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

Ecm Ebeam Run start Run end Day start Day end Nhadron (online) Lum (nb’l, online) Nuuns — Tpure
1.84 0.92 81849 81970 2024-04-04 2024-04-12 95225 1501.16859 113 105:54:4
187 0.935 81971 82104 2024-04-12 2024-04-21 134317 2002.61137 131 120:41:25
1872 0936 82543 82656 2024-05-16 2024-05-23 123359 2014.243081 112 99:36:12
1.874  0.937 82657 82783 2024-05-23 2024-05-30 126692 2018.925277 107 98:7:44
1875 0.9375 82835 82909 2024-06-02 2024-06-07 96666 1485.36413 71 69:6:24
1876  0.938 82105 82203 2024-04-21 2024-04-27 114388 2032.83002 88 89:17:43
1877 0.9385 82784 82834 2024-05-30 2024-06-02 82078 1340.88419 50 49:21:59
1878 0939 82204 82261 2024-04-27 2024-05-01 91678 2020.95641 57 52:53:30
1882 0.941 82262 82310 2024-05-01 2024-05-04 95556 2032.727 49 47:56:19
1886  0.943 82311 82358 2024-05-04 2024-05-07 100997 2031.15264 47 43:43:55
19 0.95 82359 82404 2024-05-07 2024-05-10 89832 2022.1664 46 44:52:1
1.94 0.97 82405 82462 2024-05-10 2024-05-12 93843 2036.75904 57 46:30:29
197 0.985 82463 82530 2024-05-13 2024-05-16 112591 2229.09763 66 56:4:58
total 81849 82909 2024-04-04 2024-06-07 1357222 24768.885778 994 924:6:43

'Hao Zhang's talk in Tau-QCD group meeting on Dec. 18, 2024
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https://indico.ihep.ac.cn/event/21419/contributions/176286/attachments/86320/110686/hao_zhang_data_quality_check.pdf

Motivation
ooe

Motivation

@ The interesting physical phenomenon near NN threshold? need us to calibrate the
center-of-mass energy.

@ The process e" e~ — T~ is used to calibrate the E,ns, and three other channels,
ete > KTK™, ete = 2(rtn~) and ete” — 3(n"7~) are used as the cross check.

@ We can calibrate the center-of-mass energy by the following formula,

cor __ pqdata mc,off mc,on
final states — Mﬁnal states + Mﬁna/ states Mﬁnal states
data . . P mc,off mc,on .
where MZ2a s the peaking position of data sample and MZ 7" (Mg ) 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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https://indico.ihep.ac.cn/event/18455/contributions/146181/attachments/74300/91124/data_proposal_2023.pdf
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Event selection: ee™ — upu~

@ We require exactly 2 good charged tracks with opposite charge satisfying:
- |Vy <10.0 em, |V,| < 1.0 cm
- |cosf| < 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
- |AG] = |6y + 6, — 180°| < 10°
- |A¢| = [|¢1 — ¢2| — 180°] < 5°
- |AT] = |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;
e 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 | 0.40M | 0.50M | 0.50M | 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 042M | 0.54M | 055M | 0.55M | 040 M | 0.55M | 0.36 M | 0.55M | 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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8/44



f :
Results: M = Maata_ - Moo — 7"
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® Npp= /\/IZ’f’Off l\/lmc °”, and E™™ 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: efe™ — KTK™

The selection criteria for ete™ — KT K™ are reffered to a BESIII work® by Dong Liu.

@ We require exactly 2 good charged tracks with opposite charge satisfying:

- |V <10.0 cm, |V,| < 1.0 cm

- |cosf| < 0.93
@ To remove Bhabha events, we require

- E/pc < 1.46674 — 0.444252 - E,, + 0.0623961 - E2,,

- cosf < 0.8 for positive charged track, cosf > —0.8 for negative charged track
@ To suppress the background events from multibody final state and cosmic rays, we

require

- (KT, K™) > 179°

- AT =|t1 — ] <3 ns

- |Pk — Pexp| < op, where Pey, = y/s/4 — mi.c*/c and

op =0.001171- E2__+0.01128 - E..ns — 0.013500 (fitted by Yijing Wang).

cms

3PRD 99, 032001 (2019)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.032001

ete” — KTK™
[e]e] Yolo)

MC samples of efe™ — KTK™

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 |02M |02M|02M |02M | 02M|02M|02M|02M |[02M|02M|02M |02M | 02M
mc ON 02M|02M|02M |02M|02M|02M|02M |02M |02M|02M|02M |02M|02M
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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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ete”™ — KTK™
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@ The ISR effect for ete™ — KT K™ process is about 0.4 MeV.

