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Further selecton criteria

• 2.800 ≤ 𝑀𝜋+𝜋−𝜋0𝐾+𝐾− ≤ 3.100𝐺𝑒𝑉/𝑐2

• 0.742 ≤ 𝑀𝜋+𝜋−𝜋0 ≤ 0.822 𝐺𝑒𝑉/𝑐2 (𝜔 mass window)

• 1.005 ≤ 𝑀𝐾+𝐾− ≤ 1.035 𝐺𝑒𝑉/𝑐2 (𝜙 mass window)

• 𝜒5𝐶
2 ≤ 20

• |cos(𝜃𝑑𝑒𝑐𝑎𝑦)| ≤ 0.95 (decay angle of 𝜋0)

• 𝑀𝛾𝜔 −𝑀𝜂′
𝑃𝐷𝐺 > 0.01𝐺𝑒𝑉/𝑐2 (veto 𝐽/𝜓 → 𝜙𝜂′)
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𝜒5𝐶
2 cut
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𝜒5𝐶
2 ≤ 20 FOM



veto 𝜂′ at 𝛾𝜔 mass spectrum
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𝑀𝛾𝜔 −𝑀𝜂′
𝑃𝐷𝐺 > 0.01𝐺𝑒𝑉/𝑐2

FOM



2D-sideband method to 
estimate background

• 𝜔 − 𝜙 signal region (red box)

✓ 𝑀𝜋+𝜋−𝜋0 −𝑀𝜔 ≤ 40 M𝑒𝑉/𝑐2 and 𝑀𝐾+𝐾− −𝑀𝜙 ≤ 15 M𝑒𝑉/𝑐2

• 𝜔 sideband region (cyan box)

✓ 𝑀𝜋+𝜋−𝜋0 −𝑀𝜔 ± 120 ≤ 40 M𝑒𝑉/𝑐2 and 𝑀𝐾+𝐾− −𝑀𝜙 ≤ 15 M𝑒𝑉/𝑐2

• 𝜙 sideband region (green box)

✓ 𝑀𝜋+𝜋−𝜋0 −𝑀𝜔 ≤ 40 M𝑒𝑉/𝑐2 and 𝑀𝐾+𝐾− −𝑀𝜙 − 45 ≤ 15 M𝑒𝑉/𝑐2

• corner region (black box)

✓ 𝑀𝜋+𝜋−𝜋0 −𝑀𝜔 ± 120 ≤ 40 M𝑒𝑉/𝑐2 and 𝑀𝐾+𝐾− −𝑀𝜙 − 45 ≤ 15 M𝑒𝑉/𝑐2
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𝜔 − 𝜙 2-D 

distribution in data



2D-sideband method

• The number of estimated background in signal area which comes from sideband contribution is 

calculated by:

✓ 𝑁𝑏𝑘𝑔 = 𝑓𝜔 × 𝑁 𝑐𝑦𝑎𝑛𝑏𝑜𝑥 + 𝑓𝜙 × 𝑁 𝑔𝑟𝑒𝑒𝑛𝑏𝑜𝑥 − 𝑓𝑐𝑜𝑟𝑛𝑒𝑟 × 𝑁(𝑏𝑙𝑎𝑐𝑘𝑏𝑜𝑥)

The 𝑁 𝑐𝑦𝑎𝑛𝑏𝑜𝑥 , 𝑁 𝑔𝑟𝑒𝑒𝑛𝑏𝑜𝑥 and 𝑁(𝑏𝑙𝑎𝑐𝑘𝑏𝑜𝑥)

is the event number in the corresponding box.
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calculation of 𝑓𝜔,𝑓𝜙 from 
1-D fit
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• fit method:

✓ BW Function ⊗ Gaussian + Chebyshev polynomial

✓ 𝑓𝜔 = 𝑁𝑏𝑘𝑔(𝑟𝑒𝑑𝑟𝑒𝑔𝑖𝑜𝑛)/𝑁𝑏𝑘𝑔(𝑐𝑦𝑎𝑛𝑟𝑒𝑔𝑖𝑜𝑛)

