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The study of strangeonium is of particular interest since they are 

a bridge between the light u, d quarks and the heavy c, b quarks

Hadron Spectroscopy: Precision SM tests & rare phenomena

➢ Nonrel. potential model

➢ Conventional cc meson fit 

well with potential model 

below Open charm

c ҧ𝐜u/d u/d s ҧ𝐬

Motivation
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Strangeonium

➢ More excitations, e.g., 𝜙(3𝑆), still missing in experiment

➢ 𝜙(2170), containing strange quarkonium, is controversial

Vector Strangeonium

Motivation
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JHEP07(2022)045JHEP01(2024)180

➢ The 𝐾(∗)𝐾(∗) channels are important 
to distinguish the 𝜙(2170) properties. 

➢ Using2.0-3.08 GeV data on BESIII,
a series of analyses has performed.

➢ More decay channels are needed.

Motivation
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Data sets and MC samples
➢ BOSS version: 6.6.5.p01、7.1.3

➢ Data: 

listed in the right table.

➢ Signal MC: 

1M events each energy point.(PHSP)

➢ Inclusive MC: 

hadron: about 40 million events.

➢ Decay mode:   𝑒+𝑒− → 𝐾𝑠
0𝐾∓𝜋±; 𝐾𝑠

0 → 𝜋+𝜋−
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𝑺(𝑮𝒆𝑽) 𝑳(𝒑𝒃−𝟏 ) 𝑹𝒖𝒏𝑵𝒐

2 .0 0 0 1 0 .0 7 4 4 1 7 2 9 ~4 1 9 0 9

2 .0 5 0 3 .3 4 3 4 1 9 1 1 ~4 1 9 5 8

2 .1 0 0 1 2 .1 6 7 4 1 5 8 8 ~4 1 7 2 8

2 .1 2 5 1 0 8 .4 9 4 2 0 0 4 ~4 3 2 5 3

2 .1 5 0 2 .8 4 1 4 1 5 3 3 ~4 1 5 7 0

2 .1 7 5 1 0 .6 2 5 4 1 4 1 6 ~4 1 5 3 2

2 .2 0 0 1 3 .6 9 9 4 0 9 8 9 ~4 1 1 2 1

2 .2 3 2 4 1 1 .8 5 6 4 1 1 2 2 ~4 1 2 3 9

2 .3 0 9 4 2 1 .0 8 9 4 1 2 4 0 ~4 1 4 1 1

2 .3 8 6 4 2 2 .5 4 9 4 0 8 0 6 ~4 0 9 5 1

2 .3 9 6 6 6 .8 6 9 4 0 4 5 9 ~4 0 7 6 9

2 .6 4 4 3 4 .0 0 3 4 0 1 2 8 ~4 0 2 9 8

2 .6 4 6 3 3 .7 2 2 4 0 3 0 0 ~4 0 4 3 5

2 .900 105 .253 39775~40069

2 .950 15 .942 39619~39650

2 .9 8 1 1 6 .0 7 1 3 9 6 5 1 ~3 9 6 7 9

3 .0 0 0 1 5 .8 8 1 3 9 6 8 0 ~3 9 7 1 0

3 .0 2 0 1 7 .2 9 0 3 9 7 1 1 ~3 9 7 3 8

3 .0 8 0 1 2 6 .1 8 5 3 9 3 5 5 ~3 9 6 1 8

𝑺(𝑮𝒆𝑽) 𝑳(𝒑𝒃−𝟏 ) 𝑹𝒖𝒏𝑵𝒐

1 .8 4 4 1 .5 0 1 8 1 8 4 9 ~8 1 9 7 0

1 .8 7 4 2 .0 0 2 8 1 9 7 1 ~8 2 1 0 4

1 .8 7 6 2 .0 1 4 8 2 5 4 3 ~8 2 6 5 6

1 .8 7 8 2 .0 1 9 8 2 6 5 7 ~8 2 7 8 3

1 .8 7 9 1 .4 8 5 8 2 8 3 5 ~8 2 9 0 9

1 .880 2 .035 82105~82203

1 .8 8 1 1 .3 4 1 8 2 7 8 4 ~8 2 8 3 4

1 .8 8 2 2 .0 2 1 8 2 2 0 4 ~8 2 2 6 1

1 .8 8 6 2 .0 3 3 8 2 2 6 2 ~8 2 3 1 0

1 .8 9 0 2 .0 3 1 8 2 3 1 1 ~8 2 3 5 8

1 .9 0 4 2 .0 2 2 8 2 3 5 9 ~8 2 4 0 4

1 .9 4 3 7 2 .0 4 0 8 2 4 0 5 ~8 2 4 6 2

1 .9 7 3 5 2 .2 2 9 8 2 4 6 3 ~8 2 5 3 0



Event selection
➢ Good charged track selection:

