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• Pt MVA



• Pt MVA

(a)-ee mode; (b)-mumu mode; (c)-both mode



• Different MVA selections for signal MC sample: 



• Different MVA selections for ISR MC sample: 



• Different MVA selections for run1 data sample: 



• From MVA selections to 2D Pt selections:

(a)-ee mode; (b)-mumu mode; (c)-both mode

(a)-Signal; (b)-ISR; (c)-Data

• 𝜀𝑠𝑖𝑔 ≈ 11.3%

• FOM ≈ 0.010 ± 0.0002



• Based on 2D 
pt selection

(a)-ee mode; (b)-mumu mode; (c)-both mode

• 𝑆𝑐𝑜𝑟𝑒𝛾𝑓𝑎𝑘𝑒
> 0.90

• 𝜀𝑠𝑖𝑔 ≈ 10.6%

• FOM ≈ 0.0295 ± 0.0019



• 2D Pt scatter plots:(𝑺𝒄𝒐𝒓𝒆𝜸𝒇𝒂𝒌𝒆
>0.9)

(a)-ee mode; (b)-mumu mode; (c)-both mode

(a)-Signal; (b)-ISR; (c)-Data



• Previous Belle analysis

• Previous Belle: 
𝜀𝑠𝑖𝑔 ≈ 11.5%

FOM ≈ 0.0145

• Plan A: (MVA→2dpt)
𝜀𝑠𝑖𝑔 ≈ 11.3%

FOM ≈ 0.0105 ± 0.0002

• Plan B: (MVA →2dpt + 𝑺𝒄𝒐𝒓𝒆𝜸𝒇𝒂𝒌𝒆
)

𝜀𝑠𝑖𝑔 ≈ 10.6%

FOM ≈ 0.0295 ± 0.0019



Selection Criteria

Selections for candidates

• Tracks

dr < 1.0 cm, dz < 3.0 cm,Pt > 0.1GeV/c,−0.8660 < cosθ < 0.9563, nGoodTracks = 4
• Photons

clusterNHits > 1.5, |clusterTiming| < 200 ns, −0.8660 <  cosθ < 0.9563,
 beamBackgroundSuppression >  0.9,  fakePhotonSuppression >  0.80
• 𝐾±

Selection of tracks + kaonIDNN > 0.90, eID_noSVD_noTOP < 0.9, muID_noSVD < 0.9

• 𝑒±

Selection of tracks + eID_noSVD_noTOP > 0.9, muID_noSVD < 0.9, kaonID<0.1

• 𝜇±

Selection of tracks + eID_noSVD_noTOP < 0.9, muID_noSVD > 0.9, kaonID<0.1

• 𝜋±

pionIDNN > 0.1
• 𝜂′

0.90 < 𝑀 𝜂𝜋+𝜋− < 0.10 GeV/𝑐2

• 𝜂

|𝑀 𝛾𝜂𝛾𝜂 − 𝑚𝜂| < 0.04 GeV/𝑐2

• 𝛾𝜂

Selection of photons + 𝐸𝑓𝑜𝑟𝑤𝑎𝑟𝑑 > 150MeV, 𝐸𝐵𝑎𝑟𝑟𝑒𝑙 > 150MeV, 𝐸𝑏𝑎𝑟𝑘𝑤𝑎𝑟𝑑 > 180MeV

• 𝛾𝜋0

Selection of photons +𝐸𝑓𝑜𝑟𝑤𝑎𝑟𝑑 > 160MeV,  𝐸𝐵𝑎𝑟𝑟𝑒𝑙 > 80MeV, 𝐸𝑏𝑎𝑟𝑘𝑤𝑎𝑟𝑑 > 140MeV

• Event

റ𝑝𝑠𝑖𝑔
𝐶𝑀 ∙ Ƹ𝑡 ∙ റ𝑝𝑡𝑎𝑔

𝐶𝑀 ∙ Ƹ𝑡 < 0 for any pair of track or 

cluster in one event



Perform a mass constrain on 𝜼



If we use thrust to remove continuum background:

From previous BarBar’s paper:

FOM=0.01770263 +/- 0.00110840

eff=0.077319 +/- 0.000653

FOM=0.01585067 +/- 0.00085996

eff=0.080105 +/- 0.000664



e
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Some important distributions



e

e mu

mu both

both

Some important distributions

Different background situations for eTag and muTag



If we use MVA to remove continuum background

Train BDT for eTag and muTag separately



• 通过拓扑分析：大部分的mu tag的continuum是由于pi被误判为mu导致的



• 大部分的mu tag的continuum是由于pi被误判为mu导致的



加入KLM相关的变量去除mu/pi误判，专门给mu tag训练BDT

tau_sig_R2 tau_sig_thrustOm tau_sig_cosTBTO

tau_sig_cosTBz tau_sig_KSFWVariablesmm2 tau_sig_KSFWVariableshso10

tau_sig_KSFWVariableshso12 tau_sig_KSFWVariableshso14 tau_sig_KSFWVariableshso20

tau_sig_KSFWVariableshso22 tau_sig_KSFWVariableshso24 tau_sig_KSFWVariableshoo0

nKLMClusters nTrackKLM tau_lep_klmClusterLayers



FOM = 0.0247
Eff = 7.48%

Continuum bkg.

