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Low energy neutrinos

C. Spiering, 2012
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Low energy neutrinos

C. Spiering, 2012

Low energy neutrinos are mainly produced in -
nuplear processes, such as ’.the ones in the Sun i o ——
or in the center of an exploding supernova. -
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Low energy neutrino sources

Solar neutrinos

-

.

g R
.csn&h \Mw«»n-\.,. £

SR

A7

-

el o
Seotqr
232450

b S

i

TG YR IR G A vy

X

(3

-
R Eaves




Solar neutrinos

e Solar neutrinos are originated from nuclear reactions in the Sun. Ener 9} ;alcl%‘:ls?lla; "':I';‘fl' Inos:

+ Density (kg/m3)

% The Sun emits 2.3% of its nuclear energy production in the form of
MeV range electron neutrinos.
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Solar neutrinos

e The measurement of solar neutrinos include several important topics.

g ISntfch)é;r:ation of the current status of the solar center. Why to stu dY 30'8? neu "iﬂO?

- Mechanism of the energy generation in the Sun.
- Properties of neutrinos.

v¢ Discover neutrino oscillations :{> evidence of mass!

¢ B Solution to the solar missing neutrino problem:
¢ The detected electron neutrino flow was inexplicable too much low.

Roughly two-thirds of electron neutrino v, change their flavor as they traveled,

arriving as [ or T neutrinos.

Takaaki Kajita (SK) Art McDonald (SNO)



Solar neutrinos with Hyper-K

¢ Solar neutrino with E, > 4.5 MeV, corresponding to the reaction of the

< 130 events/day, E, ;;, > 4.5 MeV through neutrino-electron elastic scattering.

¢ The energy, direction and time of the original neutrinos can be measured through the reconstruction of the recaoil

Maltoni & Smirnov 2016
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Supernova neutrinos

M, >8.0Mg

Helium, carbon Heavy elements
Hydrogen Hydrogen Hydrogen
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Remnant Shock
core wave

Explosion

Normal star fusion Massive star imploding Core rebound

¥ Energy released by a CCSNe: ~3 X 10”7 erg

99% of energy carried out by all 3 species of neutrinos and antineutrinos

v

A Information about the explosion mechanisms in the core of the collapsing star




Supernova neutrinos
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Confirmed that neutrinos bring most of the burstenergy only n 10 seo



Supernova neutrino interactions in Hyper-K

4 Dominant interaction is IBD K. Abe et al 2021 ApJ 916 15

Vot P - e++n

~90% of the expected interactions

4 Sub-dominant interaction: elastic scattering

v+e - v+e

~5% of the expected interactions

events / 0.22Mt / MeV

Preserves direction information:
—> Directional resolution of 1© @ 10 kpc MIM observations

4 Other modes: highly model dependent, due to
threshold effects

e.g. v. + 0 - e + F (E4y, = 15 MeV) 1 e
~5% of the expected interactions 10 20 30 40 50 60
visible energy (MeV)

Sensitive probe of the high-energy tail of the supernova neutrino
flux



Supernova neutrinos in Hyper-K

K. Abe et al 2021 Apd 916 15

® |n case of Galactic supernova at a distance of 10 kpc, Hyper-K

IS expected to observe 54 000 to 90 000 events in a burst with
a duration of a few tens of seconds.

The large volume also gives Hyper-K an unprecedented ability to
detect neutrinos from supernovae beyond the Milky Way:

events / 0.22Mt

| lIIlllIl [l

® For a supernova in the Large Magellanic Cloud at 50 kpc, it
would still detect about 3000 events,

© For a supernova in the Andromeda galaxy (M31) at 780 kpc 5 AT N4
dIStance! ~1 O events are expeCted 1 - 111111i . 111111i L 111111i | 11

5 =
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distance (kpc)




Supernova neutrinos in Hyper-K

* Hyper-K will be able to distinguish between different explosion mechanism models.

Focusing on the first 500 ms of the neutrino burst, corresponding to the accretion phase, and using a newly developed, high-precision
supernova event generator to simulate Hyper-K’s response to five different supernova models.
K. Abe et al 2021 ApJ 916 15
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Supernova Relic Neutrino (or DSNB)

DSNB Flux predictions

Neutrino flux from all past Core Collapse SNe (CCSNe). 10
% DSNB is composed of neutrinos of all flavors whose energies have

been redshifted when propagating to Earth.

e Horiuchi+21 (Extrapolated, o.2=0.1, NO)
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% No evidence for the DSNB signal has been confirmed.

— upper limits set by various underground experiments:
SK holds the current best limits for the DSNB flux.



Supernova Relic Neutrino

& 2507 N . : ntag eff. 70%, mis ID 10%
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Summary

& Solar neutrino measurement is one of the features of Hyper-K.

Several precise measurements of solar neutrinos would be possible with Hyper-K and its high statistics:

» Solar neutrino oscillations
> The search for physics beyond the standard model
> The first measurement of hep process neutrino

» The seasonal variation measure of the 8B neutrino flux.

& Unique high statistics information for SN burst and SRN:

For a galactic supernova at a fiducial distance of 10 kpc, Hyper-K will detect 10° neutrinos within about 10 s:
> Time variations can be revealed

> Information on properties of the progenitor (like its rotation) or on details of the supernova explosion
mechanism.

¢ Newly-developed, high-precision supernova event generator to simulate Hyper-Kamiokande's response to
five different supernova models.

¢* Hyper-K will be able to distinguish between these models with high accuracy for a supernova at a distance of
up to 100 kpc.



Summary

¢ Hyper-Kamiokande will provide the largest sample of SN neutrino events, including elastic scatter events
with direction of the supernova and enable the astronomical community to engage in multi-messenger
discoveries.

¢ Better understand the core-collapse in SN, the explosion mechanism, the proto-neutron star formation...

¢* SN alert with directional information could be followed up on multi-messenger analyses, combining
observations with gravitational wave, gamma-ray, X-ray emissions.

¢* Pre-Supernova alarm could be developed — early warnings for Supernova detection!



