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Introduction

� Since the combinations between R and H peak around the mass
of the H boson;

� The mass points from (220-1000) GeV are modelled using a
Crystal ball plus Gaussian Pdf.
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Introduction

� The Crystal ball, CB, plus Gaussian, G, Pdf has the following form:

f (m4`) = fCB ·CB(m4`;µ, σCB, αCB,nCB) + (1− fCB) ·G(m4`;µ, σG)

• σC and σG represent the invariant mass resolution;
• µ is the mean value fixed to same parameter for both Pdf;
• nC and αC model the shape and position of the non-Gaussian

tail;
• Where nC is the slop of the tail and αC measures how far

from the peak the distribution become non-Gaussian;
• fC is the relative normalisation of the Pdf.
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New optimal cuts on p4`
T and Metsig

� There are new cuts after including JVT on Met calculation;
� The fake Met will be much smaller, old optimal cuts on backup

slides;
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� The fit is performed after the 4-lepton cut and the following cuts:
• Ncentral

jet = 0, p4`
T > 20 GeV and Metsig > 2.0

• Ncentral
jet ≥ 1 and Metsig > 2.5
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Zero central jet category
4µ-channel
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Zero central jet category
4µ-channel
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Zero central jet category
4µ-channel
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Zero central jet category
4e-channel
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Zero central jet category
4e-channel
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Zero central jet category
4e-channel
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Zero central jet category
2µ2e-channel
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Zero central jet category
2µ2e-channel
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Zero central jet category
2µ2e-channel
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Interpolation of µ, fC, σG, σC and αC parameters
4µ-channel
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Interpolation of µ, fC, σG, σC and αC parameters
4e-channel
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Interpolation of µ, fC, σG, σC and αC parameters
2µ2e-channel
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Study the bias inducted by the signal extraction
Zero central jet category
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The final signal shapes, interpolated from the
polynomial fit parameters
Zero central jet category
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At least one central jet category
4µ-channel
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At least one central jet category
4µ-channel
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At least one central jet category
4µ-channel
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At least one central jet category
4e-channel
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At least one central jet category
4e-channel
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At least one central jet category
4e-channel
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At least one central jet category
2µ2e-channel

10

210

3
10

410

E
v
e
n
ts

 /
 (

 1
.2

4
 G

e
V

 )
 Simulation InternalATLAS

miss

T
2e + Eµ 2→ SH →R 

) = (390, 220) GeV
H

, m
R

(m

 1≥ 
central

jetN

Fit

MC

180 190 200 210 220 230

 [GeV]2eµ2m

4−

2−

0
2
4

F
it
 R

e
s
id

u
a
l 10

210

3
10

410

E
v
e
n
ts

 /
 (

 1
.2

4
 G

e
V

 )

 Simulation InternalATLAS
miss

T
2e + Eµ 2→ SH →R 

) = (450, 220) GeV
H

, m
R

(m

 1≥ 
central

jetN

Fit

MC

180 190 200 210 220 230

 [GeV]2eµ2m

4−

2−

0
2
4

F
it
 R

e
s
id

u
a
l

10

210

3
10

410

E
v
e
n
ts

 /
 (

 1
.2

4
 G

e
V

 )

 Simulation InternalATLAS
miss

T
2e + Eµ 2→ SH →R 

) = (800, 220) GeV
H

, m
R

(m

 1≥ 
central

jetN

Fit

MC

180 190 200 210 220 230

 [GeV]2eµ2m

4−

2−

0
2
4

F
it
 R

e
s
id

u
a
l

210

3
10

410

E
v
e
n
ts

 /
 (

 1
.2

4
 G

e
V

 )

 Simulation InternalATLAS
miss

T
2e + Eµ 2→ SH →R 

) = (1500, 220) GeV
H

, m
R

(m

 1≥ 
central

jetN

Fit

MC

180 190 200 210 220 230

 [GeV]2eµ2m

4−

2−

0
2
4

F
it
 R

e
s
id

u
a
l

Abdualazem | gg → R → SH → 4` + Emiss
T



26

At least one central jet category
2µ2e-channel
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At least one central jet category
2µ2e-channel

210

3
10

410
E

v
e
n
ts

 /
 (

 5
.8

 G
e
V

 )

 Simulation InternalATLAS
miss

T
2e + Eµ 2→ SH →R 

) = (1500, 1000) GeV
H

, m
R

(m

 1≥ 
central

jetN

Fit

MC

800 850 900 950 1000 1050

 [GeV]2eµ2m

4−

2−

0
2
4

F
it
 R

e
s
id

u
a
l

Abdualazem | gg → R → SH → 4` + Emiss
T



28

Interpolation of µ, fC, σG, σC and αC parameters
4µ-channel
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Interpolation of µ, fC, σG, σC and αC parameters
4e-channel
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Interpolation of µ, fC, σG, σC and αC parameters
2µ2e-channel

200 300 400 500 600 700 800 900 1000
 [GeV]2eµ2m

200

400

600

800

1000

1200

1400

 [
G

e
V

]
µ

 / ndf 2χ  91.29 / 5

Prob  18− 3.597e

p0        0.3695± 0.4552 

p1        0.002805± 0.9948 

p2       06− 6.101e±06 − 5.141e

p3       09− 3.699e±09 −2.084e− 

ATLAS Simulation Internal
miss

T
2e + Eµ 2→ SH →R 

 1≥ 
central

jetN

200 300 400 500 600 700 800 900 1000
 [GeV]2eµ2m

0.75

0.8

0.85

0.9

0.95

G
σ

 / ndf 2χ  48.83 / 5

Prob  09− 2.401e

p0        0.1554± 0.9405 

p1        0.00115±0.0009924 − 

p2       06− 2.394e±06 − 2.079e

p3       09− 1.402e±09 −1.282e− 

ATLAS Simulation Internal
miss

T
2e + Eµ 2→ SH →R 

 1≥ 
central

jetN

200 300 400 500 600 700 800 900 1000
 [GeV]2eµ2m

10

20

30

40

50C
B

α

 / ndf 2χ  3.799 / 5

Prob   0.5788

p0        2.816± 6.184 

p1        0.02135±0.01972 − 

p2       05− 4.629e± 0.0001033 

p3       08− 2.794e±08 −5.693e− 

ATLAS Simulation Internal
miss

T
2e + Eµ 2→ SH →R 

 1≥ 
central

jetN

200 300 400 500 600 700 800 900 1000
 [GeV]2eµ2m

2

4

6

8

10

12

14

16

18C
B

σ

 / ndf 2χ  27.24 / 6

Prob   0.0001307

p0        0.1653±0.2667 − 

p1        0.000885± 0.01218 

p2       07− 8.243e±07 − 1.178e

ATLAS Simulation Internal
miss

T
2e + Eµ 2→ SH →R 

 1≥ 
central

jetN

200 300 400 500 600 700 800 900 1000
 [GeV]2eµ2m

1

1.05

1.1

1.15

1.2

1.25

1.3

Cf

 / ndf 2χ  13.97 / 5

Prob   0.0158

p0        0.253± 1.041 

p1        0.001873± 0.0001426 

p2       06− 3.903e±07 − 6.059e

p3       09− 2.288e±10 −6.495e− 

ATLAS Simulation Internal
miss

T
2e + Eµ 2→ SH →R 

 1≥ 
central

jetN

Abdualazem | gg → R → SH → 4` + Emiss
T



31

Study the bias inducted by the signal extraction
At least one central jet category
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The final signal shapes, interpolated from the
polynomial fit parameters
At least one central jet category
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Summary

� A good fit quality is obtained in the whole mass points;
� The extraction of signal yields using the analytical function

introduces about 1.5% bias;
� And can be included with the systematics uncertainty in the final

fit.

Abdualazem | gg → R → SH → 4` + Emiss
T
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Additional slides
Signal and background

Signal samples have already been produced, JIRA, as follows:

� The mass of S is fixed to 160 GeV;
� The masses of R are 390 GeV, 450 GeV, 800 GeV and 1500 GeV:

• mR = 390 GeV: mH = 220 GeV
• mR = 450 GeV: mH = 220 GeV and 250 GeV
• mR = 800 GeV: mH = 220 GeV, 300 GeV and 500 GeV
• mR = 1500 GeV:mH = 220 GeV, 250 GeV and 1000 GeV

� Requested HIGG2D1 derivation with cache: 21.2.55 and p-tag:
p3782. All jobs are finished see here; and

� The mini-tree production is done using HZZAnalRun2Code.

Background samples

� qqZZ ∗, ggZZ ∗, t t̄Z , Z + jets, t t̄ and VVV .

