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4. ˕̘̈̔̆̎̉̆ ▐╫ Ἔȟ ╟ᴼἧ ἡ Ⱬ

5. ˪̋̒̐̆̑̉̍̆̎̓ Belle II

6. ˕̈̍̆̑̆̎̉̆ ̒̃̆̓̉̍̏̒̓̉

7. ˔̟̘́̋̌̆̎̉̆
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˽͔͙ͦͦ͗ͤ͡Ύ ͍·͙ͤͦͫͣ·͔ ͤ͊ ͊͘΅͙ͭͯ
1. ˛̝̠̓̎̏̒̉̓̆̌̎́ ̠̝̃̆̑̏̓̎̏̒̓ ὣυὛO ὣρὛȟςὛʂ̈ ̘̝̎́̉̓̆̌̎̏ ̝̙̂̏̌̆ ̏̇̉̅́̆̍̏̊ ̃ 

̐̑̉̂̌̉̇̆̎̉̉ ̒̉̍̍̆̓̑̉̉ ̠̜̖̓̇̆̌ ̋̃́̑̋̏̃.

2. ˛̝̠̓̎̏̒̉̓̆̌̎́ ̠̝̃̆̑̏̓̎̏̒̓ Ὤ ςὖᴼὣρὛʂ̈ ̘̝̎́̉̓̆̌̎̏ ̝̙̍̆̎̆ ̏̇̉̅́̆̍̏̄̏ 

̘̠̈̎́̆̎̉ȟ ̏̒̎̏̃́̎̎̏̄̏ ̎́ ̒̑́̃̎̆̎̉̉ ̒ ̠̝̟̃̆̑̏̓̎̏̒̓ ̖̐̆̑̆̏̅́ 9σ3O Ὤ ρὖʌ.

3. ˛̙̓̎̏̆̎̉̆ ̠̃̆̑̏̓̎̏̒̓̉ ̖̐̆̑̆̏̅́ ὣυὛO ὣρὛʂ ̋ ὣυὛO ὣρὛʂ̈ ̘̝̎́̉̓̆̌̎̏ 

̝̙̍̆̎̆ ̏̇̉̅́̆̍̏̄̏ ̃ ̐̑̆̅̐̏̌̏̇̆̎̉̉ ̏ ̘̉̒̓̏ ̋̃́̑̋-́̎̓̉̋̃́̑̋̏̃̏̊̒̓̑̔̋̓̔̑̆ ὣυὛȢ

4. ˏ̠̝̆̑̏̓̎̏̒̓ ̖̐̆̑̆̏̅̏̃ Ὤ ρὖȟςὖᴼὣρὛʌ̒ ̙̎́̑̔̆̎̉̆̍ ̉̈̏̒̐̉̎́ ̐̏̅́̃̌̆̎́ 

̝̏̓̎̏̒̉̓̆̌̎̏ Ὤ ςὖᴼὣρὛʂ,̃ ̒̏̄̌́̒̉̉ ̒ ̜̏̇̉̅́̆̍̍Ȣ

5. ˟̘̝̏̎̏̒̓ ̉̈̍̆̑̆̎̉̊ ˙̏̎̉̓̏̑́ ̒̃̆̓̉̍̏̒̓̉ ̅̆̓̆̋̓̏̑́ Belle II ̌ ̘̙̔̆ ρϷȟ ́ ̠̃̌̉̎̉̆ ̏̎́̕ 

̐̑̆̎̆̂̑̆̇̉̍̏ ̍́̌̏Ȣ
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˿͙ͨͫͦ͟ ͙ͨͯ͋͊͟͡ͼ͙͚ ͨͦ ͔͔ͭͣ ͪ͊͋ͦͭ·
̃ ̗̜̖̑̆̆̎̈̉̑̔̆̍ ̘̜̖̎́̔̎ ̠̖̉̈̅́̎̉:

1. Study of ÅÅ ᴼὣρὛȟςὛʂ and ÅÅ ᴼὣρὛʂ ÁÔ ЍÓ  ρπȢψφφ 'Å6 ×ÉÔÈ ÔÈÅ "ÅÌÌÅ ÄÅÔÅÃÔÏÒ Ⱦ %Ȣ +ÏÖÁÌÅÎËÏȟ !Ȣ 'ÁÒÍÁÓÈȟ 

P. Krokovny, [et al.] ɀ ˟ ̆̋̒̓ : ̞ ̜̌̆̋̓̑̏̎̎̊ // Physical Review D. ɂ 2021. ɂ Vol. 104, issue 11. ɂ P. 112006. ɀ URL: 

https://doi.org/10.1103/PhysRevD.104.112006. ɀ ˑ ́̓́ ̗̐̔̂̌̉̋́̉̉: 15.12.2021. 

2. Evidence of È ςὖᴼὣρὛʂ decay and search for È ρὖȟςὖᴼὣρὛʌ with the Belle Detector / E. Kovalenko [et al.] ɀ 

˟̆̋̒̓ : ̞ ̜̌̆̋̓̑̏̎̎̊ // Physical Review Letters. ɂ 2024. ɂ Vol. 133, no. 26. ɂ P. 261901. ɀ URL: 

https://doi.org/10.1103/PhysRevLett.133.261901. ɀ ˑ ́̓́ ̗̐̔̂̌̉̋́̉̉: 24.12.2024. 

3. Luminosity online monitor for the Belle II detector / E. Kovalenko [et al.] ɀ ˟ ̆̋̒̓ : ̞ ̜̌̆̋̓̑̏̎̎̊ // Nuclear Instruments 

and Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors and Associated Equipment. ɂ 2025. 

ɂ Vol. 1079C. ɂ P. 170614. ɀ URL: https://doi.org/10.1016/j.nima.2025.170614. ɀ ˑ ́̓́ ̐ ̗̔̂̌̉̋́̉̉: 20.05.2025.

̃ ̖̒̂̏̑̎̉̋́ ̓̑̔̅̏̃ ̘̜̖̎́̔̎ ̗̋̏̎̆̑̆̎̉̊̕:

1. Kovalenko, E. On-line luminosity measurements at Belle II / E. Kovalenko ς ́ ͔ͫͭ͟ : Ή͔ͭͪͦͤͤ͟͡·͚ // Journal of Instrumentation. τ 2020. τ June. τ Vol. 
15, no. 06. τ P. C06067τC06067. ς URL: https://doi.org/10.1088/1748-0221/15/06/c06067. ς ˨ ͊ͭ͊ ͨ ͙ͯ͋͊͟͡ͼ͙͙: 30.06.2020

2. Kovalenko, E. Study on ÅÅ ᴼ"ᶻὄᶻ and ὣυὛO ὣρὛȟςὛʂ  / E. Kovalenko ς ́ ͔ͫͭ͟ : Ή͔ͭͪͦͤͤ͟͡·͚ // Proceedings of Science. τ 2022. τ Vol. 
EPSτHEP2021. τP. 348. ςURL: https://doi.org/10.22323/1.398.0348. ς˨ ͊ͭ͊ ͙ͨͯ͋͊͟͡ͼ͙͙Υ мнΦлрΦнлнн.

3. Kovalenko, E. Online Luminosity Monitor at Belle II / E. Kovalenko ς ́ ͔ͫͭ͟ : Ή͔ͭͪͦͤͤ͟͡·͚ // Proceedings of Science. τ 2025. τ Vol. TIPP2023. τP. 018ς
URL: https://doi.org/10.22323/1.468.0018. ς˨ ͊ͭ͊ ͙ͨͯ͋͊͟͡ͼ͙͙Υ нфΦлтΦнлнр
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ˢͨͪͦ͋͊ͼ͙Ύ ͙ ͙͡;ͤ·͚ ͍͊͒͟͡
˛̜̒̎̏̃̎̆ ̝̜̑̆̈̔̌̓́̓ ̜̑́̂̏̓ ̜̝̅̏̋̌́̅̃́̌̉̒ ̎́ ̗̠̖̋̏̎̆̑̆̎̉̕ȡ

ÁInstrumentation for Colliding Beam Physics Conference (INSTR20, ̄Ȣ ˚̏̃̏̒̉̂̉̑̒̋ȟ ˝̠̏̒̒̉ȟ ςπςπ

ÁThe European Physical Society Conference on High Energy Physics (EPS HEP 2021, ̏̎̌́̊̎, 2021)

ÁTechnology & Instrumentation in Particle Physics (TIPP2023, ̄Ȣ ˗̆̊̐̓́̔̎ȟ ˫ˍ˝ȟ ςπςσ

ÁThe 7th international conference on particle physics and astrophysics (ICPPA-ςπςτȟ ̄Ȣ ˙̏̒̋̃́,˝̠̏̒̒̉, 2024)

