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Introduction
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Current constraints on gasdvavs (gas ~ 9)
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Supernovae (SNe)
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Diffuse Supernova Neutrino Background (DSNB)

[ ]
%H\.

EE¥E-_2—FY /I3BEDETCORBFERERODEREHY

s KDBHEEREELRVIERZF OLEAL WL

o« ZOFluxIFFEBIT/NS LK FEBHEIN LAWY, RERZ 2 — MU /iRHER
(Super/Hyper-Kamiokande with Gadolinium, JUNO, DUNE) COBHEANHIF I N TS

dd, dN, dt
DSNB flux: :C/RSN( )——(E,)(1+ 2) |—| dz E =FE,(1+2z)
dE, dE!, z v
/ N A
SN rate Mean neutrino flux per one SN redshift

KDO)NRAANRFEKEOBHFE=_2— M)/ EBFES==2—FJ /Hb

GJapPValVg ~D % Sensitivity #ET 5 Z & IZAIEEN ?



8/22

Outline

« Modifications of supernova neutrino flux by ¢ — vv
* Discovery potential of neutrino experiments
« Conclusion

e Future work
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Modifications of SN neutrino tlux by ¢ — vv
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Production rate for @ in the SN core: vv — ¢

« The emission rate of the number of @ per volume in the core (the Boltzmann eq.):

dn
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v \ Phase space

: Neutrino decoupling
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dNy g2mé r py
T — At qﬁrz//'y d y 5 E . ’
dE¢ vV ; 647T3 € /prlnin P1 f (pl)f ( 103 pl)

. \

V= §7T"“2 Survival probability outside 7, ~ 50 km



11/22

Subsequent decay ¢ — vv

« After the emission of @ , their decays produce neutrino flux:
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Neutrino flux from ¢ — vv
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« Neutrino fluxes by ¢ — vv from a next galactic SN and all the past SNe
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Outline

O — VUV
* Discovery potential of neutrino experiments
« Conclusion

e Future work



14/22

Next galactic supernova neutrinos
with dsn = 10 kpc

The distance between the Earth and a supernova
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Fvent rate for Super-Kamiokande (SK)
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Discovery potential of SK (22.5 kton) and HK (374 kton)
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Neutrinos from all the past SNe
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Fvent rate for HK with Gd, JUNO and DUNE

180

160

= = =

D ()] (o] o N H

o o o o o o
T T

Event rate [(2 MeV)~! (20 yr)_1]

N
o
T

o

—d)—’\_/e\_/e
— — Atmospheric CC||

Invisible p
— — DSNB Ve

g=1.5x10"!!
m¢=100 MeV

2.5

N
T

Event rate [(1 MeV)'1 (20 yr)'1]

—d>—>\7e\7e
— — Atmospheric CC
— — DSNB Ve

— — Atmospheric NC

g=1.5x10"!
m, =100 MeV

60

E.+ [MeV]

0]
o

[e2] ~N
o o
T T

v
o
T

w
o
T

N
o
T

Event rate [(4 MeV)'l (20 yr)'l]
D
o

p— > L AVRY)
e e

- = Atmospheric CC
- - DSNB Ve

g=1.5x10"!
m,=100 MeV

70 80 90 100

HK with Gadolinium (Gd) JUNO

We show event rates for 20 years data-taking.

g=1.5x10"" and mg =100 MeV is not excluded by the current observations.
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Discovery potential of HK with Gd, JUNO and DUNE
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Outline

O — VUV

e« Conclusion

e Future work
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Conclusion
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Future work
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Dirac neutrino

« For Dirac neutrinos, we can consider the two types of the interaction Lagrangians:
Chang et al. 2206.12426

L' = gasrirgg +hc., Ly=2
L? :gaﬁﬁayﬁ¢a Ly=0

Due to lepton number conservation,
« For the first type, the production process of @ is v — ¢* and VUV — ¢
—We can apply the results of the Majorana neutrino case up to O(1) factors.

Vi Vy, Or VRUVR
« For the second type, the production process of ¢ isM

—Due to helicity conservation, the above process is suppressed in the SN core

(Future work).



Analysis for a next galactic SN

« We introduce a cut-off energy E.yt as
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The standard SN neutrino event
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 We introduce the number of the signal:
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Analysis for DSNB at HK

« We define a X2 function:
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The number of event
A exp(—Ag.i) within an energy bin
L:I:i -
\Ao,i - (]- + b)NBG,i7 >\1,'L' — kz — (1 + CL) signal,i 1 + b NBGJ
o, = 30% : The uncertainty of the diffuse SN flux (mainly the SN rate)
o, = 25% : The uncertainty of the atmospheric neutrino BG

 We consider an energy range: 60 MeV < E.+ < 100 MeV
and an energy bin: A; = 2 MeV at HK.
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