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1.12 Require jet pt

1 ALL CHANNELS COMBINED
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1.12 Require jet pt

1 ALL CHANNELS COMBINED
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1.12 Require jet pt

1 ALL CHANNELS COMBINED
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1.13 At least 1 btag 1 ALL CHANNELS COMBINED
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1.13 At least 1 btag

1 ALL CHANNELS COMBINED
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1.13 At least 1 btag 1 ALL CHANNELS COMBINED
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1.14 MET > 40 GeV

1 ALL CHANNELS COMBINED

1.14 MET > 40 GeV
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1.14 MET > 40 GeV 1 ALL CHANNELS COMBINED

1e4 CMS Preliminary 59.7 fb~1, 2018 (13 TeV) 1e4 CMS Preliminary 59.7 fb~1, 2018 (13 TeV)
I .tV
4.0 4.0 1 ) . .
’ j . . . NV +jets /77, Uncertainty
3.5 3.5 4 B Single top ¢ Data
3.0 3.0 - VWV
w w
£ 257 2 2.5 4
3 =3
8 2.0 A 8 2.0
L5 et -ty 151
1.0 BN V+jets 7772 Uncertainty 1.0 1
i Data
0.5 B Single top ¢ 05
LY
0.0 T T u 0.0
- 1.2 - 1.2
@ o o0 o >
S 1.0l aseesse e &10 000 0006.00%e%00000e0000000q0%00800g° L4 ‘e
e e
3 081 8 0.8
-3 -2 -1 0 1 2 3 0 25 50 75 100 125 150 175 200
Jeto MET pr (GeV)
1e4 CMS Preliminary 59.7 fb~1, 2018 (13 TeV) 1e4 CMS Preliminary 59.7 fb~1, 2018 (13 TeV)
3.5 1 [ Y
/ IV +jets /7. Uncertainty
3.01 . B Single top ¢ Data
Y
" w
€ €
3 3
o o
o o
.tV
+ jets 77/, Uncertainty
ingle top ¢ Data
- 1.2 oot ?; 1.2 4
< ®o0an® Dhidd d
S0 ang0e®e®® AL LIV S0 0%0%0,0000,00, 0800 ¢80 008 000%ae® %0
Ph Py 0000000 0000e%0s0, LR
8 0.8 3 0.8
-3 -2 -1 0 1 2 3 0 25 50 75 100 125 150 175 200
MET ¢ M, (GeV)
5 1e5 CMS Preliminary 59.7 fb=1, 2018 (13 TeV) 1e5 CMS Preliminary 59.7 fb~1, 2018 (13 TeV)
.t Y 354 ) -t LY
IV +jets /7. Uncertainty ’ 7 IV +jets /7. Uncertainty
BN Single top ¢ Data 3.0 BN Single top ¢ Data
Y Y
2.5 1
2 2
S S 2.0 A
o o
o o
1.54
1.0 A
0.5 1
0.0 - T T T T
5 1.2 - 1.2 1 L] T
o e * g L]
L]
10 . . . g 10 5
© ©
®© ©
0 0.81 0 0.81
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9
Number of jets Number of b-tagged jets

25



1.14 MET > 40 GeV

1 ALL CHANNELS COMBINED

1e5 CMS Preliminary

59.7 fb~1, 2018 (13 TeV) 1e4 CMS Preliminary

59.7 fb~1, 2018 (13 TeV)

