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#S(𝝅±Q𝝅𝟎F<1
iS(𝑲±Q𝑲𝟎j𝑲𝟎e

𝝅± → 𝝁± + 𝝂𝝁('𝝂𝝁)
𝝁± → 𝒆± + 𝝂𝒆 '𝝂𝒆 + '𝝂𝝁(𝝂𝝁)

𝑲± → 𝝁± + 𝝂𝝁('𝝂𝝁)

𝒄𝝉𝝅~𝟕. 𝟖 𝐦

𝒄𝝉𝑲~𝟑. 𝟕 𝐦
~ 64%

→ 𝝅± + 𝝅𝟎'𝐬 ~ 22%
𝑲𝒔
𝟎 → 𝝅) + 𝝅* ~ 69%
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n ´µS�¶
• Nusex (0.13k+,)
• Frejus (0.7k+,)
• Soudan (1k+,)
• MACRO (5k+-./0.)

n ·O¸¹º»,-
• 1234 (1.0k+5)
• IMB34 (3.3k+5)
• 671234 (22.5k +5)
• '7123489500k+5:
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#$%&',-¼½:
Chinese Phys. C 45 025001

p Kamioka,-¾
ü 2700 m.w.e

p Mortan¿�
ü 1750 m.w.e

p Fréjus,-¾
ü 4900 m.w.e

p Soudan ��
ü 2090 m.w.e

p Gran Sasso,-¾
ü 3800 m.w.e
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Kamiokande-I/II IMB

Super-Kamiokande
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¸¹º»º»Ë 𝑬 = 𝒎/ 𝟏 − 𝟏/𝒏𝟐

𝐜𝐨𝐬𝜽𝑪 =
𝑹

𝑹𝟐 + 𝑳𝟐
=

𝑹
𝚫𝒕×𝒄/𝒏

ÌÆ
R

n nÍ[

ÎÏÐ'

q
CL

���Ñ¸¹º»ÒÓÔ���%&'�

𝑬𝑲~𝑳×
𝐝𝑬
𝐝𝒙

�ÕÖ×d' 𝜽𝑪 ≈ 𝟒𝟐𝟎

;MeV<=
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𝐜𝐨𝐬𝜽𝑪

𝐜𝐨𝐬𝜽𝑪

𝜽𝑪 ≈ 𝟒𝟐𝟎
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Soudan-2 MACRO
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1998

𝑷𝝂𝝁→𝝂𝝉 ≃ 𝟏 − 𝐬𝐢𝐧𝟐𝜽 𝐬𝐢𝐧𝟐
𝟏. 𝟐𝟕𝚫𝒎𝟐𝑳
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#$%&'233456(7á~89:

Phys.Rev.Lett.93:101801,2004𝑷𝝂𝝁→𝝂𝝁 ≈ 𝟏 − 𝐬𝐢𝐧𝟐 𝟐𝜽𝝁𝝁 𝐬𝐢𝐧𝟐
∆𝒎𝝁𝝁

𝟐 𝑳
𝟒𝑬𝝁

𝐬𝐢𝐧𝟐 𝜽𝝁𝝁 = 𝐜𝐨𝐬𝟐 𝜽𝟏𝟑 𝐬𝐢𝐧𝟐 𝜽𝟐𝟑

∆𝒎𝝁𝝁
𝟐 = 𝐬𝐢𝐧𝟐 𝜽𝟏𝟐 ∆𝒎𝟑𝟏

𝟐 + 𝐜𝐨𝐬𝟐 𝜽𝟏𝟐 ∆𝒎𝟑𝟐
𝟐

+𝐜𝐨𝐬 𝜹𝐂𝐏 𝐬𝐢𝐧𝜽𝟏𝟑 𝐬𝐢𝐧 𝟐𝜽𝟏𝟐 𝐭𝐚𝐧𝜽𝟐𝟑 ∆𝒎𝟐𝟏
𝟐
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Alex Himmel, NEUTRINO2020

hi�� 𝜽𝟐𝟑 < 𝟒𝟓𝟎 RB 𝜽𝟐𝟑 > 𝟒𝟓𝟎j
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王贻芳 2018
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理论⽂章

实验⽂章
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