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BESIIIѕ ḑ ᴩַײḪ כֿ



ḑ◓Ᵽσ‭  ֜⁴ᶙјὒ QCD Ỉἀ◕

ü Ḓᶺ ỗ₅ ᷅Ԁ₩ᶚε1969ιM . Gell-Mannζ

ü ḒẴ ᴪѧ￼јḾ ᴠᾭ Ḟ јḟởε1957ι‏ ḛ&
ᾤ ζ

ü Ḓᴁ ᴪ ₭ώ֧᷅Ԁᵖ█ᵀιCKM ￼ׁ ε2008ι
M . Kobayashi & T. Maskawaζ

Å Ḓⱶתḙ￼ᶢ ת ɋɋ‰֝₩ᶚε1970sζιὼ ⱶ ￼ῳᶢ  ἄᵙ ҊӐּזι
ἄו ҃ỉ ќּף￼ᴿ ḫ א ⱡ ιּ҈יὼ Ặ ҊӐּז￼ Ḓ ḙדט
QCDᶈӉ ￼ת ỉἣ⸗ớι ԋḫ ᵙת Ѫѧᶽὠἇ

Å ḒӐѭ꜠⸗￼ɒ᷈ầή ɓιᶈ‰֝₩ᶚ￼ấ ѧᴧὤ Ӑּזχ

╜ Ḓ￼ ᴪớ ιјҝ ᶼᾂ ԎḾ ớӡỤι Ѥ⁪₅ ᴿ ת ₩ᶚι

ѭ▄Ԅת Ӊ QCDת ỉἣ⸗ớ ԋ ḙ ώӗ ӡỤ

⁄Ḓ

Ḓ

2



ḑַײ ᴩֿכ ♪◦



ḑַײє ᴩ⁴ẩ

Å ḑַײẵḑ῝ ẳ ᴩ￼

ü Ḓ ᴪѧᵃӈ᾿ Ẅ￼ŽI=1/2 ֱ
ü ╜ ḒјḾ ᴠᾭεΈῼ↔┐ḯḫ ιHyperCPιCLASḫ )
ü CP ᶐ ╜ ῶ ιṌ῾ᴧאCP ᶐ

Å ḑַײẳ Ṃ ᴩ￼

ü₅ HaraḧתᴣӉ Ặ ҊӐּז₩ᶚ
üѮ ‎ ᶁḧ ḫ ‛χ Ḓἔ εFNAL/CERNζ Kἔ↕ εBNLζι
֫ᾟ⅝ᶺѭ Ḿ╜ ‛

Å ḑַײᴀ ᴩ￼

üת Cabibbo ᴦẂ
üώᴨẻꜛᵼḒι₅ Ḓ῞ ớљᾺⱶתḿἧ
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᷇Ầẵḑ ᴩַײ ἓ Ⱦ ְ

ÅῳὍ ρȾς ֱχẴ ҊӐּזѧᵃӈ᾿ᾡᴪ1/2￼ Ẅι⅝3/2 Ẅ Ѧᾭ

Å᷈ ầҟḒὑᴼ““￼S└ ᴪѧ ₭ᴧאẊ╜ ҃ Ẅѳ⅝χ

ὃὑ ᴼ““ ὃὩ
ρ

ς
ὃὩ

ὃὑ ᴼ““
σ

ς
ὃὩ ЎὍ transition

ЎὍ transition

ὙὩὃ

ὙὩὃ

ꜞὑ ᴼ““ †

ꜞὑ ᴼ““ †

πȢςρɇπȢρὲί

πȢφωɇρςὲί

ρ

ςς
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ÅKҟḒѧ ὶCP ᶐ‎◊҈ЎὍ ᵙЎὍ Ẅ￼ẇ╧ ιљ ᴙӉᵼḒẽᵠ҃KҟḒ

￼ ὶCP ᶐᶽṇ

ÅῳᾺ⁪♇ ρωȢω ςȢσ τȢτ(RBC-UKQCD) ῎ιQCD ỉἣᾦẔῗῳὍ

ρȾς ֱ￼Ѯ ‎◊ιᾺⱶת Ꞌј 15%



ḑַײẵḑ ᴩᵘ ἓ Ⱦ ְ

Å ӆᶊιᶈ Ḓ￼ẶḒ ỗ ᴪѧιᵃ‾Ѽḕᶈᵃӈ᾿ Ẅ֫ ιҨΏᴼὴ“ᵙ Ώᴼὲ“
ѭӕχ

ῗẶ‏ ӈ ι, ‚ῗẴ ӈ
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Åַּז Ḓ ᴪ￼֫Ḵẙɜᴝ јḾ ᴠᾭ‌ᴵ ḧ֧ ʗL @425 ᵙʗL @625 ￼ Ẅι Ḣԅּי

