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2B0→K+K-pi0

Update log

• Update Belle II analysis using MCrd instead of MCri  

• Add Belle analysis



33B0→K+K-pi0 (K.R Huang, X.L Wang)[1] V. Gaur et al. (Belle Collaboration) Phys. Rev. D 87, 091101(R)

Typical Feynman diagrams that contribute to the decay

𝐵0 → 𝐾+𝐾−𝜋0: (a) 𝑏 → 𝑢 tree and (b) internal W exchange [1]

➢ Belle

✓ Evidence with significance of 3.5𝜎 [1]

✓ ℬ 𝐵0 → 𝐾+𝐾−𝜋0 = [2.17 ± 0.60( stat ) ± 0.24( syst )] × 10−6

✓ 711 𝑓𝑏−1 data sample contains 772 × 106 𝐵 ത𝐵 pairs

➢ Belle & Belle II

 711 𝑓𝑏−1 + 365𝑓𝑏−1data sample to reach higher signal significance (Goal > 5𝜎)

 CP asymmetry measurement and Amplitude analysis ...

➢ 𝐵0 → 𝐾+𝐾−𝜋0 suppressed in standard model (SM)

➢ Charmless three-body decay

➢ Sensitive probe of new physics

➢ Potential intermidiate states ...

◼ Dominant decay amplitude : 𝑏 → 𝑢 tree

◼ Internal W exchange diagram

• 𝐵0 → 𝐾∗±𝐾∓ with 𝐾∗± → 𝐾±𝜋0

Evidence for the decay 𝐵0 → 𝐾+𝐾−𝜋0 [1]

https://link.aps.org/doi/10.1103/PhysRevD.87.091101
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➢ Select 𝐵0 → 𝐾+𝐾−𝜋0 candidates 

➢ Extract signal yields using an unbinned maximum likelihood fit to the variables: 

                                                           ∆E and transformed CS (apply tight cut on 𝑀𝑏𝑐)

Major analysis steps

 Event reconstruction  & Basic event selection

 Selection optimization

 Background study

 Signal yield extraction

 Fitter validation

 Control channel study

 Systematic uncertainties

 Fit the data

Evidence for the decay 𝐵0 → 𝐾+𝐾−𝜋0 [1]

[1] V. Gaur et al. (Belle Collaboration) Phys. Rev. D 87, 091101(R)

https://link.aps.org/doi/10.1103/PhysRevD.87.091101
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6B0→K+K-pi0

Dataset Version

Signal MC 2M  (MC15rd)

(decayfile) : https://gitlab.desy.de/belle2/software/basf2/-

/blob/main/decfiles/dec/1110021003.dec

light-2409-toygerGeneric MC 1.4 𝑎𝑏−1 qqbar (MC15rd)

 1.4 𝑎𝑏−1 mixed & charged (MC15rd)

Data 365 𝑓𝑏−1 Υ 4𝑆 on-resonance data

42.7 𝑓𝑏−1 off-resonance data

https://stash.desy.de/projects/B2/repos/software/browse/decfiles/dec/1110021003.dec
https://stash.desy.de/projects/B2/repos/software/browse/decfiles/dec/1110021003.dec


• 𝑩𝟎 → 𝑲+𝑲−𝝅𝟎
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• 𝑩𝟎

• 5.25 < 𝑀𝑏𝑐 < 5.289 GeV/c2

• -0.3 GeV < ∆𝐸 < 0.15 GeV

• treefit

• 𝝅𝟎 →  𝜸𝜸

• StdPi0 (eff50_May2020)

• 0.105 < InvM <0.150 GeV/c2

• kFit

• 𝜸
• StdPhoton (eff50_May2020)

• ClusterNHits > 1.5
• 0.2967 < ClusterTheta < 2.6180
• Cluster E in different area:

• 𝐸𝛾 in forward endcap > 0.025 GeV

• 𝐸𝛾 in barrel > 0.025 GeV

• 𝐸𝛾 in backforward endcap > 0.04 GeV

• ClusterTiming < 200 ns

• 𝑲±

• No PID requirement

• 𝐓𝐫𝐚𝐜𝐤𝐬

• dr < 0.5 cm & dz  < 2 cm

• thetaInCDCAcceptance

• nTracks > 2

B0→K+K-pi0

➢ basf2 default final-state particle list builder functions
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• 𝑩𝟎 → 𝑲+𝑲−𝝅𝟎 (𝝅𝟎 →  𝜸𝜸)

