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Motivation

The 2024 R-QCD scan data is collected from April 4, 2024 to June 7, 2024.
Data table1: 13 energy points below 2 GeV, total luminosity 24.8 pb−1

1Hao Zhang’s talk in Tau-QCD group meeting on Dec. 18, 2024
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Motivation

The interesting physical phenomenon near NN̄ threshold2 need us to calibrate the
center-of-mass energy.
The process e+e− → µ+µ− is used to calibrate the Ecms, and three other channels,
e+e− → K+K−, e+e− → 2(π+π−) and e+e− → 3(π+π−) are used as the cross check.
We can calibrate the center-of-mass energy by the following formula,

Mcor
final states = Mdata

final states + Mmc,off
final states − Mmc,on

final states

where Mdata
final states is the peaking position of data sample and Mmc,off

final states(M
mc,on
final states) is the

peaking position of MC sample with ISR/FSR off(on).

2Xiaorong Zhou’s talk in BESIII Collaboration Meeting on Dec. 4, 2023
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Event selection: e+e− → µ+µ−

We require exactly 2 good charged tracks with opposite charge satisfying:
- |Vz| < 10.0 cm, |Vr| < 1.0 cm
- | cos θ| < 0.8

To remove Bhabha events, we require
- E/pc < 0.4

To suppress di-muon events with high energy radiative photons as well as cosmic
rays, we require

- |∆θ| ≡ |θ1 + θ2 − 180◦| < 10◦
- |∆ϕ| ≡ ||ϕ1 − ϕ2| − 180◦| < 5◦
- |∆T| = |t1 − t2| < 1.5 ns
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MC samples: generated by Jin Fang

BabayagaNLO is used to generate 2 sets of dimu MC sample:
ISR/FSR off: BabayagaNLO.PhotonNumber=0;
ISR/FSR on: BabayagaNLO.PhotonNumber=-1;(“-1 means all”)

Ecms (GeV) 1.84 1.87 1.872 1.874 1.875 1.876 1.877 1.878 1.882 1.886 1.9 1.94 1.97
mc OFF 0.40 M 0.50 M 0.50 M 0.50 M 0.40 M 0.55 M 0.35 M 0.50 M 0.50 M 0.50 M 0.50 M 0.50 M 0.50 M
mc ON 0.42 M 0.54 M 0.55 M 0.55 M 0.40 M 0.55 M 0.36 M 0.55 M 0.55 M 0.55 M 0.53 M 0.52 M 0.55 M
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Fit data/MC peak

Taking the first energy point, 1.840 GeV sample as an example, the fit results of the
data, MC with ISR/FSR on and off, are shown below.
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Results: Mcor
µ+µ− = Mdata

µ+µ− + Mmc,off
µ+µ− − Mmc,on

µ+µ−
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∆ISR = Mmc,off
µ+µ− − Mmc,on

µ+µ− , and Enom is the requested energy when collecting data.

The ISR/FSR effect for dimu process is about 1 MeV and a shift of ∼ 4 MeV for
center-of-mass energy can be found in dimu process.
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Event selection: e+e− → K+K−

The selection criteria for e+e− → K+K− are reffered to a BESIII work3 by Dong Liu.
We require exactly 2 good charged tracks with opposite charge satisfying:

- |Vz| < 10.0 cm, |Vr| < 1.0 cm
- | cos θ| < 0.93

To remove Bhabha events, we require
- E/pc < 1.46674 − 0.444252 · Ecm + 0.0623961 · E2

cm
- cos θ < 0.8 for positive charged track, cos θ > −0.8 for negative charged track

To suppress the background events from multibody final state and cosmic rays, we
require

- θ(K+,K−) > 179◦
- |∆T| = |t1 − t2| < 3 ns
- |PK − Pexp| < σP, where Pexp =

√
s/4 − m2

Kc4/c and
σP = 0.001171 · E2

cms + 0.01128 · Ecms − 0.013500 (fitted by Yijing Wang).
3PRD 99, 032001 (2019)
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MC samples of e+e− → K+K−

Phokhara is used to generate 2 sets of MC sample: (The FSR is turned off for both
samples because Phokhara cannot handle FSR effect for scan mode.)

ISR off: Phokhara.ScanMode = -1, Phokhara.NLO = 0;
ISR on: Phokhara.ScanMode = 1, Phokhara.NLO = 1;

Ecms (GeV) 1.84 1.87 1.872 1.874 1.875 1.876 1.877 1.878 1.882 1.886 1.9 1.94 1.97
mc OFF 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M
mc ON 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M
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Fit data/MC peak

Taking the first energy point, 1.840 GeV sample as an example, the fit results of the
data, MC with ISR on and off, are shown below.
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Results: Mcor
K+K− = Mdata

K+K− + Mmc,off
K+K− − Mmc,on

K+K−
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The ISR effect for e+e− → K+K− process is about 0.4 MeV.
The shift of center-of-mass energy is consistent with dimu process.
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Event selection: e+e− → 2(π+)2(π−)