Abdualazem | gg → R → SH → 4` + Emiss
T

https://its.cern.ch/jira/browse/ATLMCPROD-6847
https://prodtask-dev.cern.ch/prodtask/inputlist_with_request/23658/
https://gitlab.cern.ch/HZZ/HZZSoftware/HZZAnalRun2Code
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Additional slides
RSH-signal optimisation

Optimise the m4` of the RSH-signal by doing 2D scan of p4`
T and Emiss

T ,
and select the cut that gives maximum significance.

Abdualazem | gg → R → SH → 4` + Emiss
T
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Additional slides
RSH-signal optimisation

Optimise the m4` of the RSH-signal by doing 2D scan of p4`
T and

Metsig, and select the cut that gives maximum significance.

Abdualazem | gg → R → SH → 4` + Emiss
T
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Additional slides
RSH-signal optimisation

� Signal and background are mc16a, mc16d and mc16e combined;
� The signal cross section (xsection×BR) is 1 fb−1 (set by hand);
� The significance is calculated using S/

√
S + B and S/

√
B;

� S, and B are the signal and background event, respectively;
� Background events are normalised to cross section for the

m4` > 200 GeV;
� Scaling background events by 20.3% uncertainty. It’s calculated

as follow:

The background scaled by a number extracted as follows: For instance,
for mH = 220, and mR = 390: events in m4`(210− 230) GeV over the
full range of m4`(> 200) GeV.

Abdualazem | gg → R → SH → 4` + Emiss
T
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Additional slides
2D mapping of p4`

T and Metsig

Abdualazem | gg → R → SH → 4` + Emiss
T
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Additional slides

Abdualazem | gg → R → SH → 4` + Emiss
T
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Additional slides
Kinematic distributions for the signal

Abdualazem | gg → R → SH → 4` + Emiss
T
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Additional slides
Kinematic distributions for the signal

Abdualazem | gg → R → SH → 4` + Emiss
T
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Additional slides
Kinematic distributions for the signal

Abdualazem | gg → R → SH → 4` + Emiss
T
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Additional slides
Kinematic distributions for signal & background

Figure: The invariant mass of the first (left) and the second (right) lepton pairs.

Abdualazem | gg → R → SH → 4` + Emiss
T
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Additional slides
Kinematic distributions

Figure: The invariant mass of the first (left) and the second (right) lepton pairs.

Abdualazem | gg → R → SH → 4` + Emiss
T
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Additional slides
Kinematic distributions

Figure: The invariant mass of the first (left) and the second (right) lepton pairs.
Abdualazem | gg → R → SH → 4` + Emiss

T
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Additional slides
p4`

T and Emiss
T scan for zero central jet

(mR ,mH) = (390,220) qqZZ ∗ ggZZ ∗ t t̄Z Z + jets t t̄ VVV s/
√

s + b s/
√

b
4` 65.92±0.29 2474.93±7.43 345.02±1.04 26.89±0.61 2.59±0.24 3.28±0.56 13.74±0.15 2.59 2.73
B-veto 61.32±0.28 2358.82±7.33 330.25±1.02 4.45±0.25 2.38±0.23 1.94±0.41 12.96±0.15 2.48 2.61
NCjet = 0 28.64±0.19 1582.11±6.15 208.34±0.81 0.99±0.10 1.82±0.20 0.65±0.23 7.22±0.10 1.44 1.50
p4`

T > 0.00 & Emiss
T > 0.00 GeV 28.64±0.19 1582.11±6.15 208.34±0.81 0.99±0.10 1.82±0.20 0.65±0.23 7.22±0.10 1.44 1.50

p4`
T > 0.00 & Emiss

T > 10.00 GeV 27.76±0.19 1340.84±5.70 184.65±0.76 0.98±0.09 1.67±0.19 0.65±0.23 7.11±0.10 1.51 1.57
p4`

T > 0.00 & Emiss
T > 20.00 GeV 24.99±0.18 958.03±4.79 137.07±0.66 0.96±0.09 1.35±0.17 0.57±0.22 6.80±0.10 1.58 1.67

p4`
T > 0.00 & Emiss

T > 30.00 GeV 20.74±0.16 603.46±3.81 89.74±0.53 0.94±0.09 1.01±0.15 0.48±0.20 6.38±0.09 1.62 1.74
p4`

T > 0.00 & Emiss
T > 40.00 GeV 15.31±0.14 349.69±2.81 53.37±0.41 0.83±0.09 0.64±0.12 0.40±0.18 5.86±0.09 1.54 1.68

p4`
T > 0.00 & Emiss

T > 50.00 GeV 10.20±0.11 188.73±1.98 29.02±0.30 0.72±0.08 0.37±0.09 0.40±0.18 5.29±0.09 1.37 1.51
p4`

T > 0.00 & Emiss
T > 60.00 GeV 6.30±0.09 98.23±1.43 14.80±0.21 0.66±0.08 0.21±0.07 0.40±0.18 4.69±0.08 1.14 1.28

p4`
T > 0.00 & Emiss

T > 70.00 GeV 3.76±0.07 47.62±0.97 7.24±0.15 0.53±0.07 0.16±0.06 0.21±0.13 4.10±0.08 0.94 1.08
p4`

T > 0.00 & Emiss
T > 80.00 GeV 2.12±0.05 22.15±0.64 3.49±0.10 0.44±0.07 0.10±0.05 0.09±0.09 3.58±0.07 0.74 0.86

p4`
T > 0.00 & Emiss

T > 90.00 GeV 1.20±0.04 10.53±0.43 1.64±0.07 0.40±0.06 0.10±0.05 0.09±0.09 3.11±0.07 0.57 0.67
p4`

T > 0.00 & Emiss
T > 100.00 GeV 0.65±0.03 4.90±0.29 0.76±0.05 0.32±0.05 0.02±0.02 0.09±0.09 2.66±0.06 0.42 0.49

p4`
T > 10.00 & Emiss

T > 0.00 GeV 27.71±0.19 1047.97±5.52 177.23±0.75 0.99±0.10 1.55±0.19 0.57±0.22 7.10±0.10 1.66 1.75
p4`

T > 10.00 & Emiss
T > 10.00 GeV 26.92±0.18 927.53±5.17 160.03±0.71 0.98±0.09 1.44±0.18 0.57±0.22 7.01±0.10 1.70 1.80

p4`
T > 10.00 & Emiss

T > 20.00 GeV 24.38±0.17 665.13±4.35 119.53±0.61 0.96±0.09 1.19±0.16 0.57±0.22 6.73±0.10 1.79 1.92
p4`

T > 10.00 & Emiss
T > 30.00 GeV 20.31±0.16 429.67±3.48 79.14±0.50 0.94±0.09 0.87±0.14 0.48±0.20 6.33±0.09 1.81 1.98

p4`
T > 10.00 & Emiss

T > 40.00 GeV 15.00±0.14 253.40±2.57 47.59±0.39 0.83±0.09 0.57±0.11 0.40±0.18 5.83±0.09 1.70 1.89
p4`

T > 10.00 & Emiss
T > 50.00 GeV 10.01±0.11 138.63±1.80 26.04±0.29 0.72±0.08 0.35±0.09 0.40±0.18 5.26±0.09 1.50 1.70

p4`
T > 10.00 & Emiss

T > 60.00 GeV 6.18±0.09 73.15±1.31 13.38±0.20 0.66±0.08 0.21±0.07 0.40±0.18 4.67±0.08 1.24 1.43
p4`

T > 10.00 & Emiss
T > 70.00 GeV 3.71±0.07 36.28±0.89 6.57±0.14 0.53±0.07 0.16±0.06 0.21±0.13 4.09±0.07 1.01 1.19

p4`
T > 10.00 & Emiss

T > 80.00 GeV 2.09±0.05 16.98±0.59 3.18±0.10 0.44±0.07 0.10±0.05 0.09±0.09 3.57±0.07 0.79 0.94
p4`

T > 10.00 & Emiss
T > 90.00 GeV 1.19±0.04 8.09±0.39 1.49±0.07 0.40±0.06 0.10±0.05 0.09±0.09 3.10±0.07 0.60 0.72

p4`
T > 10.00 & Emiss

T > 100.00 GeV 0.65±0.03 3.85±0.27 0.68±0.05 0.32±0.05 0.02±0.02 0.09±0.09 2.65±0.06 0.44 0.52
p4`

