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Impacts without smoothing (1 of 6)
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Figure: Impact from systematics on the expected limit.
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Impacts without smoothing (2 of 6)
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Figure: Impact from systematics on the expected limit.

3 / 175



Impacts without smoothing (3 of 6)

90
89
88
87
86
85
84
83
82
81
80
79
78
77
76
75
74
73
72
71
70
69
68
67
66
65
64
63
62
61

θ∆)/0θ-θ(
2− 1− 0 1 2

prop_binll_bin35

prop_binll_bin100

prop_binll_bin4

prop_binll_bin5

CMS_eff_m

prop_binll_bin104

CMS_fake_b_13TeV

prop_binll_bin32

pdf

prop_binll_bin58

CMS_scale_j_13TeV_AbsoluteStat

prop_binll_bin62

CMS_eff_trigger_l

prop_binll_bin24

prop_binll_bin11

prop_binll_bin47

prop_binll_bin52

QCDscaleISR_TT

CMS_httbar_PDF_alphaS

prop_binll_bin25

prop_binll_bin91

CMS_scale_j_13TeV_RelativeBal

prop_binll_bin79

prop_binll_bin0

prop_binll_bin110

prop_binll_bin50

prop_binll_bin12

prop_binll_bin51

CMS_scale_j_13TeV_SinglePionECAL

prop_binll_bin106

CMS Internal

g∆
0.001− 0 0.001

Pull  Impactσ+1  Impactσ-1

0.10−
0.09+ = 1.00g

Figure: Impact from systematics on the expected limit.
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Impacts without smoothing (4 of 6)
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Figure: Impact from systematics on the expected limit.
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Impacts without smoothing (5 of 6)
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Figure: Impact from systematics on the expected limit.
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Impacts without smoothing (6 of 6)
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Figure: Impact from systematics on the expected limit.

7 / 175



Limit without smoothing

Figure: Limit for Pseudoscalar reference sample with mass of 500 GeV and width of
2.5 % of the mass, g is the scaling of the coupling between the Heavy Higgs and the
top quarks, CLs is the confidence level. The dashed line indicates the CLs 95 exclusion
level.
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Impacts with smoothing (1 of 6)
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Figure: Impact from systematics on the expected limit.
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Impacts with smoothing (2 of 6)
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Figure: Impact from systematics on the expected limit.
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Impacts with smoothing (3 of 6)
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Figure: Impact from systematics on the expected limit.
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Impacts with smoothing (4 of 6)
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Figure: Impact from systematics on the expected limit.
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Impacts with smoothing (5 of 6)
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Figure: Impact from systematics on the expected limit.
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Impacts with smoothing (6 of 6)
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Figure: Impact from systematics on the expected limit.
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Limit with smoothing

Figure: Limit for Pseudoscalar reference sample with mass of 500 GeV and width of
2.5 % of the mass, g is the scaling of the coupling between the Heavy Higgs and the
top quarks, CLs is the confidence level. The dashed line indicates the CLs 95 exclusion
level.
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Search Region with systematics (prefit)
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Figure: Unrolled plot for mtt̄ and cHel, where there are 5 cHel regions with 23 bins for
mtt̄ in each ranging from 325 GeV to 1200 GeV.
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Search Region with statistical errors only
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Figure: Unrolled plot for mtt̄ and cHel, where there are 5 cHel regions with 23 bins for
mtt̄ in each ranging from 325 GeV to 1200 GeV.
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Control Plots with Combined Channels (1 of 43)
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Control Plots with Combined Channels (2 of 43)

1−10

1

10

210

310

410

510

610

710

810

Le
pt

on
s 

/ 5

 (13 TeV)-141.5 fbCMS Preliminary

Data  dileptontt
 othertt Single Top

V+jets Vtt
Diboson Total uncertainty

50 100 150 200 250 300

l
T

p

0.8
0.9

1
1.1
1.2

M
C

D
at

a

(a) Transverse momentum of
leading leptons (step 7/8)

0

2

4

6

8

10

12

14

16

18

310×

Le
pt

on
s 

/ 0
.0

96

 (13 TeV)-141.5 fbCMS Preliminary

Data  dileptontt
 othertt Single Top

V+jets Vtt
Diboson Total uncertainty

2− 1.5− 1− 0.5− 0 0.5 1 1.5 2

lη

0.8

0.9

1

1.1

1.2

M
C

D
at

a

(b) Pseudorapidity of leading
leptons (step 7/8)