➢ Selection optimized based on 

Figure of Merit (FOM) =  
𝑁𝑆

𝑁𝑆+𝑁𝐵

• 𝑁𝑆 : expected signal events in the 

experimental data estimated by 

assuming the branching ratio to be 
𝓑 𝐵0 → 𝐾+𝐾−𝜋0 = 2.17 × 10−6 [1]

• 𝑁𝐵 : background events scaled to the 

luminosity of the experimental data

[1] V. Gaur et al. (Belle Collaboration) Phys. Rev. D 87, 091101(R)
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• 𝑩𝟎 → 𝑲+𝑲−𝝅𝟎 (𝝅𝟎 →  𝜸𝜸)
➢ clusterE (forward end-cap region) > 0.275 GeV

➢ clusterE (barrel region) > 0.15 GeV

➢ clusterE (backward end-cap region) > 0.2 GeV

➢ fakePhotonSuppressionScore > 0.675

➢ beamBackgroundSuppressionScore > 0.1
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• 𝑩𝟎 → 𝑲+𝑲−𝝅𝟎 (𝝅𝟎 →  𝜸𝜸)
➢ 𝜒𝜋0

2  < 13 ➢ pi0_daughterAngle < 0.5 ➢ pi0_cosHelicityAngleMomentum  < 0.88 ➢ 0.115 GeV < pi0_InvM < 0.150 GeV

➢ Corresponding to [−2.5 𝜎, +2.0 𝜎] 

range centered at the known 𝜋0 mass
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• 𝑩𝟎 → 𝑲+𝑲−𝝅𝟎 (𝝅𝟎 →  𝜸𝜸)

➢ kaonIDNN > 0.52
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➢ Summary of the optimized selection

• 𝜀 = 28.55 ± 0.04% SCF = 4.35 ± 0.04%
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• 𝑩𝟎 → 𝑲+𝑲−𝝅𝟎 (𝝅𝟎 →  𝜸𝜸)

𝑝𝜋0
∗′ = 𝐸𝑏𝑒𝑎𝑚

∗  −  𝐸𝐾+
∗  − 𝐸𝐾−

∗ 2
− 𝑚𝜋0

2 ×
𝑝𝜋0

∗

𝑝𝜋0
∗

𝑀𝑏𝑐
′ = 𝐸𝑏𝑒𝑎𝑚

∗2 − 𝑝𝐵
∗′2 𝑝𝐵

∗′ = 𝑝𝐾+
∗2  + 𝑝𝐾−

∗2  + 𝑝𝜋0
∗′  

Tight cut on 𝑀𝑏𝑐
′  

➢ 5.272 < 𝑀𝑏𝑐
′ < 5.285 GeV/𝑐2

Fitting region

➢ -0.25 < ∆𝐸 < 0.15 GeV
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• Continuum suppression

• Total 15 variables used in FBDT training

• Event shape variables

• Vertex fit variables

Data-simultaion comparison of the FBDT output on (left) background-enhanced 

and (right) signal-enhanced 𝑩+ →  ഥ𝑫𝟎(→ 𝑲+𝝅−𝝅𝟎)𝝅+ candidates. MC is 

normalized to the total number of data events for better comparison
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• Continuum suppression optimization

• 1000 ToyMC for each requirement

• PDFs extracted from MC shape

➢ CSMVA > 0.9 (The most stringent threshold)

To minimize possible systematic uncertainties proportional to background contamination

➢ Reject 98.52% continuum background and preserve 71.53% signal events
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• B decays background

Peak from D decay (𝐷 → 𝐾𝐾 & 𝐷 → 𝐾𝜋)

• 𝑀𝑏𝑐 strongly peaks  around 5.279 GeV/c2

and a potential peak appears in the range from

-50 MeV to 50 MeV in ∆𝐸 distribution

 
➢ 𝐷 → 𝐾𝐾 & 𝐷 → 𝐾𝜋 decay 

➢ Topoana (𝐵 → 𝐾𝜋𝜋: Main peaking background)