T > 20.00 & Emiss
T > 0.00 GeV 24.98±0.18 560.98±4.37 116.70±0.61 0.97±0.09 1.20±0.17 0.57±0.22 6.78±0.10 1.95 2.11

p4`
T > 20.00 & Emiss

T > 10.00 GeV 24.35±0.17 508.27±4.16 107.26±0.58 0.96±0.09 1.14±0.16 0.57±0.22 6.72±0.10 1.98 2.16
p4`

T > 20.00 & Emiss
T > 20.00 GeV 22.29±0.17 386.27±3.58 83.74±0.51 0.94±0.09 1.04±0.15 0.57±0.22 6.52±0.09 2.04 2.26

p4`
T > 20.00 & Emiss

T > 30.00 GeV 18.80±0.15 255.52±2.90 56.67±0.42 0.92±0.09 0.76±0.13 0.48±0.20 6.19±0.09 2.05 2.33
p4`

T > 20.00 & Emiss
T > 40.00 GeV 13.94±0.13 155.77±2.14 35.07±0.33 0.81±0.09 0.46±0.10 0.40±0.18 5.74±0.09 1.89 2.20

p4`
T > 20.00 & Emiss

T > 50.00 GeV 9.33±0.11 87.44±1.47 19.67±0.25 0.71±0.08 0.28±0.08 0.40±0.18 5.20±0.08 1.64 1.94
p4`

T > 20.00 & Emiss
T > 60.00 GeV 5.74±0.08 47.35±1.07 10.27±0.18 0.65±0.08 0.14±0.05 0.40±0.18 4.65±0.08 1.33 1.60

p4`
T > 20.00 & Emiss

T > 70.00 GeV 3.41±0.06 24.19±0.73 5.06±0.13 0.52±0.07 0.09±0.04 0.21±0.13 4.07±0.07 1.06 1.29
p4`

T > 20.00 & Emiss
T > 80.00 GeV 1.94±0.05 11.82±0.48 2.52±0.09 0.43±0.07 0.05±0.03 0.09±0.09 3.57±0.07 0.81 1.00

p4`
T > 20.00 & Emiss

T > 90.00 GeV 1.09±0.04 5.49±0.33 1.19±0.06 0.39±0.06 0.05±0.03 0.09±0.09 3.10±0.07 0.61 0.76
p4`

T > 20.00 & Emiss
T > 100.00 GeV 0.59±0.03 2.70±0.22 0.53±0.04 0.31±0.05 0.02±0.02 0.09±0.09 2.65±0.06 0.43 0.52

p4`
T > 30.00 & Emiss

T > 0.00 GeV 20.20±0.16 306.80±2.95 69.12±0.47 0.93±0.09 0.87±0.14 0.49±0.20 6.30±0.09 2.04 2.29
p4`

T > 30.00 & Emiss
T > 10.00 GeV 19.77±0.16 279.66±2.82 64.10±0.45 0.91±0.09 0.83±0.14 0.49±0.20 6.26±0.09 2.07 2.34

p4`
T > 30.00 & Emiss

T > 20.00 GeV 18.32±0.15 218.73±2.50 51.98±0.40 0.90±0.09 0.81±0.13 0.49±0.20 6.13±0.09 2.12 2.43
p4`

T > 30.00 & Emiss
T > 30.00 GeV 15.85±0.14 151.09±2.02 36.70±0.34 0.89±0.09 0.61±0.12 0.40±0.18 5.91±0.09 2.13 2.51

p4`
T > 30.00 & Emiss

T > 40.00 GeV 12.00±0.12 93.75±1.40 23.23±0.27 0.79±0.09 0.39±0.09 0.40±0.18 5.54±0.09 1.97 2.39
p4`

T > 30.00 & Emiss
T > 50.00 GeV 8.07±0.10 53.87±1.05 13.61±0.21 0.69±0.08 0.26±0.08 0.40±0.18 5.08±0.08 1.68 2.08

Abdualazem | gg → R → SH → 4` + Emiss
T
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Additional slides
p4`

T and Emiss
T scan for zero central jet

(mR ,mH) = (390,220) qqZZ ∗ ggZZ ∗ t t̄Z Z + jets t t̄ VVV s/
√

s + b s/
√

b
4` 65.92±0.29 2474.93±7.43 345.02±1.04 26.89±0.61 2.59±0.24 3.28±0.56 13.74±0.15 2.59 2.73
B-veto 61.32±0.28 2358.82±7.33 330.25±1.02 4.45±0.25 2.38±0.23 1.94±0.41 12.96±0.15 2.48 2.61
NCjet = 0 28.64±0.19 1582.11±6.15 208.34±0.81 0.99±0.10 1.82±0.20 0.65±0.23 7.22±0.10 1.44 1.50
p4`

T > 30.00 & Emiss
T > 60.00 GeV 5.01±0.08 30.02±0.75 7.28±0.15 0.64±0.08 0.14±0.05 0.40±0.18 4.58±0.08 1.35 1.69

p4`
T > 30.00 & Emiss

T > 70.00 GeV 2.99±0.06 15.89±0.53 3.64±0.11 0.51±0.07 0.09±0.04 0.21±0.13 4.04±0.07 1.06 1.34
p4`

T > 30.00 & Emiss
T > 80.00 GeV 1.70±0.05 8.17±0.36 1.85±0.08 0.43±0.07 0.05±0.03 0.09±0.09 3.55±0.07 0.80 1.01

p4`
T > 30.00 & Emiss

T > 90.00 GeV 0.97±0.03 4.02±0.24 0.91±0.05 0.39±0.06 0.05±0.03 0.09±0.09 3.08±0.07 0.59 0.74
p4`

T > 30.00 & Emiss
T > 100.00 GeV 0.52±0.03 1.87±0.17 0.41±0.04 0.31±0.05 0.02±0.02 0.09±0.09 2.64±0.06 0.41 0.50

p4`
T > 40.00 & Emiss

T > 0.00 GeV 13.66±0.13 164.79±1.84 39.99±0.36 0.89±0.09 0.47±0.10 0.39±0.18 5.69±0.09 1.81 2.08
p4`

T > 40.00 & Emiss
T > 10.00 GeV 13.41±0.13 151.54±1.74 37.26±0.34 0.87±0.09 0.47±0.10 0.39±0.18 5.67±0.09 1.84 2.12

p4`
T > 40.00 & Emiss

T > 20.00 GeV 12.47±0.12 120.21±1.52 30.67±0.31 0.86±0.09 0.47±0.10 0.39±0.18 5.61±0.09 1.87 2.20
p4`

T > 40.00 & Emiss
T > 30.00 GeV 10.96±0.12 86.25±1.24 22.39±0.27 0.84±0.09 0.38±0.09 0.30±0.16 5.47±0.09 1.87 2.26

p4`
T > 40.00 & Emiss

T > 40.00 GeV 8.73±0.10 55.08±0.96 14.63±0.21 0.75±0.08 0.29±0.08 0.30±0.16 5.25±0.09 1.77 2.22
p4`

T > 40.00 & Emiss
T > 50.00 GeV 6.03±0.09 32.14±0.72 8.86±0.17 0.66±0.08 0.16±0.06 0.30±0.16 4.87±0.08 1.53 1.95

p4`
T > 40.00 & Emiss

T > 60.00 GeV 3.80±0.07 18.76±0.54 4.84±0.12 0.61±0.08 0.09±0.04 0.30±0.16 4.45±0.08 1.22 1.56
p4`

T > 40.00 & Emiss
T > 70.00 GeV 2.37±0.05 10.59±0.39 2.47±0.09 0.49±0.07 0.07±0.04 0.21±0.13 3.97±0.07 0.97 1.25

p4`
T > 40.00 & Emiss

T > 80.00 GeV 1.36±0.04 5.59±0.28 1.23±0.06 0.42±0.07 0.03±0.02 0.09±0.09 3.51±0.07 0.72 0.92
p4`

T > 40.00 & Emiss
T > 90.00 GeV 0.77±0.03 3.11±0.19 0.63±0.04 0.39±0.06 0.03±0.02 0.09±0.09 3.06±0.06 0.51 0.63

p4`
T > 40.00 & Emiss

T > 100.00 GeV 0.42±0.02 1.55±0.13 0.31±0.03 0.31±0.05 0.00±0.00 0.09±0.09 2.63±0.06 0.36 0.43
p4`

T > 50.00 & Emiss
T > 0.00 GeV 7.39±0.10 92.53±1.23 23.15±0.27 0.82±0.09 0.34±0.09 0.30±0.16 5.14±0.08 1.30 1.48

p4`
T > 50.00 & Emiss

T > 10.00 GeV 7.22±0.09 85.85±1.18 21.58±0.26 0.80±0.09 0.34±0.09 0.30±0.16 5.13±0.08 1.31 1.50
p4`

