Kinematic distributions before the optimisation
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Figure 1: Number of jet multiplicity in the 0/1-SFOS and 2-SFOS categories
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Figure 2: The invariant mass of four leptons in the 0/1-SFOS and 2-SFOS categories
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Figure 3: The invariant mass of the leptons pairs.
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Figure 4: The angular separation of leptons pairs.

IIIIIIIIIIII
I Non-Res
g - 2Z
 ttZ
mmtt
A
2 Uncertainty
2-SFOS

25 3
A(p(lz, | 3) [rad]



Events

Events

T 1T 17T I L I L I L I L I T T T ﬂ 45 [ L I L I L I L I L I LI ]
45 ATLAS Internal [JNon-Res 1 S C ATLAS Internal [JNon-Res ]
a 4 Blaqq - Z2Z B > 40 1 Mlaqq - Z2Z _
- Vs =13Tev, | Ldt=8051b T4 ] w - Vs =13 TeV,| Ldt=8051b Wz b
40 pp - HH - 4 it = C pp — HH - 4l it ]
- VvV s 35 VvV —]
35 Uncertainty C Uncertainty
E 0/1-SFOS . 30 0/1-SFOS -
301 - N .
E ] 251 =
251 = C 7
- ] 20F =
- E 15 =
E 10 =

150 200 250 300 150 200 250 300
P [GeV] P2 [GeV]
B T 1T 17T I 1T 17T I 1T 17T I 1T 17T I 1T 17T I 1T 17T ﬂ goo ?I T TT I 1T 17T I 1T 17T I 1T 17T I 1T 17T I T 1TT It
| ATLAS Internal [JNon-Res ] S E ATLAS Internal [JNon-Res ]
1 Blqq - 2Z > - 1 Mlaq - 2Z ]
- Vs =13 TeV, | Ldt=80.5 b ttz . W 800[—1s =13TeV,| Ldt=80.5fb ttz -
1000} - . - ;
| pp - HH - 4l [t i E pp - HH - 4 [t 4
i VWV ] 700 VWV i
| Uncertainty E Uncertainty E
800 j 2-SFOS i 600 ; 2-SFOS {
- . 5001~ =
600— | s ]
i ] 400~ —
300 —
200 -

250 300
P [GeV] P [GeV]