ʗL @425ẄѮṀιֱΏ￼ѣѦẶḒ ◑ ρ
ᴼ

ᴼ
ρȾς

ɜ
ὩὋ

“
Ὓ ὖ ɇȿᴆὯȿ ‌

ς2ÅὛzὖ

ȿὛȿ ȿὖȿ
‰ ÓÉÎ

‍

ρ ‌

Å Ḓ￼ẶḒ ỗẴ ᴪᴵῶҨїѕѦḫ ╜ χ



ḑַײẵḑ ᴩᵘ ἓ Ⱦ ְ

Å Ḓ ᴪѧјҝץὐS└ι (ᵍP└ιῳץ ρȾς ֱῗᵋᶈP└ѧḕᶈιћᶈS└љKҟ
Ḓ ᴪῗᵋ ι ׁҠῂḫ ḧ

Å℅ᶹιῳ) ρȾς ֱ￼ ₅ Ḿ Ḓ ᴪ￼CP ᶐῶ ẽᵠ
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ü ɝ) σȾς Ꞌ CP

ü ɝ) σȾς
CP
ɺ



ḑ ἓ Ⱦ ְḪ ‭ ᾨῙײַ
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ḑַײẳ Ṃ ᴩᵘHaraḦⱣ

Å Ḓ￼Ẵ ṃ ᴪץᵍẶ Ẵ כּ ѕ ҊӐּז ὼ ￼ῶᾦἾ⁪
Όῄ ѭχ

fl
ὩὋ

ς
ὄ ὥ ὦ ‎ „ ὄὊ

Åḫ ╜ χ ɜ ὥ ὦ ɇὯ ȟ ‌
ᶻ

Å U-spinḾ ớᵙḟở ╙ιᴵҨệ֧Ḿ҈U-spin

҇ ỗιḅὴ, ɫ , or ɫ , ɧιԎ ᴪ￼Ḟ ᶐ ѭ

‌ ɫ ᴼὴ‎ ‌ ɧ ᴼɫ‎ π

Å U-spin ιῶ ͯ πͯȢς

Å Έῼת ᶽᶺ ѭ ᴅ᷅ԀҐὭ▼Oיּ ▀♬ѮṀ

ÅHara 1964
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ḑַײẳ Ṃ ᴩⱣ

ÅᶺѦӉ תῶᾦת Ḿ ḒẴ ṃ ὼ ιⱡ ׁṌῂ ₩ᶚὼ Ἅῶ

Semi-leptonic Decay

Weak Hadronic Decay

Weak Radiative Decay

Baryon Magnetic Moment
Sci.Bull. 67 (2022) 2298 -2304

Å℅ᶹι Ḓ￼Ẵ ṃ ᴪѼѭӉ ῶᾦת ιḅChPT

ώӗԋ ￼Ӊ Ẃᾭ ​ι ẽᵠᴁ Ḓ ᴪᵙ

ẶḒẴ ᴪ￼ת Ԅ

10

R. X. Shi et al., Chin.Phys.Lett . 42 (2025) 3, 032401



ḑַײẳ Ṃ ᴩḪ כֿ σ ᴼ▬♬

↔┐ḯḫ ε60s) ɚ KEK E-092ḫ ε80s) FNAL E761ḫ ε90s)

ὑ ὴO  “ ɚ “ ὴO ὑ   ὴ ὅόO   ὑ ὢ

ꞌ~87%ק‖  ɚ ~40% ~12%ι‖קᴵӭ

31 events ɚ 190 events 32k events

ꜞ ρȢτς πȢςφ ρπ ɚ ꜞ ρȢσπ πȢρυ ρπ ꜞ ρȢςπ πȢπχ ρπ

‌ ρȢπσȢ
Ȣ ɚ ‌ πȢψφ πȢρσ ‌ πȢχςωπȢπψφ

E761, Phys. Rev. Lett. 68, 3004 (1992)
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ḑַײẳ Ṃ ᴩḪ כֿ σ ᴼ▪♬