8 -t . ttv 1.75
7 Vo +jets 77/, Uncertainty
BN Single top ¢ Data 1.50
6 -V
1.25
8° 2
£ < 1.00
34 3
(9] (]
3 0.75
. .t e ttv
2 0-50 W V +jets 77/, Uncertainty
0.25 4| M Single top ¢ Data
! -
0 . s0ess000000000 o 0.00 4
5 1.2 - 1.2
@ a0, ©00%0a0,0 o o
&10 S "og.... ...........-."- &1.00.'loooonui..o.- Y 099 g %0000 g0 .. 0
© ' L] ° E
‘(-ﬂ' ©
o 0.8 ) e 08 1 T T T T T T
0.0 0.2 0.4 0.6 08 10 0.0 0.5 1.0 1.5 2.0 2.5 3.0
B-tag discriminant Leading leptons |Ag|
1e4 CMS Preliminary 59.7 fb~1, 2018 (13 TeV) 1e4 CMS Preliminary 59.7 fb=1, 2018 (13 TeV)
3.0 A 2.5 A
2.5 A 2.0 A
n 2.0 1
£ £15
3 3
O 1.5 o
- - 1.0 1 - -
1.04 . i R .t -tV
Vo +jets /77, Uncertainty NV +jets 777, Uncertainty
0.5 1 = Singletop ¢ Data 0.3 B Singletop ¢ Data
LY L%
0.0 0.0 7 7 r
o 1.2 5 1.2
e o
tl.O 000000000000 e0,90000%00s0000000000,e%%0, &10 000 0 0000800,000000%0000000000000%000,0000000000%0%0,
8 8
3081 3081
0 25 50 75 100 125 150 175 200 -2 -1 0 1 2
Top pr (GeV) Top n
1e4 CMS Preliminary 59.7 fb~1, 2018 (13 TeV)
2.00

Counts

+jets
Single top

Y
/77 Uncertainty
¢ Data

5 1.2
<
& olea 2e9ueqteqat,
8
©
0 0.8
-3 -2 -1 0 1 2 3

26



1.15 Passes tt reconstruction 1 ALL CHANNELS COMBINED
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1.15 Passes tt reconstruction

1 ALL CHANNELS COMBINED

1e4 CMS Preliminary

59.7 fb~1, 2018 (13 TeV)

3.5 1

3.0 1

2.54

2.0 1

Counts

1.5

.tV
7//» Uncertainty
¢ Data

.t
NV +jets
B Single top
Y

0.0 T T T

1.0 1

0.5

1.24

1.0 4

Data / Pred.

0.8

Jeto

1e4 CMS Preliminary

59.7 fb~1, 2018 (13 TeV)

1.2

1.0 A

0.8

Counts

0.6 1

Number of jets

0.4 tt R
V + jets 777, Uncertainty
0.2 Single top ¢ Data
A%
0.0 - T T
< 1.2
1] o 0%e0%0 oq¢
) P i LY T PP
© 0g00e®e l-O..oo......-....-l
3081
-3 -2 -1 0 2 3
MET ¢
1e5 CMS Preliminary 59.7 fb~1, 2018 (13 TeV)
2.0071 -t [
1.75 A Vo +jets 7/, Uncertainty
I Single top ¢ Data
1.50 - —
o 1.251
€
3 1.00 A
(]
0.75
0.50 1
0.25 1
0.00 -
< 121
pus L[]
& 1 0 Y [ } (] o O
©
©
0 0.81
0 1 2 3 4 5 6 7 8 9

28

Counts

Data / Pred.

Counts

Data / Pred.

Counts

Data / Pred.

1e4 CMS Preliminary

59.7 fb~1, 2018 (13 TeV)

3.5 1

3.0 A

[ .tV

Vo +jets /7. Uncertainty
B Single top ¢ Data

- Vv

2.54
2.0
1.54
1.0 1
0.5 1
0.0
1.24 e N
10{8e0 e, 0 09e%00000e000000q0%0000,0 ¢t 44
0.8
0 25 50 75 100 125 150 175 200
MET pr (GeV)
1e4 CMS Preliminary 59.7 fb~1, 2018 (13 TeV)
[ Y
251 Vo +jets /7. Uncertainty
’ B Single top ¢ Data

Y

1.2 4
1.0 000°¢¢00%00,00,, 000%e0000000%c00 %o
0.8

0 25 50 75 100 125 150 175 200

My (GeV)