ˍ̃̓̏̑̒̋̉̊ ̃̋̌́̅ȡ

ˏ̒̆ ̜̏̒̎̏̃̎̆ ̝̜̑̆̈̔̌̓́̓ ̐̏ ̓̆̍̆ ̠̉̒̒̌̆̅̏̃́̎̉ ̘̜̐̏̌̔̆̎ 
́̃̓̏̑̏̍ ̘̌̉̎̏ ̉̌̉ ̐̑̉ ̆̄̏ ̎̆̐̏̒̑̆̅̒̓̃̆̎̎̏̍ ̘̔́̒̓̉̉Ȣ ̱ ̃̓̏̑ 
̐̑̉̎̉̍́̌ ́̋̓̉̃̎̏̆ ̘̔́̒̓̉̆ ̃ ̐̑̏̃̆̅̆̎̉̉ ̞̋̒̐̆̑̉̍̆̎̓̏̃ȟ 
̏̂̑́̂̏̓̋̆ ̉ ́̎́̌̉̈̆ ̞̝̜̖̋̒̐̆̑̉̍̆̎̓́̌̎ ̜̖̅́̎̎ ̒ 
̝̉̒̐̏̌̈̏̃́̎̉̆̍ ̜̖̒̏̂̒̓̃̆̎̎ ̐̑̏̄̑́̍̍ ̎́ ̠̜̖̈̋́ # ȟ 0ÙÔÈÏÎ ̉ 
̂̉̂̌̉̏̓̆̋̆ 2//4 #%2.ȟ ̐̑̏̃̆̅̆̎̉̉ ̘̑́̒̆̓̏̃ ̉ ̠̍̏̅̆̌̉̑̏̃́̎̉ȟ 
̃ ̏̂̒̔̇̅̆̎̉̉ ̘̜̖̐̏̌̔̆̎̎ ̝̑̆̈̔̌̓́̓̏̃ ̉ ̖̉ ̗̉̎̓̆̑̐̑̆̓́̉̉ȟ 
̐̑̆̅̒̓́̃̌̆̎̉̉ ̖̉ ̎́ ̘̜̖̎́̔̎ ̗̠̖̋̏̎̆̑̆̎̉̕ȟ ́ ̓́̋̇̆ ̃ 
̐̏̅̄̏̓̏̃̋̆ ̘̜̖̎́̔̎ ̗̐̔̂̌̉̋́̉̊Ȣ 

̃ ̝̠̖̒̓́̓ ρ ̉ ς -̃ ̐̑̏̃̆̅̆̎̉̉ ̖̃̒̆ ̞̓́̐̏̃ ̘̠̉̈̔̆̎̉ ̗̐̑̏̆̒̒̏̃ȟ ̟̘̠̃̋̌́ ́̎́̌̉̈ 
̜̖̏̎̏̃̕ ̗̐̑̏̆̒̒̏̃ȟ ̜̃̅̆̌̆̎̉̆ ̝̜̖̒̉̄̎́̌̎ ̜̒̏̂̓̉̊ȟ ̏̐̑̆̅̆̌̆̎̉̆ ̞̆̋̓̉̃̎̏̒̓̉̕̕ 
̗̑̆̄̉̒̓̑́̉̉ ̜̒̏̂̓̉̊ ̎́ ̏̒̎̏̃̆ ˙̏̎̓̆-˗́̑̌̏ ̠̍̏̅̆̌̉̑̏̃́̎̉ȟ ̘̉̈̔̆̎̉̆ 
̘̖̒̉̒̓̆̍́̓̉̆̒̋̉ ̙̐̏̄̑̆̎̏̒̓̆̊ȟ ̗̟́̐̐̑̏̋̒̉̍́̉ ̞̝̜̖̋̒̐̆̑̉̍̆̎̓́̌̎ ̝̜̖̒̉̄̎́̌̎ 
̑́̒̐̑̆̅̆̌̆̎̉̊ȟ ̜̘̃̉̒̌̆̎̉̆ ̘̒̆̆̎̉̊ ̉ ̝̜̖̏̓̎̏̒̉̓̆̌̎ ̠̃̆̑̏̓̎̏̒̓̆̊ ̑́̒̐́̅̏̃ȟ 
̐̏̅̄̏̓̏̃̋̆ ̄̑́̉̋̏̃̕ ̉ ̎́̐̉̒́̎̉̉ ̓̆̋̒̓́ ̗̐̔̂̌̉̋́̉̊

̃ ̝̒̓́̓̆ σ -̃ ̗̑̆́̌̉̈́̉̉ ˙̏̎̓̆-˗́̑̌̏ ̠̍̏̅̆̌̉̑̏̃́̎̉ ˙̏̎̉̓̏̑́ ̒̃̆̓̉̍̏̒̓̉ȟ 
̗̏̐̓̉̍̉̈́̉̉ ̆̄̏ ̘̖̑́̂̏̉ ̐́̑́̍̆̓̑̏̃ȟ ̗̑̆́̌̉̈́̉̉ ̗̜̐̑̏̆̅̔̑ ̞̘̎̆̑̄̆̓̉̆̒̋̏̊ 
̋́̌̉̂̑̏̃̋̉ ̉ ̃̑̆̍̆̎̎̏̊ ̖̗̒̉̎̑̏̎̉̈́̉̉ȟ ̏̐̑̆̅̆̌̆̎̉̉ ̃̉̅̉̍̏̄̏ ̘̒̆̆̎̉̆ ̗̑̆̄̉̒̓̑́̉̉ 
̝̜̖̒̉̄̎́̌̎ ̗̐̑̏̆̒̒̏̃ȟ ̘̉̈̔̆̎̉̉ ̘̖̒̉̒̓̆̍́̓̉̆̒̋̉ ̙̐̏̄̑̆̎̏̒̓̆̊ȟ ́̎́̌̉̈̆ 
̞̝̜̖̋̒̐̆̑̉̍̆̎̓́̌̎ ̜̖̅́̎̎ȟ ̘̉̈̔̆̎̉̉ ̠̠̃̌̉̎̉ ̜̖̏̎̏̃̕ ̗̐̑̏̆̒̒̏̃ ̉ ̎́̐̉̒́̎̉̉ 
̓̆̋̒̓́ ̗̐̔̂̌̉̋́̉̊Ȣ
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ˤ͍͔͔͙͔͒ͤ κ ˿͔͔͚͍ͣͫͭͦ ͙͋ͦͭͭͦͣͦͤΎ
˞̠̃̈́̎̎̏̆ ̠̒̏̒̓̏̎̉̆ ὦὦ 

Á˞ ̃̏̊̒̓̃́ ̎̉̇̆ ὄὄ ̐ ̏̑̏̄́ ̟̠̒̏̄̌́̒̔̓̒ ̒ 
̜̏̇̉̅́̆̍̍̉

Áˏ ̜̙̆ ὄὄ - ́ ̝̜̎̏̍́̌̎̆ ̠̃̆̑̏̓̎̏̒̓̉ 
̖̐̆̑̆̏̅̏̃ ̒ ʌʌȟʂ

Áˏ  ʌʌ̐ ̖̖̆̑̆̏̅́ ̜̏̂̎́̑̔̇̆̎ ̓̆̓̑́̋̃́̑̋̉ 
ὤ ρπφρπȟρπφυπ (Ὕ )  ̒Ὅ ὐ ρ ρ
̉
ὣρπχυσ ɂ ὣσὈ ̉ ̌̉ ̞̋̈̏̓̉̋́?

˞̐̆̋̓̑ ̍̆̈̏̎̏̃ ̒ ὦὦ̐ ́̑̏̊ ̉ ̜̉̈̍̆̑̆̎̎̆ 
̜́̅̑̏̎̎̆ ̖̜̐̆̑̆̏̅
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ÁὣτὛ :
ὄὣτὛO ὣρὛʂ ρȢχππȢςσπȢπψ ρπ 

ὄὣτὛO ὣρὛʂ σȢτσπȢψψπȢςρ ρπ 

ὙȾ ςȢπχπȢςτ  (ρȾά  ̐ ̏̅́̃̌̆̎̉̆ ̠̅̌ ὦὦ)

Ὑ Ⱦ πȢςπ πȢπφ ( υͯ ̅ ̠̌ ̘̉̒̓̏̄̏ὦὦ)

ὄὣτὛO Ὤ ρὖʂ ςȢρψπȢςρ ρπ 

ÁὣυὛȟ ̟̜̉̎̋̌̈̉̃̎̊ ́̎́̌̉̈ȡ
ὄὣυὛᴼὣρὛʂ ρπ 

ὄὣυὛᴼὣςὛʂ ςȢπ πȢχ ρπ 
ὙȾ ςὛͯπȢςυ  (ρȾά  ̐ ̏̅́̃̌̆̎̉̆ ̠̅̌ ὦὦ) 