T > 50.00 & Emiss
T > 20.00 GeV 6.69±0.09 69.21±1.01 17.86±0.24 0.79±0.08 0.34±0.09 0.30±0.16 5.10±0.08 1.32 1.54

p4`
T > 50.00 & Emiss

T > 30.00 GeV 5.88±0.09 50.27±0.82 13.11±0.20 0.76±0.08 0.27±0.08 0.30±0.16 5.02±0.08 1.31 1.56
p4`

T > 50.00 & Emiss
T > 40.00 GeV 4.79±0.08 32.77±0.66 8.72±0.17 0.68±0.08 0.22±0.07 0.30±0.16 4.88±0.08 1.26 1.54

p4`
T > 50.00 & Emiss

T > 50.00 GeV 3.58±0.07 20.41±0.51 5.46±0.13 0.61±0.08 0.14±0.05 0.30±0.16 4.62±0.08 1.13 1.42
p4`

T > 50.00 & Emiss
T > 60.00 GeV 2.35±0.05 12.13±0.39 3.10±0.10 0.58±0.08 0.09±0.04 0.30±0.16 4.29±0.08 0.92 1.15

p4`
T > 50.00 & Emiss

T > 70.00 GeV 1.51±0.04 7.12±0.29 1.64±0.07 0.47±0.07 0.07±0.04 0.21±0.13 3.88±0.07 0.73 0.91
p4`

T > 50.00 & Emiss
T > 80.00 GeV 0.89±0.03 3.84±0.21 0.82±0.05 0.42±0.06 0.03±0.02 0.09±0.09 3.44±0.07 0.55 0.67

p4`
T > 50.00 & Emiss

T > 90.00 GeV 0.53±0.03 2.24±0.14 0.42±0.04 0.38±0.06 0.03±0.02 0.09±0.09 3.03±0.06 0.39 0.47
p4`

T > 50.00 & Emiss
T > 100.00 GeV 0.31±0.02 1.14±0.10 0.21±0.02 0.29±0.05 0.00±0.00 0.09±0.09 2.62±0.06 0.29 0.33

p4`
T > 60.00 & Emiss

T > 0.00 GeV 3.93±0.07 56.19±0.90 13.71±0.21 0.73±0.08 0.20±0.07 0.27±0.15 4.55±0.08 0.90 1.00
p4`

T > 60.00 & Emiss
T > 10.00 GeV 3.84±0.07 52.00±0.86 12.85±0.20 0.72±0.08 0.20±0.07 0.27±0.15 4.54±0.08 0.90 1.01

p4`
T > 60.00 & Emiss

T > 20.00 GeV 3.53±0.07 41.55±0.74 10.65±0.18 0.71±0.08 0.20±0.07 0.27±0.15 4.53±0.08 0.90 1.03
p4`

T > 60.00 & Emiss
T > 30.00 GeV 3.06±0.06 30.67±0.59 7.91±0.16 0.69±0.08 0.18±0.06 0.27±0.15 4.49±0.08 0.88 1.02

p4`
T > 60.00 & Emiss

T > 40.00 GeV 2.51±0.06 20.57±0.48 5.29±0.13 0.63±0.08 0.15±0.06 0.27±0.15 4.40±0.08 0.84 0.99
p4`

T > 60.00 & Emiss
T > 50.00 GeV 1.98±0.05 12.93±0.37 3.44±0.10 0.58±0.08 0.09±0.04 0.27±0.15 4.23±0.08 0.78 0.94

p4`
T > 60.00 & Emiss

T > 60.00 GeV 1.37±0.04 7.80±0.29 1.99±0.08 0.57±0.08 0.07±0.04 0.27±0.15 4.02±0.07 0.66 0.79
p4`

T > 60.00 & Emiss
T > 70.00 GeV 0.93±0.03 4.75±0.21 1.11±0.06 0.46±0.07 0.07±0.04 0.17±0.12 3.69±0.07 0.54 0.65

p4`
T > 60.00 & Emiss

T > 80.00 GeV 0.58±0.03 2.66±0.15 0.59±0.04 0.40±0.06 0.03±0.02 0.09±0.09 3.33±0.07 0.41 0.49
p4`

T > 60.00 & Emiss
T > 90.00 GeV 0.37±0.02 1.71±0.12 0.31±0.03 0.36±0.06 0.03±0.02 0.09±0.09 2.97±0.06 0.31 0.35

p4`
T > 60.00 & Emiss

T > 100.00 GeV 0.25±0.02 0.96±0.08 0.17±0.02 0.28±0.05 0.00±0.00 0.09±0.09 2.59±0.06 0.24 0.27

Abdualazem | gg → R → SH → 4` + Emiss
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Additional slides
p4`

T and Emiss
T scan for one or more central jet

(mR ,mH) = (390,220) qqZZ ∗ ggZZ ∗ t t̄Z Z + jets t t̄ VVV s/
√

s + b s/
√

b
4` 65.92±0.29 2474.93±7.43 345.02±1.04 26.89±0.61 2.59±0.24 3.28±0.56 13.74±0.15 2.59 2.73
B-veto 61.32±0.28 2358.82±7.33 330.25±1.02 4.45±0.25 2.38±0.23 1.94±0.41 12.96±0.15 2.48 2.61
NCjet ≥ 1 32.68±0.19 776.71±6.15 121.91±0.81 3.46±0.10 0.56±0.20 1.30±0.23 5.74±0.10 2.22 2.41
p4`

T > 0.00 & Emiss
T > 0.00 GeV 32.68±0.19 776.71±6.15 121.91±0.81 3.46±0.10 0.56±0.20 1.30±0.23 5.74±0.10 2.22 2.41

p4`
T > 0.00 & Emiss

T > 10.00 GeV 32.11±0.19 699.06±5.70 111.29±0.76 3.42±0.09 0.47±0.19 1.30±0.23 5.69±0.10 2.28 2.49
p4`

T > 0.00 & Emiss
T > 20.00 GeV 30.40±0.18 534.26±4.79 87.26±0.66 3.32±0.09 0.38±0.17 1.30±0.22 5.52±0.10 2.41 2.68

p4`
T > 0.00 & Emiss

T > 30.00 GeV 27.59±0.16 364.50±3.81 60.72±0.53 3.11±0.09 0.30±0.15 1.30±0.20 5.27±0.09 2.56 2.94
p4`

T > 0.00 & Emiss
T > 40.00 GeV 24.23±0.14 225.64±2.81 38.50±0.41 2.97±0.09 0.16±0.12 1.22±0.18 4.94±0.09 2.71 3.25

p4`
T > 0.00 & Emiss

T > 50.00 GeV 20.57±0.11 130.91±1.98 22.70±0.30 2.70±0.08 0.05±0.09 0.99±0.18 4.54±0.09 2.81 3.59
p4`

T > 0.00 & Emiss
T > 60.00 GeV 17.11±0.09 73.40±1.43 12.71±0.21 2.49±0.08 0.01±0.07 0.99±0.18 4.09±0.08 2.85 3.92

p4`
T > 0.00 & Emiss

T > 70.00 GeV 14.05±0.07 38.36±0.97 6.89±0.15 2.18±0.07 0.01±0.06 0.82±0.13 3.62±0.08 2.83 4.33
p4`

T > 0.00 & Emiss
T > 80.00 GeV 11.32±0.05 20.64±0.64 3.59±0.10 1.94±0.07 0.01±0.05 0.65±0.09 3.27±0.07 2.71 4.58

p4`
T > 0.00 & Emiss

T > 90.00 GeV 9.08±0.04 10.47±0.43 1.80±0.07 1.73±0.06 0.03±0.05 0.57±0.09 2.93±0.07 2.56 4.82
p4`

T > 0.00 & Emiss
T > 100.00 GeV 7.40±0.03 5.45±0.29 0.92±0.05 1.46±0.05 0.03±0.02 0.48±0.09 2.62±0.06 2.39 4.96

p4`
T > 10.00 & Emiss

T > 0.00 GeV 32.17±0.19 756.97±5.52 120.08±0.75 3.48±0.10 0.56±0.19 1.30±0.22 5.69±0.10 2.21 2.40
p4`

T > 10.00 & Emiss
T > 10.00 GeV 31.60±0.18 680.91±5.17 109.59±0.71 3.43±0.09 0.47±0.18 1.30±0.22 5.65±0.10 2.27 2.48

p4`
T > 10.00 & Emiss

T > 20.00 GeV 29.91±0.17 519.30±4.35 85.85±0.61 3.33±0.09 0.38±0.16 1.30±0.22 5.48±0.10 2.40 2.68
p4`