1e5 CMS Preliminary 59.7 fb~1, 2018 (13 TeV)

3.0 1 I3 Y
7 IV +jets /7. Uncertainty
2.5 B Single top ¢ Data
Y

2.0 A
1.5 1
1.0 1
0.5 A
0.0 - T T T T
1.2 ®
1.0 +
0.8

0 1 2 4 5 6 7 8 9

Number of b-tagged jets



1.15 Passes tt reconstruction 1 ALL CHANNELS COMBINED

1e5 CMS Preliminary 59.7 fo~1, 2018 (13 TeV) 1e4 CMS Preliminary 59.7 fb~1, 2018 (13 TeV)
6 .t .tV 161
BV +jets 77/, Uncertainty 1.4
5 B Single top ¢ Data
-V .21
w4 n 1.01
5 5
0.8
S3 S
0.6 - -
2 N G Y
0.4 4 WV + jets 7//s Uncertainty
1 0.2 B Single top ¢ Data
%%
o ' 000000000 : - 0.0 - - -
5 1.2 - 1.2
o e® 0®00®°0g0 .0 000,0 o
ilo (] 0"..-.l * e 00-....00.. &llo...-.....n..ln'-.....l.......- P )
o |e = ]
4(_“1 ©
Q 0.8 0 0.8
0.0 0.2 0.4 06 0.8 10 0.0 0.5 1.0 1.5 2.0 2.5 3.0
B-tag discriminant Leading leptons |Ag|
1e4 CMS Preliminary 59.7 fb~1, 2018 (13 TeV) 1e4 CMS Preliminary 59.7 fb=1, 2018 (13 TeV)
3.0 A 2.5 A
2.5 A 2.0 A
n 2.0 1
£ £151
3 3
O 1.5 o
- - 1.0 1 - -
104 X -tV -t -tV
Vo +jets /77, Uncertainty NV +jets 777, Uncertainty
0.5 B Singletop ¢ Data 0.5 B Singletop ¢ Data
LY LY
0.0 0.0 T T T
;1.2 S0
] 312
tl.O 000000000000 e0,90000%00s0000000000,e%%0, &10 000 0 0000800,000000%0000000000000%000,0000000000%0%0,
8 8
8 0.8 3 081
0 25 50 75 100 125 150 175 200 -2 -1 0 1 2
Top pr (GeV) Top n
1e4 CMS Preliminary 59.7 fb~1, 2018 (13 TeV)
2.00 1

Counts

Y
+jets 7777 Uncertainty
Single top ¢ Data

5 1.2
<
& olea 2e9ueqteqat,
8
©
0 0.8
-3 -2 -1 0 1 2 3

29



2 EE-CHANNEL

2 ee-channel
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2.1 Have at least two leptons

2 EE-CHANNEL
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2.2 Leptons have opposite charge

2
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2.10 At least 1 btag 2 EE-CHANNEL
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211 MET > 40 GeV

2 EE-CHANNEL

2.11 MET > 40 GeV
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211 MET > 40 GeV 2 EE-CHANNEL
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211 MET > 40 GeV

2 EE-CHANNEL
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2.12 Passes tt reconstruction

2 EE-CHANNEL

2.12 Passes tt reconstruction
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2.12 Passes tt reconstruction 2 EE-CHANNEL
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2.12 Passes tt reconstruction

2 EE-CHANNEL
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3.1 Have at least two leptons

3 EM-CHANNEL

3.1 Have at least two leptons
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3.2 Leptons have opposite charge

3 EM-CHANNEL

3.2 Leptons have opposite charge
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3.3 No additional leptons
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3.4 Channel trigger matching

3 EM-CHANNEL
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3.5 Require lepton pr
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3.6 M
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3.7 Z window
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3.7

Z window
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3.7 Z window
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3 EM-CHANNEL
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3.8 Number of jets >= 2