0

2

4

6

8

10

12

310×

Le
pt

on
s 

/ 0
.1

25
66

4

 (13 TeV)-141.5 fbCMS Preliminary

Data  dileptontt
 othertt Single Top

V+jets Vtt
Diboson Total uncertainty

3− 2− 1− 0 1 2 3
lφ

0.8

0.9

1

1.1

1.2

M
C

D
at

a

(c) Azimuthal angle of leading
leptons (step 7/8) 19 / 175



Control Plots with Combined Channels (3 of 43)
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Control Plots with Combined Channels (4 of 43)
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Control Plots with Combined Channels (6 of 43)
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Control Plots with Combined Channels (7 of 43)
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Control Plots with Combined Channels (8 of 43)

1

10

210

310

410

510

610

710

Le
pt

on
s 

/ 5

 (13 TeV)-141.5 fbCMS Preliminary

Data  dileptontt
 othertt Single Top

V+jets Vtt
Diboson Total uncertainty

50 100 150 200 250 300 350 400

l
T

p

0.8
0.9

1
1.1
1.2

M
C

D
at

a

(a) Transverse momentum of
leptons (step 6/8)

0

10

20

30

40

50

310×

Le
pt

on
s 

/ 0
.1

 (13 TeV)-141.5 fbCMS Preliminary

Data  dileptontt
 othertt Single Top

V+jets Vtt
Diboson Total uncertainty

2− 1.5− 1− 0.5− 0 0.5 1 1.5 2

lη

0.8

0.9

1

1.1

1.2

M
C

D
at

a

(b) Pseudorapidity of leptons
(step 6/8)

0

5

10

15

20

25

30

35

40

310×

Le
pt

on
s 

/ 0
.1

57
08

 (13 TeV)-141.5 fbCMS Preliminary

Data  dileptontt
 othertt Single Top

V+jets Vtt
Diboson Total uncertainty

3− 2− 1− 0 1 2 3
lφ

0.8

0.9

1

1.1

1.2

M
C

D
at

a

(c) Azimuthal angle of
leptons (step 6/8)

1−10
1

10

210

310

410

510

610

710

810

910

1010

E
ve

nt
s

 (13 TeV)-141.5 fbCMS Preliminary

Data  dileptontt
 othertt Single Top

V+jets Vtt
Diboson Total uncertainty

1.5 2 2.5 3 3.5 4 4.5 5 5.5

lN

0.8
0.9

1
1.1
1.2

M
C

D
at

a

(d) Multiplicity of leptons
(step 6/8) 25 / 175



Control Plots with Combined Channels (9 of 43)
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Control Plots with Combined Channels (10 of 43)
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Control Plots with Combined Channels (11 of 43)
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Control Plots with Combined Channels (12 of 43)
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Control Plots with Combined Channels (13 of 43)
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Control Plots with Combined Channels (14 of 43)
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Control Plots with Combined Channels (15 of 43)
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Control Plots with Combined Channels (16 of 43)
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Control Plots with Combined Channels (17 of 43)
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Control Plots with Combined Channels (18 of 43)
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Control Plots with Combined Channels (19 of 43)
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Control Plots with Combined Channels (20 of 43)
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Control Plots with Combined Channels (21 of 43)
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Control Plots with Combined Channels (22 of 43)
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Control Plots with Combined Channels (23 of 43)
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Control Plots with Combined Channels (24 of 43)
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Control Plots with Combined Channels (25 of 43)
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Control Plots with Combined Channels (26 of 43)
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Control Plots with Combined Channels (27 of 43)
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Control Plots with Combined Channels (28 of 43)
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Control Plots with Combined Channels (29 of 43)
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Control Plots with Combined Channels (30 of 43)
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Control Plots with Combined Channels (31 of 43)
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Control Plots with Combined Channels (32 of 43)
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Control Plots with Combined Channels (33 of 43)
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Control Plots with Combined Channels (34 of 43)
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Control Plots with Combined Channels (35 of 43)
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Control Plots with Combined Channels (36 of 43)
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Control Plots with Combined Channels (37 of 43)
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Control Plots with Combined Channels (38 of 43)
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Control Plots with Combined Channels (39 of 43)
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Control Plots with Combined Channels (40 of 43)
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Control Plots with Combined Channels (41 of 43)

10

210

310

410

510

610

710

810

910

Je
ts

 / 
5

 (13 TeV)-141.5 fbCMS Preliminary

Data  dileptontt
 othertt Single Top

V+jets Vtt
Diboson Total uncertainty

50 100 150 200 250 300 350 400

jet

T
p

0.8
0.9

1
1.1
1.2

M
C

D
at

a

(a) Transverse momentum of
leading jets (step 2/8)

0

100

200

300

400

500

600

310×

Je
ts

 / 
0.

