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Basic statistics
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The following studies are done assuming 1 × 1011 𝑍 bosons are 

produced.  7.5× 105 𝐵𝑐
+ → 𝜏+𝜈𝜏 & 1 × 106 𝐵+ → 𝜏+𝜈𝜏 (according 

to the Soeren’s slides. Not considering uncertainties)



Strategy
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Preliminary cut 
chain

BDT(TMVA) w/o 
impact parameter

Another BDT w/ IP 
(ignore bb)

Fit IP (ignore bb)

BDT(xgboost)



Parameter distribution
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btag>0.6 Recoil side en –

signal side en > 

10 GeV

Only one lepton 

in the signal 

hemisphere



Parameter distribution
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That lepton is 

electron

And it’s the most energetic 

particle in the signal hemisphere



Cut chain
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𝑩𝒄
+ → 𝝉+𝝂𝝉/𝝉

+ → 𝒆 𝑩+ → 𝝉+𝝂𝝉/𝝉
+ → 𝒆 dd uu ss cc bb

All 625177/134681 797230/195570 2530406 2415827 2531430 10414223 10532756

b-tag > 0.6 437048/94370 536144/133336 12495 11559 14920 590417 7885422

Energy 

asymmetry > 10 

GeV

361063/83338 433750/119520 2048 1857 2525 108464 1892666

One lepton in sig 

hemi

127468/44500 153697/61805 610 549 784 38263 623432

Which is electron 32044/42386 30916/58652 206 181 245 16107 287334

And it’s the most 

energetic one

2569/32458 2173/42475 8 5 4 2449 93945

1/6100 1/4900 1/6100 1/1100 1/1500



BDT
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root 5.34.07 root 5.34.18

Variable Importance

Nominal Bc energy 0.201

The second largest 

momentum in sig 

hemi

0.151

Maximum neutral

cluster energy inside 

30 deg cone

0.151

Energy asymmetry 0.148

Electron energy 0.123

Second largest IP in 

sig hemi

0.120

Number of tracks in 

sig hemi

0.106

I chose this & 

cut at 0.99

Set the weight to corresponding 

luminosity



Cut chain
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𝑩𝒄
+ → 𝝉+𝝂𝝉/𝝉

+ → 𝒆 𝑩+ → 𝝉+𝝂𝝉/𝝉
+ → 𝒆 dd uu ss cc bb

All 625177/134681 797230/195570 2530406 2415827 2531430 10414223 10532756

b-tag > 0.6 437048/94370 536144/133336 12495 11559 14920 590417 7885422

Energy 

asymmetry > 10 

GeV

361063/83338 433750/119520 2048 1857 2525 108464 1892666

One lepton in sig 

hemi

127468/44500 153697/61805 610 549 784 38263 623432

Which is electron 32044/42386 30916/58652 206 181 245 16107 287334

And it’s the most 

energetic one

2569/32458 2173/42475 8 5 4 2449 93945

BDT > 0.99 

(training data)

226/7226 65/5150 0 0 0 0 9 (5884)

BDT > 0.99

(test data)

223/7142 87/5178 0 0 0 1 8 (7441)

1/6100 1/4900 1/6100 1/1100 1/1500

50/50 split between test and train samples



BDT
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Variable Importance

Electron IP 0.164

Electron energy 0.138

Nominal Bc energy 0.137

Energy asymmetry 0.134

Maximum neutral

cluster energy inside 

30 deg cone

0.133

The second largest 

momentum in sig 

hemi

0.127

Second largest IP in 

sig hemi

0.086

Number of tracks in 

sig hemi

0.082

Using all of the 

previous variables + 

electron IP to do BDT 

again (ignore bb)



Fit IP with exponential
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Alternatively, we can fit the IP with exponential 𝐶1 ⋅
𝑒−𝐸1𝑥 + 𝐶2 ⋅ 𝑒

−𝐸2𝑥(again, ignoring bb).

Truth Individual fit Combined fit

𝑩𝒄
+ → 𝝉+𝝂𝝉, 𝝉

+ → 𝒆𝝂𝝂 6438 6525 5055

𝑩+ → 𝝉+𝝂𝝉/𝝉
+ → 𝒆𝝂𝝂 6528 6375 8047

Number of events predicted by fit results



Cut chain (𝜏 → 𝜇𝜈𝜈)
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𝑩𝒄
+ → 𝝉+𝝂𝝉/𝝉

+ → 𝝁 𝑩+ → 𝝉+𝝂𝝉/𝝉
+ → 𝝁 dd uu ss cc bb

All 628199/131659 802123/190677 2530406 2415827 2331430 10014223 10332758

b-tag > 0.6 439038/92380 539792/129688 12495 11559 13808 567891 7736169

Energy 

asymmetry > 10 

GeV

363241/81160 437202/116068 2048 1857 2342 104333 1856916

One lepton in sig 

hemi

130225/41743 158052/57450 610 549 729 36843 611737

Which is muon 57721/39817 70506/55428 404 368 498 21313 329706

And it’s the most 

energetic one

5820/31200 5173/40799 12 11 13 2779 98136

1/6100 1/4900 1/6600 1/1100 1/1500



BDT (𝜏 → 𝜇𝜈𝜈)
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root 5.34.07

Variable Importance

Nominal Bc energy 0.210

Maximum neutral

cluster energy inside 

30 deg cone

0.157

Energy asymmetry 0.151

The second largest 

momentum in sig 

hemi

0.141

Second largest IP in 

sig hemi

0.128

Electron energy 0.123

Number of tracks in 

sig hemi

0.089

cut at 0.99
Set the weight to corresponding 

luminosity



Cut chain (𝜏 → 𝜇𝜈𝜈)
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𝑩𝒄
+ → 𝝉+𝝂𝝉/𝝉