Charm veto : 1.846 < 𝑴𝑲±𝝅∓ , 𝑴𝑲𝑲 < 1.884 GeV/𝑐2

𝑀𝐾𝐾 = (𝐸𝐾+ + 𝐸𝐾−)2 − (𝒑𝐾+ + 𝒑𝐾−)2

𝑀𝐾𝜋 = (𝐸𝐾 + 𝐸𝜋)2 − (𝒑𝐾 + 𝒑𝜋)2

𝐸𝐾 = 𝒑𝐾
2 + 𝑚𝐾

2

𝐸𝜋 = 𝒑𝜋
2 + 𝑚𝜋

2 (use the pion mass from PDG) 

B0→K+K-pi0
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• B decays background

➢ Peaking background: 𝐵 → 𝐾𝜋𝜋

➢ Generic 𝑩ഥ𝑩 background: 

The remain 𝐵 ത𝐵 background after 

removing peaking background

➢ Charm veto : 
1.846 < 𝑀𝐾±𝜋∓ , 𝑀𝐾+𝐾−  < 1.884 GeV/𝑐2
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• Peaking background

ℬ 𝐵0 → 𝐾+𝐾−𝜋0 = (2.17 ± 0.6)  ×  10−6

ℬ 𝐵0 → 𝐾+𝜋−𝜋0 = (37.8 ± 3.2)  ×  10−6

➢ Require further cut on PID: kaonIDNN > 0.9

• The event number of the two components are scaled to the expected yields

corresponding to the integrated luminosity of the real data



• 𝑩𝟎 → 𝑲+𝑲−𝝅𝟎

19B0→K+K-pi0

• Mutiplicity: 1.007

• Best candidate selection

➢ Lowest 𝜋0 mass-constrained 𝜒2

➢ Then lowest 𝐵0 vertex fit 𝜒2

• Final selection

• 𝜀 = 9.89 ± 0.02%    SCF = 1.04 ± 0.02%

• Sample composition

➢ Signal (Correctly reconstructed and self-crossfeed signal)

➢ Continuum background

➢ Generic 𝐵 ത𝐵 background

➢ Peaking background
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• Fitter fo𝐫 𝑩𝟎 → 𝑲+𝑲−𝝅𝟎

• tight cut on 𝑀𝑏𝑐 

• 2D Fit on ∆E and transformed CS (C’) (𝝁-transformation)

• Probability density function (PDF) of each event category j:

• Extended likelihood function:

PDF used to model each event category ◼ Parameters fixed 

• SCF fraction

• PDF parameters (except 2 parameters of 𝑞 ത𝑞 bkg)

• The yield of peaking background

◼ Parameters floated :

• The yield for each event category except for peaking 

background (𝑛sig includes CR and SCF signal)

• Continuum background PDF parameters (2 parameters 

are floated, coefficient 𝑝0 and the fraction of two 

exponential function) 

• The CR signal and SCF signal are considered distinct and

their combined PDF is :  
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 Signal Events : estimated by assuming the branching ratio to be 𝓑 𝐵0 → 𝐾+𝐾−𝜋0 = 2.17 × 10−6 

➢ 𝑁𝑠𝑖𝑔
𝑒𝑥𝑝

=  𝑁𝐵 ത𝐵 × 𝓑 𝐵0 → 𝐾+𝐾−𝜋0 × 𝜀𝑠𝑖𝑔
𝑟𝑒𝑐

 Continuum bkg & Generic BB bkg : scaled to the integrated luminosity of experimental data

 Peaking bkg : calculated by 

➢ 𝑁𝑝𝑒𝑎𝑘
𝑒𝑥𝑝

=  𝑁𝐵 ത𝐵 × 𝓑 𝐵0 → 𝐾+𝜋−𝜋0 × 𝜀𝑝𝑒𝑎𝑘
𝑟𝑒𝑐

Expected Yield

Signal 84

Continuum background 431

Generic BB background 201

Peaking background 9
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• GSIM (1000 samples)

