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ʈʝʘʢʪʦʨ ʉʄ-3 Week protection from cosmic 
rays (3 -5 m w. e.)

ʊʝʧʣʦʚʘʷ ʤʦʱʥʦʩʪʴ 90 ʄɺʪ 

ʂʦʤʧʘʢʪʥʘʷ ʟʦʥʘ 42x42x35ʩʤ 

ɺʳʩʦʢʦʦʙʦʛʘʱʝʥʥʳʡ 235U

ɹʣʘʛʦʜʘʨʷ ʦʩʦʙʝʥʥʦʩʪʷʤ ʢʦʥʩʪʨʫʢʮʠʠ ʨʝʘʢʪʦʨ ʉʄ-3 ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ 

ʜʣʷ ʧʦʠʩʢʘ ʥʝʡʪʨʠʥʥʳʭ ʦʩʮʠʣʣʷʮʠʡ ʥʘ ʤʘʣʳʭ ʨʘʩʩʪʦʷʥʠʷʭ. ʆʜʥʘʢʦ ʨʝʘʢʪʦʨ ʉʄ-3, ʢʘʢ ʠ ʜʨʫʛʠʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʝʘʢʪʦʨʳ, ʥʘʭʦʜʠʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʧʦʵʪʦʤʫ ʢʦʩʤʠʯʝʩʢʠʡ ʬʦʥ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʦʡ ʪʨʫʜʥʦʩʪʴʶ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ. 4



1. detector (5x10 cells)

2. internal active shielding

3. external active shielding

4. steel and lead

5. borated polyethylene

6. moveable platform

7. feed screw

8. step motor

9. shielding

ʇʦʜʚʠʞʥʳʡ ʩʧʝʢʪʨʘʣʴʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʜʝʪʝʢʪʦʨ ʘʥʪʠʥʝʡʪʨʠʥʦ ʥʘ ʨʝʘʢʪʦʨʝ ʉʄ-3 

ʂʘʥʘʣ 

ʥʝʡʪʨʠʥʦ 

ʩʥʘʨʫʞʠ ʠ 

ʚʥʫʪʨʠ

ʇʘʩʩʠʚʥʘʷ ʟʘʱʠʪʘ -60 ʪʦʥʥ ɼʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʡ 6 -12 ʤʝʪʨʦʚ. 
ʉʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʜʝʪʝʢʪʦʨ 

50 ʩʝʢʮʠʡ 0,235x0,235x0,85ʤ3
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ʂʦʨʨʝʣʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ ʢʦʩʤʠʯʝʩʢʦʛʦ ʬʦʥʘ (ʚʚʝʨʭʫ). 

ʂʦʨʨʝʣʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ ɺʂʃ-ɺʓʂʃ (ʚʥʠʟʫ). 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʩʨʝʜʥʝʛʦ 

ʟʥʘʯʝʥʠʷ ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʭ ʩʦʙʳʪʠʡ, 

ʬʦʥʘ (ɺʓʂʃ) ʠ ʨʘʟʣʠʯʠʡ (ɺʂʃ-ɺʓʂʃ), 

ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʧʦʛʨʝʰʥʦʩʪʠ. 

s
ʢʦʩʤʠʯʝʩʢʠʡ ʬʦʥ -ɺʓʂʃ. 

ɺʂʃ-ɺʓʂʃ ʩʠʛʥʘʣ ʘʥʪʠʥʝʡʪʨʠʥʦ 

OFF

ON-OFF

(7 1)%sD = °

(9 2)%sD = °



7

ʨʘʟʥʦʩʪʴ, ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʥʘ ʨʘʩʩʯʠʪʘʥʥʳʡ ʩʧʝʢʪʨ 

ʨʘʩʩʯʠʪʘʥʥʳʡ MC ʩʧʝʢʪʨ ʘʥʪʠʥʝʡʪʨʠʥʦ ʜʣʷ 235U 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ɺʂʃ-ɺʓʂʃ ʩʧʝʢʪʨ

ʉʨʘʚʥʝʥʠʝ ʄʉ-ʩʧʝʢʪʨʘ ʘʥʪʠʥʝʡʪʨʠʥʦ ʜʣʷ 235U ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ON-OFF ʩʧʝʢʪʨʦʤ 

ʅʝʦʙʭʦʜʠʤ ʩʧʝʢʪʨʘʣʴʥʦ ʥʝʟʘʚʠʩʠʤʳʡ 

ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ. 
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ɿʥʘʤʝʥʘʪʝʣʴ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪʩʷ ʧʨʠ ʜʠʘʧʘʟʦʥʝ ʨʘʩʩʪʦʷʥʠʡ ʠʟʤʝʨʝʥʠʷ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʱʠʤ ʭʘʨʘʢʪʝʨʥʳʡ ʧʝʨʠʦʜ ʦʩʮʠʣʣʷʮʠʡ: 

ὛὉ

( )Ee
- Spectrum

- Detector efficiency

ʄʝʪʦʜ 

ʢʦʛʝʨʝʥʪʥʦʛʦ 

ʩʣʦʞʝʥʠʷ 

ʜʘʥʥʳʭ ʩ 

ʦʜʠʥʘʢʦʚʦʡ 

ʬʘʟʦʡ.

ɻʦʣʦʛʨʘʬʠʷ. 



2

14mD
2

14sin 2ɗ 2cD

Excluded from
Neutrino-4

CL>99.9% CL

Expected 
from 

Neutrino-4 
CL 99.7%

, ʠʩʧʦʣʴʟʫʷʤʝʪʦʜ 

ʄʳ ʥʘʙʣʶʜʘʝʤ 

ʵʬʬʝʢʪ ʦʩʮʠʣʣʷʮʠʠ 

2.9      ʚ  ʦʢʨʝʩʪʥʦʩʪʠ
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2
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s

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚʠ
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□
Ȣ Ȣ ▼◄ Ȣ ▼◐▼◄
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▼░▪Ᵽ Ȣ Ȣ

ʄʝʪʦʜ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʬʘʟʦʡ ʧʦʟʚʦʣʷʝʪ 

ʥʘʙʣʶʜʘʪʴ ʧʨʦʮʝʩʩ ʦʩʮʠʣʣʷʮʠʡ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʧʝʨʠʦʜʦʤ  1.5 ʤ 

ʥʘ ʨʘʩʩʪʦʷʥʠʠ  6-12 ʤ. ʄʝʪʦʜ ʛʦʣʦʛʨʘʬʠʠ.

https://arxiv.org/abs/1809.10561
https://arxiv.org/abs/2005.05301v5
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ʕʥʝʨʛʝʪʠʯʝʩʢʦʝʨʘʟʨʝʰʝʥʠʝ ʜʝʪʝʢʪʦʨʘ

˹͙͊͡;͙͔ ͚ͭ͊ͦ͟ ͫͭͪͯͭͯͪ͟· ͍ Ή͔͎͔͙ͤͪͭ;͔ͫͦͣ͟ ͔͔ͫͨͭͪ͟ ͯ͊͘͟·͍͔͊ͭ ͤ͊ ͭͦΣ ;ͭͦ ͙͍͊͋ͪͦ͊͟͟͡ ͔͔͒ͭͭͦͪ͊͟ ͨͦ 
Ή͔͎͙͙ͤͪ ͋·͊͡ ͙͍͚ͦ͒ͤ͊ͦͦ͟ ͍ͦ ͍͔ͫͻ ͙͔͔͙ͣͪͤ͘ΎͻΦ 

͔͎͔͙̏ͤͪͭ;͔͔͔ͫͦͪ͊ͪ͘͟΄͔͙͔͔͔ͤ͒ͭͭͦͪ͊͟=̀ 250͟ΉˤΣ͔͔͍͙͙ͦͭͦͪͦͤ͊ͫͭͦ͘͟Ή͔͎͙͙͙ͭͤͪͨͦͭͪͦͤ͊͘.
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ʄʉ ʤʦʜʝʣʴ  ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʜʝʪʝʢʪʦʨʘ

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʠʛʥʘʣʦʚ ʜʣʷ ʦʜʥʦʡ ʷʯʝʡʢʠ ʜʝʪʝʢʪʦʨʘ, ʫʯʠʪʳʚʘʷ ʩʠʛʥʘʣʳ 

ʦʪ ʨʝʛʠʩʪʨʘʮʠʠ ʜʚʫʭ ʛʘʤʤ ʩ ʵʥʝʨʛʠʷʤʠ 511ʢʵɺ. ɺ ʦʩʥʦʚʥʦʤ ʵʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʥʝʧʦʣʥʳʤ ʧʦʛʣʦʱʝʥʠʝ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ ʷʯʝʡʢʠ.

