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Introduction

� Preliminary cuts:
� pass vtx4lCut;
� invariant mass of the 4 leptons lies in [115, 130];
� pass d0 significance cut; and
� boosted Decision Tree (BDT> 0).

� Significant formulas:
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¬You can check it out here: Expected discovery significance for counting.
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https://indico.cern.ch/event/188833/contributions/1462768/attachments/265538/371872/cowan_statforum_8may12.pdf
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Isolation working points tested

� Leptons PU-robust
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https://twiki.cern.ch/twiki/bin/viewauth/AtlasProtected/IsolationSelectionTool
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ptvarcone30 plot for all the samples
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I applied several pile-up cuts but it didn’t change the curves. The Z+jet
and tt samples behave like the qqZZ curve in topetcone20/pT < 0.2.
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Efficiencies and significance
mc16a samples

FixedCutHighMuLoose
Signal Background Significance

ggH VBF VH ttH Z+jet ttbar ZA

4µ 78.77 % 78.68 % 71.77 % 53.72 % 1.33 % 0.52 % 4.02
4e 81.95 % 82.47 % 76.73 % 62.51 % 2.36 % 2.33 % 3.62
2µ2e 81.91 % 83.09 % 77.30 % 61.51 % 3.69 % 1.48 % 3.23
2e2µ 80.33 % 81.82 % 75.39 % 56.79 % 2.34 % 0.62 % 3.03

mc16a

FixedCutPflowLoose
Signal Background Significance

ggH VBF VH ttH Z+jet ttbar ZA

4µ 80.33 % 80.71 % 73.12 % 54.41 % 1.35 % 0.50 % 4.04
4e 80.62 % 81.33 % 74.63 % 59.46 % 2.48 % 1.96 % 3.59
2µ2e 81.28 % 83.21 % 76.38 % 60.16 % 3.30 % 1.00 % 3.47
2e2µ 80.49 % 82.52 % 75.34 % 56.61 % 2.17 % 0.43 % 3.20

mc16a
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Efficiencies and significance
mc16d samples

FixedCutHighMuLoose
Signal Background Significance

ggH VBF VH ttH Z+jet ttbar ZA

4µ 75.87 % 76.11 % 69.83 % 51.81 % 1.59 % 0.23 % 4.39
4e 80.19 % 80.49 % 74.80 % 61.43 % 3.63 % 4.61 % 3.21
2µ2e 79.53 % 81.32 % 74.96 % 60.30 % 3.96 % 1.03 % 3.46
2e2µ 77.12 % 78.92 % 73.19 % 55.28 % 1.47 % 0.73 % 3.45

mc16d

FixedCutPflowLoose
Signal Background Significance

ggH VBF VH ttH Z+jet ttbar ZA

4µ 78.88 % 79.16 % 72.30 % 53.10 % 1.85 % 0.37 % 4.17
4e 78.68 % 79.45 % 72.44 % 58.05 % 3.10 % 2.75 % 3.51
2µ2e 78.81 % 81.37 % 73.98 % 59.02 % 3.07 % 1.10 % 3.67
2e2µ 78.30 % 80.45 % 73.68 % 55.57 % 1.31 % 0.79 % 3.57

mc16d
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Efficiencies and significance
mc16a and mc16d combined

FixedCutHighMuLoose
Signal Background Significance

ggH VBF VH ttH Z+jet ttbar ZA

4µ 77.20 % 77.29 % 70.72 % 52.68 % 1.45 % 0.36 % 4.54
4e 81.03 % 81.42 % 75.71 % 61.94 % 2.97 % 3.42 % 3.72
2µ2e 80.65 % 82.15 % 76.06 % 60.87 % 3.82 % 1.25 % 3.65
2e2µ 78.61 % 80.26 % 74.20 % 55.98 % 1.87 % 0.68 % 3.46

mc16a and mc16d combined

FixedCutPflowLoose
Signal Background Significance

ggH VBF VH ttH Z+jet ttbar ZA

4µ 79.55 % 79.88 % 72.68 % 53.70 % 1.58 % 0.43 % 4.41
4e 79.60 % 80.33 % 73.48 % 58.72 % 2.78 % 2.34 % 3.94
2µ2e 79.98 % 82.23 % 75.11 % 59.55 % 3.19 % 1.05 % 3.93
2e2µ 79.32 % 81.41 % 74.44 % 56.05 % 1.70 % 0.63 % 3.63

mc16 and mc16d combined
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Comparing with Heling and Rongkun
For 4µ category

4µ category ggH VBF VH ttH Z+jets tt Significance
FixedCutLoose - - - - - - -
Heling - - - - - - -
FixedCutHighMuLoose 75.87 % 76.11 % 69.83 % 51.81 % 1.59 % 0.23 % 4.39
FixedCutPflowLoose 78.88 % 79.16 % 72.30 % 53.10 % 1.85 % 0.37 % 4.17
FixedCutHighMuLoose500Customize - - - - - - -
FixedCutHighMuLoose1000Customize - - - - - - -
FixedCutPflowLoose500Customize - - - - - - -
FixedCutPflowLoose1000Customize - - - - - - -
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Comparing with Heling and Rongkun
For 4e category