• Yield of each component fluctuated drawing from a 

Poisson distribution around their nominal expected value

Significance : 2 ∗ (𝑁𝐿𝐿 − 𝑁𝐿𝐿𝑚𝑖𝑛)
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• GSIM (1000 samples)

◼ Fit Range 

➢ ∆𝐸 [-0.25, 0.15] GeV

➢ C’  [0, 1]

◼ Projection Plot

➢ -0.15 < ∆𝐸 < 0.05 GeV, and 

➢  C’ > 0.2

Fitting results for one of the GSIM samples
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• 1000 GSIM samples for each input)

• Linearity test (Branching ratio varies from 0.8 × 10−6 to 3.0 × 10−6)
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Belle Dataset Version

Signal MC 2M

light-2409-toyger
Background MC

type Numbers of streams Experiments

𝑞 ത𝑞 uds + charm 1 7 - 65

Generic 𝐵 ത𝐵 charged + 

mixed

5 7 - 65

Rare 𝐵 ത𝐵 charged + 

mixed

50 7 - 65

Data 711 𝑓𝑏−1 Υ 4𝑆 on-resonance data

89.5 𝑓𝑏−1 off-resonance data



• 𝑩𝟎 → 𝑲+𝑲−𝝅𝟎

27

• 𝑩𝟎

• 5.25 < 𝑀𝑏𝑐 < 5.289 GeV/c2

• -0.3 GeV < ∆𝐸 < 0.15 GeV

• treefit

• 𝝅𝟎 →  𝜸𝜸

• 0.105 < InvM <0.160 GeV/c2

• kFit

• 𝜸
• GoodBelleGamma
➢ Cluster 𝐸 in different area:

• 𝐸𝛾 in forward endcap > 0.10 GeV

• 𝐸𝛾 in barrel > 0.05 GeV

• 𝐸𝛾 in backforward endcap > 0.15 GeV• 𝑲±

• No PID requirement

• 𝐓𝐫𝐚𝐜𝐤𝐬

• dr < 0.5 cm & dz  < 2 cm

• thetaInCDCAcceptance

• nTracks > 2

B0→K+K-pi0
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• 𝑩𝟎 → 𝑲+𝑲−𝝅𝟎 (𝝅𝟎 →  𝜸𝜸)

➢ Selection optimized based on 

Figure of Merit (FOM) =  
𝑁𝑆

𝑁𝑆+𝑁𝐵

• 𝑁𝑆 : expected signal events in the 

experimental data estimated by 

assuming the branching ratio to be 
𝓑 𝐵0 → 𝐾+𝐾−𝜋0 = 2.17 × 10−6 [1]

• 𝑁𝐵 : background events scaled to the 

luminosity of the experimental data

[1] V. Gaur et al. (Belle Collaboration) Phys. Rev. D 87, 091101(R)
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• 𝑩𝟎 → 𝑲+𝑲−𝝅𝟎 (𝝅𝟎 →  𝜸𝜸)
➢ clusterE (forward end-cap region) > 0.25 GeV ➢ clusterE (barrel region) > 0.125 GeV

➢ clusterE (backward end-cap region) > 0.15 GeV
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• 𝑩𝟎 → 𝑲+𝑲−𝝅𝟎 (𝝅𝟎 →  𝜸𝜸)
➢ 𝜒𝜋0

2  < 12 ➢ pi0_daughterAngle < 0.5

➢ pi0_cosHelicityAngleMomentum  < 0.91

➢ 0.114 GeV < pi0_InvM < 0.152 GeV

➢ Corresponding to [−3 𝜎, + 3 𝜎] 

range centered at the known 𝜋0 mass
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• 𝑩𝟎 → 𝑲+𝑲−𝝅𝟎 (𝝅𝟎 →  𝜸𝜸)

➢ atcPIDBelle_3_2 > 0.60
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➢ Summary of the optimized selection

• 𝜀 = 23.09 ± 0.03% SCF = 4.45 ± 0.03%
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• 𝑩𝟎 → 𝑲+𝑲−𝝅𝟎 (𝝅𝟎 →  𝜸𝜸)