Figure 5: The momentum of the leptons pairs.
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Figure 6: MET and MET-significance
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Figure 7: Kinematics of leptons for the 0/1-SFOS
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Figure 8: Kinematics of leptons for the 0/1-SFOS
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| Non-Res | q¢—ZZ | ttZ \ tt | VVV | Significance |
40 0.34+0.02 | 2770.4245.53 | 163.75+1.00 | 2790.86439.43 | 23.304+0.17 | 0.00454-0.0006
Total charge = 0 0.32+0.02 | 2696.51+5.45 | 144.694+0.94 | 2204.254+35.04 | 21.724+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 | 2201.414+4.98 | 111.2940.81 79.98+6.73 19.78+0.15 | 0.0051+£0.0001
my+¢- (SFOS) > 4 GeV | 0.23+0.02 | 1822.184+4.60 | 102.2940.77 76.72+6.66 18.034+0.15 | 0.005240.0001
0/1-SFOS 0.1240.00 31.374+0.60 55.9240.57 45.90+5.22 8.854+0.11 | 0.0099+0.0009
b-veto 0.11£0.00 29.54+0.58 6.76+0.20 29.3244.15 8.1840.10 | 0.0125+0.0015
my,, > 10 GeV 0.11+0.00 29.1340.58 6.74+0.20 28.86+4.14 8.16+£0.10 | 0.0123+0.0015
(pff’ll > 10 GeV 0.10+0.00 28.1940.57 6.66+0.19 27.871+4.04 8.08+0.10 | 0.0123+0.0014
(péf’ll > 20 GeV 0.10+0.00 25.754+0.55 6.46+0.19 26.444-3.96 7.844+0.10 | 0.011940.0014
(pé?ll > 30 GeV 0.09+0.00 22.584+0.52 6.23+0.19 20.2043.39 7.50+0.10 | 0.01144-0.0012
(pa?ll > 40 GeV 0.07+0.00 19.284+0.48 5.9340.18 15.34+2.93 7.02+0.10 | 0.010540.0010
E%‘iss > 10 GeV 0.10+0.00 26.9240.56 6.68+0.19 28.86+4.14 8.02+0.10 | 0.0124+0.0015
Effniss > 20 GeV 0.10£0.00 22.36+0.56 6.40+0.19 27.924+4.14 7.69+0.10 | 0.012340.0016
EF'% > 30 GeV 0.0940.00 17.60+0.56 6.014+0.19 25.77+4.14 7.15+0.10 | 0.012240.0019
ER' > 40 GeV 0.0840.00 13.161+0.56 5.61£0.19 24.414+4.14 6.57+0.10 | 0.0117+0.0020
ER' > 50 GeV 0.07+0.00 9.5640.56 5.13+0.19 20.824+4.14 5.88+0.10 | 0.01154+0.0024
2-SFOS 0.11+0.01 | 1790.8114.56 | 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 | 5404018 | 17.7243.19 | 8.48£0.09 | 0.0024%0.0000
my,, > 10 GeV 0.1040.01 | 1580.5044.40 5.311+0.18 16.18+3.07 8.46+0.09 | 0.0024+0.0000
(myg, —myz) > 15 GeV | 0.09+0.01 | 484.63+2.37 4.64+0.16 15.93+3.06 5.914+0.09 | 0.00424-0.0000
(myy, —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
(myy, —myz) > 25 GeV | 0.09+0.01 | 395.55+2.14 3.9940.15 13.64+2.72 5.124+0.08 | 0.00454-0.0000
Eﬁ«niss > 10 GeV 0.09+0.01 | 281.284+1.57 3.971+0.15 13.64+2.72 5.04+0.08 | 0.005140.0001
E&niss > 20 GeV 0.08+0.01 | 152.04+1.17 3.8840.15 13.32+2.71 4.81+0.08 | 0.0064+0.0001
E&niss > 30 GeV 0.08+0.01 78.924+0.87 3.73+0.14 12.97+2.69 4.44+40.08 | 0.0077+0.0003
Effniss > 40 GeV 0.07+0.01 40.03+0.63 3.47+0.14 11.76+2.52 4.03+0.07 | 0.0093+0.0005
EF' > 50 GeV 0.0640.01 21.30£0.50 3.21£0.13 10.07+2.44 3.64+0.07 | 0.0102+0.0008
ER' > 60 GeV 0.0640.01 12.57+0.32 2.92+0.13 8.00+2.04 3.1840.06 | 0.0107+0.0008
ER's > 170 GeV 0.0540.01 7.621+0.26 2.60£0.12 5.86+1.84 2.82+0.06 | 0.011240.0010
ER' > 80 GeV 0.04+0.01 5.06+£0.22 2.2240.11 5.03+1.77 2.4240.06 | 0.011440.0012
ER'ss > 90 GeV 0.04+0.01 3.7140.20 1.9240.11 2.92+1.03 2.094+0.05 | 0.011940.0006
ER'ss > 100 GeV 0.02+0.00 2.714+0.18 1.6740.10 1.8940.91 1.8240.05 | 0.0069+0.0004

Table 1



2. Kinematic distributions after the optimisation

All plots are normalised to the number of the total background after the optimisation.
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Figure 9: Kinematics distribution of the 0/1-SFOS category after optimising the signal. The cuts are up to MET > 10 GeV.
The cut on the pff’ll is excluded since it’s not adding any improvement to the significance.



2.2. 2-SFOS
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Figure 10: Kinematics distribution of the 2-SFOS category after optimising the signal. The cuts are up to MET > 50 GeV.



