievement no. 7

• Development of new technique to detect relativistic effects in power spectrum

Auto- and ross-correlation 
measurements
• <𝛿𝑋 𝑘 𝛿𝑌 𝑘′ >∝ 𝛿𝐷 𝑘 + 𝑘′ 𝑃𝑋𝑌(𝑘)

𝑃𝑋𝑌 𝑧, 𝑘, 𝜇 =

= ൥

൩

𝑏𝑋 + 𝑓𝜇2 𝑏𝑌 + 𝑓𝜇2 +
ℋ𝑓𝜇
𝑘

2

𝛼𝑋𝛼𝑌

+ 𝑖
ℋ𝑓𝜇
𝑘

𝛼𝑋 𝑏𝑌 + 𝑓𝜇2 − 𝛼𝑌 𝑏𝑋 + 𝑓𝜇2 𝑃𝑚 𝑘

• 𝑋 = 𝑌 → auto-correlation

• 𝑋 ≠ 𝑌 → cross-correlation
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Other achievement no. 7

• Development of new technique to detect relativistic effects in power spectrum

▪ Hα emitters, Model 3 luminosity 
function [Pozzetti et al. (2016)]:
▪ 𝐹𝑐 = 2 × 10−16 erg cm−2 s−1

▪ Δ𝑧 ∼ 0.23

▪ BGS:
▪ 𝑚𝑐 = 20.175
▪ Δ𝑧 ∼ 0.17

▪ 𝑓𝑠𝑘𝑦 = 0.36
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▪ Hα emitters, Model 3 luminosity 
function [Pozzetti et al. (2016)]:
▪ 𝐹𝑐 = 2 × 10−16 erg cm−2 s−1

▪ 𝐹𝑠 = 2.8 × 10−16erg cm−2 s−1

▪ Δ𝑧 ∼ 0.23

▪ BGS:
▪ 𝑚𝑐 = 20.175
▪ 𝑚𝑠 = 19
▪ Δ𝑧 ∼ 0.17

▪ 𝑓𝑠𝑘𝑦 = 0.36

Other achievement no. 7

• Development of new technique to detect relativistic effects in power spectrum
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▪ Hα emitters, Model 3 luminosity 
function [Pozzetti et al. (2016)]:
▪ 𝐹𝑐 = 2 × 10−16 erg cm−2 s−1

▪ 𝐹𝑠 = 2.8 × 10−16erg cm−2 s−1

▪ Δ𝑧 ∼ 0.23

▪ BGS:
▪ 𝑚𝑐 = 20.175
▪ 𝑚𝑠 = 19
▪ Δ𝑧 ∼ 0.17

▪ 𝑓𝑠𝑘𝑦 = 0.36
Γ =

2
𝑁𝑚𝑜𝑑𝑒𝑠

෨𝑃𝑋𝑋
2 ෨𝑃𝑋𝑋 ෨𝑃𝑋𝑌 ෨𝑃𝑋𝑌

2

෨𝑃𝑋𝑋 ෨𝑃𝑌𝑋
෨𝑃𝑋𝑋 ෨𝑃𝑌𝑌 + ෨𝑃𝑋𝑌 ෨𝑃𝑌𝑋

2
෨𝑃𝑋𝑌 ෨𝑃𝑌𝑌

෨𝑃𝑌𝑋
2 ෨𝑃𝑌𝑋 ෨𝑃𝑌𝑌 ෨𝑃𝑌𝑌

2

Other achievement no. 7

• Development of new technique to detect relativistic effects in power spectrum
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▪ Hα emitters, Model 3 luminosity 
function [Pozzetti et al. (2016)]:
▪ 𝐹𝑐 = 2 × 10−16 erg cm−2 s−1

▪ 𝐹𝑠 = 2.8 × 10−16erg cm−2 s−1

▪ Δ𝑧 ∼ 0.23

▪ BGS:
▪ 𝑚𝑐 = 20.175
▪ 𝑚𝑠 = 19
▪ Δ𝑧 ∼ 0.17

▪ 𝑓𝑠𝑘𝑦 = 0.36

Other achievement no. 7

• Development of new technique to detect relativistic effects in power spectrum

[C
ou

rt
es

y 
of

 F
. M

on
ta

no
]

St
ef

an
o 

C
am

er
a 

Eu
cl

id
-IN

FN
@

TO
 A

ct
iv

ity
 R

ep
or

t 2
0

24
 

11
 · 

IX
 · 

20
24



Plan for 2025

• Work on DR1 KPs 

• Coordination of the Joint Cosmology KP no. 2 (cosmology with photometric observables)
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