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4`-channel in Di-Higgs analysis
v9 and v10 mini-trees comparison

Non-Res qq → ZZ t t̄Z t t̄ VVV Significance
4` 0.34±0.02 2770.42±5.53 163.75±1.00 2790.86±39.43 23.30±0.17 0.0045±0.0006
Total charge = 0 0.32±0.02 2696.51±5.45 144.69±0.94 2204.25±35.04 21.72±0.16 0.0045±0.0005
Trigger Match 0.32±0.02 2608.47±5.39 143.47±0.93 2018.67±33.43 21.64±0.16 0.0046±0.0005
Iso FixedCutLoose 0.25±0.02 2201.41±4.98 111.29±0.81 79.98±6.73 19.78±0.15 0.0051±0.0001
m`+`−(SFOS) > 12 GeV 0.24±0.02 1958.99±4.79 108.25±0.79 54.35±5.69 19.63±0.15 0.0052±0.0000
0-SFOS 0.01±0.00 0.04±0.02 0.28±0.05 6.51±1.87 0.03±0.01 0.0051±0.0013
1-SFOS 0.10±0.00 29.91±0.58 54.29±0.56 26.02±4.04 8.77±0.11 0.0093±0.0006
2-SFOS 0.13±0.01 1929.04±4.76 53.69±0.56 21.82±3.54 10.83±0.11 0.0028±0.0000

Non-Res qq → ZZ t t̄Z t t̄ VVV Significance
4` 0.39±0.02 3350.84±6.14 197.37±1.13 9316.14±136.85 25.34±0.18 0.0034±0.0025
Total charge = 0 0.37±0.02 3241.84±5.99 166.38±1.02 7463.08±121.46 23.59±0.17 0.0035±0.0024
Trigger Match 0.34±0.01 3067.18±5.87 163.70±1.01 6705.12±115.82 23.45±0.17 0.0035±0.0023
Iso FixedCutLoose 0.26±0.01 2521.02±5.25 117.04±0.83 217.40±18.32 21.22±0.16 0.0048±0.0003
m`+`−(SFOS) > 12 GeV 0.25±0.01 2179.49±5.00 113.41±0.81 134.40±15.74 21.06±0.16 0.0050±0.0003
0-SFOS 0.02±0.00 0.05±0.02 0.43±0.06 14.76±2.29 0.04±0.01 0.0039±0.0007
1-SFOS 0.11±0.00 37.57±0.66 56.88±0.57 54.07±5.64 9.42±0.11 0.0085±0.0009
2-SFOS 0.13±0.00 2141.87±4.95 56.10±0.57 65.56±14.51 11.61±0.11 0.0026±0.0001

� Looking at the optmisation

Non-Res qq → ZZ t t̄Z t t̄ VVV Significance
4` 0.34±0.02 2770.42±5.53 163.75±1.00 2790.86±39.43 23.30±0.17 0.0045±0.0006
Total charge = 0 0.32±0.02 2696.51±5.45 144.69±0.94 2204.25±35.04 21.72±0.16 0.0045±0.0005
Trigger Match 0.32±0.02 2608.47±5.39 143.47±0.93 2018.67±33.43 21.64±0.16 0.0046±0.0005
Iso FixedCutLoose 0.25±0.02 2201.41±4.98 111.29±0.81 79.98±6.73 19.78±0.15 0.0051±0.0001
m`+`−(SFOS) > 4 GeV 0.23±0.02 1822.18±4.60 102.29±0.77 76.72±6.66 18.03±0.15 0.0052±0.0001
0/1-SFOS 0.12±0.00 31.37±0.60 55.92±0.57 45.90±5.22 8.85±0.11 0.0099±0.0009
b-veto 0.11±0.00 29.54±0.58 6.76±0.20 29.32±4.15 8.18±0.10 0.0125±0.0015
ml0 l1 > 10 GeV 0.11±0.00 29.13±0.58 6.74±0.20 28.86±4.14 8.16±0.10 0.0123±0.0015
|ml2 l3 −mZ | < 25 GeV 0.05±0.00 25.37±0.54 5.85±0.18 12.79±2.72 7.79±0.10 0.0066±0.0005
|ml2 l3 −mZ | > 25 GeV 0.06±0.00 3.76±0.20 0.89±0.07 16.07±3.12 0.37±0.02 0.0126±0.0029
Emiss

T > 20 GeV 0.06±0.00 2.60±0.18 0.82±0.07 15.25±3.04 0.35±0.02 0.0127±0.0031
2-SFOS 0.11±0.01 1790.81±4.56 46.37±0.52 30.82±4.14 9.18±0.10 0.0026±0.0000
b-veto 0.10±0.01 1703.46±4.51 5.40±0.18 17.72±3.19 8.48±0.09 0.0024±0.0000
ml0 l1 > 10 GeV 0.10±0.01 1580.50±4.40 5.31±0.18 16.18±3.07 8.46±0.09 0.0024±0.0000
|ml0 l1 −mZ | > 20 GeV 0.09±0.01 368.61±2.08 3.72±0.15 12.64±2.56 4.75±0.08 0.0045±0.0000
Emiss

