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Introduction Motivation

Introduction

Precise hadronic cross sections (R value) will improve the determination of:

• QED running coupling constant at Z pole, i.e. α(M2
Z).

• Anomalous magnetic moment of the muon, aµ = (g − 2)/2.

Experimentally, R value is determined by

R =
Nobs.

had. − Nbkg

σ0
µµ ·Lint · εtrig. · εhad. · (1 + δ)

• Nobs.
had.: Numbers of observed hadronic events.

• Nbkg: Number of the residual background events.

• Lint: Integrated luminosity.

• εtrig.: Trigger efficiency.

• εhad.: Detection efficiency of the hadronic events.

• (1 + δ): ISR correction factor.

• σ0
µµ(s) = 86.8 nb/s: Leading order QED cross section for e+e−→ µ+µ−.
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Data sets and MC samples Data sets

Data sets
BOSS version: BOSS7.0.3
A total of 104 energy points from

√
s = 3.850 to 4.590 GeV.
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Data sets and MC samples Signal MC samples

Signal MC samples
Two options:

I Pure Lunda (see Lipeng Zhou’s talk):

I ConExc + Phokhara + Lunda:
• Phokhara is used to simulate the 10 processes whose cross section

and intermediate substructures of final states are known.
• Using Conexc model, exclusive processes with known cross section

are simulated, including e+e−→ D(∗)
(s) D̄(∗)

(s) , DD̄π, DD̄∗π+ c.c.,
and final states containing charmonium states J/ψ,ψ(2S), ηc, and hc.

• In ConExc, the latest BESIII measurements of the cross section are
used after performing phenomenological fit of the line-shape.

• In ConExc, the polar angle distributions of two-body processes are
simulated by 1 +α cos2 θ, while the multi-body processes are simulated
with PHSP model.

• The Lunda model is used to simulate unknown processes.
• A set of parameters are obtained by tunning at 4.26 GeV by Maoqiang Jing.

The signal MC is generated at
√

s = 3.890, 3.930, 4.030, 4.170, 4.220, 4.250, 4.360, 4.430,
and 4.590 GeV with 0.5 million events for each energy point.
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Data sets and MC samples Signal MC samples

hadronic cross sections
The sum of the known cross section and the total hadronic cross sections:
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Data sets and MC samples Background MC samples

Background MC samples
I Including bhabha, di-gamma, di-tau, di-muon, and two-photon events.

I The two-photon events e+e−→ e+e− + X, where X = e+e−, µ+µ−, π+π−,
K+K−, η, and η′.

I Temporally generated in BOSS6.6.4p01 by Bingxin Zhang.

I A scaling process is applied according to the relative luminosity between
background MC and data.

I Scaled background events which survive the hadronic event selection criteria
are subtracted from data.

The background-to-signal ratio at
√

s = 4.170 GeV.

Bkg. MC Gen. Events Sur. Events Obs. cross section Ratio (%)(nb)
e+e− 8000000 1673 426.88 0.37
γγ 500000 171 20.23 0.00
µ+µ− 500000 1361 5.25 0.23
τ+τ− 500000 242135 3.45 6.98

e+e− + X 500000 6184 3.44 1.78
Total 7.22
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Event selection

The event selection method
The selection criteria of hadronic events is carefully studied by Zhen Gao at low energies,
we directly applied them in higher eneries.
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Event selection

Veto bhabha events and select good tracks
I Veto the bhabha and di-gamma events:

• Nshower > 2.
• E1 > E2 > 0.65Ebeam.
• |∆θ| = |θ1 + θ2 − 180◦|< 10◦.

I Good photon:
• Ecluster > 25 MeV when | cosθ| < 0.8.
• Ecluster > 50 MeV when 0.86 < | cosθ| < 0.92.
• 0 < TEMC < 700 ns.

I Isolated photon:
• Energy deposition should larger than 0.1 GeV.
• Angle from the nearest charged track should larger than 20◦.
• 0 < TEMC < 700 ns.

I Good charged tracks:
• |Vr| < 0.5 cm, |Vz| < 0.5 cm, and | cosθ| < 0.93.
• ptrack < 0.94 pbeam, where pbeam ≈ Ebeam.

• χ=
dE/dxmeasure−dE/dxproton

σproton
> 10.