• fit method:

✓ BW ⊗ Gaussian + anti-Argus

✓ 𝑓𝜙 = 𝑁𝑏𝑘𝑔(𝑟𝑒𝑑𝑟𝑒𝑔𝑖𝑜𝑛)/𝑁𝑏𝑘𝑔(𝑔𝑟𝑒𝑒𝑛𝑟𝑒𝑔𝑖𝑜𝑛)

• 𝑓𝜔, 𝑓𝜙 and 𝑓𝑐𝑜𝑟𝑒𝑛𝑟 is calculated after fitting by:

𝑓𝜔 = 𝑁𝑏𝑘𝑔(𝑟𝑒𝑑𝑟𝑒𝑔𝑖𝑜𝑛)/𝑁𝑏𝑘𝑔(𝑐𝑦𝑎𝑛𝑟𝑒𝑔𝑖𝑜𝑛)

𝑓𝜙 = 𝑁𝑏𝑘𝑔(𝑟𝑒𝑑𝑟𝑒𝑔𝑖𝑜𝑛)/𝑁𝑏𝑘𝑔(𝑔𝑟𝑒𝑒𝑛𝑟𝑒𝑔𝑖𝑜𝑛)

𝑓𝑐𝑜𝑟𝑛𝑒𝑟 = 𝑓𝜔 × 𝑓𝜙



fit result of data
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• Fit on 𝑀𝜋+𝜋−𝜋0𝐾+𝐾− is performed to extract signal.

• Use 𝑁𝑏𝑘𝑔 = 𝑓𝜔 × 𝑁 𝑐𝑦𝑎𝑛𝑏𝑜𝑥 + 𝑓𝜙 × 𝑁 𝑔𝑟𝑒𝑒𝑛𝑏𝑜𝑥 − 𝑓𝑐𝑜𝑟𝑛𝑒𝑟 × 𝑁(𝑏𝑙𝑎𝑐𝑘𝑏𝑜𝑥) to generate 

sideband PDF.

• Fit method:

✓ Signal MC shape + sideband shape (histpdf) + Argus distribution



fit result of data
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• Preliminary fit result :

✓ 𝑁𝑜𝑏𝑠 = 120 ± 28.50

✓ 𝐵𝑟 𝜂𝑐 → 𝜔𝜙 =
𝑁𝑜𝑏𝑠

𝜖×𝑁𝑡𝑜𝑡𝑎𝑙×𝐵𝑟 𝐽/𝜓→𝛾𝜂𝑐 ×𝐵𝑟 𝜔→𝜋+𝜋−𝜋0 ×𝐵𝑟 𝜙→𝐾+𝐾− ×𝐵𝑟(𝜋0→𝛾𝛾)
= (3.20 ± 0.76) × 10−5

✓ Significance : 4.31𝜎

✓ (PDG upper limit: 2.5 × 10−4) 



IOcheck of extracting 𝑁𝑜𝑏𝑠
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• Strategy: 

✓ Generate MC sample which is similar to data, and perform exactly same 

analysis procedure as data to this sample. And to check between extracted 

𝑁𝑜𝑏𝑠(output), and pre-known signal event number(input).

✓ According to topology from inclusive MC, dominant background modes are 

generated to make up MC sample sample 10 times of data.