|𝑉𝑟| < 10.0 𝑐𝑚 && |𝑉𝑧| < 20.0 𝑐𝑚 && |𝑐𝑜𝑠𝜃| <

0.93, 𝑁𝑔𝑜𝑜𝑑 ≥ 4.

➢ PID:    

𝐾: 𝑃𝑟𝑜𝑏(𝐾) > 𝑃𝑟𝑜𝑏(𝜋) 𝑎𝑛𝑑 𝑃𝑟𝑜𝑏(𝐾) > 𝑃𝑟𝑜𝑏(𝑃)

π: 𝑃𝑟𝑜𝑏(𝜋) > 𝑃𝑟𝑜𝑏(𝐾) 𝑎𝑛𝑑 𝑃𝑟𝑜𝑏(𝜋) > 𝑃𝑟𝑜𝑏(𝑃)

𝑁(𝐾−(+)) ≥ 1, 𝑁(𝜋+(−)) ≥ 2, 𝑁(𝜋−(+)) ≥ 1.

➢ Vertex fit and secondary vertex fit for 𝑲𝒔
𝟎:

loop all pairs of 𝜋+and 𝜋−choose the minimum 

of 𝜒2(𝐾𝑠
0)

➢ Exclude extra 𝝅+(−)and 𝑲−(+)particles 

with 𝑽𝒛 < 𝟏𝟎 𝒄𝒎 and 𝑽𝒓 < 𝟏 𝒄𝒎

➢ 4C kinematic fit:   (𝑲𝒔
𝟎𝑲∓𝝅± ) 

remain one 𝜋+(−) and one 𝐾−(+) with 4C 

kinematic fit.
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Further selection
The 4C chi-square cut varies at different energy points.

2.125GeV

𝜒2 < 100 FOM:
𝑠

𝑠+𝐵
S: normalized yield of signal MC based on preliminary results
B: inclusive MC
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Further selection

Signal  region
|M(𝜋+𝜋−)-M(𝐾𝑠

0)|≤0.015 GeV/C2
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Background analysis

⚫ signal  channel

No significant background

I used events from all energy points
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Background analysis

I use MC shape convolution Gaussian to describe the signal. and use the second-order Chebyshev to 
describe the background.
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Amplitude analysis

Many resonance states can be 

observed from the two-body 

invariant mass plot.

So we will proceed with the 

amplitude analysis next.
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Amplitude analysis
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⚫ Helicity formalization (BNL-76975-2006-IR) used, based on 𝑇𝐹 − 𝑃𝑊𝐴
⚫ The amplitude for particle with spin 𝐽 and 𝑧-component 𝑀 decay into two particles with 

helicities

𝜆1 and 𝜆2:

𝐴 = 𝑁𝐽𝐹𝜆1𝜆2

𝐽
𝐷𝑀𝜆1−𝜆2

𝐽∗
(𝜙, 𝜃, 0)

⚫ The helicity decay amplitude is expanded of the partial-wave amplitudes and rewritten 

using the LS recoupling coefficient:

𝐹𝜆1𝜆2

𝐽
= σ𝑙𝑠

2ℓ+1

2𝐽+1

1

2
𝑎ℓ𝑠

𝐽
ℓ0𝑠𝜆 𝐽𝜆)(𝑠1𝜆1𝑠2 − 𝜆2|𝑠𝜆)

Where the partial-wave amplitude 𝑎𝑙𝑠
𝐽

 is defined by

𝑎ℓ𝑠
𝐽

= 4𝜋
𝜔

𝑝

1

2
< 𝐽𝑀ℓ𝑠 ℳ 𝐽𝑀 >

⚫ For resonances, relativistic Breit-Wigner (RBW) formula is used, the mass and width 

parameters are fixed to PDG

𝐵𝑊 𝑚 =
1

𝑚0
2−𝑚2−𝑖𝑚0𝛤(𝑚)