ὄὣυὛO Ὤ ρὖʂ ρȢυ ρπ 

ὄὣυὛO Ὤ ςὖʂ ρȢσ ρπ 

˔̘́̅́́ ̠̉̒̒̌̆̅̏̃́̎̉ ɂ̞̟̜̋̒̋̌̈̉̃̎̊ ́̎́̌̉̈ȡ

1. ὣυὛᴼὣρὛʂ

2. ὣυὛᴼὣςὛʂ

3. ὣυὛᴼὣρὛʂ

PRD 96 (2017) 5, 052005 

Eur.Phys.J.C 78 (2018) 8, 633 

PRL 121 (2018) 6, 062001 

Belle ╨ ╢ 

Belle ╨ ╢ 

ʂ ʂ

Ўὓ ὓ ὣτὛ ὓ ὣρὛ M(ʂ ȟὋὩὠȾὧ

ὓ ȟὋὩὠȾὧ

ˤ͍͔͔͙͔͒ͤ κ ˽͔͔ͪͻͦ͒· ͫ ʂ

https://arxiv.org/pdf/1707.04973
https://arxiv.org/pdf/1803.03225
https://arxiv.org/pdf/1803.03225
https://arxiv.org/pdf/1803.10303
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͔͙͔̏ͫͨͪͣͤͭ͟ Belle
˜̠̑̏̃̏̅̉̌̒ ̎́ ̔̒̋̏̑̉̓̆̌̆ KEKB, ˬ ̠̐̏̎̉ȟ ̒ 
ρωωω ̐̏ ςπρπ ̄̏̅Ȣ

Á̱ ̘̜̒̉̍̍̆̓̑̉̎̊ ὩὩ  ̋ ̏̌̌́̊̅̆̑ ̒ 
Ὡ σȢυ ὋὩὠ̉Ὡ ψ ὋὩὠ

Á˪ ̠̎̆̑̄̉ ̃ ̒̉̒̓̆̍̆ ̗̆̎̓̑́ ̍́̒̒ 
̐̑̆̉̍̔̆̒̓̃̆̎̎̏̚ ̎́ ρπȢυψ ː̞ˏ (ὣτὛ)

Áὒ ςȢρ ρπ ̒̍̒

Á᷿ὒὨὸ

χρρ ̂̕ ͽ ὣτὛ 

ςρ ̂̕  ̒̋́̎Ȣ

ρςρ ̂̕ ͽ ὣυὛ
˞̖̆̍́ ̝̔̒̋̏̑̉̓̆̌̎̏̄̏ ̋̏̍̐̌̆̋̒́ KEKB
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˨͔͔ͭͭͦͪ͟ Belle
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ὣυὛᴼὣρὛȟςὛʂ

ˏ̒̆ ̗̜̐̑̏̆̒̒ ̘̟̠̉̈̔́̓̒ ̃ ̘̋̏̎̆̎̏̍ ̠̒̏̒̓̏̎̉̉ ААʌʌɾɾ:

ÁὣυὛO ὣρὛʂ:
1. ʂO ʌʌʌ ɾɾ̉  ὣρὛO АА

ÁὣυὛO ὣςὛʂ:
1. ʂO ʌʌʌ ɾɾ̉  ὣςὛO АА

2. ʂO ɾɾ ̉  ὣςὛO ὣρὛʌʌ , ὣρὛᴼАА

ÁὣυὛᴼὣρὛʂ:
1.ʂᴼʌʌʂɾɾ ̉  ὣρὛO АА

2.ʂᴼʍʌʌ ɾ ̉  ὣρὛO АА

˞̝̉̄̎́̌̎̏̆ ̑́̒̐̑̆̅̆̌̆̎̉̆ȡ ὓ (ὓ , ὓ  ̉ ̌̉ ὓ  )



11

˴͙͔͙͙ͪͭͪ ͦͭ͋ͦͪ͊
ὣυὛO ὣρὛȟς3ʂ ὣυὛO ὣρὛʂ

╨ ╢ᴼ╨ ╢ȟ ╢Ɫ

ÁὓАА:9ρ3Ⱦς3O АА Áɿὓ ὓ АА ὓАА: 9ὲὛO ὣάὛʌʌ

Áɰ ᷁ὖ ȟὖ ААᴼʌ

ÁὉ Ὁ ὓ ȟ ὖАА

Áὓ :ʂȾʌ ᴼɾɾ
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˴͍͔͙ͦͤͪͫΎ ͺͦͭͦͤ͊

ˡ̏̓̏̎ ̎́ ̃̆̆̒̓̃̆̚ SVD ̋ ̠̏̎̃̆̑̓̉̑̔̆̓̒ ̃ ̘̐̏̓̉ ̟̋̏̌̌̉̎̆́̑̎̔ ὩὩ ̐́̑̔ȟ ̠̋̏̓̏̑́ 
̗̠̉̅̆̎̓̉̉̉̑̔̆̓̒̕ ̋́̋ ̐́̑́ ʌʌ

╨ ╢ᴼ╨ ╢ȟ ╢Ɫ

ὣυὛO ὣς3ʂʌʌʌὣυὛO ὣρ3ʂʌʌʌ



13╨ ╢ᴼ╨ ╢ȟ ╢Ɫ

˿͙͎ͤ͊͡Έͤ·͔ ͔͔͔͙ͪ͊ͫͨͪ͒ͤ͡Ύ ὣυὛO ὣρ3ȟς3ʂ

ὣυὛO ὣς3ʂɾɾ ὣυὛO ὣς3ʂʌʌʌ ὣυὛO ὣρ3ʂʌʌʌ

υωȢυ ψȢσ χσȢψ ρπȢχ σςȢφ υȢω

ˏ̉̅̉̍̏̆ ̘̒̆̆̎̉̆ ʎ

ʎ ρȢσωπȢρω ̐̂ ʎ ρȢσωπȢςπ ̐̂ ʎ πȢςω πȢπυ ̐̂



14╨ ╢ᴼ╨ ╢ȟ ╢Ɫ

ὣυὛO ὣρ3ʂʌʌʂ ὣυὛO ὣρ3ʂʍɾ

˿͙͎ͤ͊͡Έͤ·͔ ͔͔͔͙ͪ͊ͫͨͪ͒ͤ͡Ύ ὣυὛO ὣρ3ʂ

ὔ ςȢρ ὔ ψȢσ

ʎ πȢσπ ̐̂ ʎ πȢσρ ̐̂

ˏ̖̆̑̎̉̆ ̜̐̑̆̅̆̌ ̜̏̐̑̆̅̆̌̆̎ ̍̆̓̏̅̏̍ ̐̒̆̃̅̏-̞̋̒̐̆̑̉̍̆̎̓̏̃
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˕̝̠̒̐̏̌̈̔ ̜̅́̎̎̆ ̠̒̋́̎̉̑̏̃́̎̉ȡ

ÁσȢψ̕ ̂ ̃ ̅̉́̐́̈̏̎̆ ρπȢφσ ρπȢχχː ̞ˏ

ÁχȢρ̕ ̂ ̃ ̅̉́̐́̈̏̎̆ ρπȢωσ ρρȢπςː ̞ˏ

˝̝̜̆̈̔̌̓́̓ ̎̆ ̘̐̑̏̓̉̃̏̑̆́̓ ̘̉̒̓̏ ̑̆̈̏̎́̎̒̎̏̍̔ 
̟̑̏̇̅̆̎̉Ȣ

ˎ̘̏̑̎̏̃̒̋̏̆̒̆̆̎̉̆ ̜̘̠̠̃̉̒̌̆̓̒ ̋́̋ȡ

ʎ ʎ
ρ ˜

ρ ɿ
ȟ

ρ ɿ πȢφσ πȢφτɀ̑ ̗̠́̅̉́̉̏̎̎́ ̐̏̐̑́̃̋́

ρ ˜ πȢωςω ɀ ̕ ́̋̓̏̑ ̠̗̐̏̌̑̉̈́̉̉ ̃́̋̔̔̍́

╨ ╢ᴼ╨ ╢ȟ ╢Ɫ

˽͍͔ͪͦͪ͊͟ ͙ͤ͊͡;͙Ύ ὣυ3ͪ ͔ͦͤ͊ͤͫ͊͘ 

ὅὒ φσϷ

ˏ̉̅̉̍̏̆ ̘̒̆̆̎̉̆ ÅÅ ᴼὣς3ʂ ̒  
̎́̌̏̇̆̎̉̆̍ ̐̉̋́ ὣυ3

ὣυ3



16╨ ╢ᴼ╨ ╢ȟ ╢Ɫ

˛̝̠̓̎̏̒̉̓̆̌̎́ ̠̝̃̆̑̏̓̎̏̒̓ ̖̐̆̑̆̏̅́:

