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Standard Model 
• Successful, but many parameters; 

• Precision test needed! 
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SM parameters 

• 3 independent ones: 
, GF and MZ; 

• Global fit preferred. 
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mH, mt and  in SM fit 

EW Group 1997                PDG 2024 

 

 

 

 

 

 

 

Improvement due to better precision of , … 
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Uncertainties of SM parameters 
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    PDG 1998                                   PDG 2024 



(MZ
2) 

• (s)=(s)lepton+(s)top+(5)
had(s); 

• Dominant: 
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FNAL measurements: 
Phys. Rev. Lett. 126, 141801 (2021) 
Phys. Rev. Lett. 131, 161802 (2023) 

Nature 593, 51 (2021) 

1.5 

2.3 

a(g-2)/2 

• 5 discrepancy? 

Tension also from +- in [0.32, 1.2] GeV by CMD-3 (arXiv:2302.08834) 
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a(g-2)/2 

• R in low energy matters more! 
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Definition of R: 

• R is one of the most fundamental quantities in particle 
physics that directly reflect the flavor and color of quarks. 

• Directly test quark model & QCD, and discover new particles. 

• At lowest order 

Number of quark colors 
• At higher order 
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Measurement of R Values 

Nhad: observed hadronic events  

Nbg:   background events  

L:       integrated luminosity 

had:  detection efficiency for Nhad 

:       radiative correction factor 

:  can be precisely calculated(QED). Measurement of R     

          is to measure the total (e+e-→hadrons) 

Except for controlling each item to the precision requested,  

stable long term machine and detector performance is crucial. 
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R Scans at BESII 
• 6 + 85 energy points, total 5 pb-1 data, 

average uncertainty 6.6%, factor of 23 better. 
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Relative Contributions to the 
Uncertainties of a and (MZ

2)  
Before BESII R scan After BESII R scan 

BEPC 

BEPC 

BEPC 

BEPC 
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Impact of BESII R to Higgs mass 
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From SM fit: 

 

 

 

 

 

 

 

before:                                                 after: 

                 < 170 95%C.L.                                < 210 95%C.L. 



Impact of BESII R to muon (g2) 
use data 

use QCD 

before 

after 
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2.6  1.7 



• Large samples at 2.6, 3.07, 3.65 GeV just before 
shutdown, 10 pb-1, uncertainties  3.5% 
 
 
 
 
 
 
 
 
 
 
 

• PLB677, 239 (2009) 

Last data at BESII 
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Bird View of  
BEPCII /BESIII 

BESIII 
detector 

Linac 

2004: start BEPCII construction 
2008: test run of BEPCII  
2009-now: BECPII/BESIII data taking 

Beam energy 1.0-2.45 GeV 
  Energy spread: 𝟓. 𝟏𝟔 × 𝟏𝟎−𝟒 

Design luminosity  
1  1033/cm2/s @ (3770)  

achieved Apr.5, 2016. 

IHEP，Beijing 

Beijing electron 
positron collider BEPCII 

Storage ring 

BSRF 
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μ Counter 

  8 - 9 layers RPC 

R=1.4 cm~1.7 cm  

Time of Flight (TOF) 
T :  90 ps for Barrel; 
       110 ps  65 ps 

for Endcaps 

Drift Chamber (MDC)  

p/p (0/0) = 0.5%(1GeV） 

dE/dx (
0/0) = 6% 

EMC：  E/√E(0/0) = 2.5 % (1 GeV) 

(CsI)       z,(cm) = 0.5 - 0.7 cm/√E 

Super-conducting 
magnet (1.0 Tesla)    

The BESIII Detector 

18 2024.4.20 Guangshun Huang: R at BESIII 



BESIII Data sets 
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(3770): 20 fb-1 
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(MZ
2) and a: Status BESIII starting 

BEPC 

BEPC 

Burkhardt, Pietrzyk 2011 

Davier 2010 

3.6 

a
exp = (11 659 208.9 ±6.3) ×10 –10 (E821) 

a 
SM = (11 659 180.2±4.9) ×10 

–10 
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Still the 2nd largest one. 



R Scan Strategy at BESIII (original plan) 
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• Phase I: pre-study, 
    Machine study at 2.0, 2.5 and 4.2(4.6) GeV, MC tuning, … 
• Phase II: scan continuum region, 
    15 points in 2.03.6 GeV, step 100 MeV, 100k+ hadrons<3 GeV. 
•Phase III: scan resonance region, 
    100 points in 3.84.6 GeV, 100k events, step 2, 5,10, 20 MeV. 
    (108 hadrons at 4040, 4160, 4415 for radiative decay search?) 

