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 ⇒  New physics 4 

𝒂𝝁 =
𝒈𝝁−𝟐

𝟐
, 

•  Hunting for new physics from 𝒈𝝁 − 𝟐 



Muon anomalous magnetic moment Muon anomalous magnetic moment 
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𝜇 = 𝒈
𝑒

2𝑚
 𝑆  PRL126,141801(2021) 

Difference between average and SM  with 4.2𝜎 

                𝑎𝜇
𝑒𝑥𝑝
− 𝑎𝜇

𝑆𝑀 = 251 ± 59 × 10−11  

Individual contribution to 𝑎𝜇  

Individual contribution to uncertainty 
𝒔 > 𝟏. 𝟖 GeV 

 rest part for 
𝒔 < 𝟏. 𝟖 GeV 

𝒂𝝁 𝐅𝐍𝐀𝐋 = 𝟏𝟏𝟔 𝟓𝟗𝟐 𝟎𝟒𝟎 𝟓𝟒 × 𝟏𝟎−𝟏𝟏  (0.46 ppm) 



Beijing Electron Positron Collider (BEPC) 
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2020 update to 2.45 GeV 
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Above 4.0 GeV,  XYZ data with large luminosity can be 
used for R-value  experiment 

104  points 
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BESIII R-scan data sets 
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Recent results of exclusive measurements 

•  𝒆+𝒆− → 𝝅+𝝅− (𝜸𝐈𝐒𝐑) 
BESIII, PLB753, 629 (2016) 
BESIII, PLB812, 135982 (2021) 

 𝒔 = 𝟎. 𝟔 ∼ 𝟎. 𝟗 𝐆𝐞𝐕, 
 ISR method, data 2.93 𝐟𝐛−𝟏 @3.773 GeV 
  Systematic uncertainty of 0.9% 
  Contribution to muon anomalous 

magnetic moment: 

BESIII 

= 368.2 ± 1.5sta ± 3.3sys × 10
−10 
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Recent results of exclusive measurements 

𝒎 =  𝟐𝟐𝟕𝟑. 𝟕 ±  𝟓. 𝟕 ±  𝟏𝟗. 𝟑 𝐌𝐞𝐕 
𝚪 =    𝟖𝟔 ±  𝟒𝟒 ±  𝟓𝟏 𝐌𝐞𝐕 

•  𝒆+𝒆− → 𝑲+𝑲− 
BESIII, PRD99,032001 

arXiv: 
2105.13597 

 𝑠 = 2.0 ∼ 3.08 GeV, 22 energy points 
  Consistent with Babar, but best precision 
  One structure: 

•  𝒆+𝒆− → 𝑲𝑺
𝟎𝑲𝑳

𝟎 

 𝑠 = 2.0 ∼ 3.08 GeV, 22 energy points 
  Consistent with Babar, but best precision 
  One structure: 
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Recent results of exclusive measurements 

𝒎 = (2034 ± 30 ± 25)𝐌𝐞𝐕 
𝚪 =    (𝟑𝟒 ± 𝟏𝟏 ± 𝟏𝟔) 𝐌𝐞𝐕 

•  𝒆+𝒆− → 𝝎𝜼 
BESIII, PLB813,136059 

 𝑠 = 2.0 ∼ 3.08 GeV, 22 energy points 
  Consistent with SND measurements 
  One structure: 

•  𝒆+𝒆− → 𝝎𝝅𝟎 

 𝑠 = 2.0 ∼ 3.08 GeV, 22 energy points 
   Consistent with SND measurements 
  One excited 𝜌 structure: 

𝒎 = (𝟐𝟏𝟕𝟔 ±  𝟐𝟒 ±  𝟑)𝐌𝐞𝐕 
𝚪 = (89 ± 50 ± 5)𝐌𝐞𝐕 



12 

Recent results of exclusive measurements 

BESIII, PRD102, 012008 

BESIII, PRD104, 032007 
𝒎 = (2163.5 ±  6.2 ±   3.0)𝐌𝐞𝐕 

𝚪 =    (𝟑𝟏. 𝟏𝟏𝟏.𝟔
+𝟐𝟏.𝟏 ± 𝟏. 𝟏) 𝐌𝐞𝐕 

•  𝒆+𝒆− → 𝝓𝜼′ 
 𝑠 = 2.05 ∼ 3.08 GeV, 20 energy points 
  First measurements 
  One structure: 