T > 10.00 & Emiss
T > 30.00 GeV 27.14±0.16 353.42±3.48 59.68±0.50 3.13±0.09 0.30±0.14 1.30±0.20 5.23±0.09 2.55 2.93

p4`
T > 10.00 & Emiss

T > 40.00 GeV 23.83±0.14 218.62±2.57 37.84±0.39 2.98±0.09 0.16±0.11 1.22±0.18 4.91±0.09 2.70 3.24
p4`

T > 10.00 & Emiss
T > 50.00 GeV 20.28±0.11 126.73±1.80 22.31±0.29 2.71±0.08 0.05±0.09 0.99±0.18 4.51±0.09 2.81 3.59

p4`
T > 10.00 & Emiss

T > 60.00 GeV 16.89±0.09 70.99±1.31 12.50±0.20 2.49±0.08 0.01±0.07 0.99±0.18 4.07±0.08 2.84 3.93
p4`

T > 10.00 & Emiss
T > 70.00 GeV 13.89±0.07 37.21±0.89 6.78±0.14 2.19±0.07 0.01±0.06 0.82±0.13 3.61±0.07 2.83 4.33

p4`
T > 10.00 & Emiss

T > 80.00 GeV 11.23±0.05 20.06±0.59 3.53±0.10 1.96±0.07 0.01±0.05 0.65±0.09 3.26±0.07 2.71 4.59
p4`

T > 10.00 & Emiss
T > 90.00 GeV 9.04±0.04 10.21±0.39 1.77±0.07 1.74±0.06 0.03±0.05 0.57±0.09 2.92±0.07 2.55 4.83

p4`
T > 10.00 & Emiss

T > 100.00 GeV 7.36±0.03 5.33±0.27 0.91±0.05 1.47±0.05 0.03±0.02 0.48±0.09 2.62±0.06 2.38 4.96
p4`

T > 20.00 & Emiss
T > 0.00 GeV 30.64±0.18 717.49±4.37 113.74±0.61 3.44±0.09 0.56±0.17 1.30±0.22 5.56±0.10 2.16 2.34

p4`
T > 20.00 & Emiss

T > 10.00 GeV 30.11±0.17 644.57±4.16 103.66±0.58 3.39±0.09 0.47±0.16 1.30±0.22 5.52±0.10 2.22 2.43
p4`

T > 20.00 & Emiss
T > 20.00 GeV 28.46±0.17 490.94±3.58 81.12±0.51 3.30±0.09 0.38±0.15 1.30±0.22 5.36±0.09 2.35 2.62

p4`
T > 20.00 & Emiss

T > 30.00 GeV 25.83±0.15 333.22±2.90 56.28±0.42 3.10±0.09 0.30±0.13 1.30±0.20 5.12±0.09 2.50 2.87
p4`

T > 20.00 & Emiss
T > 40.00 GeV 22.70±0.13 205.37±2.14 35.67±0.33 2.95±0.09 0.16±0.10 1.22±0.18 4.82±0.09 2.65 3.18

p4`
T > 20.00 & Emiss

T > 50.00 GeV 19.38±0.11 118.81±1.47 21.06±0.25 2.70±0.08 0.05±0.08 0.99±0.18 4.44±0.08 2.76 3.54
p4`

T > 20.00 & Emiss
T > 60.00 GeV 16.22±0.08 66.49±1.07 11.79±0.18 2.48±0.08 0.01±0.05 0.99±0.18 4.02±0.08 2.80 3.89

p4`
T > 20.00 & Emiss

T > 70.00 GeV 13.41±0.06 35.08±0.73 6.41±0.13 2.20±0.07 0.01±0.04 0.82±0.13 3.57±0.07 2.79 4.29
p4`

T > 20.00 & Emiss
T > 80.00 GeV 10.93±0.05 18.87±0.48 3.33±0.09 1.97±0.07 0.01±0.03 0.65±0.09 3.22±0.07 2.68 4.58

p4`
T > 20.00 & Emiss

T > 90.00 GeV 8.85±0.04 9.70±0.33 1.64±0.06 1.76±0.06 0.03±0.03 0.57±0.09 2.89±0.07 2.53 4.82
p4`

T > 20.00 & Emiss
T > 100.00 GeV 7.25±0.03 5.21±0.22 0.85±0.04 1.48±0.05 0.03±0.02 0.48±0.09 2.60±0.06 2.36 4.93

p4`
T > 30.00 & Emiss

T > 0.00 GeV 28.32±0.16 660.79±2.95 102.60±0.47 3.36±0.09 0.52±0.14 1.21±0.20 5.38±0.09 2.08 2.26
p4`

T > 30.00 & Emiss
T > 10.00 GeV 27.81±0.16 593.58±2.82 93.47±0.45 3.31±0.09 0.45±0.14 1.21±0.20 5.34±0.09 2.14 2.34

p4`
T > 30.00 & Emiss

T > 20.00 GeV 26.26±0.15 451.85±2.50 73.18±0.40 3.22±0.09 0.38±0.13 1.21±0.20 5.19±0.09 2.26 2.52
p4`

T > 30.00 & Emiss
T > 30.00 GeV 23.81±0.14 306.11±2.02 50.74±0.34 3.02±0.09 0.30±0.12 1.21±0.18 4.96±0.09 2.40 2.76

p4`
T > 30.00 & Emiss

T > 40.00 GeV 20.91±0.12 188.86±1.40 32.19±0.27 2.88±0.09 0.16±0.09 1.13±0.18 4.68±0.09 2.54 3.06
p4`

T > 30.00 & Emiss
T > 50.00 GeV 17.93±0.10 109.05±1.05 19.10±0.21 2.63±0.08 0.05±0.08 0.99±0.18 4.32±0.08 2.66 3.41
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Additional slides
p4`

T and Emiss
T scan for one or more central jet

(mR ,mH) = (390,220) qqZZ ∗ ggZZ ∗ t t̄Z Z + jets t t̄ VVV s/
√

s + b s/
√

b
4` 65.92±0.29 2474.93±7.43 345.02±1.04 26.89±0.61 2.59±0.24 3.28±0.56 13.74±0.15 2.59 2.73
B-veto 61.32±0.28 2358.82±7.33 330.25±1.02 4.45±0.25 2.38±0.23 1.94±0.41 12.96±0.15 2.48 2.61
NCjet ≥ 1 32.68±0.19 776.71±6.15 121.91±0.81 3.46±0.10 0.56±0.20 1.30±0.23 5.74±0.10 2.22 2.41
p4`

T > 30.00 & Emiss
T > 60.00 GeV 15.11±0.08 60.92±0.75 10.68±0.15 2.42±0.08 0.01±0.05 0.99±0.18 3.93±0.08 2.71 3.78

p4`
T > 30.00 & Emiss

T > 70.00 GeV 12.62±0.06 32.26±0.53 5.77±0.11 2.16±0.07 0.01±0.04 0.82±0.13 3.49±0.07 2.71 4.20
p4`

T > 30.00 & Emiss
T > 80.00 GeV 10.40±0.05 17.49±0.36 3.03±0.08 1.94±0.07 0.01±0.03 0.65±0.09 3.16±0.07 2.62 4.50

p4`
T > 30.00 & Emiss

T > 90.00 GeV 8.54±0.03 9.04±0.24 1.51±0.05 1.73±0.06 0.03±0.03 0.57±0.09 2.84±0.07 2.49 4.78
p4`

T > 30.00 & Emiss
T > 100.00 GeV 7.05±0.03 4.81±0.17 0.79±0.04 1.45±0.05 0.03±0.02 0.48±0.09 2.56±0.06 2.34 4.92

p4`
T > 40.00 & Emiss

T > 0.00 GeV 25.48±0.13 582.02±1.84 88.65±0.36 3.26±0.09 0.45±0.10 1.21±0.18 5.10±0.09 1.99 2.17
p4`

T > 40.00 & Emiss
T > 10.00 GeV 25.02±0.13 524.47±1.74 80.88±0.34 3.22±0.09 0.38±0.10 1.21±0.18 5.07±0.09 2.04 2.24

p4`
T > 40.00 & Emiss

T > 20.00 GeV 23.63±0.12 402.38±1.52 63.60±0.31 3.12±0.09 0.33±0.10 1.21±0.18 4.93±0.09 2.16 2.40
p4`

T > 40.00 & Emiss
T > 30.00 GeV 21.47±0.12 272.84±1.24 44.13±0.27 2.95±0.09 0.30±0.09 1.21±0.16 4.72±0.09 2.29 2.64

p4`
T > 40.00 & Emiss

T > 40.00 GeV 18.90±0.10 169.68±0.96 28.03±0.21 2.80±0.08 0.18±0.08 1.13±0.16 4.47±0.09 2.42 2.92
p4`