CERN SPSḫ ε80s) BNL E811ḫ ε90sζ

ὴ ὄὩὕOɧ ὢ ὑ ὴO ɤ“ιὑ ὴO ɫ“

24 events 1816 events

ꜞ ρȢπς πȢσσ ρπ ꜞ ρȢχυ πȢρυ ρπ

BNL E811 PRD47,799 (1993)

3- gam events 4- gam events

12



ḑַײẳ Ṃ ᴩḪ כֿ σ ᴼ ♬u ᴼ ♬

FNAL E687ḫ ε90s) CERN /FNALε00sζ CERN NA48 ḫ ε10s)

ὴ ὖὦO ɧ ὑ ὢ ὴ ὄὩO ɧ ὢ ὴ ὄὩO ɧ ὢ

῾ ᴼΏ‎
116 events 672 events 52000

ꜞ ρȢπφ πȢρυ ρπ ꜞ ρȢρφ πȢπχ ρπ

‌ɇ‌ πȢςχ πȢςψ ‌ πȢχψ πȢρψ ‌ πȢχπτπȢπρωπȢπφτ

῾ ᴼ ‎
85 events 4045 events 15000

ꜞ σȢυφ πȢτς ρπ ꜞ σȢστ πȢπω ρπ

‌ πȢςπ πȢσς ‌ πȢφσ πȢπω ‌ πȢχςωπȢπσππȢχφ

NA48, PLB 693 (2010) 241- 248
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ᶀḦ Ḫ כֿ Ṇ
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Åᶁḧ ḫ ѭ Ḓ ᴪ ḧ҃ ᶢ

ü ​╙‎◊χΈῼӔּז“ȟὑҟḒἔ↕/ ιᵅῼᴧṝ҃ Ḓἔ Ḓ ғּוᶽ‾  Ḓ​

╙

ü Ḓ χᴅѦḫ Ҩ ḒѭѮιћѮ ғּ⃰ו Ḓ

ü χ ᶼ ệᾭ׳ἆᾭєѦẴ ṃ҆ӕιјḾ ᴠᾭ ẙ0.1

ü תừ֙χק‖ ᴵ ιӇּ҈יᴿ ᾦẔι ẙј

ü Ά│χ 1 ֫ṵὉᵀ ệјḾ ᴠᾭι ῶ ᴪḅẴ ṃ Ә Ḿ╜ ιῂ

Ḿ╜ ι Ṯ ░ᴉѮṀ

ÅBESIIIӐѭ⃰ ḒḾᾖ ḫכּ ιᶈ Ḓ￼ ѧῶ꜠⸗￼Ҹמι ᶼḾ Ḓ￼ ᴪẦ
ṝ ￼ḫ ╜ ιᶈᶁḧ ḫ ᶢ іᴨệᾺ



BESIIIḪ ᵘ ḑֿכ ҷם
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ҕק Ҩ(BESIII)Ḫ

Å ᶈרҖ⃰ ḒḾᾖ (BEPCII)іιᶂכּ іᵪ ⃰ᶈ ￼

Å 1.84ת - 4.95 GeVιӈ҈ỉἣᵙ ỉἣ Ḓ ￼ḙדט ■ ιῗ₅ת ᵙᴧṝẶ
ҊӐּתז ￼ ᶋἍ
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בּ ו ᵷ

BESIIIὒ≡ᵷ

ӳḔ♩

BEPCII ᶂ



ḑ‒῞ѧḸ ‒῞ᶼ

526 pb -1 6.4 fb -1

100Қ J/Ƭ 20fb -1 @ 3.773 GeV

Å꜠⸗￼ἜὼᾭὯχ ᴿ Ḓ-ᴦ

ḒḾғּו Ӫ

Å 100қJ/ưᴝ 27қư(3686)χ ệ֡

︣єƄ Ƌ Ƈ Ḓ‾ ּ҈ז ᴪј

Ḿ ᴠᾭ ᵙ ῶ ᴪḿἧ

27Қ Ƭ(3686)
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ḑַײҒⱳἣỮ╒᾽εῴצᾭ︢

▄▄ ᴼ╙Ⱦⱶᴼ♀ ᴼ ᴼ▬Ⱬ Ⱬ ♀ ᴼ ᴼ▬Ⱬ Ⱬ

Å Two helicity amplitudes ȿ ἃὐȠὐ ȿ ἃρȠ ρ, ȿ ἃρȠρ

Å Interferencebetween them produces a — -dependent 

production for ̔ hyperons that are spin-polarized: 

