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ȵɑɆɓ ɊɔɐɑɆɊɆ

Âɼʝʪʝʢʪʦʨ ʂʄɼ-3 ʠ ʬʠʟʠʯʝʩʢʘʷ ʧʨʦʛʨʘʤʤʘ

Âʅʘʙʦʨ ʜʘʥʥʳʭ ʚ 2019 ʛʦʜʫ

Âʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ

Âʇʣʘʥʳ ʨʘʙʦʪ
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ȺɎɍɎɝɋɗɐɆɥ ɕɖɔɉɖɆɒɒɆ ȨɃȵȵ-
2000

1. ȱɒɇɘɊɉɊɐɏɏɐɇ ɊɉɎɇɒɇɏɊɇ R(s)

<1% Ɇɍɡ ɐɓɏɐɄɏɝɗ ɌɂɏɂɍɐɄ 

2. ȪɉɕəɇɏɊɇ ɂɆɒɐɏɏɝɗɌɂɏɂɍɐɄ:
e+e-

Ą2h, 3h, 4h é, h= p,K,h

3. ȪɉɕəɇɏɊɇ ɄɐɉɃɕɈɆɇɏɊɋ ɄɇɌɔɐɒɏɝɗ ɎɇɉɐɏɐɄ: rõ, rõõ, wõ, jõ,..

4. ȱɒɐɄɇɒɌɂ CVC: ɓɒɂɄɏɇɏɊɇ ɓɇəɇɏɊɋ e+e-
Ą hadr . (T=1) ɓɐ 

ɓɑɇɌɔɒɂɎɊ ɒɂɓɑɂɆɐɄt

5. ȪɉɕəɇɏɊɇ ɑɂɒɏɐɅɐ ɒɐɈɆɇɏɊɡ ɏɕɌɍɐɏ-ɂɏɔɊɏɕɌɍɐɏɂð
ɟɍɇɌɔɒɐɎɂɅɏɊɔɏɝɇ ɖɐɒɎɖɂɌɔɐɒɝɏɕɌɍɐɏɂ, é

6. ȪɉɎɇɒɇɏɊɇ ɓɇəɇɏɊɋ ɓ ɊɓɑɐɍɞɉɐɄɂɏɊɇɎ ɎɇɔɐɆɊɌɊ ISR

7. ȦɄɕɗɖɐɔɐɏɏɂɡɖɊɉɊɌɂ

8. ȪɉɕəɇɏɊɇ ɑɒɐɘɇɓɓɐɄ QED ɄɝɓɐɌɐɅɐ ɑɐɒɡɆɌɂ2->4,5

ȓȭȫȸ ȖȹȮȫɃȰȸȵȹ. ȕȗȏ-3 3ȘȫȾɂȸȫɊ ȼȰȼȼȳɊ ȓȪȟ - 2020

( hadrons)( ( ))R s e e e es s m m+ - + - + -­ ­=

ʀʟʫʯʝʥʠʝ ʨʦʞʜʝʥʠʷ ʘʜʨʦʥʦʚ ʚ

ʘʥʥʠʛʠʣʷʮʠʠ ὩὩ :

Å ʏʪʦ ʨʦʞʜʘʝʪʩʷ?

Åʉʢʦʣʴʢʦ ʨʦʞʜʘʝʪʩʷ?

Åʂʘʢ ʨʦʞʜʘʝʪʩʷ?

ʈʦʞʜʝʥʠʝ ʧʘʨ ὴӶὴȟὲὲ
ʇʦʚʝʜʝʥʠʝ ʘʜʨʦʥʥʳʭ

ʩʝʯʝʥʠʡ ʥʘ ʧʦʨʦʛʝ

ʆʪʜʝʣʴʥʳʝ ʟʘʜʘʯʠ:

ὩὩ ᴼ–
ὩὩ ᴼ“ὩὩ
ὩὩ ᴼὈᶻ
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ȮɍɒɋɖɋɓɎɋ ɗɋɝɋɓɎɏ ὩὩ ᴼ̜́̅̑̏̎

ʆʜʠʥ ʠʟ ʩʘʤʳʭ ʦʞʠʜʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʂʄɼ-3 ʠ ʉʅɼ

ʆʯʝʥʴ ʚʘʞʝʥ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʘʜʨʦʥʥʦʛʦʚʢʣʘʜʘ ʚ (g-2) ʤʶʦʥʘὥ

ʀʟʤʝʨʝʥʠʷ ʘʜʨʦʥʥʳʭʩʝʯʝʥʠʡ ʥʘ 

ɺʕʇʇ-2000 ʥʫʞʥʳ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʪʦʯʥʦʩʪʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ.