3 EM-CHANNEL
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3.8 Number of jets >= 2

3 EM-CHANNEL
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3.8 Number of jets >= 2

3 EM-CHANNEL
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3.9 Require jet pt

3 EM-CHANNEL
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3.9 Require jet pt

3 EM-CHANNEL

1e5 CMS Preliminary

59.7 fb~1, 2018 (13 TeV)

6
[ Y
5 Vo +jets 77/, Uncertainty
B Single top ¢ Data
wW
a |
]
53
o
o
2
L]
1
0 Phafefefioetelot "
. I " %o o0
gl.Z °® -.o........
= fe%%0ce%0,0,,0
~ 1.0 45 e
8 .
©
0 0.81
0.0 0.2 0.4 0.6 0.8 1.0

B-tag discriminant

70

Counts

Data / Pred.

1e4 CMS Preliminary

59.7 fb~1, 2018 (13 TeV)

1.2 1

1.0 A

0.8 1

0.6

0.4 4 W tt

.tV

NV +jets 7772 Uncertainty
0.2 4| BN Single top ¢ Data
LY
0.0 T T T
1.2 1
10]002%a% 0000000 00ecect®enn®®00e,e’
0.8
0.0 0.5 1.0 1.5 2.0 25 3.0

Leading leptons |Ag|



3.10 At least 1 btag
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3.10 At least 1 btag 3 EM-CHANNEL
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311 MET > 40 GeV 3 EM-CHANNEL
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311 MET > 40 GeV 3 EM-CHANNEL
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3.12 Passes tt reconstruction

3

EM-CHANNEL

3.12 Passes tt reconstruction
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3.12 Passes tt reconstruction

3 EM-CHANNEL
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3.12 Passes tt reconstruction

3 EM-CHANNEL
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4.1 Have at least two leptons

4 MM-CHANNEL
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4.2 Leptons have opposite charge

4 MM-CHANNEL
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4.3 No additional leptons

4 MM-CHANNEL
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4.4  Channel trigger matching

4 MM-CHANNEL

4.4 Channel trigger matching
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4.5 Require lepton pr 4 MM-CHANNEL

4.5 Require lepton pt
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4.7 Z window

4 MM-CHANNEL

4.7 Z window
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4.7 Z window

4 MM-CHANNEL
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4.8 Number of jets >= 2

4 MM-CHANNEL
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4.8 Number of jets >= 2 4 MM-CHANNEL
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4 MM-CHANNEL

1e6 CMS Preliminary

59.7 fb~1, 2018 (13 TeV)

1.2

1.0

0.8

0.6

Counts

0.4

0.2

0.0 jo0-0-0-0 -

-t
BV +jets

N Single top

Y

. iV
77/, Uncertainty
¢ Data

1.2

1.0

Data / Pred.

0.8

0.0 0.2 0.4

0.6

B-tag discriminant

0.8 1.0

92

Data / Pred.

Counts

N o

1e4 CMS Preliminary

59.7 fb~1, 2018 (13 TeV)

I .tV

64 W V+jets 7772 Uncertainty
BN Single top ¢ Data

54 . VvV

4

3 B

0.0 0.5 1.0 15

Leading leptons |Ag|

25 3.0



4.9 Require jet pt 4 MM-CHANNEL
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4 MM-CHANNEL
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4.10 At least 1 btag

4 MM-CHANNEL
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4.10 At least 1 btag 4 MM-CHANNEL
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4.10 At least 1 btag 4 MM-CHANNEL
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4.11 MET > 40 GeV

4 MM-CHANNEL
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4.11 MET > 40 GeV 4 MM-CHANNEL
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4.

11 MET > 40 GeV

4 MM-CHANNEL
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4.12 Passes tt reconstruction

4 MM-CHANNEL

4.12 Passes tt reconstruction
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4.12 Passes tt reconstruction 4 MM-CHANNEL
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4.12 Passes tt reconstruction

4 MM-CHANNEL
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