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʠʛʥʘʣʦʚ ʩ ʫʯʝʪʦʤ 

ʘʥʥʠʛʠʣʷʮʠʠ ʛʘʤʤ ʢʚʘʥʪʦʚ ʠ 

ʨʝʛʠʩʪʨʘʮʠʷ ʚ ʩʤʝʞʥʳʭ ʷʯʝʡʢʘʭ.

ʕʪʦʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʩʠʤʤʝʪʨʠʯʥʦ.

ʆʜʥʘʢʦ ʤʦʞʥʦ ʚʟʷʪʴ ʵʬʬʝʢʪʠʚʥʫʶ 

ʰʠʨʠʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 2ů, ʢʦʪʦʨʘʷ 

ʧʦʢʨʳʚʘʝʪ 68% ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʧʦʜ 

ʢʨʠʚʦʡ. 

ʈʘʩʯʝʪʳʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ

ʵʬʬʝʢʪʠʚʥʘʷʰʠʨʠʥʘʧʦʯʪʠ

ʥʝʟʘʚʠʩʠʪʦʪʵʥʝʨʛʠʠ

ʧʦʟʠʪʨʦʥʦʚʠ ʦʮʝʥʠʚʘʝʪʩʷ

ʢʘʢ2ů= 500ʢʵɺ.

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʠʛʥʘʣʦʚ ʪʦʣʴʢʦ ʜʣʷ 

ʦʜʥʦʡ ʷʯʝʡʢʠ ʜʝʪʝʢʪʦʨʘ ʦʪ ʧʦʟʠʪʨʦʥʘ 

ʙʝʟ ʜʚʫʭ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʦʪ ʧʨʦʮʝʩʩʘ 

ʘʥʥʠʛʠʣʷʮʠʠ. 
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ʇʦʣʥʘʷ ʢʨʠʚʘʷ ʦʩʮʠʣʣʷʮʠʡ ʦʪ ʮʝʥʪʨʘ 

ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʨʝʘʢʪʦʨʘ. 

ʉʨʘʚʥʝʥʠʝ ʦʪʥʦʰʝʥʠʷ R ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ L / E ʜʣʷ ʥʝʡʪʨʠʥʥʦʛʦ ʩʠʛʥʘʣʘ 

(ʚʚʝʨʭʫ) ʠ ʦʪʥʦʰʝʥʠʷ R ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ L / E ʜʣʷ ʬʦʥʘ (ʚʥʠʟʫ). 

ʂʦʥʪʨʦʣʴ 

ʩʠʩʪʝʤʘʪʠʢʠ
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ʋʢʘʟʘʥʳ: ʮʝʥʪʨʨʘʩʧʨʝʜʝʣʝʥʠʷʙʝʟʦʩʮʠʣʣʷʮʠʡ(ʯʝʨʥʳʡʢʨʝʩʪ)

ʠʦʪʢʣʦʥʝʥʠʝʦʪɻ ʪʦʛʦʮʝʥʪʨʘʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦʨʝʟʫʣʴʪʘʪʘ

(ʟʝʣʝʥʳʡʪʨʝʫʛʦʣʴʥʠʢ). ʈʝʟʫʣʴʪʘʪʘʥʘʣʠʟʘʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ

ʜʘʥʥʳʭʧʨʠʦʙʨʘʙʦʪʢʝʛʠʧʦʪʝʟʳʩʦʩʮʠʣʣʷʮʠʷʤʠʠʙʝʟʥʠʭʜʘʝʪ

…2 = 1,21 ʠʣʠ20,6 ʜʣ1̫7 ʩʪʝʧʝʥʝʡʩʚʦʙʦʜʳʠ…ὧέὲίὸ2 = 1,68,

ʠʣʠ31,9 ʜʣ1̫9ʩʪʝʧʝʥʝʡʩʚʦʙʦʜʳʩʦʦʪʚʝʪʩʪʚʝʥʥʦʠȹ…2 = 11,3.

ʆʙʦʟʥʘʯʝʥʳʠʟʦʣʠʥʠʠʨʘʩʧʨʝʜʝʣʝʥʠʷ1ů,2ůʠ3ů. ʆʪʢʣʦʥʝʥʠʝ

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦʨʝʟʫʣʴʪʘʪʘʦʪʮʝʥʪʨʘʨʘʩʧʨʝʜʝʣʝʥʠʷʙʝʟ

ʦʩʮʠʣʣʷʮʠʡʩʦʩʪʘʚʣʷʝʪʧʨʠʤʝʨʥʦ3ů.

ʈʘʩʧʨʝʜʝʣʝʥʠʝʥʘʧʣʦʩʢʦʩʪʠ(…2ὧέὲίὸ, …2ίὭὲ) ʜʣʷ
ʤʦʜʝʣʠʨʦʚʘʥʠʷʩ ʪʦʯʥʦʩʪʴʩʁʦʛʣʘʩʥʦ

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡʩʪʘʪʠʩʪʠʢʝʠʩʫʨʦʚʥʝʤʬʦʥʘ,

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫʬʦʥʫ.

ɹʳʣʠʩʤʦʜʝʣʠʨʦʚʘʥʳʜʚʘʩʣʫʯʘʷ: ʩ ʛʠʧʦʪʝʟʦʡ

ʦʩʮʠʣʣʷʮʠʡʠʩʛʠʧʦʪʝʟʦʡʦʙʦʪʩʫʪʩʪʚʠʠʦʩʮʠʣʣʷʮʠʡ.

ɼʣʢ̫ʘʞʜʦʛʦʩʣʫʯʘʷʘʥʘʣʠʟʧʨʦʚʦʜʠʣʩʷʩʛʠʧʦʪʝʟʦʡ

ʦʩʮʠʣʣʷʮʠʡʠʩʛʠʧʦʪʝʟʦʡʙʝʟʦʩʮʠʣʣʷʮʠʡ.

MC-ʄʆɼɽʃʔ

Cʕʂʉʇɽʈʀʄɽʅʊɸʃʅʆʁ 

ʉʊɸʊʀʉʊʀʏɽʉʂʆʁ 

ʊʆʏʅʆʉʊʔʖ 

ɺʩʝʛʦ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ υẗρπ
ʵʢʩʧʝʨʠʤʝʥʪʦʚʜʣ ʩ̫ʣʫʯʘʷʩ

ʦʩʮʠʣʣʷʮʠʷʤʠʠʩʪʦʣʴʢʦʞʝʙʝʟ

ʦʩʮʠʣʣʷʮʠʡ.
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ʕʪʦʨʘʩʧʨʝʜʝʣʝʥʠʝʦʪʣʠʯʘʝʪʩʷʦʪ…2 ʩʜʚʫʤʷ
ʩʪʝʧʝʥʷʤʠʩʚʦʙʦʜʳ,ʢʘʢʫʪʚʝʨʞʜʘʝʪʪʝʦʨʝʤʘ

ʋʠʣʢʩʘ. ʆʜʥʘʢʦʜʦʣʷ ʨʝʟʫʣʴʪʘʪʦʚ

ʤʦʜʝʣʠʨʦʚʘʥʠʷʩ … … Ȣ Ó11,3

ʩʦʩʪʘʚʣʷʝʪʚʩʝʛʦ0,0075, ʯʪʦʩʦʦʪʚʝʪʩʪʚʫʝʪ2,7ů

CL. ʊʘʢʠʤʦʙʨʘʟʦʤ,ʠʩʧʦʣʴʟʫʷʵʪʦʪʙʦʣʝʝ

ʩʪʨʦʛʠʡʢʨʠʪʝʨʠʡʜʣʷʦʮʝʥʢʠʫʨʦʚʥʷ

ʜʦʩʪʦʚʝʨʥʦʩʪʠʧʨʠʧʦʠʩʢʝʦʩʮʠʣʣʷʮʠʡʚ

ʵʢʩʧʝʨʠʤʝʥʪʝçʅʝʡʪʨʠʥʦ-4è,ʤʦʞʥʦʩʜʝʣʘʪʴ

ʚʳʚʦʜʦʥʘʙʣʶʜʝʥʠʠʦʩʮʠʣʣʷʮʠʠʥʝʡʪʨʠʥʦʚ

ʩʪʝʨʠʣʴʥʦʝʩʦʩʪʦʷʥʠʝʧʨʠ2.7ůCL.

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʣʷ ʧʦʜʭʦʜʘ ʢ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ ʥʘ 

ʦʩʥʦʚʝ MC (ʩʠʥʷʷ ʣʠʥʠʷ) ʠ …2 ʩ ʬʫʥʢʮʠʝʡ 2-ʭ ʩʪʝʧʝʥʝʡ 

ʩʚʦʙʦʜʳ, ʢʦʪʦʨʘʷ ʫʪʚʝʨʞʜʘʝʪʩʷ ʪʝʦʨʝʤʦʡ ʋʠʣʢʩʘ. 