ὄὣυὛO ὢ
ᴼ

ᴼ
,

ʎ ὩὩ ᴼὣυὛ πȢστππȢπρφ ̎  ̂

˿͙͔͙ͫͭͣ͊ͭ;͔͙͔ͫ͟ ͎͔ͨͦͪ΄͙ͤͦͫͭ



17╨ ╢ᴼ╨ ╢ȟ ╢Ɫ

˾͔ͯ͘͡Έͭ͊ͭ·
˜̘̜̏̌̔̆̎ ̝̜̏̓̎̏̒̉̓̆̌̎̆ ̠̃̆̑̏̓̎̏̒̓̉ȡ

Á"ὣυὛO ὣςὛʂ τȢρσ πȢτρ πȢσχ ρπ

Á"ὣυὛO ὣρὛʂ πȢψυ πȢρυ πȢπψ ρπ

Á"ὣυὛO ὣρὛʂ χȢσ ρπȟὅὒ ωπϷ

ˎ̘̠̏̑̎̏̃̒̋̉̆̒̆̆̎̉ȡ

Áʎ ὣυὛO ὣςὛʂ ςȢπχ πȢςρ πȢρω̐ ̂

Áʎ ὣυὛO ὣρὛʂ πȢτς πȢπψ πȢπτ̐ ̂

Áʎ ὣυὛO ὣρὛʂ πȢπσχ̐ȟ̂ὅὒ ωπϷ

˛̙̠̓̎̏̆̎̉ȡ

Á
ː ᴼ

ː ᴼ
 πȢρȟὅὒ ωπϷ

Ą́ ̠̇̉̅́̆̓̒ ρͯπ̅ ̠̌ ὦὦ

ÁṂπȢυ̐ ̑̉ ̘̎́̌̉̉̉ ̐̑̉̍̆̒̉ ̖̌̆̄̋̉ ̋̃́̑̋̏̃

Á
ː ᴼ

ː ᴼ
 πȢυςπȢπφπȢπτ

ː ᴼ

ː ᴼ
 πȢρωπȢπτπȢπρ

Áͯ ρπ ρπ ̠̅̌ ὦὦ

Á
ː ᴼ

ː ᴼ

ρςȢψ ͽ ὣτὛ
ρȢψ ͽ ὣυὛ



18

Ὤ ρὖȟςὖᴼὣρὛʂʌ

Áʇʦ ʪʝʢʫʱʠʤ ʜʘʥʥʳʤ ʦ ʨʘʩʧʘʜʘʭ Ὤ ρὖȟςὖʠ 
ʔ ρὖȟςὖ ʤʦʞʥʦ ʦʮʝʥʠʪʴ [1207.5757]ʩʣʝʜʫʶʱʝʝ 
ʩʦʦʪʥʦʰʝʥʠʝ ʥʘ ʰʠʨʠʥʳ ʘʥʥʠʛʠʣʷʮʠʠ ʚ ʘʜʨʦʥʳ:

ϳː ː

ϳː ː
πȢςυ πȢςυ πȢςτȢ

Ȣ  

   (ʦʞʠʜʘʝʪʩʷ 1)

Áʇʨʦʪʠʚʦʨʝʯʠʝ ʫʩʠʣʠʚʘʝʪʩʷ ʧʨʠ ʥʘʣʠʯʠʠ ʟʥʘʯʠʪʝʣʴʥʦʡ 
ʚʝʨʦʷʪʥʦʩʪʠ ʧʝʨʝʭʦʜʘ Ὤ ςὖ ᴼɭρὛʂ, ʢʦʪʦʨʫʶ 
ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʠʟ ʩʨʘʚʥʝʥʠʷ ʩ ɭσ3ᴼὬ ρὖʌ:

ːὬ ςὖ ᴼɭρὛʂ

ːɭσ3ᴼὬ ρὖʌ
ρͯτπσςπ

Áʉʦʦʪʚʝʪʩʪʚʫʝʪ ὄͯ υϷ

Ὤ ρὖ

Ὤ ςὖ

ʄʘʩʩʘ ʦʪʜʘʯʠ ʢ ʧʠʦʥʫ ʚ ʧʨʦʮʝʩʩʘʭ 

ɭυ3ᴼὬ ρὖȟςὖʌʌ (1110.2251)

ὤ

ὤ

https://arxiv.org/pdf/1207.5757.pdf
https://arxiv.org/pdf/1110.2251
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ʇʦʣʥʘʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʧʨʦʮʝʩʩʘ ɭυ3O Ὤ ρὖȟςὖʌʌ

ʛʜʝ Ὤ ρὖȟςὖ ᴼɭρ3–ʌ

ʀʟʫʯʘʝʤʳʝ ʢʘʥʘʣʳ:

Áɭρ3O  АА , ʂʌ ᴼɾɾ

Áɭρ3O  ὩὩ , ʂʌ ᴼɾɾ

ʉʠʛʥʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ: ὓ  ὺί ὓ

ʄʘʩʩʘ ʦʪʜʘʯʠ ʢ ʧʘʨʝ ʧʠʦʥʦʚ, ὓ

ʀʟ ʩʪʘʪʴʠ ʧʨʦ ʦʙʥʘʨʫʞʝʥʠʝ Ὤ ρὖȟςὖ (1103.3419)

▐╫ ╟ȟ ╟ᴼ╨ ╢ⱢⱫ

˾͔ͦͤͫͭͪͯ͟͟ͼ͙Ύ ͙͎ͫͤ͊͊͡

ʂʨʠʪʝʨʠʠ ʦʪʙʦʨʘ ʧʠʦʥʦʚ ʚʢʣʶʯʘʶʪ ʚʩʝ, 
ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʠʥʢʣʶʟʠʚʥʦʤ ʘʥʘʣʠʟʝ 
ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ (1205.6351).

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʷʪʴ ʦʪʥʦʩʠʪʝʣʴʥʫʶ 
ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʢʘʢ

ὄ
ὔ

ὔ ȟ ‐
АА
ὄ
АА

‐ ὄ

https://arxiv.org/pdf/1103.3419.pdf
https://arxiv.org/pdf/1205.6351


20▐╫ ╟ȟ ╟ᴼ╨ ╢ⱢⱫ

˴͙͔͙͙ͪͭͪ ͦͭ͋ͦͪ͊

9υ3O ὤ Ὤʌ ʌᴜ

9ρ3ᴼÌÌ

Ὤ ρὖȟςὖ ᴼɭρ3ɾɾ

ˏ̆̓̏ ὣςὛO ὣρὛʌʌ

ˏ̆̓̏ ʖᴼʌʌʌ

˜̏̅́̃̌̆̎̉̆ ̋̏̎̃̆̑̒̉̉

˗̉̎Ȣ ̗̠̑̆̋̏̎̒̓̑̔̋̉



21▐╫ ╟ȟ ╟ᴼ╨ ╢ⱢⱫ

˴͙͔͙ͤͣ͊ͭ;͔ͫ͊͟Ύ ͔ͪͦͤͫͭͪͯ͟͟ͼ͙Ύ

Ὤ ρὖ Ὤ ςὖ

ˑ̠̌ ̘̙̠̔̌̔̆̎̉ ̙̠̑́̈̑̆̆̎̉ ̉ ̠̐̏̅́̃̌̆̎̉ ̏̎́̕ȟ 
̠̐̑̏̃̏̅̉̓̒ ̗̐̑̏̆̅̔̑́ τ˞ ̘̋̉̎̆̍́̓̉̆̒̋̏̊ ̗̑̆̋̏̎̒̓̑̔̋̉̉

˛̗̠̐̓̉̍̉̈́̉ ̠̋̑̉̓̆̑̉ ̎ ́ ʔ̒ ̝̟̐̏̍̏̚ Figure-of-Merit.
ˑ̝̏̐̏̌̎̉̓̆̌̎̏ ̝̠̉̒̐̏̌̈̔̆̓̒ ̠̅̌ ̜̃̂̏̑́ ̘̙̌̔̆̄̏ ̋́̎̅̉̅́̓́



22▐╫ ╟ȟ ╟ᴼ╨ ╢ⱢⱫ

˿͙͎ͤ͊͡Έͤ·͔ ͔͔͔͙ͪ͊ͫͨͪ͒ͤ͡Ύ

Ὤ ρὖ Ὤ ςὖ

ʌ

ʌ

ʂ

ˑ̠̌ ʌ̜̐̏̒̓́̃̌̆̎ ̖̃̆̑̎̉̆ ̜̐̑̆̅̆̌ ̎́ "Ὤ ρὖȟςὖᴼὣρὛʂʌ  
̍̆̓̏̅̏̍ ˝̏̌̋̆ Rolke)ȟ ̘̜̠̔̉̓̃́ ̏̎̕ ̉ ̘̒̉̒̓̆̍́̓̉̆̒̋̉̆ ̙̐̏̄̑̆̎̏̒̓̉ 

https://arxiv.org/pdf/physics/0403059
https://arxiv.org/pdf/physics/0403059
https://arxiv.org/pdf/physics/0403059