exclusive MC
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Mode

𝐽/𝜓 → 𝛾𝜂𝑐 , 𝜂𝑐 → 𝜋0𝜋+𝜋−𝐾+𝐾−

𝐽/𝜓 → 𝜋0𝜋+𝜋−𝐾+𝐾−𝛾𝑓

𝐽/𝜓 → 𝜋0𝜋+𝜋−𝐾+𝐾−

𝐽/𝜓 → 𝜋0𝐾∗ ഥ𝐾∗𝛾, 𝐾∗ → 𝜋−𝐾+, ഥ𝐾∗ → 𝜋+𝐾−

𝐽/𝜓 → 𝛾𝜂𝑐 , 𝜂𝑐 → 𝜋0𝐾∗ ഥ𝐾∗, 𝐾∗ → 𝜋−𝐾+, ഥ𝐾∗ → 𝜋+𝐾−

𝐽/𝜓 → 𝜔𝑓1 1420 , 𝜔 → 𝜋0𝜋+𝜋−, 𝑓1 1420 → 𝜋0𝐾+𝐾−

𝐽/𝜓 → 𝛾𝜂𝑐 , 𝜂𝑐 → 𝜋+𝐾∗𝐾∗−, 𝐾∗ → 𝜋−𝐾+, 𝐾∗− → 𝜋0𝐾−

𝐽/𝜓 → 𝛾𝜂𝑐 , 𝜂𝑐 → 𝜋−ഥ𝐾∗𝐾∗+, ഥ𝐾∗ → 𝜋+𝐾−, 𝐾∗+ → 𝜋0𝐾+

𝐽/𝜓 → 𝐾𝑆
0𝐾𝑆

0𝜙,𝐾𝑆
0 → 𝜋+𝜋−, 𝐾𝑆

0 → 𝜋0𝜋0, 𝜙 → 𝐾+𝐾−

𝐽/𝜓 → 𝛾𝜔𝜙,𝜔 → 𝜋0𝜋+𝜋−, 𝜙 → 𝐾+𝐾−

• All modes are generated based on PDG with accurate Br or referred with 

similar mode .



IOcheck result
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• Mix up all the exclusive MC samples and signal MC sample, and 

randomly sampling to generate 1000 sets of MC samples one times size 

of data .

• Each sample has input 110 signal event, perform the same fit procedure 

to get 𝑁𝑜𝑏𝑠, fit them into a Gaussian distribution to evaluate the fit 

procedure. 



IOcheck result
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• Calculate (𝑁𝑜𝑏𝑠 − 𝑁𝑡ℎ𝑒𝑜)/𝛿𝑁𝑜𝑏𝑠
to get the Pull distribution: 



IOcheck result
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• Further I check the validity of sideband method estimating background. 

Since each fit has its estimated sideband background contribution using 

𝑁𝑏𝑘𝑔 = 𝑓𝜔 × 𝑁 𝑐𝑦𝑎𝑛𝑏𝑜𝑥 + 𝑓𝜙 × 𝑁 𝑔𝑟𝑒𝑒𝑛𝑏𝑜𝑥 − 𝑓𝑐𝑜𝑟𝑛𝑒𝑟 × 𝑁(𝑏𝑙𝑎𝑐𝑘𝑏𝑜𝑥). 

• I preformed check between the calculated 𝑁𝑏𝑘𝑔 and 𝑁𝑏𝑘𝑔
𝑡ℎ𝑒𝑜: 

✓ 𝑁𝑏𝑘𝑔
𝑡ℎ𝑒𝑜:the event number in signal area in the sample. (𝜔 − 𝜙 structure has 

been removed already.)
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Thanks!



17

Here starts 

backup



Efficiency
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Criteria Events Efficiency(%) Relative efficiency(%)

SignalMC 2million 100 1

𝑁𝑔𝑜𝑜𝑑 = 4 && 𝑄𝑡𝑜𝑡𝑎𝑙 = 0 615333 30.77 30.77

𝑁𝛾 ≥ 3 330554 16.53 53.72

Pass Pid 305008 15.25 92.27

Vertex Fit 303317 15.17 99.45

Pass 4C 203455 10.17 67.08

Pass 5C 196306 9.82 96.49

2.800 ≤ 𝑀𝜋+𝜋−𝜋0𝐾+𝐾− ≤ 3.100𝐺𝑒𝑉/𝑐2 191876 9.59 97.74

𝑀𝜋+𝜋−𝜋0 −𝑀𝜔 ≤ 40 M𝑒𝑉/𝑐2 174268 8.71 90.82

𝑀𝐾+𝐾− −𝑀𝜙 ≤ 15 M𝑒𝑉/𝑐2 162889 8.14 93.47

|cos(𝜃𝑑𝑒𝑐𝑎𝑦)| ≤ 0.95 160623 8.03 98.61

𝜒5𝐶
2 ≤ 20 108613 5.43 67.62

𝑃𝐷𝐺 100865 5.04 92.87



topology from inclusive 
MC
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exclusive MC generate 
detail
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Mode Note 

