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Research lines

• Inflation and the primordial Universe
• Dark matter and light relics
• Dark energy and modified gravity
• Cosmology as a probe of new physics
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Neutrino physics
Euclid Collaboration: Archidiacono et al., arXiv:2405.06047
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• Euclid in combination with upcoming CMB 
surveys can achieve a 4s detection of Smn , 
even if Smn = 0.058 eV

• Cosmology is not directly sensitive to the 
neutrino mass ordering, like JUNO, however, 
if Smn = 0.058 eV, then Euclid in combination 
with future CMB surveys can exclude IH at 
about 2s



Sensitivity to non-standard particle dark 
matter models
Euclid Collaboration: Lesgourgues et al., arXiv:2406.18274

J. Lesgourgues et al.: Euclid preparation
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Fig. 20. Same as Fig. 9 for the parameters of the ETHOS n = 0 model. Our forecast assumes logarithmic priors on the interaction
strength adark and on the dark-radiation-to-photon temperature ratio ⇠idr. The model is equivalent to pure ⇤CDM in the small
adark and/or small ⇠idr limits. The grey shade excludes the region adark⇠

4
idr > 0.05 where the non-linear emulator cannot be trusted

(see Sect. 3.4). We also show current constraints inferred from Planck , BAO, and BOSS full-shape data by Rubira et al. (2023) –
although these authors use different priors.
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Fig. 21. Same as Fig. 10 for the parameters of the ETHOS n = 0 model.

remain roughly stable when the baryonic feedback param-
eters are fixed rather than marginalised, or when baryonic
feedback is applied also to GC. A first explanation comes
from the fact that the effect of the ETHOS n = 0 model on
the matter power spectrum always starts on linear scales
(k ⇠ 10�2–10�1

hMpc�1) which are immune to baryonic
feedback. If most of the information on this model resides
in such scales, the bounds should indeed be independent
from the modelling of baryonic feedback. In addition, like
in the CWDM case, the redshift dependence of the DM-
induced suppression is opposite to that of baryonic feed-

back. As a matter of fact, the effect of DM interactions is
imprinted on the matter power spectrum at high redshift
and subsequently smoothed out by non-linear clustering,
while overall baryonic effects tend to grow with time, at
least through most of the redshift range probed by Euclid .

Comparison with current bounds. For the same model, using
flat priors on ⇠idr and logarithmic priors on adark, Archidi-
acono et al. (2019) found adark⇠

4
idr < 14 ⇥ 10�4 Mpc�1

(95%CL) using Planck, BAO, and high-resolution Lyman-↵
data from the HIRES/MIKE quasar sample. The compari-
son with our Euclid bound is not straightforward due to the

Article number, page 29 of 35

• Warm dark matter
• Decaying dark matter
• Dark matter interacting with dark radiation

J. Lesgourgues et al.: Euclid preparation
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Fig. 7. Left : ratio of the interaction rate between IDM and IDR (�idm�dr) and comoving Hubble rate (H) as a function of the
dark-radiation-to-photon temperature ratio ⇠idr and interaction strength adark, computed at the redshift zini = 49 at which the
N -body simulations used to construct the ETHOS emulator are initialised. We display the contours of equal ratio as solid white
lines and highlight the threshold value of 0.1 in black. We further depict the region with adark = 10Mpc�1 (dashed grey) and
⇠idr = 0.25 (dash-dotted grey). Right : power spectrum suppression SETHOS(k, z) predicted by the emulator for parameters chosen
along each of the two grey lines of the left panel.

In summary, the minimal BCemu model relies on three free
parameters (M 0

c, ✓ej, ⌘�) impacting, respectively, the over-
all suppression induced by baryonic feedback, the maxi-
mum scales affected by the suppression, and the upturn of
Sbf(k, z) at large k. In order to deal only with dimension-
less parameters, Schneider et al. (2022) redefine the first
one as Mc := M

0
c/

�
1h�1

M�
�
. Figure 2 in Schneider et al.

(2019) shows the impact of these parameters on the matter
power spectrum. In the BCemu model, the only cosmology
dependence of Sbf(k, z) comes through the baryon fraction
⌦b/⌦m.
In particular, we assume no explicit dependence of the bary-
onic feedback suppression function Sbf(k, z) on the parame-
ters describing non-standard DM models. This assumption
was shown to be valid at least for k < 5hMpc�1 in the
CWDM scenario, see section 3.4 in Parimbelli et al. (2021).
This conclusion is expected to apply also to the other DM
scenarios studied here in which, like in the CWDM case,
DM particles are decoupled at low redshift and behave ei-
ther as CDM or WDM. In our analysis, smaller scales with
k > 5hMpc�1 only have a small contribution to the spec-
tra C

XY
ij (`) involving the first two weak lensing redshift

bins. Thus, the findings of Parimbelli et al. (2021) suggest
that we can safely neglect the impact of non-standard DM
on baryonic feedback. More generally, we can think of the
effect of non-standard DM and of BF on the non-linear
matter power spectrum as two leading-order effects, of a
few percents each within the range of scales relevant in our
analysis, and that of non-standard DM on BF as a next-to-
leading order effect of a few percents squared, that is, a few
per mille. It is thus reasonable to neglect this correction in
a first analysis.
We refer interested readers to Giri & Schneider (2021) for
a more detailed description of the BCemu parameters.

The redshift evolution of Sbf(k, z) is modelled by making
each of the three baryonic parameters b redshift dependent

as

b(z) = b(0)(1 + z)�⌫b , b 2 {log10Mc, ✓ej, ⌘�} , (25)

where ⌫b is a free parameter. This leads to a total of six
parameters to model the baryonic feedback. In our choice
of fiducial values and priors, we restrict the values of ⌫b

such that the baryonic parameters {log10Mc, ✓ej, ⌘�} remain
within the range of the parameter space where BCemu is
trained.
While it is known that the WL signal is modified at small
scales by baryonic feedback effects, the situation is much
less clear regarding the GC signal. Since galaxies act as
tracers of the underlying DM distribution, they are not di-
rectly affected by the ejection of gas via feedback processes.
We rather expect an indirect effect caused by the relaxation
of the DM potential reacting to the ejection of gas. Since
we do not know the true amplitude of this indirect effect,
we consider two extreme cases where the GC is either un-
changed by baryonic feedback or it is affected in the same
way as the weak-lensing. We expect the truth to lie some-
where between these two cases.

4. Forecast methodology

4.1. Likelihood

We use a standard formalism to describe the Euclid pho-
tometric likelihood already presented, for instance, in Au-
dren et al. (2013b), Euclid Collaboration: Blanchard et al.
(2020), Casas et al. (2023), and Archidiacono et al. (2024).
The galaxy images of the WL survey and the galaxy posi-
tions of the GC photometric survey are binned into N red-
shift bins. In each bin, the raw data can be processed into
two-dimensional spherical maps of either the lensing poten-
tial field density in the WL case or the galaxy density field
in the GCph case. The maps are decomposed into spherical
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Dark forces
Archidiacono, Castorina, Redigolo, Salvioni, 
JCAP (2022)
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Dark matter with self-interactions generated by 
a new long range dark force mediated by a 
scalar field.



Dark forces
Bottaro, Castorina, Costa, Redigolo, Salvioni, PRL (2024)
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Dark matter with self-interactions generated by 
a new long range dark force mediated by a 
scalar field.

EFT of LSS in the presence of dark forces 
allows to improve the constraints


