h

m(b2)!

II|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|I|:

Entries 1010
Mean x -0.01093
Meany 0.01411
RMS x 1.022
RMSy 0.9443

-II|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|I|:

- 1 VBF more central than at least 1 b:
E- both VBF more central than at least 1b:
.- 1 VBF more central than both b:
E- both VBF more central than both b:

I\)_
B

=
o
—

N

423 -->~40%
78 -->~10%

220 --> ~20%
25 -->~3%

M(J2)!

h

(00)

~

Entries 1010
Mean x -0.01847
Meany 0.07991
RMS x 2.361
RMS 'y 1.629

=

II|IIII|IIII| I:f
NN

N WA~ O O

" —

|IIII|IIII|IIII|IIII|IIII|IIII|IIII|-III|II:

HT
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30

25

20

15

10

~95% events have 3

the tracker accep’ea:/

h

htemp
Entries 1045
Mean 1.253
RMS 0.7175

nce

min(n(J1)l,n(J2)1)

~60% events have both the VBF jet within
the tracker acceptance

it least 1 VBF jet within

40 "' T T b e =

35
30
25
20

—_l
O

y

—h
o O

OO

htemp
Entries 1045
Mean 2.358
RMS 0.7378

0.5

1

1.5 2

25 3

35 4 45

max(in(J1)1,m(J2))
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m(b2)!

o
|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II:

il

10°

102

10

EdatalZ pre-selection (trigger, 4J50, labeling, b-tagging, DPhibb<2)

'~ total:

+- 1 VBF more central than at least 1 b:
E- both VBF more central than at least 1b: 656405 --> ~30%
: - 1 VBF more central than both b:

E- both VBF more central than both b:

2151714

1495578 -->~70%

866819 --> ~40%
237652 -->~10%

h

Entries 2151714
Mean x -0.02351
Meany -0.02011
RMS x 1.142
RMS y 1.066

M(J2)l

h

Entries 2151714
Meanx -0.016
Meany -0.003971

RMS x 1.75
RMS 'y 1.28
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140

120

100

80

60

40

20

00705 1 15 2 25 3 35 4 45

min(m(J1)l,n(J2)1)

80000
70000
60000
50000
40000
30000
20000
10000

[TT7PT T T T Ty T T T T T T T T I I T TITITITITT] g
| | | | | | | |

o_

0.5

1

15 2 25 3 35 4 45
max(m(J1)l,mJ2)))
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pre-VBF all mass range

ALL
O-VBF
1-VBF
2-VBF
>1-VBF

pre-VBF signal region
(70-160 GeV)
ALL

O-VBF
1-VBF
2-VBF
>1-VBF

DATA

2151714

19554
364966
1767194
2132160

1024873
9110
172142
759824
843621

MC

184

74
103
176

175

71
98
168

S/N

8,55E-05
3,82E-04
2,02E-04
5,81E-05
8,28E-05

1,71E-04
7,80E-04
4,10E-04
1,28E-04
1,99E-04

4,5
2,4
07
1,0

4,6
2,4
0,8
1,2

S/sqrt(S+N)

0,125
0,053
0,122
0,077

0,121

0,173
0,074
0,170
0,112
0,183

0,4
1,0
0,6
1,0

0,4
1,0
0,6
1,1
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all cat
O-jet cat

2-jet cat
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h
2 4_5 : T T T T | T T T T | T T T T | T T T T | T T T T T T T T | T Entries 1010
(V| - Mean x 3.308
2 4 MC al l Ca"' Mg:n y 1.264
= = ’ RMS x  1.507
= 35F RMSy 0.7189
2 - m m
= 3= - —
E C m E
E 250 ™ =
2 =
1.5 —
1 :
0.5 E
1 1 1 1 | 1 1 1 1 | 1 1 1 1 1 1 1 |:
O 1T 2 3 4 s s 7 T
An(J1J2)
h
—~ A5 T T T T T T T T T T T T T T T Entries 2151714
o Meanx  1.616
% 4 Meany 0.8129
= RMS 1.259 [0
= s50.- data, all cat AuSx 1259
L -- T
= 3. —
I -
E 2.5 =
2 =
1.5 —
- - 10
1 E
0.5 =
| 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 |:
% 1 2 3 4 5 6 7 g
An(J1J2)