T > 40.00 & Emiss
T > 50.00 GeV 16.32±0.09 97.95±0.72 16.69±0.17 2.57±0.08 0.08±0.06 0.99±0.16 4.14±0.08 2.54 3.27

p4`
T > 40.00 & Emiss

T > 60.00 GeV 13.88±0.07 54.73±0.54 9.37±0.12 2.37±0.08 0.03±0.04 0.99±0.16 3.78±0.08 2.61 3.65
p4`

T > 40.00 & Emiss
T > 70.00 GeV 11.74±0.05 29.10±0.39 5.08±0.09 2.11±0.07 0.03±0.04 0.82±0.13 3.37±0.07 2.63 4.09

p4`
T > 40.00 & Emiss

T > 80.00 GeV 9.78±0.04 15.88±0.28 2.70±0.06 1.91±0.07 0.03±0.02 0.65±0.09 3.07±0.07 2.55 4.41
p4`

T > 40.00 & Emiss
T > 90.00 GeV 8.16±0.03 8.33±0.19 1.38±0.04 1.69±0.06 0.03±0.02 0.57±0.09 2.77±0.06 2.44 4.71

p4`
T > 40.00 & Emiss

T > 100.00 GeV 6.85±0.02 4.46±0.13 0.74±0.03 1.43±0.05 0.03±0.00 0.48±0.09 2.51±0.06 2.31 4.89
p4`

T > 50.00 & Emiss
T > 0.00 GeV 22.44±0.10 497.49±1.23 73.83±0.27 3.11±0.09 0.37±0.09 1.13±0.16 4.85±0.08 1.89 2.07

p4`
T > 50.00 & Emiss

T > 10.00 GeV 22.01±0.09 449.69±1.18 67.65±0.26 3.08±0.09 0.30±0.09 1.13±0.16 4.81±0.08 1.94 2.13
p4`

T > 50.00 & Emiss
T > 20.00 GeV 20.86±0.09 346.71±1.01 53.45±0.24 3.00±0.08 0.25±0.09 1.13±0.16 4.70±0.08 2.05 2.29

p4`
T > 50.00 & Emiss

T > 30.00 GeV 18.98±0.09 237.17±0.82 37.25±0.20 2.83±0.08 0.23±0.08 1.13±0.16 4.51±0.08 2.17 2.50
p4`

T > 50.00 & Emiss
T > 40.00 GeV 16.82±0.08 148.50±0.66 23.83±0.17 2.71±0.08 0.14±0.07 1.05±0.16 4.28±0.08 2.30 2.78

p4`
T > 50.00 & Emiss

T > 50.00 GeV 14.67±0.07 86.52±0.51 14.30±0.13 2.48±0.08 0.08±0.05 0.91±0.16 3.98±0.08 2.42 3.13
p4`

T > 50.00 & Emiss
T > 60.00 GeV 12.61±0.05 48.36±0.39 8.05±0.10 2.30±0.08 0.03±0.04 0.91±0.16 3.65±0.08 2.50 3.52

p4`
T > 50.00 & Emiss

T > 70.00 GeV 10.81±0.04 26.04±0.29 4.39±0.07 2.03±0.07 0.03±0.04 0.74±0.13 3.27±0.07 2.53 3.97
p4`

T > 50.00 & Emiss
T > 80.00 GeV 9.13±0.03 14.32±0.21 2.33±0.05 1.84±0.06 0.03±0.02 0.57±0.09 2.98±0.07 2.48 4.32

p4`
T > 50.00 & Emiss

T > 90.00 GeV 7.72±0.03 7.61±0.14 1.24±0.04 1.63±0.06 0.03±0.02 0.57±0.09 2.70±0.06 2.38 4.62
p4`

T > 50.00 & Emiss
T > 100.00 GeV 6.56±0.02 4.20±0.10 0.67±0.02 1.37±0.05 0.03±0.00 0.48±0.09 2.46±0.06 2.26 4.80

p4`
T > 60.00 & Emiss

T > 0.00 GeV 19.33±0.07 422.91±0.90 60.23±0.21 2.93±0.08 0.31±0.07 1.04±0.15 4.59±0.08 1.77 1.93
p4`

T > 60.00 & Emiss
T > 10.00 GeV 18.98±0.07 383.80±0.86 55.48±0.20 2.90±0.08 0.28±0.07 1.04±0.15 4.56±0.08 1.81 1.99

p4`
T > 60.00 & Emiss

T > 20.00 GeV 18.06±0.07 298.23±0.74 44.24±0.18 2.83±0.08 0.23±0.07 1.04±0.15 4.46±0.08 1.91 2.14
p4`

T > 60.00 & Emiss
T > 30.00 GeV 16.55±0.06 205.70±0.59 31.03±0.16 2.67±0.08 0.21±0.06 1.04±0.15 4.29±0.08 2.03 2.35

p4`
T > 60.00 & Emiss

T > 40.00 GeV 14.80±0.06 129.99±0.48 20.04±0.13 2.54±0.08 0.14±0.06 0.96±0.15 4.08±0.08 2.16 2.62
p4`

T > 60.00 & Emiss
T > 50.00 GeV 13.06±0.05 76.97±0.37 12.06±0.10 2.32±0.08 0.08±0.04 0.82±0.15 3.81±0.08 2.29 2.96

p4`
T > 60.00 & Emiss

T > 60.00 GeV 11.36±0.04 43.64±0.29 6.80±0.08 2.16±0.08 0.03±0.04 0.82±0.15 3.51±0.07 2.37 3.34
p4`

T > 60.00 & Emiss
T > 70.00 GeV 9.92±0.03 24.06±0.21 3.76±0.06 1.90±0.07 0.03±0.04 0.65±0.12 3.15±0.07 2.42 3.80

p4`
T > 60.00 & Emiss

T > 80.00 GeV 8.49±0.03 12.99±0.15 1.99±0.04 1.70±0.06 0.03±0.02 0.57±0.09 2.88±0.07 2.39 4.20
p4`

T > 60.00 & Emiss
T > 90.00 GeV 7.27±0.02 6.96±0.12 1.05±0.03 1.51±0.06 0.03±0.02 0.57±0.09 2.61±0.06 2.32 4.53

p4`
T > 60.00 & Emiss

T > 100.00 GeV 6.24±0.02 3.91±0.08 0.59±0.02 1.28±0.05 0.03±0.00 0.48±0.09 2.39±0.06 2.21 4.70
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Additional slides
p4`

T and Emiss
T scan for zero jet

(mR ,mH) = (390,220) qqZZ ∗ ggZZ ∗ t t̄Z Z + jets t t̄ VVV s/
√

s + b s/
√

b
4` 65.92±0.29 2474.93±7.43 345.02±1.04 26.89±0.61 2.59±0.24 3.28±0.56 13.74±0.15 2.59 2.73
B-veto 61.32±0.28 2358.82±7.33 330.25±1.02 4.45±0.25 2.38±0.23 1.94±0.41 12.96±0.15 2.48 2.61
Njet = 0 22.44±0.17 1434.33±5.84 176.34±0.75 0.65±0.08 1.52±0.19 0.61±0.23 6.47±0.09 1.20 1.24
p4`

T > 0.00 & Emiss
T > 0.00 GeV 22.44±0.17 1434.33±5.84 176.34±0.75 0.65±0.08 1.52±0.19 0.61±0.23 6.47±0.09 1.20 1.24

p4`
T > 0.00 & Emiss

T > 10.00 GeV 21.73±0.16 1204.91±5.39 155.38±0.70 0.65±0.08 1.37±0.17 0.61±0.23 6.36±0.09 1.26 1.30
p4`

T > 0.00 & Emiss
T > 20.00 GeV 19.51±0.16 847.15±4.55 114.02±0.60 0.65±0.08 1.05±0.15 0.53±0.21 6.08±0.09 1.33 1.39

p4`
T > 0.00 & Emiss

T > 30.00 GeV 16.02±0.14 522.45±3.58 73.28±0.48 0.64±0.08 0.75±0.13 0.44±0.20 5.68±0.09 1.36 1.45
p4`

T > 0.00 & Emiss
T > 40.00 GeV 11.48±0.12 295.20±2.62 42.67±0.37 0.54±0.07 0.46±0.10 0.36±0.18 5.23±0.08 1.27 1.37

p4`
T > 0.00 & Emiss

T > 50.00 GeV 7.21±0.09 154.78±1.81 22.52±0.27 0.48±0.07 0.23±0.07 0.36±0.18 4.71±0.08 1.08 1.18
p4`