ÅThe first reaction: ╙Ⱦⱶᴼ♀♀

18



ḑַײҒⱳἣỮ╒᾽εῴצᾭ︢

ÅThe decay angle —(—) relative to ὖ direction

Åὖ is polarization of Ώwith ὼȟώȟǶᾀoriented in helicity frame

Å♪ȟ♫ȟ♬are theLee-Yang decay parameters of ♀that can be determined with and ὖ

Å In ῾ and ̔ rest frames: 

Å The next two reactions: ♀ ᴼ☻Ⱬ ♀ ᴼ☻Ⱬ

Å The last two reactions: ☻ᴼ▬Ⱬ ☻ᴼ▪Ⱬ

Å In ɤand ɤrest frames: 

Å The decay angle —(—Ӷ) relative to ὖ direction

Å Only ♪of☻can be determined since proton polarization is not measured.

19



ḑַײ ᾟԊ ᶬẵ Ῠ

Å For ᴼ πdecay (ɧ ᴼɤʌ ):

Å ᾿Ḹẙ (ὐȾ‪ᴼ῾῾ ):

ҧ▄▄ ᴼ╙Ⱦⱶᴼ♀ ᴼ ᴼ▪Ⱬ Ⱬ ♀ ᴼ ᴼ▬Ⱬ Ⱬ ѬӔ

Ḣᾯ￼ ֫ṵὼ χ

גּ ҇ᶀḦ Ḫ 1ײַ Ἠᴿ ♪╟ἫἷἻⱣȟ₇ ⸗ḑḽѕ ḑḽҒⱳṜấᵄῑᾎױ ᾎﬞ ε ᴿᶹ
֪ṴַײἨᴿε῏ᶼצ Ῠ ᴩᴟᾎ 20



῞ẔẆ֛ε ẘ ḽ≡

ü ☻ᴼ▪♬

ü BESIII

Å Geant4ѧᴦѧḒ￼₩Ὁљḫ ᾭὯḕᶈ ᶽṮָε>10%)

Å Ὅίֺ‾ ι data -drivenΆẪӢ⃰ᴦѧḒᶈή╜ᵸ
ѧ￼ᵠẔιץὐή╜ᾦꞌι⸗ềᴪ ֫ṵ

Å ῳ ᴦѧḒ₩Ὁљḫ ᾭὯṮָ Ӊ <1%

21
L. Liu et al., NIMA 1033 (2022) 166672 



BESIIIѕ ḑḪ כֿ Ṝ



ᵌѦ ῝ẵḑײַ ᴩ

“ ￼ӡᴺ ῗѮ  ẕιḅᵹᶲӿḒιεᴦζѧ
Ḓ ԋ ṃ

ɤᴼὲ“ : ӡᴺ҆ӕᾭ143 973 414ι ẙ91.2%

ɤᴼὲ“ : ӡᴺ҆ӕᾭ123 208 382ι ẙ91.0% 24

BESIII, PRL 132, 101801(2024)



ᵌѦ ῝ẵḑײַ ᴩ

9 ᵀῳᶽӆⱡӪὉᵀχ

ɤᴼὲ“ : 

ɤᴼὲ“ : 

25

BESIII, PRL 132, 101801(2024)



ᵌѦ ῝ẵḑײַ ᴩ

26

ÅProduction parameters are consistent with 

previous results, verifying the polarization 

and spin correlation.

ÅPrecision of ♪ and ♪ are improved by 

factor of 4 and 1.7.

ÅFour CP observables are constructed from 

decay parameters.

ÅStrong and weak-phasedifference are 

measured.

BESIII, PRL 132, 101801(2024)
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ᵌѦ ῝ẵḑײַ ᴩ
Å ὩὩ ᴼὐȾ‪ᴼɤᴼὲ“ ɤᴼ Ӷὴ“ , (neutron channel)
Å ὩὩ ᴼὐȾ‪ᴼɤᴼὴ“ ɤᴼὲ“ , (anti -neutron channel)