,     𝛤 𝑚 = 𝛤0
𝑞

𝑞0

2𝑙+1
𝑚0

𝑚
𝐵𝑙

′2
(𝑞, 𝑞0, 𝑑)



Fit Method
An unbinned maximum likelihood fit is performed in this amplitude analysis. The likelihood function 𝐿
is constructed as: 

]||ln)(||ln[ln 22 +−=−  dAAL ii

Strategy: 

• The criteria we use to select the optimal solution are:  significance greater than 5 times sigma

• I divided the 32 energy points into five intervals, and the partial wave results for each interval were 

determined by the energy point with the highest luminosity. 
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Fit Method

2.125: 1.844, 1.874, 1.876, 1.878, 1.879, 1.880, 1.881, 1.882, 1.886, 1.890, 1.904, 1.9437, 1.9735, 

2.000, 2.050, 2.100, 2.150, 2.175, 2.200. 

2.396: 2.2324, 2.3094, 2.3864.

2.644: 2.646.

2.900: 2.950.

3.080: 2.981, 3.000, 3.020.
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𝑅(𝐾𝑠
0𝐾∓) + 𝜋± 𝑅(𝐾𝑠

0𝜋±) + 𝐾∓ 𝑅(𝐾∓𝜋±) + 𝐾𝑠
0

PHSP 𝐾∗(892)± 𝐾∗(892)0

𝑎2(1320)∓ 𝐾∗(1410)± 𝐾∗(1410)0 

𝜌(1450)∓ 𝐾2
∗(1430)± 𝐾2

∗(1430)0

𝜌(1570)∓ 𝐾∗(1680)± 𝐾∗(1680)0

𝜌3(1690)∓ 𝐾3
∗(1780)± 𝐾3

∗(1780)0

𝜌(1700)∓ 𝐾2
∗(1980)± 𝐾2

∗(1980)0

𝑎4(1970)∓ 𝐾4
∗(2045)± 𝐾4

∗(2045)0

𝐾5
∗(2380)± 𝐾5

∗(2380)0

Partial wave analysis
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The significance level of each resonance 
is studied by comparing the fit results 
with and without the resonance.

108 pb-1@ 2.125GeV

process significance

𝐾∗(892)0 > 8𝜎

𝐾∗(892)± 4.66𝜎

𝐾2
∗(1430)0 > 8𝜎

𝐾2
∗(1430)± > 8𝜎

𝑎2(1320)∓ > 8𝜎

𝜌(1700)∓ 6.40σ

Partial wave analysis
We obtain the most suitable several resonance states through rounds of screening



Partial wave analysis
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2.125 GeV



Partial wave analysis
2.396 GeV
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lO check
I first perform a PWA of data, and then use the results as the input parameters to validate the PWA procedure.100 
MC samples with the size equaling to data are used to perform the pull distribution check.
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𝜌 = (𝜇𝑖𝑛−𝜇𝑜𝑢𝑡)
𝜎𝑜𝑢𝑡

𝒔 = 2.396 GeV



lO check
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lO check
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Total cross section
I obtained reliable detection efficiencies and ISR correction factors using an iterative method.
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Total cross section
𝑺 ( 𝑮 𝒆 𝑽 ) 𝑵𝒔𝒊𝒈 𝜺(%) Br(%) L(𝒑𝒃−𝟏) 𝝈𝒐𝒃𝒔(𝒑𝒃) 𝑺 ( 𝑮 𝒆 𝑽 ) 𝑵𝒔𝒊𝒈 𝜺(%) Br(%) L(𝒑𝒃−𝟏) 𝝈𝒐𝒃𝒔(𝒑𝒃) 𝑺 ( 𝑮 𝒆 𝑽 ) 𝑵𝒔𝒊𝒈 𝜺(%) Br(%) L(𝒑𝒃−𝟏 ) 𝝈𝒐𝒃𝒔(𝒑𝒃)

1.844 293±18 30.27 69.2 1.501
1052.8±64.

