
Combination single top +tt

tZ → 1b3ℓ

Lorenzo Basso
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Optimisation - almost matched Isis’s

LEPTONS: |η| < 2.5(2.4) for e/µ

pTℓ > 20 GeV, ISO: CONE04, Irel < 0.20 e/µ

JETS: pTj > 40 GeV, |η| < 2.4, 1/EEoverHE > 0.15

loose JETS 30 < pTj < 40 GeV, |η| < 2.4, 1/EEoverHE > 0.15

Selections:

1 NJ ≥ 1 (J = light and b jets); (if NJ ≡ 1, then also N loose
j ≡ 0)

2 Nb ≥ 1 to reduce WZ, Nb ≤ 1 once WZ is removed ⇒ Nb ≡ 1

3 Z candidate as pair of e+e−(µ+µ−) closest to MZ

and |Mℓℓ −MZ | < 15 GeV

Here, MVA or Cut&Count with

loose W reco: 10 < MT (νℓW )/GeV < 150

loose top reco: MT (νb ℓW )/GeV < 215

top reco 2: M(b ℓW )/GeV < 150
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Nj ≥ 1
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Backgrounds - cutflow

cutFlow
no cuts

Nj>=1
lep=3 nOSSF > 0

nbjets = 1
|Mll-MZ|<15 
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MVA – BDT

training on sum of signals (naive combination)

one training each for κzut and κzct

inclusive sample

training on background without tt
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Variables for κzut

Filled after the M(ℓ+ℓ−)−MZ < 15 GeV cut.

11 Variables with relative importance when trained considering all
backgrounds without tt:

Variable Importance
M(ℓb) 1.99 10−1

M(jZ) 1.47 10−1

pT (Z) 1.19 10−1

∆R(b, ℓW ) 9.58 10−2

M(tZ) 8.30 10−2

pT (j1) 7.50 10−2

Q(ℓW ) 7.09 10−2

∆R(Z, ℓW ) 7.05 10−2

∆R(t, Z) 5.18 10−2

∆R(Z, MET) 4.22 10−2

∆φ(t Z) 4.39 10−2

where Q(ℓW ) ≡ Q(ℓW )× |eta(ℓW )|. Low discriminating variables are kept
because work well with tt.
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κzut: overtraining

BDT response
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Kolmogorov-Smirnov test: signal (background) probability =   0.4 (0.723)
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Variables for κzct

Filled after the M(ℓ+ℓ−)−MZ < 15 GeV cut.

10 Variables with relative importance when trained considering all
backgrounds, including tt:

Variable Importance
M(ℓb) 2.11 10−1

M(jZ) 1.69 10−1

pT (j1) 1.20 10−1

∆R(ℓW , Z) 9.64 10−2

MET 9.24 10−2

pT (Z) 8.73 10−2

∆R(b, W ) 7.36 10−2

∆R(Z, MET) 6.54 10−2

∆φ(t, Z) 4.45 10−2

∆R(t, Z) 4.11 10−2
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κzct: overtraining

BDT response
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Kolmogorov-Smirnov test: signal (background) probability =  0.99 ( 0.28)
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BDT output

κzut κzct

BDT
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Reading of sum of signals

output
Entries  100
Mean   -0.2983
RMS    0.4311
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Lower bound scan

Training: Solid: zut, Dashed: zct

Reading: Blue: zut, Red: zct
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Reading of sum vs single signals

output
Entries  100
Mean   -0.2983
RMS    0.4311
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Lower bound scan

Reading: Solid: combined, Dashed: single

Reading: Blue: zut, Red: zct
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MVA: 2D limits
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Present limit: BR(t → Zq) < 0.05%, KZtq < 0.2 TeV−1
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Cut-and-count
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Significance

MVA highest signficances when each signal is trained against itself:

κzut = 8.38σ, S = 139.727, B = 138.566,

κzct = 5.01σ, S = 72.925, B = 139.291
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Nj ≡ 1

Need to drop M(jZ) as observable because there is no light jet

For zct training, drop also MET
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Backgrounds - cutflow

cutFlow
no cuts

Nj=1 lep=3 nOSSF > 0

nbjets = 1
|Mll-MZ|<15 
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κzut: overtraining

zut training zct training

BDT response
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Kolmogorov-Smirnov test: signal (background) probability = 0.414 (0.546)
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Kolmogorov-Smirnov test: signal (background) probability = 0.505 (0.887)
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TMVA overtraining check for classifier: BDT
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BDT output

κzut κzct
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MVA: 2D limits
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Present limit: BR(t → Zq) < 0.05%, KZtq < 0.2 TeV−1
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Cut-and-count
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Significance

MVA highest signficances when each signal is trained against itself:

κzut = 5.197σ, S = 46.678, B = 33.987

κzct = 2.058σ, S = 27.588, B = 152.086
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Summary

separate training for different couplings

possibility to isolate a pure single-top sample with MVA

good improvement with BDT in inclusive sample
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