@ The shift of center-of-mass energy is consistent with dimu process.
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4. ete” = 2(ntr7)
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Event selection: ete™ — 2(n™)2(7™)

The selection criteria are reffered to 47 channel data quality check by Yijing Wang .
@ Good charged tracks:
- |V, <10.0 cm, |V,| < 1.0 cm, |cos6| < 0.93
- E/p <0.85, p/Epeam < 0.9
- Ngood =4
e PID:
- Prob(m) > Prob(p&K)
“ Ny =2, N,— =2

@ Vertex Fit: Successful vertex fit for the four charged tracks

*BESIII Parallel R-QCD report on July 4, 2024
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https://indico.ihep.ac.cn/event/22305/contributions/159221/attachments/79513/99183/2024.7.04.LNU.pdf
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MC samples of efe™ — 2(n 7 7)

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 |02M |02M|02M |02M | 02M|02M|02M|02M |[02M|02M|02M |02M | 02M
mc ON 02M|02M|02M |02M|02M|02M|02M |02M |02M|02M|02M |02M|02M
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Fit data/MC peak

data, MC with ISR on and off, are shown below.

o] @LERO GV

Taking the first energy point, 1.840 GeV sample as an example, the fit results of the
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ete” = 2(ntwT)
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ff :
Results: Mo = Mgata - Mo — My©"

25 T T T g oF T T T T
o } dimu, Crystalball I KK, Crystalball ] [ { dimu, Crystalball I KK, Crystalball ]
SE 3
- F I 4pi, Crystalball ] 3 6_-} 4pi, Crystalball ]
< i1s5F . =3 [ ]
s 1 s [ ﬂk ]
e L ] 2 A { ‘ . l N
4% . 'o‘,‘ LA ' ' :‘J [ . ' I ]
o ] 8 :
= [ Mo, i 1
2 § -
] ws* i | ! 5 [ P !
. A [ 3 4
0 1.‘85 1?9 1.I95 0 1.‘85 1?9 1.‘95
Ecms (GeV) Ecms (GeV)

@ The ISR effect for ete™ — 2(7"7™) process is about 0.4 MeV.

@ The shift of center-of-mass energy for et e~ — 2(n 7 ™) is about 1.5 MeV
smaller than dimu and K™K~ processes.
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MC samples of efe™ — 2(n 7 7)

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
FSROFF | 02M | 02M | 02M | 02M | 02M | 02M | 02M | 02M | 02M | 02M | 02M | 02M | 02 M
FSRON | 036 M| 036M|032M|040M |040M | 038M |038M|036M|038M|040M |040M | 0.38M |0.38M
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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
ConExc MC with FSR on and off, are shown below.
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FSR effect on 47 channel:
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@ The FSR effect on 47 channel is very small.
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5. ete” = 3(ntn7)
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Event selection: ete™ — 3(nt7n7)

The selection criteria are reffered to 67 channel data quality check by Tiantian Lei and
Gaole Peng.
@ Good charged tracks:
- |V, <10.0 cm, |V, < 1.0 cm, |cosé| < 0.93
- Ngood =6
e PID:
- Prob(m) > Prob(p& K)
- Npr =3, N, =3

@ Vertex Fit: Successful vertex fit for the four charged tracks
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MC samples of efe” — 3(n7)

@ 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
mcOFF | 02M |02M|02M |02M|02M|02M |02M|02M|02M|02M|02M|02M|02M
mc ON 02M|02M|02M|02M|02M |02M|02M|02M |02M |02M |02M|02M|02M

The FSR is turned off for both samples, because the PHOTQOS package cannot handle decays
into six particle states.

2841 stmtl: select MdcRes,MdcEff from MdcTuning where RunFrom <= 81916 and RunTo >= 81916 and SftVer = "6.6.3"
2842 cnt =0

2843 row =0

2844
2845
2846
2847
2848
2849
2850 WARNING - Attempt to delete the physical volume store while geometry closed !
2851 WARNING - Attempt to delete the logical volume store while geometry closed !
2852 WARNING - Attempt to delete the solid store while geometry closed !

2853 WARNING - Attempt to delete the region store while geometry closed !

PHOENE: Too much Bremsstrahlung required, PRSOFT = -0.294012
Fatal Error Message, I stop this Run !