1

 (13 TeV)-141.5 fbCMS Preliminary

Data  dileptontt
 othertt Single Top

V+jets Vtt
Diboson Total uncertainty

2− 1.5− 1− 0.5− 0 0.5 1 1.5 2
jetη

0.8

0.9

1

1.1

1.2

M
C

D
at

a

(b) Pseudorapidity of leading
jets (step 2/8)

10

210

310

410

510

610

710

810

910

Je
ts

 / 
5

 (13 TeV)-141.5 fbCMS Preliminary

Data  dileptontt
 othertt Single Top

V+jets Vtt
Diboson Total uncertainty

50 100 150 200 250 300 350 400

jet

T
p

0.8
0.9

1
1.1
1.2

M
C

D
at

a

(c) Transverse momentum of
subleading jets (step 2/8)

0

20

40

60

80

100

120

140

160

180

310×

Je
ts

 / 
0.

1

 (13 TeV)-141.5 fbCMS Preliminary

Data  dileptontt
 othertt Single Top

V+jets Vtt
Diboson Total uncertainty

2− 1.5− 1− 0.5− 0 0.5 1 1.5 2
jetη

0.8

0.9

1

1.1

1.2

M
C

D
at

a

(d) Pseudorapidity of
subleading jets (step 2/8) 58 / 175



Control Plots with Combined Channels (42 of 43)
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Control Plots with Combined Channels (43 of 43)
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Control Plots with ee Channel (1 of 43)
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Control Plots with ee Channel (43 of 43)
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Control Plots with emu Channel (1 of 29)
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Control Plots with emu Channel (2 of 29)
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Control Plots with emu Channel (3 of 29)
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Control Plots with emu Channel (4 of 29)
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Control Plots with emu Channel (5 of 29)
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Control Plots with emu Channel (6 of 29)
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Control Plots with emu Channel (7 of 29)
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Control Plots with emu Channel (8 of 29)
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Control Plots with emu Channel (9 of 29)
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Control Plots with emu Channel (10 of 29)
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Control Plots with emu Channel (11 of 29)
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Control Plots with emu Channel (12 of 29)
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Control Plots with emu Channel (14 of 29)
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Control Plots with emu Channel (15 of 29)
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Control Plots with emu Channel (18 of 29)
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Control Plots with emu Channel (19 of 29)
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Control Plots with emu Channel (20 of 29)
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Control Plots with emu Channel (21 of 29)
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Control Plots with emu Channel (22 of 29)
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Control Plots with emu Channel (23 of 29)
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Control Plots with emu Channel (24 of 29)
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Control Plots with emu Channel (25 of 29)
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Control Plots with emu Channel (26 of 29)
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Control Plots with emu Channel (27 of 29)
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Control Plots with emu Channel (28 of 29)
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Control Plots with emu Channel (29 of 29)
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Control Plots with mumu Channel (1 of 43)
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Control Plots with mumu Channel (2 of 43)

1−10

1

10

210

310

410

510

610

710

Le
pt

on
s 

/ 5

 (13 TeV)-141.5 fbCMS Preliminary

Data  dileptontt
 othertt Single Top

V+jets Vtt
Diboson Total uncertainty

50 100 150 200 250 300

l
T

p

0.8
0.9

1
1.1
1.2

M
C

D
at

a

(a) Transverse momentum of
leading leptons (step 7/8)

0

500

1000

1500

2000

2500

3000

3500

4000

4500

Le
pt

on
s 

/ 0
.0

96

 (13 TeV)-141.5 fbCMS Preliminary

Data  dileptontt
 othertt Single Top

V+jets Vtt
Diboson Total uncertainty

2− 1.5− 1− 0.5− 0 0.5 1 1.5 2

lη

0.8

0.9

1

1.1

1.2

M
C

D
at

a

(b) Pseudorapidity of leading
leptons (step 7/8)

0

500

1000

1500

2000

2500

3000

Le
pt

on
s 

/ 0
.1

25
66

4

 (13 TeV)-141.5 fbCMS Preliminary

Data  dileptontt
 othertt Single Top

V+jets Vtt
Diboson Total uncertainty

3− 2− 1− 0 1 2 3
lφ

0.8

0.9

1

1.1

1.2

M
C

D
at

a

(c) Azimuthal angle of leading
leptons (step 7/8) 134 / 175



Control Plots with mumu Channel (3 of 43)
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Control Plots with mumu Channel (4 of 43)
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Control Plots with mumu Channel (5 of 43)
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Control Plots with mumu Channel (6 of 43)
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Control Plots with mumu Channel (7 of 43)
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Control Plots with mumu Channel (8 of 43)
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Control Plots with mumu Channel (9 of 43)
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Control Plots with mumu Channel (10 of 43)
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Control Plots with mumu Channel (38 of 43)
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Control Plots with mumu Channel (39 of 43)
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Control Plots with mumu Channel (40 of 43)
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Control Plots with mumu Channel (41 of 43)
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Control Plots with mumu Channel (42 of 43)
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Control Plots with mumu Channel (43 of 43)
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