T > 0.00 & Emiss
T > 60.00 GeV 4.15±0.07 77.93±1.28 11.26±0.19 0.42±0.07 0.12±0.05 0.36±0.18 4.18±0.08 0.86 0.95

p4`
T > 0.00 & Emiss

T > 70.00 GeV 2.21±0.05 36.36±0.85 5.33±0.13 0.34±0.06 0.07±0.04 0.17±0.12 3.64±0.07 0.65 0.73
p4`

T > 0.00 & Emiss
T > 80.00 GeV 1.10±0.04 16.33±0.56 2.55±0.09 0.30±0.06 0.05±0.03 0.09±0.09 3.17±0.07 0.46 0.52

p4`
T > 0.00 & Emiss

T > 90.00 GeV 0.58±0.03 7.61±0.37 1.19±0.06 0.27±0.05 0.05±0.03 0.09±0.09 2.74±0.06 0.33 0.37
p4`

T > 0.00 & Emiss
T > 100.00 GeV 0.27±0.02 3.57±0.25 0.55±0.04 0.20±0.05 0.00±0.00 0.09±0.09 2.34±0.06 0.21 0.23

p4`
T > 10.00 & Emiss

T > 0.00 GeV 21.67±0.16 923.94±5.20 146.79±0.68 0.66±0.08 1.26±0.17 0.53±0.21 6.36±0.09 1.40 1.46
p4`

T > 10.00 & Emiss
T > 10.00 GeV 21.05±0.16 814.40±4.86 132.27±0.65 0.66±0.08 1.15±0.16 0.53±0.21 6.28±0.09 1.44 1.51

p4`
T > 10.00 & Emiss

T > 20.00 GeV 19.04±0.15 574.75±4.11 97.82±0.55 0.65±0.08 0.89±0.14 0.53±0.21 6.02±0.09 1.52 1.62
p4`

T > 10.00 & Emiss
T > 30.00 GeV 15.71±0.14 365.01±3.27 63.76±0.45 0.65±0.08 0.62±0.12 0.44±0.20 5.65±0.09 1.54 1.67

p4`
T > 10.00 & Emiss

T > 40.00 GeV 11.27±0.12 210.28±2.39 37.65±0.34 0.55±0.07 0.39±0.09 0.36±0.18 5.21±0.08 1.42 1.57
p4`

T > 10.00 & Emiss
T > 50.00 GeV 7.09±0.09 111.80±1.64 20.05±0.25 0.48±0.07 0.21±0.07 0.36±0.18 4.69±0.08 1.20 1.34

p4`
T > 10.00 & Emiss

T > 60.00 GeV 4.08±0.07 57.28±1.17 10.12±0.18 0.42±0.07 0.12±0.05 0.36±0.18 4.17±0.08 0.94 1.06
p4`

T > 10.00 & Emiss
T > 70.00 GeV 2.18±0.05 27.58±0.78 4.82±0.12 0.34±0.06 0.07±0.04 0.17±0.12 3.64±0.07 0.70 0.80

p4`
T > 10.00 & Emiss

T > 80.00 GeV 1.08±0.04 12.43±0.51 2.33±0.08 0.30±0.06 0.05±0.03 0.09±0.09 3.17±0.07 0.49 0.56
p4`

T > 10.00 & Emiss
T > 90.00 GeV 0.57±0.03 5.80±0.33 1.08±0.06 0.27±0.05 0.05±0.03 0.09±0.09 2.74±0.06 0.35 0.40

p4`
T > 10.00 & Emiss

T > 100.00 GeV 0.27±0.02 2.80±0.23 0.49±0.04 0.20±0.05 0.00±0.00 0.09±0.09 2.34±0.06 0.22 0.25
p4`

T > 20.00 & Emiss
T > 0.00 GeV 19.42±0.16 462.06±4.02 90.05±0.53 0.65±0.08 0.92±0.14 0.53±0.21 6.06±0.09 1.68 1.82

p4`
T > 20.00 & Emiss

T > 10.00 GeV 18.95±0.15 419.23±3.84 83.09±0.51 0.65±0.08 0.86±0.14 0.53±0.21 6.00±0.09 1.71 1.86
p4`

T > 20.00 & Emiss
T > 20.00 GeV 17.41±0.15 316.75±3.35 65.02±0.45 0.64±0.08 0.77±0.13 0.53±0.21 5.83±0.09 1.77 1.96

p4`
T > 20.00 & Emiss

T > 30.00 GeV 14.61±0.13 207.08±2.71 43.62±0.37 0.63±0.08 0.53±0.11 0.44±0.20 5.53±0.09 1.79 2.02
p4`

T > 20.00 & Emiss
T > 40.00 GeV 10.57±0.11 124.27±1.99 26.80±0.29 0.53±0.07 0.30±0.08 0.36±0.18 5.13±0.08 1.62 1.87

p4`
T > 20.00 & Emiss

T > 50.00 GeV 6.70±0.09 68.25±1.33 14.71±0.21 0.47±0.07 0.17±0.06 0.36±0.18 4.65±0.08 1.35 1.58
p4`

T > 20.00 & Emiss
T > 60.00 GeV 3.87±0.07 35.87±0.95 7.60±0.15 0.41±0.07 0.08±0.04 0.36±0.18 4.16±0.07 1.05 1.23

p4`
T > 20.00 & Emiss

T > 70.00 GeV 2.06±0.05 18.03±0.63 3.66±0.11 0.33±0.06 0.03±0.02 0.17±0.12 3.63±0.07 0.76 0.90
p4`

T > 20.00 & Emiss
T > 80.00 GeV 1.03±0.04 8.54±0.41 1.82±0.08 0.29±0.06 0.03±0.02 0.09±0.09 3.17±0.07 0.53 0.61

p4`
T > 20.00 & Emiss

T > 90.00 GeV 0.54±0.03 3.94±0.27 0.87±0.05 0.26±0.05 0.03±0.02 0.09±0.09 2.74±0.06 0.37 0.43
p4`

T > 20.00 & Emiss
T > 100.00 GeV 0.25±0.02 2.07±0.18 0.39±0.03 0.19±0.04 0.00±0.00 0.09±0.09 2.34±0.06 0.22 0.25

p4`
T > 30.00 & Emiss

T > 0.00 GeV 15.35±0.14 228.23±2.62 47.47±0.39 0.61±0.08 0.64±0.12 0.45±0.20 5.61±0.09 1.80 2.03
p4`

T > 30.00 & Emiss
T > 10.00 GeV 15.07±0.14 209.57±2.52 44.52±0.37 0.61±0.08 0.60±0.11 0.45±0.20 5.57±0.09 1.83 2.07

p4`
T > 30.00 & Emiss

T > 20.00 GeV 14.08±0.13 165.15±2.26 36.86±0.34 0.61±0.08 0.58±0.11 0.45±0.20 5.47±0.09 1.87 2.16
p4`

T > 30.00 & Emiss
T > 30.00 GeV 12.25±0.12 114.20±1.82 26.27±0.29 0.61±0.08 0.41±0.09 0.36±0.18 5.27±0.08 1.89 2.24

p4`
T > 30.00 & Emiss

T > 40.00 GeV 9.11±0.11 70.12±1.24 16.77±0.23 0.52±0.07 0.25±0.07 0.36±0.18 4.96±0.08 1.72 2.10

Abdualazem | gg → R → SH → 4` + Emiss
T
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Additional slides
p4`

T and Emiss
T scan for zero jet

(mR ,mH) = (390,220) qqZZ ∗ ggZZ ∗ t t̄Z Z + jets t t̄ VVV s/
√

s + b s/
√

b
4` 65.92±0.29 2474.93±7.43 345.02±1.04 26.89±0.61 2.59±0.24 3.28±0.56 13.74±0.15 2.59 2.73
B-veto 61.32±0.28 2358.82±7.33 330.25±1.02 4.45±0.25 2.38±0.23 1.94±0.41 12.96±0.15 2.48 2.61
Njet = 0 22.44±0.17 1434.33±5.84 176.34±0.75 0.65±0.08 1.52±0.19 0.61±0.23 6.47±0.09 1.20 1.24
p4`

T > 30.00 & Emiss
T > 50.00 GeV 5.82±0.08 39.86±0.92 9.73±0.17 0.45±0.07 0.17±0.06 0.36±0.18 4.54±0.08 1.41 1.74

p4`
T > 30.00 & Emiss

T > 60.00 GeV 3.40±0.06 21.64±0.65 5.19±0.13 0.41±0.07 0.07±0.04 0.36±0.18 4.09±0.07 1.08 1.34
p4`

