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R value
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 The Born cross section of e+e- annihilation into hadrons 

normalized by theoretical m+m- cross sectiom
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 Precision !!! 



Muon magnetic moment (g-2)µ
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 The Standard Model prediction for muon am=(gm-2)/2

K(s): analytically known

Prof. Michel Davier @ Tau2016



Muon magnetic moment (g-2)µ
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 BESIII: ISR and energy scan

Prof. Michel Davier at Tau2016



EM fine structure constant
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 The running of the electromagnetic fine structure constant is 

governed by the renormalized vacuum polarization function.
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R value @ pQCD and charmonium
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 Test pQCD prediction on R values

PL B660 (2008) 315

 Fitting to R values: resonance 

parameters of Ψ(3770), Ψ(4040),

Ψ(4160) and Ψ(4410).



Data sets for R value
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 Phase I: test run @ 2012

✓ Ecm = 2.232/2.400/2.800/3.400 GeV, ~12pb-1

 Phase II:  fine scan for heavy charm resonant  @2013-2014

✓ Ecm ∈ [3.800, 4.590]GeV, 104 energy points, ~800pb-1

 Phase III: R & QCD scan @ 2015

✓ Ecm ∈ [2.000, 3.080]GeV, 21 energy points, ~500pb-1



R value
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L integrated luminosity 

1+ radiative correction factor 

Nhad observed hadronic events 

Nbg from background events 

had selection efficiency

smm Born cross section of m pair 

production in QED

 R values are measured as 



Generators @ R analysis
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e+e-→(g)e+e-: Babayaga e+e-→(g)m+m: Babayaga

e+e-→(g)t+t: KKMC

e+e-→(g)gg: Babayaga

e+e-→e+e-X: TWOPHOTON

e+e-→hadrons: 

ConExc & LUARLW



Luminosity
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 Large-angle Bhabha e+e- -> (g)e+e- and diphoton e+e- -> (g)gg: 

about 0.8% uncertainty

 Chinese Physics C41 (2017) 063001



Radiative correction factor (1+)
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 The Feynman diagrams scheme (CB) and structure function 

schemes (KF & WU) are used, results by there methods are 

consistent within 1.2%.

 R value @ PDG2016 as input



e+e-→ e+e- + X
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Phys. Rep. 4 (1975) 181

 Background from two photon process

✓ Underestimation by BesTwoGam MC

✓ Use generator for (dominant) exclusive processes:

e+e-e+e-; e+e-m+m-; e+e-+-; e+e-K+K-; e+e-h and e+e-h’

 Other process: unclear but tiny



MC generator for e+e-→hadrons
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 High energy e+e- collision: Herwig @ Cluster model; Jetset

and Pythia @ String model

 Low energy e+e- collision: LUND Area Law, hep-ph/9910285

✓ Simulate ISR inclusive continuous channels and JPC=1–

resonance between 2GeV and 5GeV. Need MC tuning

✓ Left-right symmetry, NO



MC generator for e+e-→hadrons
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 LUARLW: 100% by LUARLW

 ConExc generator: 

✓ ConExc + Phokhara + LUARLW

✓ Phokhara deal with 10 exclusive processes

✓ Others measured processes with ConExc

✓ unknown by LUNDARLW

+: inclusively light hadron

--: exclusive measured cross section



ConExc @[2.232, 3.671]GeV
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 ConExc could describe experimental data



LUARLW @[2.232, 3.671]GeV
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 LUARLW could describe experimental data



Status of R Measurement

 BESIII memo at Convener’s review

 MC tuning at [3.800, 4.590]GeV
4.26GeV
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Summary
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 R values are important for (g-2)µ, (Mz), s(s), and test pQCD

prediction, and resonance parameters of charmonium states

 BESIII have collected with R scan data @ [2.0, 4.6]GeV

 Data analysis @ [2.232, 3.671]GeV is finished

✓ Integrated luminosity: about 0.8% uncertainty

✓ Radiative correction factor (1+): 1.2% uncertainty

✓ MC generator: ConExc and LUARLW

 Data analysis @ [3.800, 4.590]GeV is in progress



Bird’s View of BEPCII & BESIII

Storage ring

Linac

BESIII 

detector Beijing electron 

positron collider 

BEPCII

Beam energy 1.0-2.3 GeV

Energy spread: 5.16×10-4

Design luminosity 

1×1033/cm2/s @ (3770)
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BESIII Detector
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Solenoid Magnet:  1 T Super conducting

MDC

small cell & He gas

σxy=130 μm

𝛿p/p = 0.5%@1GeV

dE/dx=6% 

TOF

σT =  90 ps Barrel

110->80ps Endcap

Muon ID: 8~9 layer RPC

σRΦ=1.4 cm~1.7 cm

EMCAL:   CsI crystal

ΔE/E  = 2.5% @1 GeV

σφ,z = 0.5~0.7 cm/√E

Trigger: Tracks & Showers

Pipelined; Latency = 6.4 μs

Data Acquisition:

Event rate = 3 kHz

Throughput ~ 50 MB/s

Hermetic spectrometer for neutral and charged particle 

with excellent resolution, PID, and large coverage

NIM A614

345 (2010) 