Strict cut on MVA(muTag): MVA>0.90



FOM=0.02256
eff=7.79%

Continuum bkg. Signal bkg. Taupair bkg.

loose cut on MVA(muTag): MVA>0.60



• Simultaneous fit to signal and continuum to get mass resolution of 𝜂′

• PDF of nominal mass of 𝜂′



𝑁𝑠𝑖𝑔𝑛𝑎𝑙 = 𝜀𝑟𝑒𝑐 ∙ 𝐵𝑟 𝜏− → 𝑒− ҧ𝜈𝑒𝜈𝜏 𝑜𝑟 𝜏− → 𝜇− ҧ𝜈𝜇𝜈𝜏 ∙ 𝐵𝑟 𝜂′ → 𝜂𝜋+𝜋− ∙ 𝐵𝑟 𝜂 → 𝛾𝛾 ∙ 𝐵𝑟(𝜏+ → 𝐾+𝜂′ ҧ𝜈𝜏) ∙ 𝜎𝜏𝜏 ∙ ℒ

• 𝜀𝑟𝑒𝑐

• 𝐵𝑟 𝜏− → 𝑒− ҧ𝜈𝑒𝜈𝜏 = 17.39%

• 𝐵𝑟  𝜏− → 𝜇− ҧ𝜈𝜇𝜈𝜏 = 17.82%

• 𝐵𝑟 𝜂′ → 𝜂𝜋+𝜋− = 42.5 ± 0.5 %
• 𝐵𝑟 𝜂 → 𝛾𝛾 = 39.36 ± 0.18 %
• 𝐵𝑟 𝜏+ → 𝐾+𝜂′𝜈𝜏 < 2.4 × 10−6

• 𝜎𝜏𝜏 = 0.919 𝑛𝑏
• ℒ = 428 𝑓𝑏−1(run1 all data)

If 𝜀𝑟𝑒𝑐 = 7.79% and 𝐵𝑟 𝜏+ → 𝐾+𝜂′𝜈𝜏 = 2.4 × 10−6 , then 𝑁𝑠𝑖𝑔𝑛𝑎𝑙 ≈ 2. 

Evaluation of signal yield-muTag

• 𝑁𝑏𝑘𝑔 = 3 ± 1.7 

• Under the requirement of MVA>0.60



BDT for eTag

tau_sig_R2 tau_sig_thrustOm tau_sig_cosTBTO

tau_sig_cosTBz tau_sig_KSFWVariablesmm2 tau_sig_KSFWVariableshso10

tau_sig_KSFWVariableshso12 tau_sig_KSFWVariableshso14 tau_sig_KSFWVariableshso20

tau_sig_KSFWVariableshso22 tau_sig_KSFWVariableshso24 tau_sig_KSFWVariableshoo0



FOM=0.02816034
eff=7.934%

loose cut on MVA(eTag): MVA>0.45



FOM = 2.89844500e-02
Eff = 7.490%

Strict cut on MVA(eTag): MVA>0.80



𝑁𝑠𝑖𝑔𝑛𝑎𝑙 = 𝜀𝑟𝑒𝑐 ∙ 𝐵𝑟 𝜏− → 𝑒− ҧ𝜈𝑒𝜈𝜏 𝑜𝑟 𝜏− → 𝜇− ҧ𝜈𝜇𝜈𝜏 ∙ 𝐵𝑟 𝜂′ → 𝜂𝜋+𝜋− ∙ 𝐵𝑟 𝜂 → 𝛾𝛾 ∙ 𝐵𝑟(𝜏+ → 𝐾+𝜂′ ҧ𝜈𝜏) ∙ 𝜎𝜏𝜏 ∙ ℒ

• 𝜀𝑟𝑒𝑐

• 𝐵𝑟 𝜏− → 𝑒− ҧ𝜈𝑒𝜈𝜏 = 17.39%

• 𝐵𝑟  𝜏− → 𝜇− ҧ𝜈𝜇𝜈𝜏 = 17.82%

• 𝐵𝑟 𝜂′ → 𝜂𝜋+𝜋− = 42.5 ± 0.5 %
• 𝐵𝑟 𝜂 → 𝛾𝛾 = 39.36 ± 0.18 %
• 𝐵𝑟 𝜏+ → 𝐾+𝜂′𝜈𝜏 < 2.4 × 10−6

• 𝜎𝜏𝜏 = 0.919 𝑛𝑏
• ℒ = 428 𝑓𝑏−1(run1 all data)

If 𝜀𝑟𝑒𝑐 = 7.49% and 𝐵𝑟 𝜏+ → 𝐾+𝜂′𝜈𝜏 = 2.4 × 10−6 , then 𝑁𝑠𝑖𝑔𝑛𝑎𝑙 ≈ 2. 

Evaluation of signal yield-eTag

• 𝑁𝑏𝑘𝑔 = 1.5 ± 1.2

• Under the requirement of MVA>0.45



顺便检查一下eTag侧在KLM留下的信息 这个变量似乎也能用在eTag侧？



eTag侧在KLM留下的其他信息



planA: (loose MVA selection to retain some continuum event) 
Perform 2D fitting between MVA and mass of eta’

Problem: Even if we do not require MVA, there are only (11)28 events of continuum background left for 
eTag(muTag). -> hard to model

planB: (strict MVA selection to maximize to FOM value)
Select a pure continuum background sample -> get the data to mc ratio ->fix in the fitting

Problem: unable to remove all continuum background.

Need to resubmit grid jobs
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