𝑝𝜋0
∗′ = 𝐸𝑏𝑒𝑎𝑚

∗  −  𝐸𝐾+
∗  − 𝐸𝐾−

∗ 2
− 𝑚𝜋0

2 ×
𝑝𝜋0

∗

𝑝𝜋0
∗

𝑀𝑏𝑐
′ = 𝐸𝑏𝑒𝑎𝑚

∗2 − 𝑝𝐵
∗′2 𝑝𝐵

∗′ = 𝑝𝐾+
∗2  + 𝑝𝐾−

∗2  + 𝑝𝜋0
∗′  

Tight cut on 𝑀𝑏𝑐
′  

➢ 5.272 < 𝑀𝑏𝑐
′ < 5.285 GeV/𝑐2

Fitting region

➢ -0.25 < ∆𝐸 < 0.15 GeV
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• Continuum suppression

• Total 22 variables used in FBDT training

• Event shape variables

• Vertex fit variables

Data-simultaion comparison of the FBDT output on (left) background-enhanced 

and (right) signal-enhanced 𝑩+ →  ഥ𝑫𝟎(→ 𝑲+𝝅−𝝅𝟎)𝝅+ candidates. MC is 

normalized to the total number of data events for better comparison
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• Continuum suppression optimization

• 1000 ToyMC for each requirement

• PDFs extracted from MC shape

➢ CSMVA > 0.9 (The most stringent threshold)

To minimize possible systematic uncertainties proportional to background contamination

➢ Reject 98.69% continuum background and preserve 74.45% signal events



36

• Generic 𝑩ഥ𝑩 background (𝒃 → 𝒄 decays)

Peak from D decay (𝐷 → 𝐾𝐾 & 𝐷 → 𝐾𝜋)

• 𝑀𝑏𝑐 strongly peaks  around 5.279 GeV/c2

 

➢ 𝐷 → 𝐾𝐾 & 𝐷 → 𝐾𝜋 decay 

Charm veto : 1.846 < 𝑴𝑲±𝝅∓ , 𝑴𝑲𝑲 < 1.884 GeV/𝑐2

𝑀𝐾𝐾 = (𝐸𝐾+ + 𝐸𝐾−)2 − (𝒑𝐾+ + 𝒑𝐾−)2

𝑀𝐾𝜋 = (𝐸𝐾 + 𝐸𝜋)2 − (𝒑𝐾 + 𝒑𝜋)2

𝐸𝐾 = 𝒑𝐾
2 + 𝑚𝐾

2

𝐸𝜋 = 𝒑𝜋
2 + 𝑚𝜋

2 (use the pion mass from PDG) 

B0→K+K-pi0
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• Generic 𝑩ഥ𝑩 background (𝒃 → 𝒄 decays)

➢ Charm veto : 
1.846 < 𝑀𝐾±𝜋∓  , 𝑀𝐾+𝐾−  < 1.884 GeV/𝑐2
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• rare 𝑩ഥ𝑩 background

➢ Peaking background: 𝐵 → 𝐾𝜋𝜋➢ Combinatorial 𝑩ഥ𝑩 background: 

The remain rare 𝐵 ത𝐵 background after removing peaking 

background
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• Peaking background

ℬ 𝐵0 → 𝐾+𝐾−𝜋0 = (2.17 ± 0.6)  ×  10−6

ℬ 𝐵0 → 𝐾+𝜋−𝜋0 = (37.8 ± 3.2)  ×  10−6

➢ Require further cut on PID: kaonID > 0.9

• The event number of the two components are scaled to the expected yields

corresponding to the integrated luminosity of the real data



• 𝑩𝟎 → 𝑲+𝑲−𝝅𝟎

40B0→K+K-pi0

• Mutiplicity: 1.031

• Best candidate selection

➢ Lowest 𝜋0 mass-constrained 𝜒2

➢ Then lowest 𝐵0 vertex fit 𝜒2

• Final selection

• 𝜀 = 11.41 ± 0.02%    SCF = 1.13 ± 0.02%

• Sample composition

➢ Signal (Correctly reconstructed and self-crossfeed signal)