Å ɤᴼὲ“ χӡᴺ҆ӕᾭ872 450 982ι ẙ95.3%

Å ɤᴼὲ“ =ӡᴺ҆ӕᾭ:8<::3<96ι ẙ<414(

ɱ ‌Ⱦ , ɝɮȟ‌ȟ‌

ɱ ‌Ⱦ , ɝɮȟ‌ȟ‌

‚ —ȟ—ȟ‰ȟ—ȟ‰

‚ —ȟ—ȟ‰ȟ—Ӷȟ‰Ӷ

BESIII, arXiv:2510.24333
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ᵌѦ ῝ẵḑײַ ᴩ

[1] BESIII, arXiv:2510.24333
[2] BESIII, PRL 132, 101801(2024)

The most precise results of ɤneutral decay

43% and 27% improvement in ὐȾ‪ᴼɤɤ

compared with ὐȾ‪ᴼɧɧ

Systematic uncertainty improved significantly

Deviate from unity more than 5„, indicates 
the ɝὍ σȾςcontributions in ɤdecay

Most precise CP test in ɤneutral decay 
SM prediction: ὃ ρͯπ (PRD 67, 056001(2003))

[2] [1] 
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῝ẵḑײַ ᴩᵘ◕╘ Ⱦ ְ

Consistent with kaon decay

Observed for the first time, different from S-wave

BESIII, PRL 132, 101801(2024)
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ᵌѦ ῝ẵḑײַ ᴩ

ὩὩ ᴼὐȾ‪ᴼɫɫ ᴼὴ“ὲ“ ὧȢὧ BESIII, arXiv: 2512.09628
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῝ẵḑײַ ᴩᵘ◕╘ Ⱦ ְ

 ᴼ“ὔ￼ᵃӈ᾿֫ ὒЎȟ χ

￼ῳὍ ρȾς Ẅῶḅїԋ χ

Deviate from zero over 5 „, indicate the 

non -negligible ῳὍ contribution

31

BESIII, arXiv: 2512.09628



ḑẳ Ṃ ᴩ♅ ᴼ▬♬

Double-tag method:

BESIII, PRL130, 211901 (2023)
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ḑẳ Ṃ ᴩ♅ ᴼ▬♬

Iterated from this analysis

BESIII, PRL130, 211901 (2023)
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ḑẳ Ṃ ᴩ♅ ᴼ▬♬

Å The accuraciesof the BF and Ŭɔare improved by 78% and 34% 

Å The measured BF is lower than the world average value by 4.2ů

Å The accurate result will provide input and constraints for ChPT

BESIII, PRL130, 211901 (2023)
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♅ ᴼ▬♬ḽᾚ◓Ᵽַײ Ῠ

  ᴼὴ‘‘ ￼ḫ ╜ χ

HyperCP 00s) LHCbε10sζ LHCbḫ ε20s)

3 events 10.2 events 237 events

ꜞ ψȢφ Ȣ
Ȣ ρπ ꜞ ςȢς πȢχ ρπ ꜞ ρȢπψ πȢρχ ρπ

Åᶈ‰֝₩ᶚѧּי Ꞌ  ᴼὴ‎ᶻᴼὴ‘‘ѮṀ

Å BESIIIі  ᴼὴ‎ḫ ╜ ε ṇ҃ẻꜛᵼḒa,bιẽ
ᵠ ᴪꞌζι ᶼῶᾦώ ‰֝₩ᶚ ιẊ ​Ὰ
ⱶתᴠᾭ

  ᴼὴ‘‘ ת￼ χ

LHCb, PRL135 (2025) 5, 051801

35
A. Roy et al., arXiv: 2404.15268



♅ ᴼ▬♬ḽᾚ◓Ᵽַײ Ῠ

SM on♅ ᴼ▬♬ ╒╟ ═╒╟

PhysRevD.51.2271 ρπ ρπ

Commun. Theor. Phys. 19.475 ρπ ρπ

arxiv:2312.17568 ς ρπ

CP observables: 

Å May besignificantlyenhancedby NP up toַ10ײ % (PRL109(2012), 171801, JHEP01 (2013) 027,

JHEP04(2017) 027, JHEP08 (2017) 09

Å Extensiveexperimentalstudiesonὑ,Ὀandὄmesonradiativedecays
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ḑẳ Ṃ ᴩ☻ᴼ▪♬

After further BDT selection

BESIII, PRL 129, 212002 (2022)
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Ῐ ￼ᵹᶲѧớ  ẕ



ḑẳ Ṃ ᴩ☻ᴼ▪♬

ÅFirst measurement on ‌

Å5.6ůdeviation of BF from world average value

ChPTII

BESIII, PRL 129, 212002 (2022)
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