MC ʤʦʜʝʣʴ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʪʝʦʨʝʤʘ ʋʠʣʢʩʘ

ʋʨʦʚʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 2.7ů

2 2

.null best fitc c-
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2. ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʅʝʡʪʨʠʥʦ-4 ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ

2.1  NEOS, DANSS, STEREO, PROSPECTʥʘ ʨʝʘʢʪʦʨʘʭʠ SSʄ

2.2  MiniBooNE, LSNDʥʘ ʫʩʢʦʨʠʪʝʣʷʭ 

2.3  ɻ ʢʩʧʝʨʠʤʝʥʪʘ IceCube

2.4  ɻ ʢʩʧʝʨʠʤʝʥʪʘ BEST cʥʝʡʪʨʠʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ Cr51

2.5 ʵʢʩʧʝʨʠʤʝʥʪʘ MicroBoone
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ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʅʝʡʪʨʠʥʦ-4 

ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʘʢʪʦʨʥʦʡ ʠ ʛʘʣʣʠʝʚʦʡ ʘʥʦʤʘʣʠʡ ʜʦ 2021 ʛʦʜʘ

╡══ἻἱἶⱣ Ȣ Ȣ ȢⱭ

ἻἱἶⱣ Ȣ Ȣ ȢⱭ

Neutrino-4

▼░▪Ᵽ Ȣ Ȣ ȢⱭ

gallium anomaly 
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ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʅʝʡʪʨʠʥʦ-4 ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ BEST

1. ʕʢʩʧʝʨʠʤʝʥʪçʅʝʡʪʨʠʥʦ-4èʥʘʧʨʘʚʣʝʥʥʘ

ʧʨʷʤʦʝʠʟʤʝʨʝʥʠʝʧʘʨʘʤʝʪʨʘʦʩʮʠʣʣʷʮʠʠ

ἻἱἶⱣ Ȣ ʅʘ ʙʦʣʴʰʠʭʨʘʩʩʪʦʷʥʠʷʭ

ʜʝʬʠʮʠʪʨʘʚʝʥİἻἱἶⱣ ȟ ʠʟ-ʟʘ

ʫʩʨʝʜʥʝʥʠʷʧʦɻ ʥʝʨʛʝʪʠʯʝʩʢʦʤʫʩʧʝʢʪʨʫ.

2. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʪʦʙʳʩʨʘʚʥʠʪʴʨʝʟʫʣʴʪʘʪʳ

ʵʢʩʧʝʨʠʤʝʥʪʘNeutrino-4 ʩRAA ʠGA, ʤʦʞʥʦ

ʠʩʧʦʣʴʟʦʚʘʪʴʟʥʘʯʝʥʠʝἻἱἶⱣ ʜʣʷ

ʧʦʣʫʯʝʥʠʷʜʝʬʠʮʠʪʘʠʣʠʥʘʦʙʦʨʦʪ.

ʄʳ ʧʨʝʜʧʦʯʠʪʘʝʤʠʩʧʦʣʴʟʦʚʘʪʴʟʥʘʯʝʥʠʝ

ʧʘʨʘʤʝʪʨʘʢʦʣʝʙʘʥʠʡἻἱἶⱣ ʚʥʘʰʝʤ

ʩʨʘʚʥʠʪʝʣʴʥʦʤʘʥʘʣʠʟʝ.

ɼʝʬʠʮʠʪʥʝʡʪʨʠʥʦʚʛʘʣʣʠʝʚʳʭʵʢʩʧʝʨʠʤʝʥʪʘʭʩʫʯʝʪʦʤʥʦʚʦʛʦʨʝʟʫʣʴʪʘʪʘʵʢʩʧʝʨʠʤʝʥʪʘBEST ʩʦʩʪʘʚʣʷʝʪ

Ȣ Ȣ [1] ʠʩʦʦʪʚʝʪʩʪʚʫʝʪsinꜘ Ȣ Ȣ Ɑ. ʕʪʦʪʨʝʟʫʣʴʪʘʪʧʦʜʪʚʝʨʞʜʘʝʪʨʝʟʫʣʴʪʘʪ

ʵʢʩʧʝʨʠʤʝʥʪʘʅʝʡʪʨʠʥʦ-4 sinⱣ Ȣ Ȣ Ȣ ⱭȢʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝʟʥʘʯʝʥʠʝʅʝʡʪʨʠʥʦ-4 ʠʥʦʚʦʛʦ

ʟʥʘʯʝʥʠʷɻɸʩʦʩʪʘʚʣʷʝʪsinⱣ Ȣ Ȣ Ȣ ⱭȢ

[1] 2109.11482GavrinarXiv

After the BEST measurements the Ga anomaly looks more pronounced; the weighted average value of 

the neutrino capture rate relative to the expected value for all Ga experiments is 0.80 (0.05), accounting 

for the correlated uncertainty for . If one ignores the excited state contribution to , the value would 

increase to 0.84 (0.04), but still be signicantly below 1.
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ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʨʝʟʫʣʴʪʘʪ (ʈɸɸ)

ʚ ςȢυʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʅʝʡʪʨʠʥʦ-4 ʠ ɻɸ(BEST):  

0.36 Ñ0.12 ʠ0.32 Ñ0.08  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʈʘʟʥʠʮʘ ʈɸɸ ʠ ʅʝʡʪʨʠʥʦ-4 + ɻɸ(BEST)ʩʦʩʪʘʚʣʷʝʪ 0.20 Ñ

0.086 . ʪ.ʝ.ȢⱭʚ ʦʩʥʦʚʥʦʤ ʠʟ-ʟʘ ʙʦʣʴʰʦʡ ʦʰʠʙʢʠ ʈɸɸ

ʇʨʦʪʠʚʦʨʝʯʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʅʝʡʪʨʠʥʦ-4 ʠ ʥʦʚʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʛʘʣʣʠʝʚʦʡ ʘʥʦʤʘʣʠʠ (ɻɸ) 

ʩ ʨʝʘʢʪʦʨʥʦʡ ʘʥʪʠʥʝʡʪʨʠʥʥʦʡʘʥʦʤʘʣʠʝʡ (ʈɸɸ) ʠ ʩʦʣʥʝʯʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ

ʈʝʟʫʣʴʪʘʪʳʵʢʩʧʝʨʠʤʝʥʪʦʚNeutrino-4 and BEST

ʥʘʭʦʜʷʪʩʷʚ ʦʙʣʘʩʪʠʧʘʨʘʤʝʪʨʦʚʠʩʢʣʶʯʘʝʤʦʡ

ʛʣʦʙʘʣʴʥʳʤʬʠʪʦʤɻʢʩʧʝʨʠʤʝʥʪʦʚʧʦʠʟʤʝʨʝʥʠʶ

ʧʦʪʦʢʘʩʦʣʥʝʯʥʳʭʥʝʡʪʨʠʥʦ.

ʉʦʣʥʝʯʥʘʷ ʤʦʜʝʣʴ:

GS98 0.18 (99% CL)

AGSS09     0.10 (99% CL)

ʈʘʟʥʠʮʘ ʦʮʝʥʦʢ ʤʝʞʜʫ ʜʚʫʤʷ ʤʦʜʝʣʷʤʠ

ʩʦʩʪʘʚʣʷʝʪ 1.8 ʨʘʟʘ

▼░▪Ᵽ Ȣ Ȣ ȢⱭ
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ʇʨʷʤʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʠʣʠ ʧʦʙʦʯʥʳʡ ʧʨʦʜʫʢʪ

ʥʘ ʬʦʥʝ ʩʣʦʞʥʳʭ ʧʨʦʮʝʩʩʦʚ?
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1. ʈʘʩʭʦʞʜʝʥʠʝ ʤʝʞʜʫ ʦʙʣʘʩʪʴʶ ʈɸɸʠ ʦʙʣʘʩʪʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘ ʅʝʡʪʨʠʥʦ4 +ɻɸ(BEST) ʩʦʩʪʘʚʣʷʝʪȢⱭʚ 
ʦʩʥʦʚʥʦʤ ʠʟ-ʟʘ ʙʦʣʴʰʦʡ ʦʰʠʙʢʠ ʈɸɸ. ʕʪʦ ʪʨʝʙʫʝʪ ʜʝʪʘʣʴʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʧʨʠʯʠʥ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚ ʈɸɸ.

2. ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʠʟʤʝʨʝʥʠʡ RAA ʦʩʥʦʚʘʥʘ ʥʘ ʨʘʩʩʯʠʪʘʥʥʦʤ ʩʧʝʢʪʨʝ, ʢʦʪʦʨʳʡ ʚʩʝ ʝʱʝ ʠʤʝʝʪ ʥʝʦʙʲʷʩʥʸʥʥʳʝ 

ʨʘʩʭʦʞʜʝʥʠʷ ʩ ʠʟʤʝʨʝʥʥʳʤ ʩʧʝʢʪʨʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʨʘʩʯʸʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʝʩʪʴ ʨʘʩʭʦʞʜʝʥʠʷ ʧʦ 

ʠʥʪʝʛʨʘʣʘʤ ʩʧʝʢʪʨʦʚ ʠ ʧʦ ʠʭ ʬʦʨʤʘʤ. 