The selection criteria are reffered to 4π channel data quality check by Yijing Wang 4.
Good charged tracks:

- |Vz| < 10.0 cm, |Vr| < 1.0 cm, | cos θ| < 0.93
- E/p ≤ 0.85, p/Ebeam < 0.9
- Ngood = 4

PID:
- Prob(π) > Prob(p&K)
- Nπ+ = 2, Nπ− = 2

Vertex Fit: Successful vertex fit for the four charged tracks

4BESIII Parallel R-QCD report on July 4, 2024
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MC samples of e+e− → 2(π+π−)

Phokhara is used to generate 2 sets of MC sample: (The FSR is turned off for both
samples because Phokhara cannot handle FSR effect for scan mode.)

ISR off: Phokhara.ScanMode = -1, Phokhara.NLO = 0;
ISR on: Phokhara.ScanMode = 1, Phokhara.NLO = 1;

Ecms (GeV) 1.84 1.87 1.872 1.874 1.875 1.876 1.877 1.878 1.882 1.886 1.9 1.94 1.97
mc OFF 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M
mc ON 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M
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Fit data/MC peak

Taking the first energy point, 1.840 GeV sample as an example, the fit results of the
data, MC with ISR on and off, are shown below.
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Results: Mcor
4π = Mdata

4π + Mmc,off
4π − Mmc,on
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The ISR effect for e+e− → 2(π+π−) process is about 0.4 MeV.
The shift of center-of-mass energy for e+e− → 2(π+π−) is about 1.5 MeV
smaller than dimu and K+K− processes.
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MC samples of e+e− → 2(π+π−)

In order to check whether it comes from FSR effect, another generator, ConExc, is
used to generate 2 sets of MC samples:

FSR off: no PHOTOS;
FSR on: with PHOTOS

Ecms (GeV) 1.84 1.87 1.872 1.874 1.875 1.876 1.877 1.878 1.882 1.886 1.9 1.94 1.97
FSR OFF 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M
FSR ON 0.36 M 0.36 M 0.32 M 0.40 M 0.40 M 0.38 M 0.38 M 0.36 M 0.38 M 0.40 M 0.40 M 0.38 M 0.38 M
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. .. .Summary

Fit data/MC peak

Taking the first energy point, 1.840 GeV sample as an example, the fit results of the
ConExc MC with FSR on and off, are shown below.
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FSR effect on 4π channel:
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The FSR effect on 4π channel is very small.
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2. e+e− → µ+µ−

3. e+e− → K+K−

4. e+e− → 2(π+π−)

5. e+e− → 3(π+π−)

6. Momentum Validation

7. Summary
23 / 44



.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

. .. .. .Motivation
. .. .. .. .. .e+e− → µ+µ−

. .. .. .. .. .e+e− → K+K−
. .. .. .. .. .. .. .. .e+e− → 2(π+π−)

. .. .. .. .. .e+e− → 3(π+π−)
. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .Momentum Validation

. .. .Summary

Event selection: e+e− → 3(π+π−)

The selection criteria are reffered to 6π channel data quality check by Tiantian Lei and
Gaole Peng.

Good charged tracks:
- |Vz| < 10.0 cm, |Vr| < 1.0 cm, | cos θ| < 0.93
- Ngood = 6

PID:
- Prob(π) > Prob(p&K)
- Nπ+ = 3, Nπ− = 3

Vertex Fit: Successful vertex fit for the four charged tracks
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MC samples of e+e− → 3(π+π−)

ISR off: PHSP;
ISR on: ConExc with both ISR and Born process

Ecms (GeV) 1.84 1.87 1.872 1.874 1.875 1.876 1.877 1.878 1.882 1.886 1.9 1.94 1.97
mc OFF 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M
mc ON 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M 0.2 M

The FSR is turned off for both samples, because the PHOTOS package cannot handle decays
into six particle states.
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Fit data/MC peak

Taking the first energy point, 1.840 GeV sample as an example, the fit results of the
data, MC with ISR on and off, are shown below.
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Results: Mcor
6π = Mdata

6π + Mmc,off
6π − Mmc,on
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The results of e+e− → µ+µ− and e+e− → K+K− are consistent.
The results of e+e− → 2(π+π−) and e+e− → 3(π+π−) are smaller than dimu
and K+K− processes.
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Fit inclusive ϕ peak in each data sample
To check the Kaon momentum validation, we select inclusive ϕ in each data sample and fit ϕ peak.
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Fit inclusive ϕ peak in each data sample

To check the Kaon momentum validation, we select inclusive ϕ in each data sample and fit ϕ peak.
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. .. .Summary

Momentum validation: inclusive ϕ

Momentum validation MPDG (MeV/c2) Mobs (MeV/c2) diff (MeV/c2)

ϕ→ K+K− 1019.461 ± 0.016 1019.558 ± 0.086 (overall) 0.10 (1.0σ)
1019.578 ± 0.058 (mean) 0.12 (1.6σ)