➢ Continuum background

➢ Generic 𝐵 ത𝐵 background

➢ Combinatorial 𝐵 ത𝐵 background

➢ Peaking background
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• Fitter fo𝐫 𝑩𝟎 → 𝑲+𝑲−𝝅𝟎

• tight cut on 𝑀𝑏𝑐 

• 2D Fit on ∆E and transformed CS (C’) (𝝁-transformation)

• Probability density function (PDF) of each event category j:

• Extended likelihood function:

PDF used to model each event category ◼ Parameters fixed 

• SCF fraction

• PDF parameters (except 2 parameters of 𝑞 ത𝑞 bkg)

• The yield of peaking background

◼ Parameters floated :

• The yield for each event category except for peaking 

background (𝑛sig includes CR and SCF signal)

• Continuum background PDF parameters (2 parameters 

are floated, coefficient 𝑝0 and the fraction of two 

exponential function) 

• The fraction of generic 𝐵 ത𝐵 background (𝑓𝑔𝑏𝑏)

• The CR signal and SCF signal are considered distinct and

their combined PDF is :  

• The combined PDF of generic 𝐵 ത𝐵 background and combinatorial 

𝐵 ത𝐵 background is :
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 Signal Events : estimated by assuming the branching ratio to be 𝓑 𝐵0 → 𝐾+𝐾−𝜋0 = 2.17 × 10−6 

➢ 𝑁𝑠𝑖𝑔
𝑒𝑥𝑝

=  𝑁𝐵 ത𝐵 × 𝓑 𝐵0 → 𝐾+𝐾−𝜋0 × 𝜀𝑠𝑖𝑔
𝑟𝑒𝑐

 Continuum bkg & Generic BB bkg : scaled to the integrated luminosity of experimental data

 Peaking bkg : calculated by 

➢ 𝑁𝑝𝑒𝑎𝑘
𝑒𝑥𝑝

=  𝑁𝐵 ത𝐵 × 𝓑 𝐵0 → 𝐾+𝜋−𝜋0 × 𝜀𝑝𝑒𝑎𝑘
𝑟𝑒𝑐

Expected Yield

Signal 193

Continuum background 1760

BB background 502

Peaking background 28
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• GSIM (1000 samples)

• Yield of each component fluctuated drawing from a 

Poisson distribution around their nominal expected value

Significance : 2 ∗ (𝑁𝐿𝐿 − 𝑁𝐿𝐿𝑚𝑖𝑛)
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• GSIM (1000 samples)

◼ Fit Range 

➢ ∆𝐸 [-0.25, 0.15] GeV

➢ C’  [0, 1]

◼ Projection Plot

➢ -0.15 < ∆𝐸 < 0.05 GeV, and 

➢  C’ > 0.2

Fitting results for one of the GSIM samples
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• 1000 GSIM samples for each input)

• Linearity test (Branching ratio varies from 0.8 × 10−6 to 3.0 × 10−6)
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The selection criteria for 𝐵+ →  ഥ𝐷0(→ 𝐾+𝜋−𝜋0)𝜋+ (Belle II)  

𝑩+ →  ഥ𝑫𝟎(→ 𝑲+𝝅−𝝅𝟎)𝝅+

• To extract calibration parameter (shift and scale factor)

• To assess possible differences in the CS efficiency 

between data and MC

B0→K+K-pi0

The selection criteria for 𝐵+ →  ഥ𝐷0(→ 𝐾+𝜋−𝜋0)𝜋+ (Belle)  



Belle generic MC Belle data

Belle II generic MC Belle II data
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𝑩+ →  ഥ𝑫𝟎(→ 𝑲+𝝅−𝝅𝟎)𝝅+

B0→K+K-pi0

Summary of the calibration values
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➢ Update Belle II analysis using MCrd samples

➢ Add Belle analysis

• Next to do

➢ PID correction

➢ Systematic uncertainties

➢ Complete Belle2Note … 
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512023-11-14 𝐵0 → 𝐾+𝐾−𝜋0

B0→K+K-pi0
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https://confluence.desy.de/display/BI/Neutrals+Performance

B0→K+K-pi0

https://confluence.desy.de/display/BI/Neutrals+Performance


53B0→K+K-pi0

Left

Right
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