3.  ɽʩʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ çʙʘʤʧè. ɽʩʣʠ ʝʩʪʴ ʧʨʝʚʳʰʝʥʠʝ ʚ ʩʧʝʢʪʨʝ ʚ ʦʙʣʘʩʪʠ 5 ʄʵɺ, ʪʦ ʢʘʢʠʝ-ʪʦ ʠʟʦʪʦʧʳ ʠ 

ʨʘʩʧʘʜʳ ʥʝ ʫʯʪʝʥʳ. ʅʦ ʤʦʜʝʣʴʍʫʙʝʨʘ-ʄʶʣʣʝʨʘ ʵʪʦʛʦ ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪ. ɿʘʯʝʤ ʜʚʝ ʧʨʦʙʣʝʤʳ ïʩʧʝʢʪʨ ʠ 

ʜʝʬʠʮʠʪ, ʭʚʘʪʘʝʪ ʦʜʥʦʡ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʜʝʬʠʮʠʪ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʧʨʦʬʠʮʠʪ. ʏʪʦ-ʪʦ ʥʝ ʣʘʜʥʦ ʚ ʨʘʩʯʸʪʘʭ.

4. ɽʩʣʠ ʝʩʪʴʜʝʬʠʮʠʪ, ʪʦ ʣʦʛʠʯʥʝʝ, ʯʪʦ ʜʝʬʠʮʠʪ ʦʜʠʥʘʢʦʚʳʡ ʧʦ ʚʩʝʤʫ ʩʧʝʢʪʨʫ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʦʩʮʠʣʣʷʮʠʡ, ʘ 

ʧʨʝʚʳʰʝʥʠʝ ʚ ʩʧʝʢʪʨʝ ʚ ʦʙʣʘʩʪʠ 5 ʄʵɺ, ʧʦʪʦʤʫ ʯʪʦ ʢʘʢʠʝ-ʪʦ ʠʟʦʪʦʧʳ ʠ ʨʘʩʧʘʜʳ ʥʝ ʫʯʪʝʥʳ. ʅʘʜʦ ʠʩʢʘʪʴ.

5.   ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʩʥʦʚʝ ʈɸɸ ʣʝʞʠʪ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʡ ʤʝʪʦʜ ʘʙʩʦʣʶʪʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʥʦ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʅʝʡʪʨʠʥʦ-4 ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʥʝ ʪʨʝʙʫʝʪ ʪʦʯʥʦʛʦ ʟʥʘʥʠʷ ʦ 

ʩʧʝʢʪʨʝ ʨʝʘʢʪʦʨʥʳʭ ʘʥʪʠʥʝʡʪʨʠʥʦ. ʕʢʩʧʝʨʠʤʝʥʪ BEST ʠʩʧʦʣʴʟʫʝʪ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʡ ʩʧʝʢʪʨ 

ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʭ ʥʝʡʪʨʠʥʦ ʠ ʪʦʞʝ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʥʘʜʸʞʥʳʤ. ʆʥ ʠʩʧʦʣʴʟʫʝʪ ʤʝʪʦʜ, ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʸʥʥʳʡ 

ʨʘʥʝʝ ʚ ʈʦʩʩʠʡʩʢʦ-ɸʤʝʨʠʢʘʥʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ SAGE. 

ʈʘʩʭʦʞʜʝʥʠʝ ʤʝʞʜʫ ʦʙʣʘʩʪʴʶ ʈɸɸ ʠ ʅʝʡʪʨʠʥʦ4 +ɻɸ(BEST)
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ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ [11] ʦʪʤʝʯʘʣʦʩʴ, 

ʯʪʦ ʚʦʟʤʦʞʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʨʘʩʭʦʞʜʝʥʠʷ 

ʩʧʝʢʪʨʦʚ. ʕʪʦ ʥʝ ʙʘʤʙ ʚ ʦʙʣʘʩʪʠ 5 

ʄʵɺ, ʘ ʷʤʘ ʚ ʦʙʣʘʩʪʠ ʤʘʢʩʠʤʫʤʘ ʚ 

ʦʙʣʘʩʪʠ 3 ʄʵɺ

(ɺʚʝʨʭʫ) ʉʧʝʢʪʨʳ 235U ʠ 239Pu ʠʟ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ DayaBay ʠ PROSPECT. 

(ɺʥʠʟʫ) ʉʦʦʪʥʦʰʝʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʢ ʧʨʝʜʩʢʘʟʘʥʠʷʤ 

ʬʦʨʤʳ ʦʪ ʤʘʩʰʪʘʙʠʨʦʚʘʥʥʦʡ ʰʢʘʣʳ 

ʍʫʙʝʨ- ʄʦʜʝʣʴ ʄʶʣʣʝʨʘ. 

ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʷ 235U ʠ 239Pu.

ʏʝʨʥʳʡ ʵʣʣʠʧʩ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʄʦʜʝʣʴ HM; 

ɿʝʣʝʥʳʝ ʢʦʥʪʫʨʳ ʦʪʥʦʩʷʪʩʷ ʢ ʨʘʟʜʝʣʝʥʠʶ U / Pu;

ʌʠʦʣʝʪʦʚʘʷ ʧʦʣʦʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʨʝʜʥʝʤʠʨʦʚʦʝ

ʟʥʘʯʝʥʠʝ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʯʠʩʪʳʤ 235U ; 

ʆʨʘʥʞʝʚʘʷ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʚʦʤʫ 

ʠʟʤʝʨʝʥʠʶ ʂʦʧʝʡʢʠʥʘ. ʦʪʥʦʰʝʥʠʷ ʩʧʝʢʪʨʦʚ 235U / 

239Pu 22. 

ʈʘʟʛʦʚʦʨʳ ʚʦʢʨʫʛ ʈɸɸ
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ʉʧʝʢʪʨʳ 235U ʠ 239 Pu ʧʦʩʣʝ ʘʥʘʣʠʟʘ ʩ ʫʯʸʪʦʤ ʬʦʨʤʳ ʩʧʝʢʪʨʘ ʠ

ʩ  ʫʯʸʪʦʤ ʧʨʦʮʝʩʩʘ ʦʩʮʠʣʣʷʮʠʡ ʩ sinⱣ Ȣ Ȣ Ȣ ⱭȢ

ʉʧʝʢʪʨʳ 235U ʠ 239 Pu ʧʦʩʣʝ ʘʥʘʣʠʟʘ ʩ 

ʫʯʸʪʦʤ ʬʦʨʤʳ ʩʧʝʢʪʨʘ ʠ

ʩ  ʫʯʸʪʦʤ ʧʨʦʮʝʩʩʘ ʦʩʮʠʣʣʷʮʠʡ ʩ 

sinς— πȢσσ πȢπχτȢω„Ȣ
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˴͙͔͙ͤͭ;͔ͫ͊͟Ύ 
Ή͔͎͙ͤͪΎ 
͍ͦͫͦͦ͟͟͡

мст ˸Ήˤ

˸͎͍͔ͤͦͤͤ·͔ 
͔͚ͤͭͪͦͤ·

р ˸Ήˤ

͔̏ͭͪͦͤ͟͡· -̡-
ͪ͊ͫͨ͊͒͊

р ˸Ήˤ

ˢ͙͔͚͙ͤͭͤͭͪͤͦ 
-̡-ͪ͊ͫͨ͊͒͊

мл ˸Ήˤ

˸͎͍͔͔ͤͦͤͤͦ 
-ɹ͙ͯ͘͡;͔͙͔ͤ

т ˸Ήˤ

-ɹˮͯ͘͡;͔͙͔ͤ 
͍ͨͪͦ͒ͯͭͦ͟ 
ͪ͊ͫͨ͊͒͊

с ˸Ήˤ

˽ͦͤ͊͡Ύ 
Ή͔͎͙ͤͪΎ 
͔͔͙͒ͤ͡Ύ 

нлл ˸Ήˤ

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ 

ʜʝʣʝʥʠʷ 235U ʪʝʧʣʦʚʳʤʠ 

ʥʝʡʪʨʦʥʘʤʠ

ʉʣʦʞʥʦʩʪʴ ʟʘʜʘʯʠ ʨʝʘʢʪʦʨʥʦʛʦ ʢɻʩʧʝʨʠʤʝʥʪʘ ʧʦ ʧʦʠʩʢʫ ʩʪʝʨʠʣʴʥʦʛʦ ʥʝʡʪʨʠʥʦ, 

ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʘʙʩʦʣʶʪʥʳʭ ʠʟʤʝʨʝʥʠʷʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʦʮʝʩʩʘ ʨʘʙʦʪʳ ʨʝʘʢʪʦʨʘ

ʇʨʦʜʫʢʪʳ ʷʜʝʨʥʦʛʦ ʜʝʣʝʥʠʷ (ʇʗɼ) 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʩʤʝʩʴ ʙʦʣʝʝ 

ʯʝʤ 200 ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʟʦʪʦʧʦʚ 36 

ʵʣʝʤʝʥʪʦʚ (ʦʪ ʮʠʥʢʘ ʜʦ ʛʘʜʦʣʠʥʠʷ). 