7
2.000 1114±33 29.88 69.2 10.074 550.2±16.3 2.900 1601±44 19.44 69.2 105.253 74.0±2.0

1.874 347±19 30.62 69.2 2.002 868.9±47.6 2.050 451±21 30.81 69.2 3.343 645.8±30.1 2.950 197±14 18.38 69.2 15.942 64.5±4.6

1.876 292±17 29.84 69.2 2.014 743.8±43.3 2.100 1509±42 28.86 69.2 12.167 622.5±17.3 2.981 174±15 19.54 69.2 16.071 53.7±4.6

1.878 319±19 29.20 69.2 2.019 825.3±49.2 2.125
13480±1

21
28.79 69.2 108.49 623.9±5.6 3.000 193±17 19.49 69.2 15.881 59.5±5.2

1.879 235±15 30.71 69.2 1.485 785.3±50.1 2.150 265±16 28.79 69.2 2.841 460.0±27.8 3.020 188±16 20.81 69.2 17.290 51.6±4.4

1.880 322±20 30.31 69.2 2.035 793.4±49.3 2.175 1162±35 30.72 69.2 10.625 500.4±15.1 3.080 1354±42 17.20 69.2 126.185 60.3±1.9

1.881 234±15 30.96 69.2 1.341 855.7±54.8 2.200 1166±34 29.04 69.2 13.699 407.9±11.9

1.882 265±17 27.39 69.2 2.021 725.1±46.5 2.2324 1013±32 28.97 69.2 11.856 403.4±12.7

1.886 287±18 28.11 69.2 2.033 756.9±47.5 2.3094 1526±42 27.67 69.2 21.089 344.9±9.5

1.890 255±16 28.04 69.2 2.031 670.1±26.3 2.3864 1328±40 27.92 69.2 22.549 267.7±8.1

1.904 268±17 27.10 69.2 2.022 720.5±45.7 2.396 3724±65 26.70 69.2 66.869 264.7±4.6

1.9437 260±16 28.70 69.2 2.040 648.7±39.9 2.644 1062±33 25.04 69.2 34.003 140.1±4.4

1.9735 232±15 27.22 69.2 2.229 564.8±36.5 2.646 950±31 23.70 69.2 33.722 134.1±4.4
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Total cross section

Those are iterative plot of the ISR factor and 
efficiency and Relative difference.
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Cross section of intermediate resonance state
The cross section of each intermediate resonance state is equal to the total cross section multiplied by the fit 
fraction and then divided by the branching fraction. 






−

+


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r
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BL

fN

2int
|1|

1
)1(
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I did not calculate the 
resonance state’s cross 
sections for energy 
points below 2.000 GeV.



Cross section of intermediate resonance state
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I compared the cross-sections of the intermediate resonance states with 𝑲⁺𝑲⁻𝝅⁰ study and the 𝑲𝒔𝑲𝒍𝝅
𝟎 study 

respectively.



Fit to the cross section
Fit to the cross section: 𝜎𝑓𝑖𝑡 = |𝑓1 + 𝑒𝑖𝜃𝑓2|2

𝑓1 = 𝐶0 ∙ 𝑃𝑆( 𝑠)𝑒−𝑝0( 𝑠−𝑀𝑡ℎ)

𝑓2 =
12𝜋𝐵𝑟𝛤𝑅

𝑒+𝑒−
𝛤( 𝑠)

𝑠 − 𝑀𝑅
2 + 𝑖𝑀𝑅𝛤( 𝑠)

𝑃𝑆( 𝑠) = න |𝐴𝐾∗0(892)𝐾𝑠
0,𝐾2

∗±(1430)𝐾∓|2𝑑𝛷3

𝛤( 𝑠) = 𝛤𝑅

𝛷( 𝑠)

𝛷(𝑀𝑅)

where 𝑀𝑡ℎ is the mass threshold,  A is partial wave amplitude in the covariant Rarita-Schwinger tensor formalism,  

𝛷3 is threebody phase space. 𝑀𝑅 is the mass of the resonance,  𝛤𝑅is the constant width,  𝛤𝑅
𝑒+𝑒−

is its partial width to 

𝑒+𝑒−,  and 𝐵𝑟 is the decay branching fraction to a given final state.
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Fit to the cross section
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Then, fit the cross sections of 𝑲∗(𝟖𝟗𝟐)𝟎 and 𝑲𝟐
∗ (𝟏𝟒𝟑𝟎)±. Each of 𝑲∗(𝟖𝟗𝟐)𝟎 and 𝑲𝟐

∗ (𝟏𝟒𝟑𝟎)± will have two 
solutions, as shown in the figure below.