• Remove charged tracks when E/p> 0.8 && p> 0.65 pbeam.
• Veto γ-conversions when M(e+e−) < 0.1 GeV && θee < 15◦.
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Event selection Good hadronic events

Select good hadronic events

• At least 2 good hadronic tracks

• If the number of good hadronic tracks = 2:
• |∆θ| = |θ1 + θ2 − 180◦|> 10◦

• |∆φ| = ||φ1 −φ2|− 180◦|> 15◦

• At least 2 isolated photons

• If the number of good hadronic tracks = 3:
• |∆θ| = |θ1 + θ2 − 180◦|< 10◦

• |∆φ| = ||φ1 −φ2|− 180◦|< 15◦

• (number of track with E/P>0.8) 6 1.
• (number of track with PID ratio>0.25) 6 1.

where the PID ratio is defined as:
rPID = Prob.(e)/

(
Prob.(p) + Prob.(K) + Prob.(π) + Prob.(e)

)
• If the number of good hadronic tracks > 4:

• No additional requirements
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Comparisons Definitions and variables

Definitions and variables

I In the comparisons, the χ2 is defined as: χ2=
∑Nbin

i=1
(Ni

data−Ni
MC)

2

Ni
data

I The number of good charged tracks: Ngood.

I The number of good neutral tracks (good photons): Nγ.

I The number of good isolated photons: Nisogam.

I The polar angle distributions: cosθ.

I Deposited energy of charged tracks in EMC: Ectrk.
emc .

I Momentum of charged tracks measured with MDC: pctrk.

I The ratio between deposited energy and momentum of charged tracks: E/P.

I Positions of charged tracks: Vr, Vz.

I Total visible energy of each event: Evisable.

I The multiplicities of proton, kaon, pions.

I The mass and momentum spectra of K0
S,φ, π0, andΛ.

I The mass and momentum spectra of D0, D+, D+
s , and their excited grounds.
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Comparisons Definitions and variables

Definitions and variables

I The K0
S,φ, π0, andΛ are reconstructed by

• K0
S → π

+π−.
• φ→ K+K−.
• π0 → γγ.
• Λ→ pπ−.

I The DD events are singly reconstructed by using DTagTool
• D0 → K−π+, D∗0 → D0π0.
• D+→ K+π+π−, D∗+→ D0π+.
• D+

s → K+K−π+, D∗+s → D+
s γ.
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Comparisons The comparison of Ngood
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Comparisons The comparison of cosθ
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Comparisons The comparison of cosθ2prg
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Comparisons The comparison of cosθ3prg
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Comparisons The comparison of cosθ4prg
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Comparisons The comparison of cosθrestprg
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Comparisons The comparison of Nγ
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Comparisons The comparison of Nγ,2prg
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Comparisons The comparison of Nγ,3prg
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Comparisons The comparison of Nγ,4prg
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Comparisons The comparison of Nγ,restprg
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Comparisons The comparison of Nisogam
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Comparisons The comparison of Nisogam,2prg
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Comparisons The comparison of Nisogam,3prg
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Comparisons The comparison of Nisogam,4prg
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Comparisons The comparison of Nisogam,restprg
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Comparisons The comparison of Ectrk.
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Comparisons The comparison of Ectrk.
emc,2prg
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Comparisons The comparison of Ectrk.
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Comparisons The comparison of Ectrk.
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Comparisons The comparison of Ectrk.
emc,restprg
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Comparisons The comparison of E/P
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Comparisons The comparison of pctrk
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Comparisons The comparison of Evisable
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Comparisons The comparison of N
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Comparisons The comparison of Np
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Comparisons The comparison of Np̄
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Comparisons The comparison of NK+
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Comparisons The comparison of NK−
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Comparisons The comparison of Nπ+
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Comparisons The comparison of Nπ−
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Comparisons The comparison of M(K0
s )
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Comparisons The comparison of M(φ)
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Comparisons The comparison of M(γγ)
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Comparisons The comparison of M(Λ)