Selection criteria of inclusive ϕ are reffered to Yuepeng Zhang.
Fit funtion: BW⊗Gauss + 3rd-Chebyshev polynomial, with the mean value of
Gauss is fixed to 0. The results are consistent with the mean value of BW fixed to
PDG ϕ mass.
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. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .Momentum Validation

. .. .Summary

Fit inclusive KS peak in each data sample
To check the Pion momentum validation, we select inclusive KS in each data sample and fit KS peak.
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. .. .Summary

Fit inclusive KS peak in each data sample

To check the Pion momentum validation, we select inclusive KS in each data sample and fit KS peak.
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. .. .. .Motivation
. .. .. .. .. .e+e− → µ+µ−

. .. .. .. .. .e+e− → K+K−
. .. .. .. .. .. .. .. .e+e− → 2(π+π−)

. .. .. .. .. .e+e− → 3(π+π−)
. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .Momentum Validation

. .. .Summary

Momentum validation: inclusive KS

Selection criteria of inclusive KS are reffered to Yateng Zhang5.
Fit funtion: double-Gauss + 1st-Chebyshev polynomial.
∆MKS ∼ 0.7 MeV for data below 2 GeV
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. .. .. .. .. .e+e− → µ+µ−

. .. .. .. .. .e+e− → K+K−
. .. .. .. .. .. .. .. .e+e− → 2(π+π−)

. .. .. .. .. .e+e− → 3(π+π−)
. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .Momentum Validation

. .. .Summary

Fit KS peak in each π− momentum bin
Every 50 MeV/c one interval, the momentum of π− is divided into 11 intervals. The mass of KS is
fitted in each momentum interval.
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. .. .. .. .. .e+e− → 3(π+π−)
. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .Momentum Validation

. .. .Summary

Fit KS peak in each π− momentum bin
Every 50 MeV/c one interval, the momentum of π− is divided into 11 intervals. The mass of KS is
fitted in each momentum interval.
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. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .Momentum Validation

. .. .Summary

Fit KS peak in each π+ momentum bin
Every 50 MeV/c one interval, the momentum of π+ is divided into 11 intervals. The mass of KS is
fitted in each momentum interval.
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Fit KS peak in each π+ momentum bin
Every 50 MeV/c one interval, the momentum of π− is divided into 11 intervals. The mass of KS is
fitted in each momentum interval.
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KS mass shift on Pπ

The mass shift of KS decreases as Pπ−(Pπ+) increase.
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2D scan
Assume: fπ+ = fπ− = a1 · p + a0
Apply the factor to pions and fit KS mass, and compare with MPDG
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.
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Correct 4π and 6π channels

use f = 1.003 − 0.004 · p (global minimum, ∆MKS = 0.021 MeV)

minv =
√
(
∑

E)2 − (
∑

p⃗)2 → minv =
√
(
∑

E ′)
2 − (

∑
f · p⃗)2 (E ′

=

√
m2 + |f · p⃗|2)

1.85 1.9 1.95

Ecms (GeV)

0

2

4

6

8

 (
M

eV
)

no
m

-E
co

r
M

dimu, Crystalball KK, Crystalball

4pi, Crystalball 6pi, Crystalball

4pi, cor 6pi, cor

After correction, the results of the 4 channels are consistent with each other.
42 / 44



.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

. .. .. .Motivation
. .. .. .. .. .e+e− → µ+µ−

. .. .. .. .. .e+e− → K+K−
. .. .. .. .. .. .. .. .e+e− → 2(π+π−)

. .. .. .. .. .e+e− → 3(π+π−)
. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .Momentum Validation

. .. .Summary

Outline
1. Motivation

2. e+e− → µ+µ−

3. e+e− → K+K−

4. e+e− → 2(π+π−)

5. e+e− → 3(π+π−)

6. Momentum Validation

7. Summary
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Summary and to do list
Summary

- The energy of data below 2 GeV is calibrated by the process e+e− → µ+µ−,
e+e− → K+K−, e+e− → 2(π+π−) and e+e− → 3(π+π−). The results are
consistent with each other, and dimu results are shown in the table below.

- About 4 MeV shifts are found in each data sample.
To do list:

- Cross check π momentum validation in Rscan-2015 data and J/ψ data.
- Study the systematic uncertainties and prepare the memo.
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dimu, Crystalball KK, Crystalball

4pi, cor 6pi, cor

Enom (MeV) Ecor (MeV)
1840 1844.138 ± 0.083
1870 1874.137 ± 0.084
1872 1876.035 ± 0.079
1874 1878.002 ± 0.084
1875 1879.139 ± 0.099
1876 1880.073 ± 0.080
1877 1880.925 ± 0.101
1878 1882.185 ± 0.089
1882 1886.032 ± 0.081
1886 1890.160 ± 0.083
1900 1903.824 ± 0.080
1940 1943.686 ± 0.088
1970 1973.483 ± 0.092
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