ɹʦʣʴʰʫʶ ʯʘʩʪʴ ʘʢʪʠʚʥʦʩʪʠ ʩʦʩʪʘʚʣʷʶʪ 

ʢʦʨʦʪʢʦʞʠʚʫʱʠʝ ʨʘʜʠʦʥʫʢʣʠʜʳ. ʊʘʢ, ʯʝʨʝʟ 

7, ʯʝʨʝʟ 49 ʠ ʯʝʨʝʟ 343 ʩʫʪʦʢ ʧʦʩʣʝ ʚʟʨʳʚʘ 

ʘʢʪʠʚʥʦʩʪʴ ʇʗɼ ʩʥʠʞʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʚ 10, 100 ʠ 1000 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʘʢʪʠʚʥʦʩʪʴʶ ʯʝʨʝʟ ʯʘʩ ʧʦʩʣʝ ʚʟʨʳʚʘ.. 

Etot <Eɜ> Eɓɔ Enc Ef

U2

35

202.79 

Ñ0.06

9.07   Ñ

0.32

0.35 Ñ

0.02

8.55   Ñ

0.22

209.20 

Ñ0.46

U2

38

205.93 

Ñ0.13

11.00 Ñ

0.80

0.33 Ñ

0.03

10.92 Ñ

0.28

205.52 

Ñ0.96

P

u2

39

207.32 

Ñ0.08

7.22   Ñ

0.27

0.30 Ñ

0.02

11.19 Ñ

0.28

209.99 

Ñ0.60

P

u2

41

211.04 

Ñ0.12

8.71   Ñ

0.30

0.29 Ñ

0.03

11.50 Ñ

0.25

213.60 

Ñ0.65

ʕʥʝʨʛʠʷ ʠ ʚʨʝʤʷ ʞʠʟʥʠ 

ʥʫʢʣʠʜʦʚ ʧʨʠ ʜʝʣʝʥʠʠ 235U

ʀʩʢʘʪʴ 

ʟʜʝʩʴ
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1. ʀʥʪʝʨʧʨʝʪʘʮʠʷʠʟʤʝʨʝʥʠʡʧʦʪʦʢʘʩʦʣʥʝʯʥʳʭʥʝʡʪʨʠʥʦʦʧʠʨʘʝʪʩʷʥʘʪʝʦʨʝʪʠʯʝʩʢʠʨʘʩʩʯʠʪʘʥʥʦʝ

ʟʥʘʯʝʥʠʝʧʦʣʥʦʛʦʧʦʪʦʢʘʩʦʣʥʝʯʥʳʭʥʝʡʪʨʠʥʦ. ʕʪʦʟʥʘʯʝʥʠʝʨʘʩʩʯʠʪʳʚʘʝʪʩʷʥʘʦʩʥʦʚʝʉʪʘʥʜʘʨʪʥʦʡ

ʉʦʣʥʝʯʥʦʡʄʦʜʝʣʠ,ʘʟʥʘʯʠʪʚʢʣʶʯʘʝʪʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠʵʪʦʡʤʦʜʝʣʠʠʥʝʨʝʰʸʥʥʫʶʧʨʦʙʣʝʤʫ

ʤʝʪʘʣʣʠʯʥʦʩʪʠʉʦʣʥʮʘ.

2.ɺʝʨʦʷʪʥʦʩʪʴʦʙʥʘʨʫʞʝʥʠʷʵʣʝʢʪʨʦʥʥʦʛʦʥʝʡʪʨʠʥʦʚʧʦʣʥʦʤʧʦʪʦʢʝʩʦʣʥʝʯʥʳʭʥʝʡʪʨʠʥʦʟʘʚʠʩʠʪʦʪʚʩʝʭ

ʫʛʣʦʚʩʤʝʰʠʚʘʥʠʷ. ɼʣʫ̫ʧʨʦʱʝʥʠʷʨʘʩʯʸʪʦʚ,ʯʘʩʪʴʧʘʨʘʤʝʪʨʦʚ(— ȟ— ȟȣ) ʬʠʢʩʠʨʫʝʪʩʷʥʘʦʩʥʦʚʝ

ʨʝʟʫʣʴʪʘʪʦʚʨʝʘʢʪʦʨʥʳʭʠʣʠʫʩʢʦʨʠʪʝʣʴʥʳʭʥʝʡʪʨʠʥʥʳʭʵʢʩʧʝʨʠʤʝʥʪʦʚ.ɼʣʥ̫ʝʡʪʨʠʥʦ,ʨʦʞʜʘʶʱʠʭʩʷʧʨʠ

ʨʘʩʧʘʜʝ8B, ʪʝʦʨʝʪʠʯʝʩʢʠʡʧʦʪʦʢʚʢʣʶʯʘʝʪʫʯʸʪɻʬʬʝʢʪʘMSW, ʜʣ ʨ̫ʘʩʯʸʪʘʢʦʪʦʨʦʛʦʠʩʧʦʣʴʟʫʶʪʩʷ

ʨʘʩʧʨʝʜʝʣʝʥʠʝʧʣʦʪʥʦʩʪʠʵʣʝʢʪʨʦʥʦʚʚʉʦʣʥʮʝʠʘʜʠʘʙʘʪʠʯʝʩʢʦʝʧʨʠʙʣʠʞʝʥʠʝ.

ʈʝʟʫʣʴʪʘʪʅʝʡʪʨʠʥʦ-4 ʧʦʣʫʯʝʥʚʨʘʤʢʘʭʦʪʥʦʩʠʪʝʣʴʥʳʭʠʟʤʝʨʝʥʠʡʠʥʝʟʘʚʠʩʠʪʦʪʤʦʜʝʣʝʡ. ɼʣʷ

ʧʨʘʚʠʣʴʥʦʛʦʩʦʚʤʝʩʪʥʦʛʦʘʥʘʣʠʟʘʨʝʟʫʣʴʪʘʪʦʚʠʟʤʝʨʝʥʠʡʧʦʪʦʢʘʩʦʣʥʝʯʥʳʭʥʝʡʪʨʠʥʦʠʨʝʟʫʣʴʪʘʪʘ

ʅʝʡʪʨʠʥʦ-4, ʥʝʦʙʭʦʜʠʤʦʧʝʨʝʩʤʦʪʨʝʪʴʨʝʟʫʣʴʪʘʪʳʠʟʤʝʨʝʥʠʡʚʩʝʭʧʘʨʘʤʝʪʨʦʚʤʘʪʨʠʮʳʩʤʝʰʠʚʘʥʠʷʚ

ʨʘʤʢʘʭʤʦʜʝʣʠ3+1, ʫʯʠʪʳʚʘʷʟʥʘʯʝʥʠʷʧʘʨʘʤʝʪʨʦʚʩʪʝʨʠʣʴʥʦʛʦʥʝʡʪʨʠʥʦʧʦʣʫʯʝʥʥʳʝʚʨʘʤʢʘʭ

ʵʢʩʧʝʨʠʤʝʥʪʘʅʝʡʪʨʠʥʦ-4ʠʫʥʠʪʘʨʥʦʩʪʴἣ .