* k% K
* kKR
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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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The results of ete™ — putpu™ and ete™ — KTK™

are consistent.

The results of ete™ — 2(rt7~) and ete™ — 3(w"7w~) are smaller than dimu

and KT K~ processes.
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6. Momentum Validation
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Momentum Validation
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Fit inclusive ¢ peak in each data sample

To check the Kaon momentum validation, we select inclusive ¢ in each data sample and fit ¢ peak.
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Momentum Validation
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Fit inclusive ¢ peak in each data sample

To check the Kaon momentum validation, we select inclusive ¢ in each data sample and fit ¢ peak.
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Momentum Validation
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Momentum validation: inclusive ¢

Momentum validation | Mppg (MeV/?) | Mops (MeV/?) diff (MeV/2)
_ 1019.558 £ 0.086 (overall) | 0.10 (1.00)
+
¢ KK 1019.461 £+ 0.016 1579 578 + 0.058 (mean) | 0.12 (1.60)

@ Selection criteria of inclusive ¢ are reffered to Yuepeng Zhang.
e 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 ¢ mass.
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Momentum Validation
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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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Momentum Validation
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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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Momentum Validation
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Momentum validation: inclusive K

@ Selection criteria of inclusive Ks are reffered to Yateng Zhang®.
o Fit funtion: double-Gauss + 1st-Chebyshev polynomial.
o AMy, ~ 0.7 MeV for data below 2 GeV
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®PRL 130.231901 (2023)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.231901

Momentum Validation
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7~ momentum distribution
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Momentum Validation
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Fit Ks peak in each 7~ momentum bin

Every 50 MeV/c one interval, the momentum of 7~ is divided into 11 intervals. The mass of Ks
fitted in each momentum interval.
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Momentum Validation
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Fit Ks peak in each 7~ momentum bin

Every 50 MeV/c one interval, the momentum of 7~ is divided into 11 intervals. The mass of Ks is
fitted in each momentum interval.
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Fit K5 peak in each 7™ momentum bin

Momentum Validation
000000000 0e0000

Every 50 MeV/c one interval, the momentum of 7" is divided into 11 intervals. The mass of Ks is

fitted in each momentum interval.
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Fit K5 peak in each 7™ momentum bin

Every 50 MeV/c one interval, the momentum of 7~ is divided into 11 intervals. The mass of Ks is
fitted in each momentum interval.
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Momentum Validation
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Ks mass shift on P,

@ The mass shift of K decreases as P,-(P,+) increase.
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@ Assume: f+ =f,—- =a1-p+ ap
@ Apply the factor to pions and fit K5 mass, and compare with MZSDG.
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Correct 47 and 67 channels

Momentum Validation
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@ use f=1.003 — 0.004 - p (global minimum, AMg, = 0.021 MeV)

0 M= /(S B — (T2 min = \/(SEV — (S8 (E' = \/m2 1 |F- BP)

ME-E™™ (MeV)

T T
F § dimu, Crystaball [ KK, Crystalball
61 4pi, Crystalball 6pi, Crystalball i
[ 1 4pi,cor 6pi, cor ]
£ ﬁl,u } | ]
Lo mlt i [
[ 1 ) )
g, l ]
2 1.2 ¥ -
} i I
0- 1 1 1
185 19 195
Ecms (GeV)

@ After correction, the results of the 4 channels are consistent with each other.
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7. Summary
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Summary and to do list

@ Summary
- The energy of data below 2 GeV is calibrated by the process ete™ — utu™,
ete” - K"K, efe” = 2(r"n~) and ete™ — 3(n"7m ). 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 m momentum validation in Rscan-2015 data and J/v data.
- Study the systematic uncertainties and prepare the memo.

T T T E™™ (MeV) E" (MeV)
b1 . 1 1840 1844.138 £ 0.083
[ I dimu, Crystalball I KK, Crystalball 7] 1870 1874.137 4 0.084
=~ ] ] g 1872 1876.035 4 0.079
3 [ 4picor 6pi, cor ] 1874 1878.002 =+ 0.084
s °r ] 1875 1879.139 + 0.099
g L ] 1876 1880.073 = 0.080
woor I | 1 1877 1880.925 =+ 0.101
8 C 1 1 l s ] 1878 1882.185 =+ 0.089
= X ! | ] 1882 1886.032 =+ 0.081
3 { E 1886 1890.160 =+ 0.083
2 7] 1900 1903.824 =+ 0.080
L . L 1940 1943.686 + 0.088
185 9 195 1970 1973.483 + 0.092
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