23▐╫ ╟ȟ ╟ᴼ╨ ╢ⱢⱫ

˜̗̑̏̆̋̉̉ ̝̜̖̒̉̄̎́̌̎ ̏̂̌́̒̓̆̊ ̐̏̒̌̆ ̅̃̔̍̆̑̎̏̊ ̗́̐̐̑̏̋̒̉̍́̉̉

ˢ͙ͨͨͪͦͫͣ͊͟ͼ͙Ύ

ὔ σȢψ Ȣ
Ȣ 

˞̘̠̓́̓̉̒̓̉̆̒̋́ ̘̝̈̎́̉̍̏̒̓ ̠̠̏̐̑̆̅̆̌̆̓̒ ̋́̋ ςÌÏÇὒὔ Ⱦὒπ ̉ 

̠̒̏̒̓́̃̌̆̓ τȢπʎ̂ ̆̈ ̘̖̒̉̒̓̆̍́̓̉̆̒̋̉ ̙̐̏̄̑̆̎̏̒̓̆̊ ̉ σȢυʎ̒  ̎̉̍̉



24▐╫ ╟ȟ ╟ᴼ╨ ╢ⱢⱫ

˿͙͔͙ͫͭͣ͊ͭ;͔͙͔ͫ͟ ͎͔ͨͦͪ΄͙ͤͦͫͭ



25▐╫ ╟ȟ ╟ᴼ╨ ╢ⱢⱫ

˾͔ͯ͘͡Έͭ͊ͭ·

˜̘̜̏̌̔̆̎ ̝̜̏̓̎̏̒̉̓̆̌̎̆ ̠̃̆̑̏̓̎̏̒̓̉ȡ

Á"È ς0O ὣρὛʂ χȢρ Ȣ
Ȣ πȢψ ρπ

Á"È ς0ᴼὣρὛʌ ρȢψ ρπȟὅὒ ωπϷ

Á"È ρ0ᴼὣρὛʌ ρȢψ ρπȟὅὒ ωπϷ

˛̙̓̎̏̆̎̉̆ȡ

Á
ː ᴼ

ː ᴼ
σπ ρπ̏̇̉Ȣ̅ͯρτπσςπ
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͔͙͔̏ͫͨͪͣͤͭ͟ Belle II
SuperKEKB

2018 ɀ ȣ

ÁὩ τ ː̞ ˏὩ χ ː̞ˏ

Áὒ υȢρ ρπ ̒̍̒  

Áὒ φ ρπ ̒̍̒

Á᷿ὒὨὸ
τσπ ̂̕ ͽ ὣτὛ

ςπ ̂̕ ͽ ὣρπχυσ

Áx ̝̆̌ ᷿ ὒὨὸͯυπ ́̂

˞̖̆̍́ ̝̔̒̋̏̑̉̓̆̌̎̏̄̏ ̋̏̍̐̌̆̋̒́ 
SuperKEKB

˞̖̆̍́ ̘̃̒̓̑̆̉ ̘̐̔̋̏̃ ̉ ̖̉ ̝̜̃̆̑̓̉̋́̌̎̊ 
̑́̈̍̆̑ ̠̅̌ SuperKEKB̉  KEKB



27

˨͔͔ͭͭͦͪ͟ Belle II
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ˮ͔͔͙͔ͣͪͤ͘ ͍͔͙͙ͫͭͣͦͫͭ

Ą́ ̠̂̑́̓̎́ ̠̝̒̃̈ ̠̅̌ ̎́̒̓̑̏̊̋̉ ̐́̑́̍̆̓̑̏̃ ̋̏̌̌́̊̅̆̑́ ̉ ̝̜̐̑̆̅̃́̑̉̓̆̌̎̆ 
̝̜̑̆̈̔̌̓́̓ ̏̂ ̝̉̎̓̆̄̑́̌̎̏̊ ̒̃̆̓̉̍̏̒̓̉

Ą́ ̅̉̎ ̉̈ ̍̆̓̏̅̏̃ ɀ ̉ ̈̍̆̑̆̎̉̆ ̘̋̏̌̉̆̒̓̃́ ̜̒̏̂̓̉̊ ὩὩ ᴼὩὩ  ̉  ὩὩ ᴼɾɾ
Áˎ ̝̙̏̌̏̆ ̘̒̆̆̎̉̆ ̉ ̘̎́̌̉̉̆ ̘̓̏̎̏̄̏ ̄̆̎̆̑́̓̏̑́

Á̃ ̠̑̏̒̓́ back-to-back ̒ ̉̄̎́̓̔̑́

Áˑ ̠̌ ̗̑̆̋̏̎̒̓̑̔̋̉̉ ̘̅̏̒̓́̓̏̎̏ ̞̌Ȣ-̍́̄Ȣ ̋́̌̏̑̉̍̆̓̑́

Á̇ ̠̄̎̏̃̆̎̎́ ̝̒̃̆̓̉̍̏̒̓ ὒ
Ⱦ

Áˏ ˕ˬˡ ˞˛ ˝ˍ˚ ̜̂̌ ̑́̈̑́̂̏̓́̎ ̝̍̏̅̔̌ȟ ̠̟̉̈̍̆̑̉̊̚ 
̝̒̃̆̓̉̍̏̒̓ ̐̏ ̒̋̏̑̏̒̓̉ ̘̒̆̓́ ̜̒̏̂̓̉̊ ̎́ ̏̒̎̏̃̆ ̝̓̏̌̋̏ 
̗̜̖̓̏̑̆̃ ̘́̒̓̆̊ ECL(ρψ  ʃ˞ ˣ  ̇ σς)

Á˝́̂̏̓́̆̓ ̎̆̈́̃̉̒̉̍̏ ̏̓ ̏̒̎̏̃̎̏̊ ̜̒̉̒̓̆̍ ̒̂̏̑́ ̜̖̅́̎̎
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˶͎͙ͦ͊͟ ͦͭ͋ͦͪ͊ ͫͦ͋·͙͚ͭ
˞̉̄̎́̓̔̑́ ̜̠̒̏̂̓̉ȡ

Áˎ ̝̙̏̌̏̆ ̞̜̠̎̆̑̄̏̃̅̆̌̆̎̉ ̃ ̜̖̐̑̏̓̉̃̏̐̏̌̏̇̎ ̖̒̆̋̓̏̑́ɕ ̗̓̏̑̏̃

Á̊ ̆ ̂̏̌̆̆ ̘̆̍ ̃ ̖̅̃̔ ̖̒̏̒̆̅̎̉ ̖̒̆̋̓̏̑́ ̋́̇̅̏̄̏ ̗̓̏̑́ 
̞̜̎̆̑̄̏̃̅̆̌̆̎̉̆ ̜̙̐̑̆̃́̆̓ ̐̏̑̏̄ ̘̋́̆̒̓̃́

Á˞ ̏̃̐́̅̆̎̉̆ ̃ ̖̐̑̆̅̆̌́ 500 ̎ ̒

* ˏ̍̆̒̓̏ ̏̅̎̏̄̏ ̒̆̋̓̏̑́, Ὥ, ̉ ̝̠̒̐̏̌̈̔̆̓̒ ̠̂̆̄̔́̚ ̒̔̍̍́: Ὓ Ὁ Ὁ

˸͙ͦͤͭͦͪ ͍͔͙͙ͫͭͣͦͫͭ

ˏ̠̑̆̍̆̎̎́ ̅̉́̄̑́̍̍́ ̠̍̏̅̔̌
˕̟̗̠̌̌̒̓̑́̉ ̜̒̉̄̎́̓̔̑ ̜̠̒̏̂̓̉
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ˤ͔͔ͪͣͤͤ͊Ύ ͙ͫͤͻ͙ͪͦͤ͊͘ͼ͙Ύ

˸͙ͦͤͭͦͪ ͍͔͙͙ͫͭͣͦͫͭ

˞̉̄̎́̌ ̒ ̏̎̏̍̕ȟ ̗̜́̒̒̏̉̉̑̏̃́̎̎̍ ̒ ̐̑̏̌̆̓̏̍ ̉̎̇̆̋̓̉̑̏̃́̎̎̏̄̏ 
̒̄̔̒̓̋́ ̉ ̖̒̉̎̑̏̎̉̈̏̃́̎̎̏̆ ̃̆̓̏ ̗̉̎̇̆̋̉̉

Á̞ ̗̠̎̇̆̋̉ ̒̄̔̒̓̋́ ̠̒̏̐̑̏̃̏̇̅́̆̓̒ ̝̙̂̏̌̉̍̉ ̞̜̠̎̆̑̄̏̃̅̆̌̆̎̉̍̉ ̃ 
̋́̌̏̑̉̍̆̓̑̆ ̒ ̐̆̑̉̏̅̏̍ ρπ ̍̋̒ ̎́ ̠̐̑̏̓̇̆̎̉̉ ̅̏ σπ ̍̒