Mass = 2120.0±6.3MeV
Width = 40.0±6.0MeV
Sig.(𝝈) = 2.6

Mass = 2064.6±18.5MeV
Width = 135.0±28.0MeV
Sig.(𝝈) = 6.5



Systematic uncertainty
1. Luminosity: 1%

2. Tracking efficiency: 1%

3. PID: 1%

4.𝑲𝒔
𝟎 reconstruction: 1.5%.

5. Kinematic fit:
For the kinematic fit, the PULL distribution of charged tracks parameters are corrected to make MC 

agree with data better. The efficiency difference is estimated as systematic uncertainty.
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Systematic uncertainty
6. ISR correction: 

1000 determined values of f₁ₛᵣ・ε are obtained, then a Gaussian function is fitted to the plot to extract 

the mean (μ) and standard deviation (σ). The ratio of the standard deviation to the mean (σ/μ), together 

with the contribution from the accuracy of the radiation function, are collectively taken as the systematic 

uncertainty.

7.Signal shape:

Signal shape is changed from a MC-simulated shape convoluted with a Gaussian function to a pure 

MC .The difference of the yields between them is considered as systematic due to the signal shape. 

8.Fitting range: 

For this systematical test, which changes the fitting range, the final cross section is different. Based on 

the magnitude of the significance indicator for deviation, we judge whether the "change in fitting range" 

has caused a significant deviation. If the deviation is significant, it indicates that the "fitting range" is a 

source of systematic uncertainty that needs to be considered.
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9.PWA related uncertainties
I am still calculating this systematic uncertainty at present.

Systematic uncertainty
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Systematic uncertainty
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𝒔(Gev) 𝑳(𝒑𝒃−𝟏) Tracking PID 𝑲𝒔
𝟎 rec signal shape isr fitting range kmfit

2.000 1.0% 2.0% 2.0% 1.5% 0.773% 0.064% 0.124% 0.163%

2.050 1.0% 2.0% 2.0% 1.5% 0.773% 0.037% 0.124% 0.067%

2.100 1.0% 2.0% 2.0% 1.5% 0.773% 0.022% 0.124% 0.111%

2.125 1.0% 2.0% 2.0% 1.5% 0.773% 0.025% 0.124% 0.182%

2.150 1.0% 2.0% 2.0% 1.5% 0.773% 0.027% 0.124% 0.050%

2.175 1.0% 2.0% 2.0% 1.5% 0.773% 0.037% 0.124% 0.101%

2.200 1.0% 2.0% 2.0% 1.5% 0.773% 0.027% 0.124% 0.077%

2.2324 1.0% 2.0% 2.0% 1.5% 0.773% 0.024% 0.124% 0.144%

2.3094 1.0% 2.0% 2.0% 1.5% 0.773% 0.024% 0.124% 0.146%

2.3864 1.0% 2.0% 2.0% 1.5% 0.773% 0.048% 0.124% 0.088%

2.396 1.0% 2.0% 2.0% 1.5% 0.773% 0.035% 0.124% 0.084%

2.644 1.0% 2.0% 2.0% 1.5% 0.773% 0.025% 0.124% 0.074%

2.646 1.0% 2.0% 2.0% 1.5% 0.773% 0.018% 0.124% 0.069%

2.900 1.0% 2.0% 2.0% 1.5% 0.773% 0.025% 0.124% 0.048%

2.950 1.0% 2.0% 2.0% 1.5% 0.773% 0.017% 0.124% 0.115%

2.981 1.0% 2.0% 2.0% 1.5% 0.773% 0.017% 0.124% 0.080%

3.000 1.0% 2.0% 2.0% 1.5% 0.773% 0.023% 0.124% 0.090%

3.020 1.0% 2.0% 2.0% 1.5% 0.773% 0.023% 0.124% 0.165%

3.080 1.0% 2.0% 2.0% 1.5% 0.773% 0.016% 0.124% 0.032%



Summary & Next to do

➢ Prepare the memo.

Thank you !
34

Next to do

Summary

We obtained the significance of the above two resonance states and calculated the 
systematic uncertainty of each part.



Back up
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Further selection
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2.125GeV 2.396GeV 2.644GeV

2.646GeV 2.900GeV 3.080GeV



sideband

2.125GeV 2.396GeV 2.644GeV

2.646GeV 2.900GeV 3.080GeV 37



Partial wave analysis
2.644GeV
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Partial wave analysis
2.646GeV
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Partial wave analysis
2.900GeV
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Partial wave analysis
3.080GeV
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