T > 50 GeV 0.06±0.01 21.30±0.50 3.21±0.13 10.07±2.44 3.64±0.07 0.0102±0.0008

Non-Res qq → ZZ t t̄Z t t̄ VVV Significance
4` 0.34±0.02 2770.42±5.53 163.75±1.00 2790.86±39.43 23.30±0.17 0.0045±0.0006
Total charge = 0 0.32±0.02 2696.51±5.45 144.69±0.94 2204.25±35.04 21.72±0.16 0.0045±0.0005
Trigger Match 0.32±0.02 2608.47±5.39 143.47±0.93 2018.67±33.43 21.64±0.16 0.0046±0.0005
Iso FixedCutLoose 0.25±0.02 2201.41±4.98 111.29±0.81 79.98±6.73 19.78±0.15 0.0051±0.0001
m`+`−(SFOS) > 12 GeV 0.24±0.02 1958.99±4.79 108.25±0.79 54.35±5.69 19.63±0.15 0.0052±0.0000
0/1-SFOS 0.11±0.00 29.95±0.58 54.57±0.56 32.53±4.45 8.80±0.11 0.0102±0.0008
b-veto 0.10±0.00 28.21±0.57 6.53±0.19 25.70±3.55 8.14±0.10 0.0126±0.0012
m`0`1 > 10 GeV 0.10±0.00 27.85±0.57 6.52±0.19 25.24±3.91 8.11±0.10 0.0124±0.0014
|mZ2 −mZ | < 20 GeV 0.05±0.00 24.93±0.54 5.79±0.18 12.54±2.71 7.75±0.10 0.0065±0.0005
|mZ2 −mZ | > 20 GeV 0.06±0.00 2.92±0.18 0.73±0.07 12.70±2.81 0.36±0.02 0.0137±0.0032
Emiss

T > 20 GeV 0.05±0.00 1.66±0.14 0.55±0.06 10.17±2.58 0.24±0.02 0.0133±0.0035
2-SFOS 0.13±0.01 1929.04±4.76 53.69±0.56 21.82±3.54 10.83±0.11 0.0028±0.0000
b-veto 0.11±0.01 1834.88±4.70 6.24±0.19 16.95±3.10 10.00±0.10 0.0026±0.0000
m`0`1 > 10 GeV 0.11±0.01 1834.88±4.70 6.24±0.19 16.95±3.10 10.00±0.10 0.0026±0.0000
|mZ1 −mZ | > 25 GeV 0.10±0.01 415.06±2.19 4.65±0.16 13.82±2.72 6.01±0.09 0.0050±0.0001
Emiss

T > 50 GeV 0.07±0.01 25.70±0.53 4.01±0.15 11.12±2.67 4.58±0.08 0.0105±0.0008

� Combined significance is 0.0176 (0.0181)
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4`-channel in Di-Higgs analysis
v9 and v10 mini-trees comparison

Non-Res qq → ZZ t t̄Z t t̄ VVV Significance
4` 0.39±0.02 3350.84±6.14 197.37±1.13 9316.14±136.85 25.34±0.18 0.0034±0.0025
Total charge = 0 0.37±0.02 3241.84±5.99 166.38±1.02 7463.08±121.46 23.59±0.17 0.0035±0.0024
Trigger Match 0.34±0.01 3067.18±5.87 163.70±1.01 6705.12±115.82 23.45±0.17 0.0035±0.0023
Iso FixedCutLoose 0.26±0.01 2521.02±5.25 117.04±0.83 217.40±18.32 21.22±0.16 0.0048±0.0003
m`+`−(SFOS) > 12 GeV 0.25±0.01 2179.49±5.00 113.41±0.81 134.40±15.74 21.06±0.16 0.0050±0.0003
0/1-SFOS 0.12±0.00 37.62±0.66 57.31±0.58 68.83±6.09 9.45±0.11 0.0093±0.0010
b-veto 0.12±0.00 36.03±0.65 13.11±0.27 59.29±5.44 8.98±0.11 0.0106±0.0013
m`0`1 > 10 GeV 0.11±0.00 35.39±0.64 13.02±0.27 58.30±5.83 8.95±0.11 0.0105±0.0015
|mZ2 −mZ | < 20 GeV 0.05±0.00 31.42±0.60 11.46±0.26 26.28±4.07 8.49±0.11 0.0059±0.0006
|mZ2 −mZ | > 20 GeV 0.06±0.00 3.97±0.22 1.55±0.10 32.02±4.18 0.45±0.02 0.0099±0.0023
Emiss