)ΛM(

1.1 1.15 1.2

0

50

 = 3890 MeVs

Data

MC

 = 168.262χ

)ΛM(
1.1 1.15 1.2

-2

0

2

)ΛM(

1.1 1.15 1.2

0

20

40

60

80
 = 3930 MeVs

Data

MC

 = 156.492χ

)ΛM(
1.1 1.15 1.2

-2

0

2

)ΛM(

1.1 1.15 1.2

0

50

100

150

200
 = 4030 MeVs

Data

MC

 = 149.642χ

)ΛM(
1.1 1.15 1.2

-2

0

2

)ΛM(

1.1 1.15 1.2

0

50

100

150

200  = 4170 MeVs

Data

MC

 = 171.652χ

)ΛM(
1.1 1.15 1.2

-2
-1
0
1
2

)ΛM(

1.1 1.15 1.2

0

20

40

60

80  = 4220 MeVs

Data

MC

 = 135.272χ

)ΛM(
1.1 1.15 1.2

-2

0

2

)ΛM(

1.1 1.15 1.2

0

20

40

60

80
 = 4250 MeVs

Data

MC

 = 126.752χ

)ΛM(
1.1 1.15 1.2

-2
-1
0
1
2

)ΛM(

1.1 1.15 1.2

0

50

100  = 4360 MeVs

Data

MC

 = 163.812χ

)ΛM(
1.1 1.15 1.2

-2
-1
0
1
2

)ΛM(

1.1 1.15 1.2

0

50

 = 4430 MeVs

Data

MC

 = 131.892χ

)ΛM(
1.1 1.15 1.2

-10

0

10

)ΛM(

1.1 1.15 1.2

0

50

100  = 4590 MeVs

Data

MC

 = 186.122χ

)ΛM(
1.1 1.15 1.2

-1

0

1

Weiping Wang (USTC) BESIII winter collaboration meeting January 16, 2018 47 / 59



Comparisons The comparison of M(D0)

1.8 1.85 1.9 1.95

0

10

20

30  = 3890 MeVs

Data

MC

 = 36.652χ

)0M(D
1.8 1.85 1.9 1.95

-50

0

50

1.8 1.85 1.9 1.95

0

20

40

60

80  = 3930 MeVs

Data

MC

 = 183.342χ

)0M(D
1.8 1.85 1.9 1.95

-50

0

50

1.8 1.85 1.9 1.95

0

100

200

 = 4030 MeVs

Data

MC

 = 273.682χ

)0M(D
1.8 1.85 1.9 1.95

-20
0

20

1.8 1.85 1.9 1.95

0

50

100

 = 4170 MeVs

Data

MC

 = 255.442χ

)0M(D
1.8 1.85 1.9 1.95

-2

0

2

1.8 1.85 1.9 1.95

0

10

20

30

40

 = 4220 MeVs

Data

MC

 = 286.622χ

)0M(D
1.8 1.85 1.9 1.95

-40
-20

0
20
40

1.8 1.85 1.9 1.95

0

10

20

30

 = 4250 MeVs

Data

MC

 = 158.282χ

)0M(D
1.8 1.85 1.9 1.95

-50

0

50

)0M(D

1.8 1.85 1.9 1.95

0

20

40

 = 4360 MeVs

Data

MC

 = 201.942χ

)0M(D
1.8 1.85 1.9 1.95

-20
-10

0
10
20

)0M(D

1.8 1.85 1.9 1.95

0

20

40

60
 = 4430 MeVs

Data

MC

 = 80.962χ

)0M(D
1.8 1.85 1.9 1.95

-50

0

50

1.8 1.85 1.9 1.95

0

10

20

30
 = 4590 MeVs

Data

MC

 = 167.982χ

)0M(D
1.8 1.85 1.9 1.95

-10
-5
0
5

10

Weiping Wang (USTC) BESIII winter collaboration meeting January 16, 2018 48 / 59



Comparisons The comparison of M(D∗0)
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Comparisons The comparison of M(D±)
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Comparisons The comparison of M(D∗±)
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Comparisons The comparison of M(D±
s )
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Comparisons The comparison of M(D∗±
s )
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Comparisons The comparison of Vr
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Comparisons The comparison of Vz
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Comparing between ConExc and Lunda R value

R value
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Comparing between ConExc and Lunda R value
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Comparing between ConExc and Lunda efficiency

efficiency
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Comparing between ConExc and Lunda fISR · fVP

fISR · fVP
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