ɺ 2018 ʛʦʜʫ ʥʘʯʘʣ ʥʘʙʦʨ 

ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪ ʚ 

ʌʝʨʤʠʣʘʙ

ʋʞʝ ʥʘʙʨʘʥʦ 400% ɹʅʃ!

ɸʥʦʤʘʣʴʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʤʶʦʥʘ

ʌʝʨʤʠʣʘʙ



ȷɔɗɘɔɥɓɎɋ ɊɋɘɋɐɘɔɖɆ ȰȲȪ-3
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Ȫɋɘɋɐɘɔɖ ȰȲȪ-3

ɼʂ

Zʂ

LXe

CsI
BGO

TOF

Mu
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ȷɔɗɘɔɥɓɎɋ ɊɋɘɋɐɘɔɖɆ Ɉ 2019
Å ɼʨʝʡʬʦʚʘʷ ʢʘʤʝʨʘ: ʚ ʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ

Å Z-ʢʘʤʝʨʘ: ʚʳʰʣʘ ʠʟ ʩʪʨʦʷ ʣʝʪʦʤ 2017 ʛʦʜʘ

Å ʂʘʣʦʨʠʤʝʪʨ LXE: ʚ ʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ

Å ʂʘʣʦʨʠʤʝʪʨ CSI: ʚ ʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ

Å ʂʘʣʦʨʠʤʝʪʨ BGO: ʚ ʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ

Å ɺʨʝʤʷ-ʧʨʦʣʝʪʥʘʷ ʩʠʩʪʝʤʘ: ʥʦʚʘʷ, ʚ ʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ

Å ʄʶʦʥʥʘʷ ʩʠʩʪʝʤʘ: ʚ ʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ, ʯʘʩʪʠʯʥʘʷ ʟʘʤʝʥʘ HV

Å ʂʨʠʦʛʝʥʥʘʷ ʠ ʤʘʛʥʠʪʥʘʷ ʩʠʩʪʝʤʳ: ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʨʘʙʦʯʝʝ ʧʦʣʝ 13 ʢɻʩ, 

ʫʣʫʯʰʝʥ ʚʘʢʫʫʤ

Å ʉʠʩʪʝʤʘ ʩʙʦʨʘ ʜʘʥʥʳʭ: ʚ ʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ
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2019 ʛʦʜ ïʚ ʥʫʣʝʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ, ʩʧʦʢʦʡʥʳʡ ʥʘʙʦʨ ʩʪʘʪʠʩʪʠʢʠ

ʅʘʙʣʶʜʘʣʠʩʴ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ (ʥʘʚʦʜʢʠ), 

ʧʨʦʙʣʝʤʘ ʧʦʢʘ ʥʝ ʨʝʰʝʥʘ



ȳɆɇɔɖ ɊɆɓɓɡɛ Ɉ 2019
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ȮɗɘɔɖɎɥ ɓɆɇɔɖɆ ɗɘɆɘɎɗɘɎɐɎ
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ȶɆɗɕɖɋɊɋɑɋɓɎɋ ɎɓɘɋɉɖɆɑɆ ɕɔ 
ɣɓɋɖɉɎɎ
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ʂ

ʂ

”ȟ‫

•

Ὢρςψυ

ὴӶὴȟὲὲ

Ὀᶻ

2019



ȦɓɆɑɎɍ ɓɆɇɖɆɓɓɡɛ ɊɆɓɓɡɛ
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ɃɐɗɐɑɤɍɎɈɓɡɋ ɐɆɓɆɑɡ ὩὩ ᴼ̜́̅̑̏̎

Å ʅʝʦʙʭʦʜʠʤʦ ʠʟʤʝʨʠʪʴ  ʩʝʯʝʥʠʝ ὩὩ ᴼ̜́̅̑̏̎ʦʪʜʝʣʴʥʦʜʣʷ ʢʘʞʜʦʛʦ ʢʦʥʝʯʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ (ʵʢʩʢʣʶʟʠʚʥʳʡ ʧʦʜʭʦʜ)