T > 20 GeV 0.06±0.00 2.91±0.20 1.48±0.10 31.11±4.16 0.43±0.02 0.0098±0.0024
2-SFOS 0.13±0.00 2141.87±4.95 56.10±0.57 65.56±14.51 11.61±0.11 0.0026±0.0001
b-veto 0.11±0.00 2068.22±4.91 12.90±0.27 53.20±14.26 11.00±0.11 0.0024±0.0001
m`0`1 > 10 GeV 0.11±0.00 2068.22±4.91 12.90±0.27 53.20±14.26 11.00±0.11 0.0024±0.0001
|mZ1 −mZ | > 25 GeV 0.10±0.00 513.93±2.36 9.49±0.24 43.81±13.33 6.70±0.09 0.0043±0.0007
Emiss

T > 50 GeV 0.07±0.00 47.79±0.59 8.02±0.22 22.18±3.45 5.14±0.08 0.0077±0.0005

� Combined significance is 0.0138
� The significance reduced by 25%
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4`-channel in Di-Higgs analysis
All background samples

Non-Res qq → ZZ ∗ gg → ZZ ∗ t t̄Z t t̄ VVV Z+jets WZ Significance
4` 0.65±0.02 5757.21±8.79 34.54±0.07 336.93±1.46 23066.40±186.37 43.79±0.25 3405.70±79.45 172.34±1.78 0.0036±0.0019
Total charge = 0 0.61±0.02 5569.18±8.60 34.05±0.07 284.19±1.32 18302.65±165.72 40.84±0.25 3055.61±74.35 105.00±1.39 0.0037±0.0019
Trigger Match 0.58±0.01 5271.19±8.43 31.74±0.06 279.83±1.31 16508.58±157.80 40.62±0.25 2676.03±68.79 98.05±1.35 0.0037±0.0019
Iso FixedCutLoose 0.44±0.01 4317.89±7.64 28.20±0.06 200.16±1.06 545.41±26.91 36.80±0.24 81.35±15.51 23.18±0.65 0.0061±0.0004
m`+`−(SFOS) > 12 GeV 0.42±0.01 3733.78±7.29 27.32±0.05 193.92±1.05 341.49±21.67 36.51±0.24 32.70±12.35 21.75±0.63 0.0063±0.0004
0-SFOS 0.03±0.00 0.09±0.02 0.00±0.00 0.70±0.08 36.23±6.26 0.08±0.01 0.00±0.00 0.04±0.02 0.0046±0.0024
1-SFOS 0.18±0.01 64.18±0.92 0.34±0.01 96.75±0.74 162.36±12.18 16.36±0.19 19.88±7.46 12.02±0.47 0.0093±0.0020
2-SFOS 0.21±0.01 3669.51±7.24 26.98±0.05 96.46±0.74 142.90±16.80 20.07±0.14 12.82±9.84 9.69±0.42 0.0034±0.0001
0/1-SFOS 0.21±0.01 64.27±0.92 0.34±0.01 97.45±0.74 198.59±13.69 16.44±0.19 19.88±7.46 12.06±0.47 0.0103±0.0025
b-veto 0.19±0.01 61.37±0.90 0.32±0.01 22.28±0.35 166.41±11.35 15.51±0.14 19.88±7.46 11.35±0.46 0.0113±0.0027
m`0`1 > 10 GeV 0.19±0.01 60.23±0.89 0.32±0.01 22.16±0.35 163.21±12.77 15.47±0.14 16.71±7.22 10.72±0.45 0.0113±0.0034
|mZ2 −mZ | < 20 GeV 0.09±0.00 53.57±0.84 0.30±0.00 19.36±0.33 80.52±10.30 14.72±0.14 16.13±7.19 9.14±0.41 0.0063±0.0019
|mZ2 −mZ | > 20 GeV 0.10±0.00 6.66±0.31 0.02±0.00 2.79±0.13 82.69±7.55 0.75±0.03 0.59±0.59 1.58±0.17 0.0107±0.0032
Emiss

T > 20 GeV 0.10±0.00 4.85±0.28 0.02±0.00 2.63±0.13 77.71±7.42 0.71±0.03 0.59±0.59 1.44±0.16 0.0106±0.0033
2-SFOS 0.21±0.01 3669.51±7.24 26.98±0.05 96.46±0.74 142.90±16.80 20.07±0.14 12.82±9.84 9.69±0.42 0.0034±0.0001
b-veto 0.19±0.01 3542.07±7.18 26.11±0.05 22.13±0.35 111.50±15.71 19.04±0.14 10.99±9.67 9.13±0.41 0.0031±0.0001
m`0`1 > 10 GeV 0.19±0.01 3542.07±7.18 26.11±0.05 22.13±0.35 111.50±15.71 19.04±0.14 10.99±9.67 9.13±0.41 0.0031±0.0001
|mZ1 −mZ | > 25 GeV 0.17±0.01 878.26±3.39 5.18±0.03 16.29±0.30 95.46±14.78 11.52±0.12 11.14±9.57 7.05±0.36 0.0054±0.0006
Emiss

T > 50 GeV 0.12±0.00 86.20±0.89 0.55±0.01 13.77±0.28 57.36±6.55 8.92±0.10 6.99±6.49 3.65±0.26 0.0088±0.0015

� Combined significance is 0.0151
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Thank you!
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Additional slides
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