+ → 𝝁 𝑩+ → 𝝉+𝝂𝝉/𝝉
+ → 𝝁 dd uu ss cc bb

All 628199/131659 802123/190677 2530406 2415827 2331430 10014223 10332758

b-tag > 0.6 439038/92380 539792/129688 12495 11559 13808 567891 7736169

Energy 

asymmetry > 10 

GeV

363241/81160 437202/116068 2048 1857 2342 104333 1856916

One lepton in sig 

hemi

130225/41743 158052/57450 610 549 729 36843 611737

Which is muon 57721/39817 70506/55428 404 368 498 21313 329706

And it’s the most 

energetic one

5820/31200 5173/40799 12 11 13 2779 98136

BDT > 0.99 

(training data)

756/7394 486/5170 0 0 0 2 9 (5598)

BDT > 0.99

(test data)

763/7313 455/5266 0 0 0 0 6 (5427)

1/6100 1/4900 1/6600 1/1100 1/1500

50/50 split between test and train samples



BDT (𝜏 → 𝜇𝜈𝜈)
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Variable Importance

Electron IP 0.159

Electron energy 0.143

Energy asymmetry 0.132

Maximum neutral

cluster energy inside 

30 deg cone

0.132

Nominal B meson 

energy

0.129

The second largest 

momentum in sig 

hemi

0.129

Number of tracks in 

sig hemi

0.091

Second largest IP in

sig hemi

0.085

Using all of the 

previous variables + 

electron IP to do BDT 

again (ignore bb)



Fit IP with exponential (𝜏 → 𝜇𝜈𝜈)
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Alternatively, we can fit the IP with exponential 𝐶1 ⋅
𝑒−𝐸1𝑥 + 𝐶2 ⋅ 𝑒

−𝐸2𝑥(again, ignoring bb).

Truth Individual fit Combined fit

𝑩𝒄
+ → 𝝉+𝝂𝝉, 𝝉

+ → 𝝁𝝂𝝂 6284 6220 5121

𝑩+ → 𝝉+𝝂𝝉/𝝉
+ → 𝝁𝝂𝝂 6437 6410 8715

Number of events predicted by fit results



Training with xgboost (𝜏 → 𝑒𝜈𝜈)
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BDT response (training data)

Set the weight to the corresponding luminosity

Logarithmic y axis Linear y axis

Variable Importance

Nominal Bc energy 126

Maximum neutral

cluster energy 

inside 30 deg cone

59

Energy asymmetry 58

The second largest 

momentum in sig 

hemi

43

Second largest IP in 

sig hemi

58

Impact parameter 39

Electron energy and #track in sig hemi are 

dropped due to low importance



Training with xgboost (train & test data overlay)
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Signal

𝐵+ → 𝜏𝜈, 𝜏 → 𝑒

𝐵𝑐
+ → 𝜏𝜈

(excl. 𝜏 → 𝑒)

𝐵+ → 𝜏𝜈
(excl. 𝜏 → 𝑒)



Training with xgboost (train & test data overlay)
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cc bb



Cut chain(xgboost, 𝜏 → 𝑒𝜈𝜈)

19

𝑩𝒄
+ → 𝝉+𝝂𝝉/𝝉

+ → 𝒆 𝑩+ → 𝝉+𝝂𝝉/𝝉
+ → 𝒆 dd uu ss cc bb

All 625177/134681 797230/195570 2530406 2415827 2531430 10414223 10532756

b-tag > 0.6 437048/94370 536144/133336 12495 11559 14920 590417 7885422

Energy 

asymmetry > 10 

GeV

361063/83338 433750/119520 2048 1857 2525 108464 1892666

One lepton in sig 

hemi

127468/44500 153697/61805 610 549 784 38263 623432

Which is electron 32044/42386 30916/58652 206 181 245 16107 287334

And it’s the most 

energetic one

2569/32458 2173/42475 8 5 4 2449 93945

BDT > 0.45 

(training data)

200/8353 50/2806 0 0 0 0 0

BDT > 0.45

(test data)

247/7651 57/3232 0 0 0 0 0

1/6100 1/4900 1/6100 1/1100 1/1500

50/50 split between test and train samples



Kinematic fit with pseudo track (𝜏 → 𝑒𝜈𝜈)
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Kinematic fit of 𝐾𝑠
0 → 𝜋+𝜋− decay point 

(just to check if it works)

𝜒2 Distance (reco vtx – decay point)



Kinematic fit with pseudo track (𝜏 → 𝑒𝜈𝜈)
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Use the all of the particles on the recoil side to build a pseudo track that 

passes through the interaction point. And fit the vertex with the electron. Set 

cov(pseudo track) = cov(electron track).

Relative error(IP) = 

abs(
𝐼𝑃.𝑀𝑎𝑔() − 𝜏 𝑒𝑛𝑑 .𝑀𝑎𝑔()

𝜏 𝑒𝑛𝑑 .𝑀𝑎𝑔()
)

𝜒2



Pre-cut on the additional bkg samples (𝜏 → 𝑒𝜈𝜈)
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Reject obvious backgrounds at generator level.

bb:

1. Only one electron in the signal hemisphere

2. The electron is the most energetic particle in the signal hemisphere

3. Nominal B meson energy > 10 GeV

Results:

1. 4.6× 108 events  3.7 × 107 events (92% reduction)

2.    bb survive rate after cut chain 0.9%  0.7%