Á˟ ̠̠̆̑̆̓̒ ̝̃̐̌̏̓ ̅̏ ρπϷ ̝̜̖̒̉̄̎́̌̎ ̜̒̏̂̓̉̊

Áː ̝̜̌̏̂́̌̎̊ ̓̑̉̄̄̆̑ ̜̑́̒̒̌́̆̓ ̃̆̓̏ ̗̉̎̇̆̋̉̉ȟ ̏̅̎́̋̏ ̖̎̆̏̂̏̅̉̍́ 
̖̗̠̒̉̎̑̏̎̉̈́̉ ̒̉̄̎́̌̏̃ ̃ ˙̏̎̉̓̏̑̆ ̒̃̆̓̉̍̏̒̓̉ ̒ ̖̠̐̑̉̏̅̉̍̚ ̃̆̓̏ ̠̅̌ 
̝̐̑́̃̉̌̎̏̄̏ ̘̔̆̓́Ȣ

˞̑́̃̎̉̃́̆̍ ̝̏̓̎̏̒̉̓̆̌̎̏̆ ̐̏̌̏̇̆̎̉̆ 
̒̉̄̎́̌́ ECL̉ ̃̆̓̏ ̗̉̎̇̆̋̉̉ ̃ ˙̏̎̉̓̏̑̆ ̉ 
̝̄̌̏̂́̌̎̏̍ ̓̑̉̄̄̆̑̆ ̐̑̉ ̔̒̓́̎̏̃̌̆̎̎̏̍ 
̠̎̆̑̆̄̔̌̑̎̏̍ ̐́̓̓̆̑̎̆ ̃̆̓̏

Áˑ ̠̏̌ ̜̖̏̎̏̃̕ ̜̒̏̂̓̉̊ ̐́̅́̆̓ ̒ 
σπ ρππϷ̅̏  πȢφϷ -̝̔̑̏̃̆̎ ̏̎́̕ 
̂̆̈ ̗̉̎̇̆̋̉̉
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˸͔ͦͤͭ-˴͊ͪͦ͡ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡
Á̇ ̠̄̎̏̃̆̎̎́ ̐ ̠̑̏̉̈̃̆̅̆̎̎́ ̝̒̃̆̓̉̍̏̒̓ ὒ  ̘́̎́̌̏̄̉̎̏ȟ ̠̈́̐̉̒́̎̎́ ̅̆̓̆̋̓̏̑̏̍

Áʎ ʎʀ ̞ ̆̋̓̉̃̎̏̆̕̕ ̘̗̒̆̆̎̉̆̑̆̄̉̒̓̑́̉̉ ̗̐̑̏̆̒̒̏̃ ̍̏̅̔̌̆̍

ÁBabaYaga@NLO O  GEANT4 O  ˞ ̋̑̉̐̓ ̒ ̌̏̄̉̋̏̊ ̏̓̂̏̑́

Á̝ ̝́̃̉̒̉̍̏̒̓ ̏̓ ̞̎̆̑̄̉̉: ʎ Ó ʎ ί ρ πȢπρτ
 

Áʎ ί ςωȢς ̎  ̂@ ὣτὛ

˸͙ͦͤͭͦͪ ͍͔͙͙ͫͭͣͦͫͭ

ˏ̉̅̉̍̏̆ ̘̒̆̆̎̉̆ ̗̑̆̄̉̒̓̑́̉̉ ̘̜̖̑́̈̌̉̎ 
̗̐̑̏̆̒̒̏̃ ̎́ ̞̎̆̑̄̉̉ 9τ3̑̆̈̏̎́̎̒́
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ˤ·͋ͦͪ ͪ͊͋ͦ;͙ͻ ͔͍ͨ͊ͪ͊ͣͭͪͦ

˸͙ͦͤͭͦͪ ͍͔͙͙ͫͭͣͦͫͭ

Áˑ ̝̝̌̉̓̆̌̎̏̒̓ ̅̉̒̋̑̉̍̉̎́̓̏̑̏̃ ɀ̍ ̝̠́̋̒̉̍́̌̎́ ̈́̅̆̑̇̋́ 
̍̆̇̅̔ ̜̙̠̐̑̆̃̆̎̉̍̉ ̐̏̑̏̄̏̃ ̒̉̄̎́̌́̍̉Ȣ 
Áˏ ̜̠̂̉̑́̆̓̒ ̝̍̉̎̉̍́̌̎̏̊ȟ ̎̏ ̎̆ ̠̟̃̌̉̆̊̚ ̎́ ̞̝̆̋̓̉̃̎̏̒̓̕̕

Áˏ ̠̈̓̏ υππ ̎̒

Á˞ ̝̜̉̄̎́̌̎̆ ̐̏̑̏̄̉ȟ ̍̉̎̉̍̉̈̉̑̔̆̍ȡ
Á˞ ̘̟̉̒̓̆̍́̓̉̆̒̋̔ ̙̝̐̏̄̑̆̎̏̒̓

Áˏ ̋̌́̅ ̜̖̏̎̏̃̕ ̗̐̑̏̆̒̒̏̃

Áˏ ̜̂̑́̎̏ Ὕ ς ː ̞ˏȟ Ὕ τ ː ̞ˏ

Á̃ ̏̑̏̄̉ ̘̋́̆̒̓̃́ ɀ̐ ̑̏̃̆̑̋́ 
̜̒̉̄̎́̓̔̑ ̐̏ ̃̒̆̍̔ ̗̓̏̑̔Ȣ 
ˑ̜̏̌̇̎ ̜̝̂̓ȡ
Á̇ ̝̜́̋̒̉̍́̌̎̍̉ȟ ̎̏ ̎̆ ̝̙̂̏̌̆ 
̜̐̏̌̏̃̉̎ ̝̜̖̒̉̄̎́̌̎

Áˏ ̠̜̈̓ Ὕ ρ ː ̞ˏȟ Ὕ ς ː ̞ˏ
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˿͙͔͙ͫͭͣ͊ͭ;͔͙͔ͫ͟ ͎͔ͨͦͪ΄͙ͤͦͫͭ

˸͙ͦͤͭͦͪ ͍͔͙͙ͫͭͣͦͫͭ

ÁECL: τ̍ ̍̐ ὼ̏ȟώ̉ υ̍ ̍̐ Ú̏

Á̠ ́̌̉̂̑̏̃̋́ ɀ1% 

Á̃ ̝̜̆̅̆̒̓́̌ ɀσπ ˙̞ˏ ̉ ρυ ˙̞ˏ

ˠ̄̌̏̃̏̆ ̑́̒̐̑̆̅̆̌̆̎̉̆ ̜̒̏̂̓̉̊

ʔȾὲὨὪ ρτȢφȾρυ
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˿͍͔͙͔ͪ͊ͤͤ ͫ ͦͺͺ͚͊ͤ͡ ͙͔͔͙ͣͪͤ͘Ύ͙ͣ

˸͙ͦͤͭͦͪ ͍͔͙͙ͫͭͣͦͫͭ

Á̃ ̠̏̌̎́ ̗̠̑̆̋̏̎̒̓̑̔̋̉ ̜̒̏̂̓̉̊ ὩὩ ᴼὩὩ (̒̉̒̓. ̐ ̏̄̑. 0.6%)

Á̞ ̝̒̐̏̌̈̔̆̓ ̗̘̟̉̌̉̎̅̑̉̆̒̋̔ ̘̝́̒̓ ECL ̎̆̈́̃̉̒̉̍̏ ̏̓ ˙̏̎̉̓̏̑́ ̒̃̆̓̉̍̏̒̓̉

Á˞ ̏̄̌́̒̉̆ ̃ ̖̐̑̆̅̆̌́ πȢψϷ (̒̉̒̓Ȣ ̒̅̃̉̄ πȢψ πȢρϷ)
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ˤ͙͡Ύ͙͔ͤ ͺͦͤ͊

˸͙ͦͤͭͦͪ ͍͔͙͙ͫͭͣͦͫͭ

Ál ̏̎ ̗̉̎̇̆̋̉̉ ̞̆̋̓̉̃̎̏̕̕ ̐̏̅́̃̌̆̎

Á̋ ̏̒̓ ̏̂̔̒̌̏̃̌̆̎ ̎́̌̏̇̆̎̉̆̍ 
̝̜̖̒̉̄̎́̌̎ ̜̒̏̂̓̉̊

ˑ̠̏̌ ̜̒̏̂̓̉̊ ̒ ̙̎́̑̔̆̎̎̏̊ 
̓̏̐̏̌̏̄̉̆̊

ˑ̠̏̌ ̜̒̏̂̓̉̊ ̒̏ ̒̅̃̉̎̔̓̏̊ 
̓̏̐̏̌̏̄̉̆̊

Á̃ ̠̏̈̃̏̌̆̓ ̗̝̏̆̎̉̓ ̠̝̃̆̑̏̓̎̏̒̓ ̘̒̌̔́̊̎̏̊ 
̗̉̍̉̓́̉̉ ̝̒̉̄̎́̌̎̏̊ ̜̒̉̄̎́̓̔̑

Áˏ ̠̌̉̎̉̆ ̝̙̍̆̎̆ ς ρπ  (0.02%)
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˾͔ͯ͘͡Έͭ͊ͭ·