Å ʅʝʦʙʭʦʜʠʤʦ ʠʟʤʝʨʠʪʴ ʥʝ ʪʦʣʴʢʦ ʩʝʯʝʥʠʝ, ʥʦ ʠ ʜʠʥʘʤʠʢʫ (ʧʦʥʷʪʴ ʤʝʭʘʥʠʟʤ)

Â 2 ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ
ὩὩ ᴼ““ȟὑ ὑ ȟὑὑȟὴὴ

Â 2 ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ+ ʬʦʪʦʥʳ
ὩὩ ᴼ““‎ȟ“““ȟ““–ȟὑ ὑ “ȟὑ ὑ –ȟὑὑ“ȟ“““–ȟ

““““ȟ“““““ȟ““““““

Â 4 ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ
ὩὩ ᴼ““““ȟὑ ὑ ““ȟὑὑᶻ

Â 4 ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ+ ʬʦʪʦʥʳ
ὩὩ ᴼ“““““ȟ““–ȟ““‫ȟ““““““ȟὑ ὑ –ȟὑ ὑ ‫

Â 6 ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ
ὩὩ ᴼσ““ ȟὑὑ““ȟὑὑ “ᶸ“

Â ʊʦʣʴʢʦ ʬʦʪʦʥʳ

ὩὩ ᴼ“‎ȟ–‎ȟ““‎ȟ“–‎ȟ“““‎ȟ““–‎

Â ɼʨʫʛʠʝ ʢʦʥʝʯʥʳʝ ʩʦʩʪʦʷʥʠʷ
ὩὩ ᴼὲὲȟ“ὩὩȟ–ὩὩȟσ““ “

Â ʈʝʜʢʠʝ ʨʘʩʧʘʜʳ

ὩὩ ᴼ–ȟ–ȟὈᶻ



CMD-3 published results

13

PLB 723 (2013) 82

σ““

ὑ ὑ ““

PLB 756 (2016) 153 
ὴὴ

ὑὑ

PLB 760 (2016) 314

ὑ ὑ

PLB 768 (2017) 345

““““

“““–

PLB 773 (2017) 150

PLB 779 (2018) 64

PLB 792 (2019) 419

σ““ “

PLB 794 (2019) 64

““–

arXiv:1907.08002

ὑ ὑ –

PLB 798 (2019) 134946

PLB 740 (2015) 273

ὔὔ

PLB 759 (2016) 634

ὩὩ ᴼ–ᴂ



ὩὩ ᴼ“““““““
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ɺʧʝʨʚʳʝ ʠʟʤʝʨʝʥʦ ʧʦʣʥʦʝ ʩʝʯʝʥʠʝ ὩὩ ᴼσ““ “

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʤʠʥʠʨʫʶʪ ʢʘʥʘʣʳ

ς““ –ʠ ς““ ‫

2(Ù+Ù-)ȁ

2(Ù+Ù-)Ȏ

2(Ù+Ù-)ȁ

BaBar

CMD3

PLB 792 (2019) 419



ὩὩ ᴼὬὥὨὶέὲίʥʘ ʧʦʨʦʛʝὔὔ

ʀʚʘʥ ʃʦʛʘʰʝʥʢʦ. ʂʄɼ-3 ʅʘʫʯʥʘʷ ʩʝʩʩʠʷ ʀʗʌ - 2020 15

ɺ 2017 ʥʘʙʨʘʣʠ 13 1/ʧʙʚ ʫʟʢʦʡ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ ʚʦʢʨʫʛ ʧʦʨʦʛʘ ʨʦʞʜʝʥʠʷ ὔὔ

ὴӶὴ
ὑ ὑ ““

3(““ )

ʈʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ ʩʝʯʝʥʠʡ ʥʘ ʧʦʨʦʛʝὔὔ

ʆʪʢʨʳʪʳʝ ʚʦʧʨʦʩʳ:

Å ʧʦʯʝʤʫ ʩʢʘʯʦʢ ʚ ὑ ὑ ““ ʙʦʣʴʰʦʡ?

Å ʧʦʯʝʤʫ ʥʝ ʚʠʜʥʦ ʩʢʘʯʢʘ ʚ ““““ ?

