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Neutrino Sources

There are multiple neutrino sources, we focus on fluxes around the MeV scale

Flux (cm-2 s-1 MeV-1)
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Coherent Scattering

At MeV energies, coherent interactions dominate neutrino scattering.
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Coherent Scattering

COHERENT reported the first observation of coherent neutrino-nucleus scattering
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* Used a neutrino beam created by pion decay
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* At low momentum transfer, neutrinos probe the
entire nucleus

COHERENT measurements
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Cross section (10*° cm?)
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F 2(ER) is the nuclear form factor
COHERENT Collaboration, arXiv:2602.15652
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BSM

The measurement of coherent neutrino scattering opens new opportunities to probe neutrino
properties.
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on the results

P. Coloma, |. Esteban, M.C. Gonzalez-Garcia, L. Larizgoitia, F.
Monrabal, S. Palomarez-Ruiz, JHEP 05 (2022)
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BSM

Increased exposure and improved resolution in future detectors will lead enhance the
procision of these models.
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MeV-scale neutrinos offer a window onto astrophysical sources
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Core-Collapse Supernova

A core-collapse supernova happens at the end of a very massive star (M > 8M@)




Core-Collapse Supernova

For core masses of 1.44M ,, the electron
pressure cannot stabilize the core




Core-Collapse Supernova

For core masses of 1.44M ,, the electron Near nuclear densities (» ~ 10'*g/cm’), the
pressure cannot stabilize the core core bounces launching a shock wave outwards

Si




Core-Collapse Supernova

Free electrons are captured by free protons, leading to a large neutrino production

t (ms)




DSNB

N~1:Min-Burst

Core-collapse supernova are rare events

Rate ~0.01/yr Rate ~ 1/yr Rate ~ 10°/yr

Beacom TAUP 2011

The Diffuse Supernova Neutrino Background (DSNB) includes contributions from all CCSN in the
observable universe

* |t forms an isotropic and time-independent astrophysical neutrino flux

 The DSNB has not yet been observed.




DSNB

The core-collapse supernova rate as a function of the redshift is determined by the star formation

rate (SFR)
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DSNB

The diffuse neutrino flux is given by the integral of the SFR along the whole history of the universe
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The neutrino “temperature” depends on the interaction rate
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DSNB

The diffuse neutrino flux is given by the integral of the SFR along the whole history of the universe

Zmax
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We need to account for the expansion of the universe

H(z) = H, \/Qm(l L+ Q1+ 220 4 (1-Q — Q)1 +2)
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DSNB Detection

Most of the experiments proposed consider Inverse Beta Decay (IBD) as the main detection channel

U,+p—-o>n+e’

To identify the signal and suppress background, experiments search for coincident positron-neutron

detection.
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DSNB Detection

In water Cherenkov detectors, neutron tagging is achieved via gadolinium (Gd) doping

thermalisation

v-cascade

* (Gadolinio has a large neutron-absorption cross-section (8 MeV)

* Neutron capture produces an ~8 MeV y-ray cascade. Gd-capture

» Experiments search for Cherenkov radiation from e™ and ¥
cascade




DSNB Detection

Irreducible backgrounds persist despite neutron tagging
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DSNB Detection

U, charge-current interaction with 1°0 lead T . Data SKVI
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DSNB Detection

Charge-current interactions of U, and I/_ﬂ with 10

occur at energies above ~100MeV
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* These events can mimic IBD signals 0-

* They are reconstructed at energies below 50 MeV
 FSI and 2p2h processes contribute to the background
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DSNB Detection

Additional background sources affect signal detection at energies below 20MeV
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Super-Kamiokande, arXiv:2511.02222
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Why Detect the DSNB?

One fundamental question is the origin of the neutrino masses. To explain that, we can
consider the SM as an effective field theory

Lo =Ly ~ a=s + .-
eff SM A
* At d=5, we have the Weinberg operator o 1
gII;”lCZSS D YZ/LL¢NR + EMRNICQNR + h .C.
Type-l seesaw:
* Introduce right-handed neutrinos
* Allow L humber violation
« ForMy > >v * Heavy neutrinos can hardly be tested
VY 2 * There are other scenarios where the
m o~ =t Majorana mass can take smaller values




Pseudo-Dirac neutrinos

In the scenario where M p << M, , we get an oscillation between active and sterile state over

astrophysical scales
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Pseudo-Dirac neutrinos

We have explored the sensitivity of a future detector. Hyper-Kamiokande

HK can probe tiny mass splittings with

Neutrinos detection via IBD a significance
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Conclusions

The study of neutrino cross sections provides a powerful tool to probe neutrino properties and
to identify new neutrino sources.

Coherent elastic neutrino-nucleus scattering has now been observed with multiple sources

and target nuclei, enabling sensitivity to new neutrino properties, such as magnetic moments and
non-standard interactions.

At MeV energies, neutrino detectors open the possibility of observing new astrophysical signals,
including the Diffuse Supernova Neutrino Background (DSNB).

A precise understanding of neutrino—oxygen scattering at very low energies is essential for future
low-threshold detectors and astrophysical neutrino searches.



Thanks!