𝐽/𝜓 → 𝛾𝜂𝑐 , 𝜂𝑐 → 𝜋0𝜋+𝜋−𝐾+𝐾− Accurate Br in PDG

𝐽/𝜓 → 𝜋0𝜋+𝜋−𝐾+𝐾−𝛾𝑓 Generated within the mode next line

𝐽/𝜓 → 𝜋0𝜋+𝜋−𝐾+𝐾− Accurate Br in PDG

𝐽/𝜓 → 𝜋0𝐾∗ ഥ𝐾∗𝛾, 𝐾∗ → 𝜋−𝐾+, ഥ𝐾∗ → 𝜋+𝐾− Referred by jpsi to gamma eta(1405/1475) to 

gammakkbarpi

𝐽/𝜓 → 𝛾𝜂𝑐 , 𝜂𝑐 → 𝜋0𝐾∗ഥ𝐾∗, 𝐾∗ → 𝜋−𝐾+, ഥ𝐾∗ → 𝜋+𝐾− Mode:Eta_c to kkbar pi. neutral:charged=1:2  

𝐽/𝜓 → 𝜔𝑓1 1420 ,𝜔 → 𝜋0𝜋+𝜋−, 𝑓1 1420 → 𝜋0𝐾+𝐾− In PDG, Br of f1->kkbarpi is “seen”

𝐽/𝜓 → 𝛾𝜂𝑐 , 𝜂𝑐 → 𝜋+𝐾∗𝐾∗−, 𝐾∗ → 𝜋−𝐾+, 𝐾∗− → 𝜋0𝐾− Mode:Eta_c to kkbar pi. neutral:charged=1:2  

𝐽/𝜓 → 𝛾𝜂𝑐 , 𝜂𝑐 → 𝜋− ഥ𝐾∗𝐾∗+, ഥ𝐾∗ → 𝜋+𝐾−, 𝐾∗+ → 𝜋0𝐾+ Mode:Eta_c to kkbar pi. neutral:charged=1:2  

𝐽/𝜓 → 𝐾𝑆
0𝐾𝑆

0𝜙,𝐾𝑆
0 → 𝜋+𝜋−, 𝐾𝑆

0 → 𝜋0𝜋0, 𝜙 → 𝐾+𝐾− Accurate Br in PDG

𝐽/𝜓 → 𝛾𝜔𝜙,𝜔 → 𝜋0𝜋+𝜋−, 𝜙 → 𝐾+𝐾− Input similar with data

𝐽/𝜓 → 𝜔𝑓0 980 ,𝜔 → 𝜋0𝜋+𝜋−, 𝑓0 980 → 𝐾+𝐾− It effects our bkg estimate badly, and in PDG the Br of 

f0->kkbar is “seen”. Luckily there is no obvious f0 

structure in data, so there is no other way but assume 

such mode doesn’t exsist.

𝐽/𝜓 → 𝛾𝜂𝑐 , 𝜂𝑐 → 𝜔𝜙,𝜔 → 𝜋0𝜋+𝜋−, 𝜙 → 𝐾+𝐾− Input similar with data



try using keyspdf to 
describe sideband shape

21



Trying to make the fit 
looks better
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Artificially divide the dataset into 

two part, use histpdf and keyspdf

respectively, at last connect them 

together.

But it doesn’t work since the 

connected area is not smooth.



check of difference between nbkg
and nbkgtheo

23