ʇʨʦʪʠʚʦʨʝʯʠʝ ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ Neutrino-4 and BEST ʠ ʦʛʨʘʥʠʯʝʥʠʝʤ ʥʘ ʧʘʨʘʤʝʪʨʳ 

ʩʪʝʨʠʣʴʥʦʛʦ ʥʝʡʪʨʠʥʦ ʠʟ ʘʥʘʣʠʟʘ ʠʟʤʝʨʝʥʠʡ ʧʦʪʦʢʘ ʩʦʣʥʝʯʥʳʭ ʥʝʡʪʨʠʥʦ



ʈʘʟʥʠʮʘ ʥʝʡʪʨʠʥʥʳʭ ʧʦʪʦʢʦʚ ʜʣʷ ʜʚʫʭ ʤʦʜʝʣʝʡ 

ʤʝʪʘʣʣʠʯʥʦʩʪʠʩʦʣʥʮʘ. HZ ïʚʳʩʦʢʘʷ ʤʝʪʘʣʣʠʯʥʦʩʪʴ, 

LZ ïʥʠʟʢʘʷ ʤʝʪʘʣʣʠʯʥʦʩʪʴ

ɼʘʥʥʳʝ ʚʟʷʪʳ ʠʟ ʩʪʘʪʴʠ ʢʦʣʣʘʙʦʨʘʮʠʠBorexino

Universe2021, 7(7), 231[arXiv:2105.13858v1]

https://arxiv.org/abs/2105.13858v1


ɺʝʨʦʷʪʥʦʩʪʴʦʙʥʘʨʫʞʝʥʠʷʵʣʝʢʪʨʦʥʥʦʛʦʥʝʡʪʨʠʥʦʢʘʢ

ʬʫʥʢʮʠʷʵʥʝʨʛʠʠ. ʂʨʘʩʥʳʝʪʦʯʢʠ- ʨʝʟʫʣʴʪʘʪBorexino,

ʯʸʨʥʘʷʪʦʯʢʘïSNO+SKʜʣ8̫B. ʊʨʠʪʦʯʢʠBorexinoʜʣ8̫B

ʩʦʦʪʚʝʪʩʪʚʫʶʪʠʟʤʝʨʝʥʠʷʤʚʨʘʟʣʠʯʥʳʭʜʠʘʧʘʟʦʥʘʭʵʥʝʨʛʠʡ.

ʇʦʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʜʘʥʥʳʤʚʝʨʦʷʪʥʦʩʪʠʦʧʨʝʜʝʣʷʝʪʩʷʩ

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤʉʉʄʩʚʳʩʦʢʦʡʤʝʪʘʣʣʠʯʥʦʩʪʴʶ. ʆʰʠʙʢʠ

ʩʦʦʪʚʝʪʩʪʚʫʶʪρ„ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʷ+ ʪʝʦʨʝʪʠʯʝʩʢʘʷ.

ʂʨʠʚʘʷʩʦʦʪʚʝʪʩʪʚʫʝʪρ„ʧʨʝʜʩʢʘʟʘʥʠʶʤʦʜʝʣʠMSW-LMA

.

ʅʝʜʘʚʥʷʷʨʘʙʦʪʘʦʧʠʩʳʚʘʶʱʘʷʦʛʨʘʥʠʯʝʥʠʷʥʘ

ʦʩʥʦʚʝʛʣʦʙʘʣʴʥʦʛʦʘʥʘʣʠʟʘarXiv:2109.14898v1

ʀʟ303 ʪʦʯʝʢʚʟʷʪʳʭʚʨʘʩʩʤʦʪʨʝʥʠʝʙʦʣʴʰʝ

ʧʦʣʦʚʠʥʳʦʪʥʦʩʷʪʩʷʢʠʟʤʝʨʝʥʠʷʤʥʝʡʪʨʠʥʦʦʪ

ʨʘʩʧʘʜʘ8B, ʪʘʢʢʘʢɻʢʩʧʝʨʠʤʝʥʪʳSK ʠSNO

ʯʫʚʩʪʚʠʪʝʣʴʥʳʪʦʣʴʢʦʢʥʝʡʪʨʠʥʦʩɻ ʥʝʨʛʠʝʡʚʳʰʝ

3.5 MeV.

ɽʩʪʴ ʪʦʯʥʦʩʪʴ ʨʘʩʯʸʪʘ,

ʥʦ ʥʝʪ ʪʦʯʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘ

ɽʩʪʴ ʪʦʯʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘ,

ʥʦ ʥʝʪ ʪʦʯʥʦʩʪʠ ʨʘʩʯʸʪʘ

8 [ 12%]B°

║ Ϸ

ʈʘʟʥʦʩʪʴ ʜʚʫʭ ʤʦʜʝʣʝʡ 17%

ʊʦʯʥʦʩʪʴ ʨʘʩʯʸʪʘɽʩʪʴ ʪʦʯʥʦʩʪʴ ʨʘʩʯʸʪʘ, ʥʦ ʥʝʪ ʪʦʯʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ɽʩʪʴ ʪʦʯʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʥʦ ʥʝʪ ʪʦʯʥʦʩʪʠ ʨʘʩʯʸʪʘ.

Vacuum-LMA

https://arxiv.org/abs/2109.14898v1
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1. ʕʢʩʧʝʨʠʤʝʥʪʳ DANSS ʠ NEOS ʥʘ ɸʕʉ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʤʝʥʴʰʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʷʤ ʧʘʨʘʤʝʪʨʘ □
ʠʟ-ʟʘ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʨʝʘʢʪʦʨʘ 3-4 ʤʝʪʨʘ. ɼʣʷ 

ʦʩʮʠʣʣʷʮʠʡ ʩʧʝʨʠʦʜʦʤ 1,4 ʤ ʜʣʷ ʵʥʝʨʛʠʠ ʥʝʡʪʨʠʥʦ 4 ʄʵɺ 

ʧʨʦʠʩʭʦʜʠʪ ʫʩʨʝʜʥʝʥʠʝ ʵʬʬʝʢʪʘ ʫʞʝ ʚ ʧʨʝʜʝʣʘʭ ʵʦʥʳ ʨʝʘʢʪʦʨʘ.

2. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʦʚ STEREO [14] ʠ PROSPECT [13] 

ʧʦʢʘ ʥʝʜʦʩʪʘʪʦʯʥʘ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʨʝʟʫʣʴʪʘʪ ʵʢʩʧʝʨʠʤʝʥʪʘ 

çʅʝʡʪʨʠʥʦ-4è, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʚʜʚʦʝ ʣʫʯʰʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ (ʨʠʩ.). 

ʍʦʪʷ ʩʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʙʝʩʪ ʬʠʪɻʢʩʧʝʨʠʤʝʥʪʘ STEREO

ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʣʘʩʪʠ ʨʝʟʫʣʴʪʘʪʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʅʝʡʪʨʠʥʦ-4. 

3. ʕʢʩʧʝʨʠʤʝʥʪʝ çʅʝʡʪʨʠʥʦ-4è ʠʩʧʦʣʴʟʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʡ 

ʜʠʘʧʘʟʦʥ ʨʘʩʩʪʦʷʥʠʡ, STEREO[ʠ PROSPECT .

4. ʆʩʦʙʝʥʥʦ ʚʘʞʥʦ, ʯʪʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ çʅʝʡʪʨʠʥʦ-4è ʤʳ ʥʘʙʣʶʜʘʝʤ 

ʧʨʦʮʝʩʩ ʦʩʮʠʣʣʷʮʠʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʠʟʤʝʨʝʥʠʷʭ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ 

ʢʦʛʝʨʝʥʪʥʦʛʦ ʩʣʦʞʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʩ ʦʜʠʥʘʢʦʚʦʡ ʬʘʟʦʡ -

ʤʝʪʦʜ ʛʦʣʦʛʨʘʬʠʠ. 

ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ Neutrino-4 ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ PROSPECT, STEREO, DANSS ʠ NEOS 
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ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʅʝʡʪʨʠʥʦ-4 ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʘʢʪʦʨʥʦʡ, ʛʘʣʣʠʝʚʦʡ ʘʥʦʤʘʣʠʠ ʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ KATRIN ʠ GERDA ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ BEST 

1. ʊʝʧʝʨʴ ʩʣʝʜʫʝʪ ʫʩʪʘʥʦʚʠʪʴ ʦʛʨʘʥʠʯʝʥʠʝ ʩʚʝʨʭʫ ʥʘ □
ʠʟ ɻʢʩʧʝʨʠʤʝʥʪʦʚ KATRIN ʠ GERDA. 

2. ʅʘ ʨʠʩʫʥʢʝ ʛʦʣʫʙʳʤ ʮʚʝʪʦʤ ʚʳʜʝʣʝʥʘ ʦʙʣʘʩʪʴ 

ʧʘʨʘʤʝʪʨʦʚ ʩʪʝʨʠʣʴʥʦʛʦ ʥʝʡʪʨʠʥʦ, ʦʧʨʝʜʝʣʷʝʤʘʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʊʨʦʠʮʢ, KATRIN, BEST ʠ DANSS, ʚʥʫʪʨʠ 

ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʪʩʷ ʨʝʟʫʣʴʪʘʪ ʵʢʩʧʝʨʠʤʝʥʪʘ ʅʝʡʪʨʠʥʦ-4

□ Ȣ Ȣ ▼◄ Ȣ ▼◐▼◄

▼░▪Ᵽ Ȣ Ȣ
ʂʨʘʩʥʳʡ ʵʣʣʠʧʩ ʥʘ ʨʠʩʫʥʢʝ ʫʯʠʪʳʚʘʝʪ ʩʠʩʪʝʤʘʪʠʯʝʩʢʫʶ 

ʦʰʠʙʢʫʜʣʷ ʫʨʦʚʥʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 95%. 