max(m(J1)l,m(J2)1)

max(m(J1)l,m(J2)1)

h I
4_5 [ T 1T 1T 1 T T T T T LI T T T T T T I-I | T T T T | T Entries 1010
- = mm=m |Meanx  3.308
41— Mean y 2.362
- RMSx  1.507
3.5 =8 RMSy  0.7361
3 E
2.5C =
2 -
1.5 —
1 E
0.5 E
0 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 I:
0 1 2 3 4 5 6 7 8
An(J1J2)

h
R L R i o Entries 2151714
Lt Meanx  1.616
Mean y 1.746 10
RMS x 1.259
RMS y 0.7926
ERE
Jp= 10
O 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 |E 1
0 1 2 3 4 5 6 7 8
An(J1J2)
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2011

| Input variable: mJJ |

Q FC—] Signal

00045 E777 B ackground
2 0.004F 2
=-0.0035 <
€ S
< 0.003 =
2
0.0025 5
0.002 S
0.0015 &
0.001 <
0.0005 g
s

0 200 400 600 800 1000120014001600180@000

mJJ

| Input variable: maxeta |

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

(1/N) dN/0.0736

U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%

35 4
maxeta

| Input variable: sumpLall |
X 1U

(1/N) dN/ 95.3

U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%

-2000 -1000 0 1000 2000

sumplLall

| Input variable: etaJ1Star |

[T} L DAL L BN BN BELENL AL B
(<2}
-

S 025 2

2 5

h S

= 02 g

0.15 s

o

g

o

0.1 =

@

%)

0.05 3

]

2

Y -4 -2 0 2 4
etaJ1Star

| Input variable: DetaJJ |

(1/N) dN/0.113

U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%

0 1 2 3 4 5 6
DetaJJ

| Input variable: sumpTJJ |

- UL L L LR LA DL LI L
o

2 o.01

<

T

= 0.008

<

0.006

0.004

0.002

U/O-flow (S,B): (0.0, 0.0)% / (0.2, 0.0)%

100 200 300 400 500

sumpTJJ

| Input variable: fracE |

(1/N) dN/0.0784
>

U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%

-

05 1 15 25 3 35 4 45
fracE

| Input variable: HT |

© T LN B B LR B B

§0.16 E
S o014 45
Py 4 o
€ 012 s
c is
0.1 r
= )
0.08 3=
4 e
0.06 4<
ia
0.04 =
3
0.02 Je
40
) 1 1 1 15

0 50 100 150 200 250

HT

| Input variable: mineta |

(1/N) dN/0.0527

U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%

0.5 1 1.5 2 2.5 3
mineta

| Input variable: sumpTall |

~ TTrTrrrrrrrrrrpr Ty
< 0.025 3
> -
3 1z
= 0.02 453
z 1s
A i1e
0.015 1=
4 S
ic
0.01 4s
1@
s
0.005 33
]
1 1 :c\.)
=}

0 200 250
sumpTall

[Input variable: Detab2j1|

(1/N) dN/0.1

U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%

5 6
Detab2j1
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Correlation Matrix (signal)

Linear correlation coefficients in %

100
HT 21 -4 -1 -2 100
80
etaJ1Star p - 5 -2 100
Detab2j1 -6 2 =31 100 & -2 60
fracE 100 §=31 40
sumplLall 5 -1 20
sumpTall | 08 200 e s . 100 & -1 0
sumpTJJ | - & i e el o) . 7 - . .
20 Correlation Matrix (background)
fabs(eta[1])) 70 . 100 & -9 -40
Linear correlation coefficients in %
fabs(etal1])) | - -0 RO . 4 100
-60 HT