˸͙ͦͤͭͦͪ ͍͔͙͙ͫͭͣͦͫͭ

˙̏̎̉̓̏̑ ̒̃̆̓̉̍̏̒̓̉

Á̞ ̠̈̍̆̑̆̓ ̟̟́̂̒̏̌̓̎̔ 
̝̒̃̆̓̉̍̏̒̓ ̃ ̝̑̆́̌̎̏̍ ̃̑̆̍̆̎̉ ̒ 
̘̒̉̒̓̆̍́̓̉̆̒̋̏̊ ̘̝̟̓̏̎̏̒̓ 
̘̙̌̔̆ ρϷ

Áˑ ̆̍̏̎̒̓̑̉̑̔̆̓ ̝̟̒̓́̂̉̌̎̔ 
̑́̂̏̓̔ȟ ̟̎̆̈́̃̉̒̉̍̔ ̏̓ ̜̒̉̒̓̆̍ 
̒̂̏̑́ ̜̖̅́̎̎

Á̞ ̄̑́̆̓ ̟̃́̇̎̔ ̝̑̏̌ ̃ ̎́̒̓̑̏̊̋̆ 
̐́̑́̍̆̓̑̏̃ ̘̐̔̋̏̃ ̉ 
̠̐̑̆̅̏̒̓́̃̌̆̓ ̜̅́̎̎̆ ̏ 
̒̃̆̓̉̍̏̒̓̉ ̠̅̌ ̗̋̏̌̌́̂̏̑́̉̉ 
Belle II

˒̜̇̆̅̎̆̃̎̊ ̒̎̉̍̏̋ ̝̐̑̏̉̈̃̏̅̉̓̆̌̎̏̒̓̉ 
̋̏̍̐̌̆̋̒́ SuperKEKB
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˭͊͟͡Ό;͔͙͔ͤ
1. ˏ̜̐̆̑̃̆ ̜̉̈̍̆̑̆̎ ̝̜̏̓̎̏̒̉̓̆̌̎̆ ̠̃̆̑̏̓̎̏̒̓̉ ̑́̒̐́̅̏̃ ὣυὛO ὣρὛʂ̉  ὣυὛO ὣςὛʂ.

2. ˜̘̜̏̌̔̆̎ ̘̠̂̏̑̎̏̃̒̋̉̆̒̆̆̎̉ ̗̐̑̏̆̒̒̏̃ ÅÅ ᴼὣρὛʂ̉  ÅÅ ᴼὣςὛʂ̎ ́ ὣυὛ-̑̆̈̏̎́̎̒̆ȟ ̉ 
̖̃̆̑̎̉̆ ̜̐̑̆̅̆̌ ̃̎̆ ὣυὛȟ ̎̆ ̘̐̑̏̓̉̃̏̑̆́̉̆̚ ̘̉̒̓̏ ̑̆̈̏̎́̎̒̎̏̍̔ ̟̑̏̇̅̆̎̉ ̠̒̏̒̓̏̎̉̊Ȣ

3. ˏ̜̐̆̑̃̆ ̉̈̍̆̑̆̎́ ̝̠̏̓̎̏̒̉̓̆̌̎́ ̠̝̃̆̑̏̓̎̏̒̓ ̖̐̆̑̆̏̅́ Ὤ ςὖᴼὣρὛʂȟ ̠̋̏̓̏̑́ ̘̝̈̎́̉̓̆̌̎̏ 
̝̙̍̆̎̆ ̏̇̉̅́̆̍̏̄̏ ̘̠̈̎́̆̎̉

4. ˏ̜̐̆̑̃̆ ̜̐̏̒̓́̃̌̆̎ ̖̃̆̑̎̉̆ ̜̐̑̆̅̆̌ ̎́ ̝̜̏̓̎̏̒̉̓̆̌̎̆ ̠̃̆̑̏̓̎̏̒̓̉ ̖̐̆̑̆̏̅̏̃ ὣυὛO
ὣρὛʂ, Ὤ ρὖᴼὣρὛʌ̉ Ὤ ςὖᴼὣρὛʌ. ̃ ̖̆̑̆̏̅ ὣυὛO ὣρὛʂ ̠̏̋́̈́̌̒ ̜̐̏̅́̃̌̆̎̎̍ 
̝̏̓̎̏̒̉̓̆̌̎̏ ὣυὛO ὣρὛȟςὛʂ.

5. ˝̆́̌̉̈̏̃́̎́ ̗̐̑̏̆̅̔̑́ ̉ ̐̑̏̃̆̅̆̎̏ ˙̏̎̓̆-˗́̑̌̏ ̍̏̅̆̌̉̑̏̃́̎̉̆ ˙̏̎̉̓̏̑́ ̒̃̆̓̉̍̏̒̓̉ ̠̅̌ 
̞̋̒̐̆̑̉̍̆̎̓́ Belle ))Ȣ ˜̘̏̌̔̆̎ ̞̗̋̏̉̉̆̎̓̕̕ ̘̐̆̑̆̒̆̓́ ̠̉̈̍̆̑̆̍̏̊ ̒̋̏̑̏̒̓̉ ̘̒̆̓́ ̜̒̏̂̓̉̊ ̃ 
̟̟́̂̒̏̌̓̎̔ ̘̃̆̌̉̉̎̔ ̍̄̎̏̃̆̎̎̏̊ ̒̃̆̓̉̍̏̒̓̉ȟ ̘̜̉̈̔̆̎ ̘̒̉̒̓̆̍́̓̉̆̒̋̉̆ ̙̐̏̄̑̆̎̏̒̓̉ȟ 
̜̏̐̑̆̅̆̌̆̎ ̝̜̏̐̓̉̍́̌̎̆ ̜̐́̑́̍̆̓̑ ̜̑́̂̏̓Ȣ

6. ˝̆́̌̉̈̏̃́̎́ ̗̐̑̏̆̅̔̑́ ̞̘̎̆̑̄̆̓̉̆̒̋̏̊ ̋́̌̉̂̑̏̃̋̉ ̉ ̃̑̆̍̆̎̎̏̊ ̖̗̒̉̎̑̏̎̉̈́̉̉ ˙̏̎̉̓̏̑́ 
̒̃̆̓̉̍̏̒̓̉ Belle II.

7. ˑ̏̒̓̉̄̎̔̓́ ̘̠̒̉̒̓̆̍́̓̉̆̒̋́ ̘̝̓̏̎̏̒̓ ̉̈̍̆̑̆̎̉̊ ˙̏̎̉̓̏̑̏̍ ̒̃̆̓̉̍̏̒̓̉ ̘̙̌̔̆ ρϷȢ
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BACKUP
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ˤ͍͔͔͙͔͒ͤ κ ͙̏ͦͭ͘͟;͔͙͔ͫ͟ ͫͦͫͭͦΎ͙ͤΎ

Á̊ ̜̆̏̇̉̅́̎̎̆ ̜̑̆̈̏̎́̎̒ ̜̏̂̎́̑̔̇̆̎ 
̉ ̃ ̒̆̍̆̊̒̓̃̆ ̘̠́̑̍̏̎̉̎́̐̑̉̍̆̑ 
X(3872),Y(4260))

Á̠ ̑̏̍̆ ὣρπχυσȟ ̐̏̅ ̃̏̐̑̏̒̏̍ ̉ 
̒̓̑̔̋̓̔̑́ ὣτὛȟὣυὛ

Ą́ ̠̂́̚ ̘̠̆̓̋́ ̗̠̉̎̓̆̑̐̑̆̓́̉ 
̏̓̒̔̓̒̓̃̔̆̓

Á̊ ̖̆̏̂̏̅̉̍̏ ̝̐̑̏̃̏̅̉̓ ̝̙̅́̌̎̆̊̆̆ 
̘̉̈̔̆̎̉̆ ̞̖̓̉ ̠̒̏̒̓̏̎̉̊ȟ ̟̘̠̃̋̌́ 
̖̜̐̆̑̆̏̅ ̒ ̘̉̈̌̔̆̎̉̆̍ ̖̌̆̄̋̉ 
́̅̑̏̎̏̃

ː̉̂̑̉̅
˗̜̏̍̐́̋̓̎̊ 
̓̆̓̑́̋̃́̑̋

ˍ̅̑̏-̋̃́̑̋̏̎̉̊ ˙̏̌̆̋̔̌́
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ˤ͍͔͔͙͔͒ͤ κ ˨͙͙ͨͦͤͤ·͔͔͔ͨͪͻͦ͒·

ÁὣςὛɂὣτὛ: ː  ͯυ πȢυ ̠ ̞ˏȟ 
̠̒̏̄̌́̒̔̆̓̒ ̒ ὦὦ̒ ̓̑̔̋̓̔̑̏̊

ÁὣυὛ : ̏ ̂̎́̑̔̇̆̎ ̘̜̐̑̏̍̆̇̔̓̏̎̊ ὤ 
ː ρψπσππ̠ ̞ˏ
˔́ ̜̘̃̆̓̏̍ ὤȟ ̙̉̑̉̎́ ̖̐̆̑̆̏̅̏̃ ̃̒̆ ̧̆̚ ̎́ 
̅̃́ ̠̐̏̑̅̋́ ̜̙̃̆ȟ ̘̆̍ ̠̅̌ ὣςὛɂὣτὛ

Áὣρπχυσ: ̑ ̆̈̏̎́̎̒ ̐̏̅̓̃̆̑̇̅̆̎,
̒̓̑̔̋̓̔̑́ - ?

