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Frejus: iron calorimeter with a total mass of 900
tons measuring om*om=12.3m

NUSEX: a cube 3.5 m3 size made by 134
norizontal iron plates | em thick, interleaved with
olanes of limited streamer tubes | cm?2 section.
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In early 1998, there are three observed hints of neutrino
oscillation, and thus of neutrino mass. These hints are the be-
havior of solar neutrinos, the behavior of atmospheric neutrinos,
and the results of the LSND experiment. PDG1998
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1GeV, ZH—1%

10 GeV, 10-20%

The white lines represent
the solar wind; the purple
line is the bow shock line;
and the blue lines
surrounding Earth represent
its protective
magnetosphere.
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Neutrino mixing at the 3-neutrino framework

‘(v ) ( A\YATR
Ve el “e2 ~e3 Vy
V,u — | U ul . ~ 43 V2
\Y:/) \Ma VYo Y J\Vsy
Pontecorvo-Maki-Nakagawa-Sakata matrix
cosd, sin@, 0) cosf, O e”)1 0 0 (& 0)
—smn6, cos6, 0 0 1 0 0 cos@, sm@, | 0 0
0 0 1) ¢® 0 cosf, )0 —sinf, cos@,) 0 O 1)

2023FE6H24H 21



RS HMERSE P IRFAITRCH TN

Disappearance: ;
P ~ 1 — cos®@,551n°(26,,)sin? Amg
ad 77 13° “~V23 4Ey
Appearance: 1
P, ., = sin?263sin%f;sin’[(A — 1)A
«
—(+ cosf3sin26, sin26,3s1n26
y () 317 =y €08 13 5in201 5in2055in26)
1
= 1
AT X sindqpsinAsinAAsin[ (1 —A)A| +A(1CE_A)
Am3,L : : :
T X cosf 38126 ,81n2605581n26 |5

X cosdpcosAsinAAsin[(1 —A)A]

a- 2 ) )
+TCOS“933311‘1“2913311‘1“AA.

D 20234FE6/24H 22




?c%iﬁnﬂn

o |
IR B F

1

T HIRS7

EEW

, Cosine Zenith Angle

1 LA*J

Neutrino Energy [GeV]
(@) P(vy — vu)

, Cosine Zenith Angle

1 10 10?
Neutrino Energy [GeV]

©) P(vp — o)

202346 - 24 H

, Cosine Zenith Angle

0.5

0.5

, Cosine Zenith Angle
(=]

0.5

-1

Y J

|
qe T |

| L |

1

|

i e L e e

1 10
Neutrino Energy [GeV]

(b) P(vy — ve)

102

/I T L/ /i L R N E I B B B

Accelerator Exp.

£

T TV

Y

| BTy oy (L L

RN
il 1 |

T O A 1 |

1 10
Neutrino Energy [GeV]

(d) P(vp — Pe)

10?2




P HIERI

7k



I B BN TR

v, (v)+ e 2 v, (v,) + e CCHINC
*o(v,e’)=09x10% (E,/10 MeV) cm?
co(v.e') = 0.4x1043 TE /10 MeV) cm?

V. .(v)te 2v (v, +te  NCiIiE
*6(v, ) = 0.15x10  (E /10 MeV) cm?
¢ (v, e7) = 0.14x104 (E,/10 MeV) cm?
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* deep Inelastic scattering (DIS)
vy N — u X

alw N —» uw %) /E(GeV) (107* cm™Gev™")

» elastic v-electron scattering
v, € — v, €~ (notshown)

Sam Zeller
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Super Kaminokande Linyan@Neutrino2022
Coaobins | | o | sintfy | omE
SKNO  1000.42 4.71 0.49 2.4 % 1073 eV?
SK 10 1006.19 4.71 0.49 2.4 x 1073 eV?

Maximal mixing; Jqp=-m/2; NO (Ay?=5.8)

IceCube/DeepCore PRD 99, 032007 (2019)
Amzas = 2.55 012 x103 eV $in282: = 0.58°0 13

+0.34

Norm v (cetne) = 0.73 55, Reject no-v, with 3.20 (CC+NC)

Minos/Minos+ Atmospheric Best Fit arXiv:2006.15208v2 (2020)
Normal Hierarchy

Amz, =211 x 107 eV?
SiI]2 923 = (0.52
p 202346124 H 41
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