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The duality of the CvB

N eff

CMB (<1 eV)

— m;j=0.02 eV
---- m;j=0.05eV

— m;=0.20eV
------- m; =0.60 eV

| Early times: neutrinos as radiation

4/3
Prad — P~ [1+Neff% (%) }
N.¢ = (energy density of neutrinos + BSM light particles)

(energy density of one neutrino species)

| For the 3 neutrino families of the SM: N .M = 3.044
| Talk by Stefano Gariazzo

CMB + DESI BAO [DESI Collaboration: Adame et al. (2024)]

] N =3.10 4+ 0.17(95% CL)



Bounds on new light particles (A N )
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The duality of the CvB

——— | Early times: neutrinos as radiation
' 4 4/3
Prad = P~ {1+Neff% (ﬁ) }
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- ---—- m;=0.05eVv | Talk by Stefano Gariazzo
_ - mi=0.20ev CMB + DESI BAO [DESI Collaboration: Adame et al. (2024)]
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Late times (after CMB formation): neutrinos as matter (contributing to dark matter as hot dark matter)
* Sum of neutrino mass thz p— % gg’{’/ [Mangano et al. (2005), Froustey et al. (2020)]

not individual masses [Archidiacono et al. (2020)]



Detecting the neutrino mass in the CvB



Neutrino mass probes: CMB
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Neutrino mass constraints: CMB
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In ACDM!
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Neutrino mass probes: LSS

After the non-relativistic transition (after CMB formation), neutrino free-stream drs ; ~ 1 Gpc

CDM m, =0.5 eV

Villaescusa Navarro et al. (2013)

eV
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Neutrino mass probes: LSS
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Neutrino mass constraints: CMB+LSS

In ACDM!
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[DESI Collaboration (2024)]
Talk by Willem Elbers
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Neutrino mass constraints: CMB+LSS
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EFuclid in a nutshell

e ESA M2 space mission in the framework of the
Cosmic Vision program

* Launch July 1st 2023. Duration > 6 years

* 1.2m telescope with two instruments: Visible Imager
(VIS) and Near Infrared Spectrometer and
Photometer (NISP)

* Wide survey (14.000 deg?) and deep survey (40 deg?
in 3 different fields)

* Measurements of over 1 billion images and more
than 30 millions spectra of galaxies out to z>2

* Main scientific objectives: Dark Energy, Dark Matter,
and General Relativity

* Primary probes: Galaxy Clustering and Weak Lensing
- 1% accuracy on P(k)




Neutrino mass probes: LSS
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Neutrino mass probes: LSS
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Known unknowns (systematics, etc.)

The 1% challenge on the theoretical prediction —— #Mcode
HALOFIT
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Neutrino mass constraints: the future
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Euclid Collaboration: Archidiacono et al. (2024)



Neutrino mass constraints: the future

In ACDM!
Planck IS
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Euclid+Planck: >2c evidence of a
non-zero neutrino mass sum

Euclid+CMB-S4+LiteBIRD: >3c
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Neutrino mass constraints: the future

Planck

In wOwaCDM!
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Neutrino mass ordering

Constraints derived under the assumption m;=m,=m; (degenerate hierarchy, DH)

Neutrino Mass Hierarchy Euclid Collaboration: Archidiacono et al. (2024)
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Neutrino mass ordering

Prn(k)/Prm (k)P
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- Archidiacono et al. (2020)
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The effect induced by the neutrino mass ordering on the

cosmological observables is below the sensitivity of current

and planned cosmological surveys.

The DH assumption (m;=m,=m;) is valid, and it is more

efficient.

See also Gariazzo et al. (2022)
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Take home message

Euclid in combination with upcoming CMB surveys can achieve a 4G detection of Xm, , even if

Sm, = 0.058 eV

* Cosmology is not directly sensitive to the neutrino mass ordering, like ground-based experiments,

however, if Zm,, = 0.058 eV, then future cosmological constraints can exclude IH at about 2c

e Cosmology is more sensitive than current and planned [3-decay experiments. Caveat: cosmology is
model dependent, and it requires that systematic effects are under control. Complementarity:

cosmology is not sensitive to the Dirac/Majorana nature, mixing angles.

* Open question: What if there is a tension between the Cosmos and the Lab?

See talk by Stefano Gariazzo
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Stay tuned
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