4e category ggH VBF VH ttH Z+jets tt Significance
FixedCutLoose - - - - - - -
Heling - - - - - - -
FixedCutHighMuLoose 80.19 % 80.49 % 74.80 % 61.43 % 3.63% 4.61 % 3.21
FixedCutPflowLoose 78.68 % 79.45 % 72.44 % 58.05 % 3.10 % 2.75 % 3.51
FixedCutHighMuLoose500Customize - - - - - - -
FixedCutHighMuLoose1000Customize - - - - - - -
FixedCutPflowLoose500Customize - - - - - - -
FixedCutPflowLoose1000Customize - - - - - - -
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2D plots for topetcone20 vs ptcone30_pt500
4µ and 4e category
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Figure: 4µ (left) and 4e (right).

Still need to fill in the z-axes with the significance as Heling and
Rongkun in their slides. This is, however, may gives us the customized
variables. Do I need to get these customized ones?
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Summary

� The efficiency for the 4µ category is fairly matched with Runkun
numbers;

� But in case of the 4e there’s 4% difference for the ggH and VBF;
� Not all the significances are calculated using the formula;
� I have to do a 2D scan to find out how the optimisation of the

variables is done;
� There’s new update on this study by Heling, and he’s now using

Pro_v19 samples; and
� I’ve no idea if you still need to study Pro_v18. I’ve looked at the

samples but the iso variables have been changed!
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Additional slides
mc16a samples

FixedCutHighMuTight
Signal Background Significance

ggH VBF VH ttH Z+jet ttbar ZA

4µ 51.12 % 55.35 % 47.76 % 33.14 % 0.54 % 0.12 % 4.54
4e 52.72 % 57.93 % 51.12 % 39.10 % 0.97 % 0.65 % 3.89
2µ2e 52.25 % 58.16 % 50.76 % 37.50 % 1.38 % 0.26 % 3.79
2e2µ 52.48 % 57.74 % 51.02 % 35.49 % 0.80 % 0.23 % 3.63

mc16a
FixedCutHighMuTrackOnly

Signal Background Significance
ggH VBF VH ttH Z+jet ttbar ZA

4µ 69.17 % 72.27 % 63.13 % 44.69 % 1.24 % 0.19 % 4.00
4e 69.56 % 73.16 % 65.66 % 51.17 % 3.04 % 1.03 % 3.25
2µ2e 69.63 % 74.39 % 65.69 % 50.14 % 2.71 % 0.64 % 3.51
2e2µ 70.35 % 74.83 % 66.19 % 48.17 % 1.73 % 0.55 % 3.16

mc16a
FixedCutPflowTight

Signal Background Significance
ggH VBF VH ttH Z+jet ttbar ZA

4µ 44.88 % 50.88 % 42.46 % 29.03 % 0.25 % 0.00 % 5.37
4e 40.87 % 46.61 % 39.83 % 30.38 % 1.15 % 0.41 % 3.34
2µ2e 42.11 % 49.23 % 41.54 % 30.63 % 0.77 % 0.13 % 3.96
2e2µ 41.12 % 47.62 % 39.97 % 28.35 % 0.46 % 0.07 % 3.88

mc16a
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Additional slides
mc16d samples

FixedCutHighMuTight
Signal Background Significance

ggH VBF VH ttH Z+jet ttbar ZA

4µ 45.70 % 50.00 % 43.49 % 29.78 % 0.73 % 0.00 % 4.59
4e 48.01 % 53.04 % 46.55 % 36.72 % 1.57 % 0.99 % 3.49
2µ2e 47.10 % 52.99 % 46.29 % 34.94 % 0.76 % 0.43 % 4.11
2e2µ 46.74 % 52.17 % 46.22 % 32.50 % 0.48 % 0.07 % 4.25

mc16d
FixedCutHighMuTrackOnly

Signal Background Significance
ggH VBF VH ttH Z+jet ttbar ZA

4µ 67.19 % 70.26 % 62.16 % 43.26 % 1.63 % 0.15 % 4.14
4e 67.24 % 70.75 % 62.93 % 49.34 % 3.16 % 1.40 % 3.38
2µ2e 67.39 % 72.18 % 63.44 % 48.62 % 1.93 % 0.59 % 4.04
2e2µ 67.82 % 72.51 % 64.26 % 46.28 % 1.25 % 0.72 % 3.39

mc16d
FixedCutPflowTight

Signal Background Significance
ggH VBF VH ttH Z+jet ttbar ZA

4µ 41.25 % 46.73 % 39.41 % 26.77 % 0.40 % 0.00 % 5.19
4e 36.12 % 41.68 % 34.61 % 26.85 % 1.18 % 0.00 % 3.46
2µ2e 37.10 % 43.92 % 37.30 % 27.69 % 0.49 % 0.17 % 4.23
2e2µ 36.56 % 42.90 % 36.20 % 26.06 % 0.28 % 0.11 % 4.15

mc16d
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