PLB 794 (2019) 64



ὩὩ ᴼὑὑ–
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ɼʘʥʥʳʝ 2011, 2012, 

2017

ʉʝʯʝʥʠʝ ʠʟʤʝʨʝʥʦ ʩ 

ʥʘʠʣʫʯʰʝʡ 

ʪʦʯʥʦʩʪʴʶ

ʅʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ 

ʢʘʥʘʣ ‰–

PLB 798 (2019) 134946



ὩὩ ᴼ““– –O ‎‎
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” ” ”ᴂᴂ

ɼʘʥʥʳʝ 2011, 2012, 2017

arXiv:1907.08002



ὩὩ ᴼ““ : ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ
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2013

2 ʤʝʪʦʜʘ

2013 vs 2018:πȢρϷ πȢρϷ

„ ̉̈Ȣ̍

„ ̠̓̆̏̑̉
ȡπȢςϷ πȢςϷ

ʇʝʨʚʳʡ ʨʝʟʫʣʴʪʘʪ ʚʳʰʝ 1 ɻʵɺ

ɼʘʥʥʳʝ 2017 ʠ 2019



ὩὩ ᴼ““ : ʩʪʘʪʠʩʪʠʢʘ

2013+2018+2017+2019
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ʉʪʘʪ.ʦʰʠʙʢʘɝ„Ⱦ„ʚ20 MeV ʙʠʥʘʭ



ὩὩ ᴼτ“
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ʀʟʫʯʝʥʠʝ ʜʠʥʘʤʠʢʠ 

ὩὩ ᴼ““““ ʠ 
ὩὩ ᴼ““““

“‫

ὥ“

ὩὩ ᴼ““““
ʥʠʞʝ 1 ɻʵɺ



ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʯʘʩʪʠʮ ʚ LXe

ʀʚʘʥ ʃʦʛʘʰʝʥʢʦ. ʂʄɼ-3 ʅʘʫʯʥʘʷ ʩʝʩʩʠʷ ʀʗʌ - 2020 21

ʀʟʫʯʝʥʠʝ ʜʠʥʘʤʠʢʠ 

ὩὩ ᴼ““““ ʠ 
ὩὩ ᴼ““““

Lxe ʢʘʣʦʨʠʤʝʪʨ ʠʟʤʝʨʷʝʪ ʧʨʦʬʠʣʴ 

ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʯʘʩʪʠʮ. 

ɺ 2019 ʛʦʜʫ ʟʘʚʝʨʰʝʥʘ ʨʘʙʦʪʘ ʧʦ 

ʩʦʟʜʘʥʠʶ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ 

(ʧʦʪʨʝʙʦʚʘʣʘ ʫʣʫʯʰʝʥʠʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʨʘʩʯʝʪʘ ʧʦʣʝʡ ʚ 

ʢʘʣʦʨʠʤʝʪʨʝ ʠ ʪ.ʧ.)
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ɼʂ

Zʂ

LXe

CsI

BGO

TOF

Mu

ɿʘʤʝʥʘ ʧʦʣʦʩʢʦʚʦʡ 

ʵʣʝʢʪʨʦʥʠʢʠ (2016)

ɿʘʤʝʥʘ ʙʘʰʝʥʥʦʡ 

ʵʣʝʢʪʨʦʥʠʢʠ (2021?)

ʋʜʚʦʝʥʠʝ ʯʠʩʣʘ ʢʘʥʘʣʦʚ (2016)

ɿʘʤʝʥʘ ʚʳʩʦʢʦʚʦʣʴʥʦʛʦ

ʧʠʪʘʥʠʷ (2019-2020)

ɿʘʤʝʥʘ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ Z-

ʢʘʤʝʨʳ (2023?)

ɿʘʤʝʥʘ ʵʣʝʢʪʨʦʥʠʢʠ 

(2023?)

ɿʘʤʝʥʘ 

ʚʨʝʤʷʧʨʦʣʝʪʥʦʡ 

ʩʠʩʪʝʤʳ (2016)

ʊʂʉ
ʋʩʪʘʥʦʚʢʘ ʥʦʚʦʡ 

ʪʦʨʮʝʚʦʡ 

ʢʦʦʨʜʠʥʘʪʥʦʡ 

ʩʠʩʪʝʤʳ (2021?)

ɿʘʤʝʥʘ ʜʨʝʡʬʦʚʦʡ 

ʢʘʤʝʨʳ (2023?)