3. ʈʝʟʫʣʴʪʘʪ ʵʢʩʧʝʨʠʤʝʥʪʘ KATRIN [15,16] ʥʝ ʠʩʢʣʶʯʘʝʪ 

ʦʙʣʘʩʪʠ ʅʝʡʪʨʠʥʦ-4 (ʨʠʩ.).

4.  ʆʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʪʨʝʙʫʝʪ ʵʢʩʧʝʨʠʤʝʥʪ GERDA [17], ʪʘʢ ʢʘʢ ʦʥ ʥʘʧʨʘʚʣʝʥ ʥʘ ʧʦʠʩʢ ʤʘʩʩʳ ʥʝʡʪʨʠʥʦ 

ʤʘʡʦʨʘʥʦʚʩʢʦʛʦʪʠʧʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʜʝʣ ʤʘʩʩʳ ʄʘʡʦʨʘʥʳ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ GERDA ʜʣʷ 

ʥʦʨʤʘʣʴʥʦʡ ʠʝʨʘʨʭʠʠ ʤʘʩʩ, ʥʘ ʦʜʥʦ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʝʜʩʢʘʟʘʥʠʝ ʤʘʩʩʳ ʄʘʡʦʨʘʥʘ, 

ʧʦʣʫʯʝʥʥʦʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘ Neutrino-4 (ʢʨʘʩʥʘʷ ʰʪʨʠʭʦʚʢʘ ʥʘ ʨʠʩ. ). ɽʩʣʠ ʚ ʙʫʜʫʱʝʤ ʧʨʝʜʝʣ 

ʤʘʡʦʨʘʥʦʚʩʢʦʡ ʤʘʩʩʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʜʚʦʡʥʦʤʫ ʙʝʪʘ-ʨʘʩʧʘʜʫ ʙʫʜʝʪ ʧʦʥʠʞʝʥ ʠ ʨʝʟʫʣʴʪʘʪ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʅʝʡʪʨʠʥʦ-4 ʧʦʜʪʚʝʨʜʠʪʩʷ, ʵʪʦ ʟʘʢʨʦʝʪ ʛʠʧʦʪʝʟʫ ʦ ʪʦʤ, ʯʪʦ ʥʝʡʪʨʠʥʦ ʷʚʣʷʝʪʩʷ ʯʘʩʪʠʮʝʡ ʤʘʡʦʨʘʥʦʚʩʢʦʛʦʪʠʧʘ. 
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ʉʊʈʋʂʊʋʈɸ ʄʆɼɽʃʀ ʅɽʁʊʈʀʅʆ 3 + 1 
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ʉʊʈʋʂʊʋʈɸ ʄʆɼɽʃʀ ʅɽʁʊʈʀʅʆ 3 + 1 ʀ ʇʈɽɼʉʊɸɺʃɽʅʀɽ ɺɽʈʆʗʊʅʆʉʊɽʁ 

ʈɸɿʃʀʏʅʓʍ ʆʉʎʀʃʃʗʎʀʁ
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ʉʦʦʪʥʦʰʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʩʮʠʣʣʷʮʠʡ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ: 

ʇʝʨʚʳʡ ʚʘʞʥʳʡ ʚʳʚʦʜ ʤʦʜʝʣʠ 3 + 1 - ʯʘʩʪʦʪʘ ʦʩʮʠʣʣʷʮʠʡ ʚʦ ʚʩʝʭ ʧʨʦʮʝʩʩʘʭ 

ʜʦʣʞʥʘ ʙʳʪʴ ʦʜʠʥʘʢʦʚʦʡ, ʪ.ʝ. ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ◕□

ɺʪʦʨʦʝ ʚʘʞʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʤʦʜʝʣʠ 3 + 1

2 2 2

14 24

1
2 2 2

4
sin sin sinmnq q qº

ʕʪʫ ʩʚʷʟʴ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʦ. ʇʦʷʚʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʥʝʡʪʨʠʥʦ ʚ 

ʧʫʯʢʝ ʤʶʦʥʥʳʭ ʥʝʡʪʨʠʥʦ ʵʪʦ ʧʨʦʮʝʩʩ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʪ.ʝ. ʧʝʨʝʭʦʜ ʤʶʦʥʥʦʛʦ ʥʝʡʪʨʠʥʦ ʚ 

ʩʪʝʨʠʣʴʥʦʝ ʥʝʡʪʨʠʥʦ, ʘ ʟʘʪʝʤ ʧʝʨʝʭʦʜ ʩʪʝʨʠʣʴʥʦʛʦ ʥʝʡʪʨʠʥʦ ʚ ʵʣʝʢʪʨʦʥʥʦʝ ʥʝʡʪʨʠʥʦ. 

Ὡ
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3. ɺʦʟʤʦʞʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ 

ʥʝʡʪʨʠʥʥʦʡ ʤʦʜʝʣʠ 3 + 1 ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ

▼░▪ⱣⱧ▄ ▼░▪Ᵽ ▼░▪Ᵽ
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ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ IceCube

□ Ȣ Ȣ
Ȣ

▼░▪Ᵽ Ȣ Ȣ
Ȣ

IceCube

best fit

ʂʨʘʩʥʘʷ ʣʠʥʠʷ ʥʘ ʨʠʩʫʥʢʝ ʝʩʪʴ ʦʛʠʙʘʶʱʘʷ ʧʨʝʜʝʣʦʚ 

ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ 99% CL. ʆʥʘ ʠʩʢʣʶʯʘʝʪ best 

fit, ʥʦ ʥʝ ʦʧʨʦʚʝʨʛʘʝʪ ʨʝʟʫʣʴʪʘʪ ʵʢʩʧʝʨʠʤʝʥʪʘ IceCube 

ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʜʠʘʧʘʟʦʥʘ ʦʰʠʙʦʢ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʩʦʦʪʥʦʰʝʥʠʷ

▼░▪ⱣⱧ▄ ▼░▪Ᵽ ▼░▪Ᵽ

ʤʦʞʥʦ ʫʤʥʦʞʠʪʴ ʵʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘ   ▼░▪Ᵽ

ʠʟ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʅʝʡʪʨʠʥʦ-4 ʠ ɻɸ(BEST)

ǎƛƴⱣ Ȣ Ȣ
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ʇʨʝʜʝʣʥʘ▼░▪Ᵽ 99% CL (ʢʨʘʩʥʘʷ ʣʠʥʠʷʥʘ ʧʣʦʩʢʦʩʪʠ 

▼░▪Ᵽ ) ʧʝʨʝʥʦʩʠʪʩʷ ʥʘ ʧʣʦʩʢʦʩʪʴ ▼░▪ⱣⱧ▄ʧʨʠ ʟʥʘʯʝʥʠʝ 

ǎƛƴⱣ Ȣ Ȣ ʩ ʫʯʸʪʦʤ ʦʰʠʙʢʠ. ʕʪʦ ʜʘʸʪ ʧʨʝʜʝʣ ʥʘ 

ʧʣʦʩʢʦʩʪʠ ▼░▪ⱣⱧ▄(ʪʦʞʝ ʢʨʘʩʥʘʷ ʣʠʥʠʷ). 

ʂʨʘʩʥʘʷ ʣʠʥʠʷ ʠʩʢʣʶʯʘʝʪ ʟʥʘʯʝʥʠʷ ▼░▪ⱣⱧ▄> ẗ ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʦʙʣʘʩʪʴ appearanceʧʨʠ

▼░▪ⱣⱧ▄> ẗ ʠ □ < ~         .

ɿʘʰʨʪʠʭʦʚʘʥʥʘʷ  ʦʙʣʘʩʪʴ ʦʛʨʘʥʠʯʝʥʘ ʢʨʘʩʥʦʡ ʣʠʥʠʝʡ ʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʣʠʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 99% 

ʦʛʨʘʥʠʯʝʥʠʷʤ ʥʘ  □ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ ʅʝʡʪʨʠʥʦ-4.

1. ɺʦʟʤʦʞʥʦʩʪʴ ʩʦʛʣʘʩʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ: ʅʝʡʪʨʠʥʦ-4, BEST, MiniBooNE, LSND, IceCubeʚ 

ʨʘʤʢʘʭ ʥʝʡʪʨʠʥʥʦʡ ʤʦʜʝʣʠ 3+1 ʥʝ ʟʘʢʨʳʪʘ.

2. ʆʙʣʘʩʪʴ ʟʥʘʯʝʥʠʡ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ appearance

ʥʝ ʠʩʢʣʶʯʝʥʘ, ʥʦ ʦʛʨʘʥʠʯʝʥʘ ʜʘʥʥʳʤʠ ʥʘ disappearance

ʤʶʦʥʥʳx ʥʝʡʪʨʠʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ sinⱣ Ȣ Ȣ ʠʟ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʅʝʡʪʨʠʥʦ-4 + ɻɸ(BEST) ʠ ʜʘʥʥʳʤʠ ʥʘ □

Ȣ Ȣ ▼◄ Ȣ ▼◐▼◄ʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʅʝʡʪʨʠʥʦ-4 .

