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Outline of the talk

The Diffuse Supernova Neutrino Background

The SuperKamiokande neutrino detector

Atmospheric neutrinos in SK

Event rate of foregrounds in SK

o Computation of the atmospheric neutrino flux
o Cross-sections
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The Diffuse Supernova Neutrino Background

* Core-collapse supernovae are huge emitters of neutrinos: ~99% of energy emission
via v's:
o Neutrino physics
o Supernovae physics (although DSNB is thermalized...)
o New physics? (see this workshop!)

* Inthe Milky Way: not enough SNs. Outside MW: more SNs, but very small flux!
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The Diffuse Supernova Neutrino Background

* "The weak glow of (...) neutrinos (...) from distant core-collapse supernovae."’

* Particle and cosmological SM prediction: no DSNB implies new physics!
* Problem: small flux, lots of foregrounds2
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The SuperKamiokande neutrino detector

* Cherenkov water detector located e PMTs for neutrino detector via IBD
in Kamioka, Japan
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Cherenkov ring

Kamioka Observatory, ICRR(Institute for
Cosmic Ray Research), The University of Tokyo
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The SuperKamiokande neutrino detector

* SK-VIonwards: Gd doping * Recently, hint of DSNB in SK!

Statistical and systematic errors || DSNB model: Horiuchi+09 (6 MeV, max)
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DSNB backgrounds in SK

* Main backgrounds (foregrounds) come from atmospheric neutrinos
* |IBD - like signals will be registered as events
* Neutron tagging helps!
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Atmospheric neutrinos in SK

\

* Neutrinos coming from cosmic rays (mainly protons) \ Cosmic ray
via decays (e.g. muon decay, pion decay) %o
nl\n
« Typically produced at 15 km h \.\
?f\e }l .V
 Energyrange: ~10's MeV - 100's TeV ANY N !

* Irreducible background for DSNB searches

Takaaki Kajita in the Proceedings of the Japan
Academy, Series B, Physical and Biological
Sciences (10.2183/pjabh.86.303)
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3417797/figure/f1-pjab-86-303/

Atmospheric neutrinos in SK

* Atmospheric neutrinos present flavor

conversion via neutrino oscillations

* Atthe energies and baseline considered,

they can alter our fluxes by a factor ~2
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Event rates in SK

* We will compute the expected number of event in SK for DSNB and main
backgrounds

N = Ntarg IdTrechedEu 'ﬁf{ JEI) f(Treche) ]1:: Gatgssian smearing
© v unction

* Additionally, we must take atmospheric neutrino oscillation into account

dd
Natm /dEu /deE (Effjg)PDSC(EUjQ) "Oscillated flux"
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Computation of atmospheric neutrino flux

 FLUKA: MonteCarlo simulation package. Manages production and transport of particles
through various media

* Use cosmic rays as source, with detailed

atmospheric model + geomagnetic field

e Simulate Earth with 1km Si layer

Vacuum
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Computation of atmospheric neutrino flux

* Solid angle distribution of flux. Comparison

Ve current in different solid angle bins
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Computation of atmospheric neutrino flux

e Solid angle distribution of flux. Comparison

* Fluka allows for solid angle binning

(we obtain zenithal distribution)
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Computation of atmospheric neutrino flux

Ve bump
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* Integrated fluxes reproduce features
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Computation of atmospheric neutrino flux

* Integrated fluxes reproduce features

and fit well other computations

* Good agreement with literature

(after some normalization)

Pablo Blanco Mas - IFT
pablo.blanco@ift.csic.es

Flux (cm~2GeV~1s71)
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Computation of cross-sections

Background event topologies: v.. v.. v,, 7,, Charged Current

We will not consider Neutral Current (90% cuts)

Electron (anti)neutrinos: well-known Inverse Beta Decay

Muon (anti)neutrino cross-section: convolution of cross-sections
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Computation of cross-sections

* We compute Y. Y, CC cross-section in water using

NuwRo (MC neutrino event generator)
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Computation of cross-sections
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The DSN B WindOW DSNB and foregrounds at SK
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Uncertainties in neutrino fluxes
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Conclusions

The DSNB is at the edge of sensitivity of current experiments

Characterization of neutrino fluxes at low energies is fundamental to clear
foregrounds of the DSNB

Uncertainties affecting neutrino fluxes have to be correctly assessed

Knowledge of high energy neutrino fluxes must be used in order to improve our
description at ~ MeV
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DSNB flux computation
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https://arxiv.org/abs/0812.3157

Non-strict cuts in event topology
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Fluka atmospheric density profile

Fluka atmospheric density profile
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COm pa riSOn Wlth SK DSNB and foregrounds at SK
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