T > 30.00 & Emiss
T > 70.00 GeV 1.83±0.05 11.32±0.45 2.55±0.09 0.33±0.06 0.03±0.02 0.17±0.12 3.60±0.07 0.78 0.96

p4`
T > 30.00 & Emiss

T > 80.00 GeV 0.93±0.03 5.63±0.29 1.32±0.06 0.29±0.06 0.03±0.02 0.09±0.09 3.15±0.07 0.53 0.64
p4`

T > 30.00 & Emiss
T > 90.00 GeV 0.48±0.02 2.72±0.19 0.66±0.05 0.26±0.05 0.03±0.02 0.09±0.09 2.73±0.06 0.36 0.42

p4`
T > 30.00 & Emiss

T > 100.00 GeV 0.22±0.02 1.34±0.13 0.29±0.03 0.19±0.04 0.00±0.00 0.09±0.09 2.34±0.06 0.21 0.24
p4`

T > 40.00 & Emiss
T > 0.00 GeV 9.53±0.11 103.93±1.43 23.19±0.27 0.59±0.08 0.36±0.09 0.35±0.17 5.05±0.08 1.57 1.83

p4`
T > 40.00 & Emiss

T > 10.00 GeV 9.41±0.11 97.12±1.39 22.01±0.26 0.59±0.07 0.36±0.09 0.35±0.17 5.03±0.08 1.59 1.86
p4`

T > 40.00 & Emiss
T > 20.00 GeV 8.89±0.11 78.73±1.25 18.78±0.24 0.59±0.07 0.36±0.09 0.35±0.17 4.98±0.08 1.62 1.94

p4`
T > 40.00 & Emiss

T > 30.00 GeV 7.94±0.10 57.66±1.03 14.22±0.21 0.58±0.07 0.29±0.08 0.27±0.15 4.86±0.08 1.63 2.00
p4`

T > 40.00 & Emiss
T > 40.00 GeV 6.33±0.09 36.93±0.79 9.63±0.17 0.50±0.07 0.20±0.07 0.27±0.15 4.70±0.08 1.54 1.94

p4`
T > 40.00 & Emiss

T > 50.00 GeV 4.15±0.07 21.51±0.59 5.86±0.14 0.44±0.07 0.12±0.05 0.27±0.15 4.36±0.08 1.27 1.61
p4`

T > 40.00 & Emiss
T > 60.00 GeV 2.47±0.06 12.41±0.44 3.24±0.10 0.39±0.07 0.05±0.03 0.27±0.15 3.99±0.07 0.96 1.21

p4`
T > 40.00 & Emiss

T > 70.00 GeV 1.40±0.04 6.98±0.31 1.63±0.07 0.32±0.06 0.03±0.02 0.17±0.12 3.54±0.07 0.70 0.87
p4`

T > 40.00 & Emiss
T > 80.00 GeV 0.71±0.03 3.72±0.21 0.83±0.05 0.28±0.06 0.03±0.02 0.09±0.09 3.12±0.06 0.46 0.55

p4`
T > 40.00 & Emiss

T > 90.00 GeV 0.36±0.02 2.16±0.15 0.44±0.04 0.25±0.05 0.03±0.02 0.09±0.09 2.72±0.06 0.29 0.33
p4`

T > 40.00 & Emiss
T > 100.00 GeV 0.16±0.01 1.15±0.11 0.22±0.03 0.18±0.04 0.00±0.00 0.09±0.09 2.33±0.06 0.16 0.17

p4`
T > 50.00 & Emiss

T > 0.00 GeV 4.18±0.07 48.07±0.82 10.81±0.18 0.52±0.07 0.25±0.08 0.27±0.15 4.56±0.08 1.01 1.16
p4`

T > 50.00 & Emiss
T > 10.00 GeV 4.12±0.07 45.54±0.79 10.33±0.18 0.51±0.07 0.25±0.08 0.27±0.15 4.55±0.08 1.01 1.17

p4`
T > 50.00 & Emiss

T > 20.00 GeV 3.92±0.07 38.48±0.72 9.05±0.17 0.51±0.07 0.25±0.08 0.27±0.15 4.53±0.08 1.02 1.19
p4`

T > 50.00 & Emiss
T > 30.00 GeV 3.54±0.07 29.31±0.62 7.05±0.15 0.49±0.07 0.20±0.07 0.27±0.15 4.46±0.08 1.02 1.22

p4`
T > 50.00 & Emiss

T > 40.00 GeV 2.93±0.06 19.59±0.50 5.06±0.13 0.42±0.07 0.16±0.06 0.27±0.15 4.36±0.08 0.98 1.19
p4`

T > 50.00 & Emiss
T > 50.00 GeV 2.11±0.05 12.52±0.39 3.23±0.10 0.38±0.06 0.09±0.05 0.27±0.15 4.14±0.07 0.84 1.03

p4`
T > 50.00 & Emiss

T > 60.00 GeV 1.29±0.04 7.42±0.29 1.92±0.08 0.35±0.06 0.05±0.03 0.27±0.15 3.85±0.07 0.64 0.77
p4`

T > 50.00 & Emiss
T > 70.00 GeV 0.73±0.03 4.49±0.21 1.02±0.06 0.30±0.06 0.03±0.02 0.17±0.12 3.47±0.07 0.45 0.53

p4`
T > 50.00 & Emiss

T > 80.00 GeV 0.38±0.02 2.49±0.14 0.52±0.04 0.27±0.05 0.03±0.02 0.09±0.09 3.07±0.06 0.29 0.33
p4`

T > 50.00 & Emiss
T > 90.00 GeV 0.20±0.02 1.57±0.11 0.28±0.03 0.24±0.05 0.03±0.02 0.09±0.09 2.70±0.06 0.18 0.20

p4`
T > 50.00 & Emiss

T > 100.00 GeV 0.09±0.01 0.87±0.08 0.14±0.02 0.17±0.04 0.00±0.00 0.09±0.09 2.32±0.06 0.10 0.10
p4`

T > 60.00 & Emiss
T > 0.00 GeV 1.55±0.04 23.90±0.53 4.96±0.12 0.46±0.07 0.13±0.05 0.27±0.15 4.02±0.07 0.53 0.59

p4`
T > 60.00 & Emiss

T > 10.00 GeV 1.52±0.04 22.61±0.51 4.81±0.12 0.46±0.07 0.13±0.05 0.27±0.15 4.01±0.07 0.54 0.59
p4`

T > 60.00 & Emiss
T > 20.00 GeV 1.46±0.04 19.14±0.47 4.30±0.12 0.45±0.07 0.13±0.05 0.27±0.15 4.00±0.07 0.54 0.61

p4`
T > 60.00 & Emiss

T > 30.00 GeV 1.33±0.04 15.06±0.40 3.47±0.10 0.45±0.07 0.13±0.05 0.27±0.15 3.97±0.07 0.54 0.61
p4`

T > 60.00 & Emiss
T > 40.00 GeV 1.13±0.04 10.70±0.33 2.59±0.09 0.39±0.06 0.11±0.05 0.27±0.15 3.91±0.07 0.52 0.59

p4`
T > 60.00 & Emiss

T > 50.00 GeV 0.86±0.03 7.02±0.26 1.76±0.07 0.36±0.06 0.05±0.03 0.27±0.15 3.78±0.07 0.46 0.53
p4`

T > 60.00 & Emiss
T > 60.00 GeV 0.56±0.03 4.36±0.21 1.10±0.06 0.35±0.06 0.03±0.02 0.27±0.15 3.60±0.07 0.35 0.40

p4`
T > 60.00 & Emiss

T > 70.00 GeV 0.33±0.02 2.84±0.15 0.66±0.05 0.29±0.06 0.03±0.02 0.17±0.12 3.30±0.07 0.24 0.27
p4`

T > 60.00 & Emiss
T > 80.00 GeV 0.17±0.01 1.75±0.11 0.37±0.03 0.27±0.05 0.03±0.02 0.09±0.09 2.97±0.06 0.15 0.16

p4`
T > 60.00 & Emiss

T > 90.00 GeV 0.09±0.01 1.18±0.09 0.21±0.03 0.23±0.05 0.03±0.02 0.09±0.09 2.64±0.06 0.09 0.09
p4`

T > 60.00 & Emiss
T > 100.00 GeV 0.05±0.01 0.73±0.07 0.11±0.02 0.17±0.04 0.00±0.00 0.09±0.09 2.30±0.06 0.06 0.06
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