ʇʨʦʚʝʨʢʘ ʩʦʦʪʥʦʰʝʥʠʷ ▼░▪ⱣⱧ▄ ▼░▪Ᵽ ▼░▪Ᵽ ʥʝʡʪʨʠʥʦʡʤʦʜʝʣʠ3+1

▼░▪ⱣⱧ▄

21eV
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ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʅʝʡʪʨʠʥʦ-4 ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ MiniBooNE, LSND ʚ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ▼░▪Ᵽ = ẗ ʧʨʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʟʥʘʯʝʥʠʝ 

sinⱣ Ȣ Ȣ

▼░▪Ᵽ = ẗ



37

ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʅʝʡʪʨʠʥʦ-4 ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ MiniBooNE, LSNDʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ 

▼░▪Ᵽ = ẗ ʧʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʟʥʘʯʝʥʠʝ 

ǎƛƴⱣ Ȣ Ȣ

▼░▪ⱣⱧ▄

ɸʥʘʣʠʟ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʧʣʦʩʢʦʩʪʠ   

□ , ▼░▪Ᵽ ʧʦʩʣʝ ʦʙʨʝʟʘʥʠʷ ʪʦʯʝʢ 

ʧʨʠ L/E >1.

ʇʦʩʣʝ ʦʙʨʝʟʘʥʠʷ ʪʦʯʝʢ ʧʨʠ 

L/E >1 best fit ʩʤʝʩʪʠʣʩʷ ʚ 

ʦʙʣʘʩʪʴ ʙʦʣʴʰʠʭ □
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ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚʜʘʥʥʦʛʦ ʘʥʘʣʠʟʘ c ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ MicroBoone

ʆʛʨʘʥʠʯʝʥʠʝ MicroBooNE.  ʇʨʝʜʧʦʯʠʪʘʝʤʳʝ MiniBooNE

ʦʙʣʘʩʪʠ ʧʦʢʘʟʘʥʳ ʩʝʨʳʤ ʮʚʝʪʦʤ. ʂʨʘʩʥʘʷ ʰʪʨʠʭʦʚʢʘ ʵʪʦ 

ʜʦʙʘʚʣʝʥʘ ʥʘʰʘ ʦʙʣʘʩʪʴ ʩ ʣʝʚʦʡ ʢʘʨʪʠʥʢʠ.

arXiv:
2111.10359
мфͤͦΎ͋ͪΎ нлнм

ɸʥʘʣʠʟ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ 3+1

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʟʫʣʴʪʘʪʘ 

ʅʝʡʪʨʠʥʦ-4 ʠ ɻɸ (BEST)

ɸʥʘʣʠʟ  ʵʢʩʧʝʨʠʤʝʥʪʘ

MicroBoone.

ʉʦʛʣʘʩʠʝ

ʚʳʚʦʜʦʚ 

+ 

ʦʛʨʘʥʠʯʝʥʠʷ

ʧʦ □ ʠʟ 

ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʅʝʡʪʨʠʥʦ-4

▼░▪ⱣⱧ▄

ʕʢʩʧʝʨʠʤʝʥʪ

MicroBoone ʥʝ ʟʘʢʨʳʣ 

ʦʙʣʘʩʪʴ ʧʨʝʜʩʢʘʟʘʥʠʡ ʠʟ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʅʝʡʪʨʠʥʦ-4 + ɻɸ(BEST)
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3.1 ʇʨʝʜʩʢʘʟʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʤʘʩʩʳ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʥʝʡʪʨʠʥʦ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ ʅʝʡʪʨʠʥʦ-4

3.2 ʉʨʘʚʥʝʥʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʧʦ ʠʟʤʝʨʝʥʠʶ ʤʘʩʩʳ 

ʥʝʡʪʨʠʥʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ KATRIN

3.3 ʉʨʘʚʥʝʥʠʝ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʤʘʩʩʳ ʥʝʡʪʨʠʥʦ ʠʟ 

ʵʢʩʧʝʨʠʤʝʥʪʘ GERDA 

3. ɺʦʟʤʦʞʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʧʨʦʚʝʨʢʠ ʤʦʜʝʣʠ ʥʝʡʪʨʠʥʦ 3 + 1
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ʇʨʝʜʩʢʘʟʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʤʘʩʩʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʥʝʡʪʨʠʥʦ ʠʟ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʅʝʡʪʨʠʥʦ-4 ʠ ʩʨʘʚʥʝʥʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʧʦ ʠʟʤʝʨʝʥʠʶ 

ʤʘʩʩʳ ʥʝʡʪʨʠʥʦ: KATRIN ʠ GERDA 

□ ⱨ▄

▄██
□░╤▄░Ƞ▼░▪Ᵽ ╤ Ƞ

Вά ά ά ά 0.540.11eV

Ў□ □ Ȣ▄╥, □ ȟ□ ȟ□ Ḻ □

ά Í Ὗ ά ÓÉÎς— .

□ ⱨ▄

▄██
Ȣ Ȣ Ἥἤ □ ⱨ▄

Ȣ Ȣ

□ Ȣ Ȣ Ἥἤ

□ ⱨ♫♫ Ȣ Ȣ Ἥἤ2

4 14(0 )m m Unbbº

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʜʚʦʡʥʦʤʫ ɓ-ʨʘʩʧʘʜʫ ʤʘʩʩʘ 

ʤʘʡʦʨʘʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ:

2(0 ) / /ei im U mnbb=ä

▼░▪Ᵽ Ȣ Ȣ ȢⱭ



Neutrino-4 KATRIN
GERDA

□ ⱨ♫♫

Effective mass and mass 

squared:  Í ,

□ ⱨ▄

▄██
Ȣ Ȣ

□ ⱨ▄

▄██
Ȣ Ȣ

□ ȟ□ ȟ□ Ḻ □

□ ⱨ▄

▄██
< 0.8 eV (90%)

□ ⱨ▄

▄██
Ȣ Ȣ

□ ⱨ▄

▄██ ?

Maioranamass   

άπ’‍‍

□ ⱨ♫♫

Ȣ Ȣ Ἥἤ

□♫♫
Ȣ
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2

vm

ʉʈɸɺʅɽʅʀɽ  ʇʈʆɻʅʆɿɸ  ʄɸʉʉʓ  ʅɽʁʊʈʀʅʆ-4   ʉ  ʀɿʄɽʈɽʅʀɽʄ   ʄɸʉʉʓ   ʅɽʁʊʈʀʅʆ 

ʇʘʨʘʤʝʪʨʳʯʝʪʚʝʨʪʦʛʦʥʝʡʪʨʠʥʦ,ʧʦʣʫʯʝʥʥʳʝʚʵʢʩʧʝʨʠʤʝʥʪʝçʅʝʡʪʨʠʥʦ-4è▼░▪Ᵽ Ȣ

Ȣ ȢⱭ ʠ□ Ȣ▄╥, ʜʦʣʞʥʙrʳʪʠɹʩʧʦʣʴʟʦʚʘʥʳʚʢʘʯʝʩʪʚʝʪʘʢʠʭʜʦʧʦʣʥʠʪʝʣʴʥʳʭ

ʧʘʨʘʤʝʪʨʦʚ. ʄʳʜʫʤʘʝʤ,ʯʪʦʢʦʣʣʘʙʦʨʘʮʠʷKATRIN ʧʨʝʜʩʪʘʚʠʪʪʘʢʦʡʘʥʘʣʠʟʚʦʜʥʦʡʠʟʩʚʦʠʭ

ʙʫʜʫʱʠʭʧʫʙʣʠʢʘʮʠʡʜʣʧ̫ʦʣʫʯʝʥʠʷʦʮʝʥʢʠ□ ȟȟ



42

Í ⱨ▄
< 0.8 eV (90%) □ ⱨ▄

▄██
Ȣ Ȣ □ ⱨ▄

▄██ ?

□ ⱨ▄

▄██
Ȣ Ȣ

╚═╣╡╘╝

╝▄◊◄►░▪▫□
Ἥ

ἭἮἮ Ȣ Ȣ Ἥἤ
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Ὑ Ὁȟά
Ὃ ÃÏÓ—

ς“
יִ ὊὉȟὤ ρ

Ὁ ά Ὁ ά ά

‟ Ὁ Ὁ ὠ ά ɡὉ Ὁ ὠ ά

Ὑ Ὁȟάᴂȟά ρ Ὗ Ὑ Ὁȟάᴂ Ὗ Ὑ Ὁȟά


