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In precision tests of the Standard Model, the observables such as the QED running coupling
constant 𝛼(𝑀𝑍2 ) evaluated at the 𝑍 pole, and the anomalous magnetic moment 𝑎 SM
𝜇 of the muon,

are of fundamental importance. The dominant uncertainties in both 𝛼 𝑀𝑍2 and 𝑎 SM
𝜇 are due to
the effects of hadronic vacuum polarization, which cannot be reliably calculated in the low energy
region. This paper briefly reviewed the current status of measurement of 𝑅 values, using 𝑒 + 𝑒 −
collision data collected with BESIII detector at BEPCII storage ring in the center-of-mass energy
range 2.2324 to 3.6710 GeV.
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1. Introduction

2. Measurement of R value
Experimentally, the 𝑅 value is determined by
𝑅=

obs − 𝑁
𝑁had
bkg
0 L 𝜀
𝜎𝜇𝜇
int trig 𝜀 had

,

(1)

where 𝑁had is the number of hadronic events directly counted from data, 𝑁bkg is the remaining
number of background events, Lint is the integrated luminosity of the data sample, 𝜀trig is the trigger
efficiency for hadronic events, 𝜀 had is the selection efficiency for generic hadronic events, and (1 + 𝛿)
is the initial-state-radiation (ISR) correction factor, respectively.
2.1 Event selection
In this analysis, the hadronic events are selected in three steps. Potential sources backgrounds
mainly comes from bhabha (𝑒 + 𝑒 − → 𝑒 + 𝑒 − ) or di-gamma (𝑒 + 𝑒 − → 𝛾𝛾) processes due to their
relatively large cross sections. In the first step, a large fraction of bhabha and di-gamma events
are rejected by using the electromagnetic calorimeter (EMC) information only. In second step,
the number of good charged hadronic tracks, which is referred to as prong hereafter, is selected
by imposing the general track-based requirements at BESIII. In the last step, hadronic events are
identified after implementing several further requirements. Fig. 1 shows the flow chart for the
selection of hadronic events while measuring the 𝑅 value. It is noticed that the selected one-prong
events are only used for the tuning of the signal MC model.
2.2 Background events
The residual background events mainly comes from 𝑒 + 𝑒 − → 𝑙 + 𝑙 − , 𝛾𝛾, and beam-associated
processes. The remaining background events for 𝑒 + 𝑒 − → 𝑒 + 𝑒 − , 𝛾𝛾, and 𝜇+ 𝜇− are estimated by
the babayaga 3.5 package [12], while that of 𝑒 + 𝑒 − → 𝜏 + 𝜏 − events are estimated by kkmc [13].
The final state interaction among the particles and the BESIII detector simulation are described by
geant4 [14]. The contribution of two-photon process 𝑒 + 𝑒 − → 𝑒 + 𝑒 − 𝑋, with 𝑋 = 𝑒 + 𝑒 − , 𝜇+ 𝜇− , 𝜂, 𝜂 0,
2
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The lowest order cross section of 𝑒 + 𝑒 − → hadrons is usually parameterized in terms of 𝑅 value
in units of the QED cross section for 𝑒 + 𝑒 − → 𝜇+ 𝜇− , namely 𝑅 = 𝜎(𝑒 + 𝑒 − → hadrons)/𝜎(𝑒 + 𝑒 − →
0 = 4𝜋𝛼 2 /3𝑠. This quantity plays crucial role in various
𝜇+ 𝜇− ), where 𝜎(𝑒 + 𝑒 − → 𝜇+ 𝜇− ) = 𝜎𝜇𝜇
precision tests of the Standard Model (SM) predictions, e.g., 𝑅 values at lower energies are employed
to determine the hadronic contribution to the anomalous magnetic moment 𝑎 SM
𝜇 [1], and the value of
2
the electromagnetic fine structure constant at the 𝑍 pole 𝛼(𝑀𝑍 ), the running of the QED coupling
constant [2, 3], which is essential to perform the precision physics at future colliders. As the
2
dominating uncertainties in both 𝑎 SM
𝜇 and 𝛼(𝑀 𝑍 ) are due to effect of imprecise calculation of
determining the vacuum polarization at low energy region. 𝑅 value has been measured by many
experiments especially at low energies below 5 GeV [4–11], and most recent measurement with the
KEDR detector has achieved a precision of better than 3.0% above 3.1 GeV [11]. To reduce the
error of 𝑅 value experimentally, is one of the primary goal at BESIII.
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Figure 1: The flow chart of good hadronic events selection, where the 𝑝𝑟𝑜𝑛𝑔 means identified good charged
track in each event.

𝜋 + 𝜋 − and 𝐾 + 𝐾 − [15] are considered by utilizing three dedicated MC generators [16]. The beamassociated background, which originates from beam-gas and beam-wall reactions, are non-collision
backgrounds in hadronic events, and are estimated by sideband method with average vertex along
the beam pipe direction.
2.3 Hadronic event generator and ISR
In the modern point of view, the hadronic production in the high energy electron-positron
collision could be interpreted as processes illustrated in Fig. 2. The Lund area law generator
luarlw [17] is built in order to simulate the few-body production processes in BEPC energy region.
luarlw simulation contains following constitutes such as ISR, string fragmentation, multiplicity
and momentum-energy distributions, decay of unstable hadrons.

Figure 2: The hadronic production processes via virtual photon in 𝑒 + 𝑒 − annihilation.
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1-prong events
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The Feynman diagram (FD) scheme is used to simulate the ISR process in the luarlw
generator and to calculate the correction factor (1 + 𝛿) after formalizing the contribution of the
vacuum polarization (VP) correction with the complex expression |1 − Π(𝑠)| 2 instead of four real
terms as presented in Ref. [18]. In addition, the contributions of leptons and narrow resonances to
the VP operator Π(𝑠) are calculated analytically [18] and optical theorem [10].

3. Sytematic uncertainty

4. Summary and Outlook
Using 14 electron-positron collision data samples collected with BESIII in the c.m.energies
between 2.2324 to 3.6710 GeV, the R value measurement is in progress. The dominating uncertainties in the 𝑅 value calculations by the uncertainty of the hadron production model. The data analysis
of 𝑅 value measurement has been essentially completed for below the open-charm energy region
and will be published soon at BESIII. Further, the 𝑅 measurement at BESIII will be accomplish,
and the whole 𝑅 program will be extended down to 2.0 GeV and up to 4.9 GeV.
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