•  𝒆+𝒆− → 𝝓𝜼 

 𝑠 = 2.0 ∼ 3.08 GeV, 22 energy points 
   Consistent with Babar measurements 
  One excited 𝜙 structure: 

𝒎 = (𝟐𝟏𝟕𝟕. 𝟓 ± 𝟓. 𝟏 ± 𝟏𝟖. 𝟔)𝐌𝐞𝐕 
𝚪 = (149.0 ± 15.6 ± 8.9)𝐌𝐞𝐕 
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Recent results of exclusive measurements 

BESIII, PRL124,112001(2020) 

• 𝒆+𝒆− → 𝑲+𝑲−𝝅𝟎𝝅𝟎 and 𝝓𝝅𝟎𝝅𝟎 

  𝓛 = 𝟑𝟎𝟎/𝐩𝐛 within 𝒔 = 𝟐. 𝟎 ∼ 𝟐. 𝟔𝟒𝟒 GeV 
  Events with 𝑲+𝑲−𝝅𝟎𝝅𝟎 final states are analyzed with PWA 
  Cross section via intermediate states, 𝝓 and excited Kaon states, are measured 
   A structure with 𝑴 = 𝟐𝟏𝟐𝟔. 𝟓 ± 𝟏𝟔. 𝟖 ±  𝟏𝟐. 𝟒 MeV, 𝚪 = 𝟏𝟎𝟔. 𝟗 ±   𝟑𝟐. 𝟏 ±
 𝟐𝟖. 𝟏 MeV, is observed 

  Cross sections are consistent with Babar measurements. 



Nhad  hadronic events  

Nbg    background events  (𝒆+𝒆− → 𝒍+𝒍−(𝑿), 𝜸𝜸 ) 

L       integrated luminosity  (at 1% precsion) 

had   detection efficiency 

1+   radiative correction factor (check with four schemes)  

𝝈𝝁+𝝁−    Born cross section of  pair production in QED  

)1(
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In experiment, R values are measured with 

Tasks in experiment: 
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To be released:  
        R value @14 energy points within 𝒔 = 2.2323.671 GeV, 
        with precision better than 3%.  



hep-ph/991028 

LUND area law (LUARLW)  model 
Multiplicity distribution of primary 
hadron: 
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Events generated with LUARLW 

Charged 
track 

Isolated 
photon 

Energy/mo
mentum 

Angular distribution 

Comparison of MC events with the data at 𝒔 = 𝟑. 𝟒 GeV. 



Events generated with hybrid generator  

+: cross section from 𝑹-value measurement 
+: Sum of exclusive cross section (76 modes ) 

•  PHOKHARA 
      (Phys.Rev.D75:074026) 

𝑒+𝑒− → 𝐾+𝐾−, 
𝑒+𝑒− → 𝐾𝑆

0𝐾 𝑆
0 ,  

𝑒+𝑒− →  𝛾𝜋+𝜋−, 
𝑒+𝑒− → 𝜋+𝜋−𝜋0,  
𝑒+𝑒− →  ΛΛ  

•  Exclusive process  
(Chin.Phys. C38, 083001) 

71 exclusive modes 

PHOKHARA  +  ConExc  +  
LUARLW 

Known: 
Missing: 
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Components of hybrid generator 

•  ISR :  up to 𝛼2 accuracy with radiative functions 
•  VP :  HADR5N  
•  ISR factor:  with R-related cross section 
•  Known decay:  PHOKHARA + ConExc 
•  Missing decay:  LUNDARLW  controlled by 12 

parameters 
•  Optimize parameters with response function 
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Optimize LUARLW parameters in hybrid generator  
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Summary 

• 𝑹 scan data collected at 131 energies. 

• A few exclusive decays of cross section are measured. 

• The parameters of generator LUARLW and the hybrid 
generators are optimized   

• The memo of R value measurement between 2.2323.671 
GeV is being reviewed in BESIII Collaboration, with 
uncertainty <3%. 

•  The data analysis for 3.85  4.59 GeV at 104 energies  are 
in progress. 
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Thanks for your attention 