˔̝́̃̉̒̉̍̏̒̓ ̘̠̒̆̆̎̉ ̏̓ ̞̎̆̑̄̉̉ 
JHEP 07 (2024) 116 

Y(5S)

Y(6S)Y(10753)

4.1̀

7.5̀

0.2̀

ὣρὛʌʌ

ὣςὛʌʌ

ὣσὛʌʌ

https://arxiv.org/pdf/2401.12021
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ὣυὛᴼὣρὛȟςὛʂ
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˸͔ͦͤͭ-˴͊ͪͦ͡ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡ὣςὛO ὣρὛʌʌ

ὣρὛO АА ὣςὛO АА

-ɻ ὓ АА ὓАА

ʌ ᴼɾɾ

╨ ╢ᴼ╨ ╢ȟ ╢Ɫ



43

˸͔ͦͤͭ-˴͊ͪͦ͡ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡ όнύ
˜̑̉̍̆̑ ̑́̒̐̑̆̅̆̌̆̎̉̊ȟ ̘̟̖̏̓̃̆́̉̚ ̈́ ̖̒̏̑́̎̆̎̉̆ ̘̜̖̆̓̑̆-̝̉̍̐̔̌̒́

ˠ̄̏̌  ̑́̒̋̏̌̌̉̎̆́̑̎̏̒̓̉

ɰ ᷁ὖ ȟὖ АА

ˑ̝̏̐̏̌̎̉̓̆̌̎̏ ̝̠̉̒̐̏̌̈̔̆̓̒ ̠̅̌ 
̜̃̂̏̑́ ̘̙̌̔̆̄̏ ̋́̎̅̉̅́̓́

˜̠̏̌̎́ ̞̠̎̆̑̄̉ 

Ὁ Ὁ ὓ ȟ ὖАА

╨ ╢ᴼ╨ ╢ȟ ╢Ɫ
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ὣυὛᴼὣρὛȟςὛʂ
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ὣυὛᴼὣρὛȟςὛʂ
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ὣυὛᴼὣρὛȟςὛʂ



47╨ ╢ᴼ╨ ╢ȟ ╢Ɫ

˽͍͔ͪͦͪ͊͟ ͙ͤ͊͡;͙Ύ ὣρ3ȟς3ͪ ͔͍ͦͤ͊ͤͫͦ͘ 

ὣυὛO ὣς3ʂɾɾ ὣυὛO ὣς3ʂʌʌʌ

ˑ̠̌ ̜̒̏̂̓̉̊ ̃ ̝̒̉̄̎́̌̎̏̍ ̅̉́̐́̈̏̎̆ υςπὓ υψπ ̇ ̞ˏȾ̒



48▐╫ ╟ȟ ╟ᴼ╨ ╢ⱢⱫ

˸͔ͦͤͭ-˴͊ͪͦ͡ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡ Ὤ ρὖȟςὖᴼὣρὛʂʌ

Ὤ ρὖ Ὤ ςὖ Áɿ- ὓ ὓ ̃̏̒̒̓́̎́̃̌̉̃́̆̓
̖̐̆̑̆̏̅Ὤ ρὖȟςὖ ᴼɭρ3ɾɾ

Ą́ ̅̎́ ̉̈ ̗̐̑̏̆̋̉̊ ̝̒̉̄̎́̌̎̏̄̏ 
̠̑́̒̐̑̆̅̆̌̆̎̉ - ᴼ-

ʌ ʂ
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Ὤ ρὖȟςὖᴼὣρὛʂʌ



50▐╫ ╟ȟ ╟ᴼ╨ ╢ⱢⱫ

̅ͦͤ

˞̑́̃̎̆̎̉̆ ̞̝̜̖̋̒̐̆̑̉̍̆̎̓́̌̎ ̑́̒̐̑̆̅̆̌̆̎̉̊ ̒ ̜̏̇̉̅́̆̍̍ ̏̎̏̍̕Ȣ
˟̠̑̆̂̔̆̓̒ ̝̓̏̌̋̏ ̘̎́̌̉̉̆ ὣρὛȟ ̋̑̉̓̆̑̉̊ ʔ̉ ʃ
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˸͙ͦͤͭͦͪ ͍͔͙͙ͫͭͣͦͫͭ

˞̜̏̂̓̉̆ ὩὩ ᴼὩὩɾ, ̋ ̏̓̏̑̏̆ ̘̠̈́̒̉̓́̆̓̒ 
̋́̋ ̜̒̏̂̓̉̆ ̒̏ ̒̍̆̆̎̎̏̊̚ ̓̏̐̏̌̏̄̉̆̊



52

˸͙ͦͤͭͦͪ ͍͔͙͙ͫͭͣͦͫͭ



53

͔͎͔͙̏ͤͪͭ;͔ͫ͊͟Ύ ͙͍͊͋ͪͦ͊͟͟͡

ˑ̠̌ ̝̐̑́̃̉̌̎̏̊ ̔̒̓́̎̏̃̋̉ ̐̏̑̏̄̏̃ ̖̎̆̏̂̏̅̉̍̏ 
̠̑̆̄̔̌̑̎̏ ̝̐̑̏̃̏̅̉̓ ̋́̌̉̂̑̏̃̋̔ ̉ ̠̝̏̐̑̆̅̆̌̓ȡ

Á̃ ̝̜̆̅̆̒̓́̌

Á̠ ̞̗̏̉̉̆̎̓̕̕ ̐̆̑̆̃̏̅́ Ⱥ̜̋́̎́̌ ˍˣ˜Ȼ O  ̇ ̞ˏ

˸͙ͦͤͭͦͪ ͍͔͙͙ͫͭͣͦͫͭ

˞̠̑́̃̎̉̃́ ̟̟̒̑̆̅̎ ́̍̐̌̉̓̔̅̔ ̜̖̓̆̒̓̏̃ 
̝̉̍̐̔̌̒̏̃ ̃ ˙̏̎̉̓̏̑̆ ̒̃̆̓̉̍̏̒̓̉ ̉ ̃ DAQ:

Áʂ
ː̞ ˏ

̋́̎́̌̏̃ˍˣ˜

Á˞ ̝̝̓́̂̉̌̎̏̒̓ ̃̏ ̃̑̆̍̆̎̉ ̘̙̌̔̆ πȢυϷ

ˡ̏̑̍́ ̒̉̄̎́̌́

˗̘̜́̌̉̂̑̏̃̏̎̊ ̞̗̋̏̉̉̆̎̓̕̕ 
̒̆̋̓̏̑́ ̈́ ̐̆̑̉̏̅ ̃ υ ̠̗̍̆̒̆̃



54

ὤ͍ ͙͒ ͙ͨͦͤͤ·ͻ͔͔ͨͪͻͦ͒͊ͻ
ὣυὛᴼὣρὛʌʌ ὣυὛᴼὣςὛʌʌ ὣυὛᴼὣσὛʌʌ

ὣυὛᴼὬ ρὖʌʌ ὣυὛᴼὬ ςὖʌʌ

ὣρπχυσOὣρὛʌʌ

ὣρπχυσOὣςὛʌʌ



55

˿͔ͨͭͪ͟ ͙͙͚͒ͨͦͤͤͦͣ͊ͫͫ· ὣρὛʌʌ

ÁὣτὛ:̔̋́̈́̎̉̆ ̎́ Ὢωψπ

Áὣρπχυσ: ̎ ̆̓ Ὢωψπ, ̎ ̆̓ S-D 
̙̠̒̍̆̉̃́̎̉,̠̒̏̄̌́̒̔̆̓̒ ̜̋̏̍̐́̋̓̎̍ 
̓̆̓̑́̋̃́̑̋̏̍?

ÁὣυὛ : ὤ, Ὢωψπ, ʌʌ  
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