6.6% 

3.5% 

Babar 

Y(2175)? 

Charm  
baryons 

to extend? 
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First R scan @BESIII: 
4-energy test run 

J/ 
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!data location, not R value! 



BESIII R Scan in 3.8 - 4.6 GeV 
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• Data taken in 2013.12.9 – 2014.1.24; 

• 104 energy points in total, 800 pb-1; 

• >100k hadronic events each points. 



Low energy run in 2.0 – 3.08 GeV 
• Data taken in 2014.12.30 – 2015.6.16; 

• 22 points, 650 pb-1; 

• Unique sample in the energy range. 
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Analysis with continuum data 
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• 14 points in 2.2324 - 3.671 GeV: 

– 4 of test run: 2.2324, 2.4, 2.8, 3.4 GeV; 

– 3 of J/ scan: 3.05, 3.06, 3.08 GeV; 

– 4 of  scan: 3.5424, 3.5538, 3.5611, 3.6002 GeV; 

– 2 off (3770): 3.5, 3.671 GeV;  

– 1 off (3686): 3.65 GeV. 

• Goal: 3% precision; 



Strategy of hadron selection 
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Baseline:  
2 charged tracks 

Included in 
MC tuning 



Background level 
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+- 

• Backgrounds from QED: 
e+e-()e+e-, (), +-, +-, e+e-X 
• Beam-associated background 

 
Well controlled: <3% below  threshold. 



Hadron production and detection 
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String fragmentation scheme: LUARLW 
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String fragmentation in t-x space 2 cluster divided at vertex V 



LUARLW: charged multiplicity 
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LUARLW: polar angle cos 

 

2024.4.20 Guangshun Huang: R at BESIII 31 



LUARLW: neutral multiplicity for 2-prg 

 

2024.4.20 Guangshun Huang: R at BESIII 32 



HYBRID: an alternative generator 

• Combination of Phokhara, ConExc, LUARLW; 

• Phokhara: 10 measured exclusive processes 
with intermediate states (2, 3, 4,…); 

• ConExc: 47 measured exclusive processes 
assuming PHSP model (KK, KK, J/,…); 

• LUARLW: for the rest, but no repeating. 

 

• Idea: as much experimental info as possible. 
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Why HYBRID? 
At low energy, cross sections were largely measured: 
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+: total cross section 
+: sum of exclusives 



HYBRID: charged multiplicity 
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Efficiencies 
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Good agreement! 



ISR correction (1+) 

• Feynman Diagram scheme used: 
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LUARLW vs HYBRID 

The differences in R are taken as systematic uncertainties. 
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Cross section line-shape 
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Systematic uncertainty 

• Less than 3%; 

• Dominated by generator model. 
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Final results 

• R measured at 14 energies in continuum; 

• Systematics dominant; 

• Phys.Rev.Lett.128, 062004 (2022). 
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R value in [2.2324, 3.671] GeV 

• Precision better than 3%; 

• Larger than pQCD by 2.7 in [3.4, 3.7] GeV. 
2024.4.20 Guangshun Huang: R at BESIII 42 

Phys.Rev.Lett.128, 062004 (2022) 



Ongoing studies and prospects 
• R value in full energy range [2.0, 4.95] GeV; 

• Comprehensive measurement at 2.0 GeV: 
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350k events 



Ongoing studies and prospects 
• R via ISR technique down to +- threshold! 

 

 

 

 

 

 

 

 

• Data taking in [1.8, 2.0] GeV right now! 
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Summary 
• R measurements at BESII were a great success: 5(+10) pb-1 

– 6+85 energies in 2–5 GeV, precision 6%; 

– Ultimate 3.5% reached at 3 energies. 

• R-QCD data taken at BESIII in 2–4.6 GeV: 1.5 fb-1 

– Test run at 4 points in the low energy region; 

– A 104-point fine scan from 3.8 GeV to 4.6 GeV; 

– Data taken at 22 points between 2.0 GeV to 3.08 GeV. 

• BESIII First R values with uncertainties <3% at 14 energies in 
[2.2324, 3.671] GeV published: PRL 128, 062004 (2022); 

• Taking data in 1.8-2.0 GeV, exciting moment also for BEPCII! 

• More results to come… 
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