PISCAAN 80 100 " 72" 70 =8 80
-80 etadiStar

NR 100 80 §6S . 21 60
-100 Detab2j1 | -~ . 27 . -6

myy etay fln(fag:X(fa é’slhp T,Z,’hp T a‘;;n 0 Ll'acE el'abg jt;"hl 7.51‘;{37;

(etalolﬁtz[opf al P37 30 =83 52 | -2 40
21Q, S 3 1q, S
Staf Uf)eta[ ) sumplLall 20
sumpTall 0
sumpTJJ -20
fabs(eta[1])) -40
fabs(eta[1])) 60
DetadJ | /:) @R 0
-80
WNNE 100 © 79 o
De;.. . Min, M3y, S Q Q fi Dg;., € -100
S ’t:[l; fet
1))
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TMVA response for classifier: MLP

TMVA

_ Isiglnlall T | T T | T T | T T T 1

(]
o
@
jve)
Q
(7]
=
«Q
=
o
c
=
Q

30

(1/N) dN/ dx

25

20

15

10

=

U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%

|||.|_L4I;I

-1.4 -1.2 -1 -0.8 -0.6 -0.4

TMVA response for classifier: BDTD

-0.2 0
MLP response

% 10 :- silgrllai | T T T T | T T T T | T T T T
% 777 Background
g s

6 -

4 —

2 —

U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%

0.5 0.4 0.3 -0.2 -0.1 0

BDTD response

Background rejection versus Signal efficiency

Background rejection

TMVA

1 IIII!IIII!IIII!IIII:IIII!IIII

0.9

0.8

0.7

0.6

0.5

04 —

- BDT | | | | | |
0.3 | Lkelihood
0 2 :l 1 1 | | 1 11 | | 1 11 | | 111 1 | 111 1 | 1111 | 1 1 1 | | 1 1 1 | | L1 11 | 1 1

) 01 02 03 04 05 06 07 08 09 1
Signal efficiency
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Attempting different b-tag working points:

pre-VBF all mass range
80%
70%
60%

pre-VBF signal region
80%
70%
60%

1-80% 1-70%

1-80% 1-60%

1-70% 1-60%

anti b-tag vbf 80%
anti b-tag vbf 70%
anti b-tag vbf 60%

DATA
2151714
1723594
1379465

1024873
837258
676880

1006687
967694
825185

869359
965263
995771

MC

184
162
139

175
156
134

175
173
155

155
168
173

S/N

8,55E-05
9,41E-05
1,00E-04

1,71E-04
1,86E-04
1,99E-04

1,74E-04
1,79E-04
1,87E-04

1,79E-04
1,74E-04
1,74E-04

1,1
1,2

1,1
1,2

1,0
1,0
1,1

1,0
1,0
1,0

S/sqrt(S+N)
0,125
0,124
0,118

0,173
0,170
0,163

0,174
0,176
0,170

0,167
0,171
0,173

0,986
0,941

0,982
0,943

1,006

1,014

0,983

0,962
0,988
1,001
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80% 70% 60%

I I 1 I:I I I 1 I I 1 I 1 I I 1 I I I I 1 I I 1 I:I I I 1 I I 1 I I: §
10°E e
- 4]
; bl )
1025—
10
T
03
& = T T I ] = g
_fg’) 0'9:_ e I ke
080 =
. . 102
0.7F -
0.6 —
- 14 - 10
0.5F =
0.4 —
:I | | | I 1 | 1 | l 1 | 1 | II | | II | I l | II :
03— 23 "3 5 5 7 8 |

flav(b2)

N W R OO OO N @

—

_IIIIIIIIIIlllllIIIIIIIIIWIIIIIIIII_

o
o
—_
N

—

1L

0.9

0.8

0.7

0.6

0.5

0.4

TTTT

0.3

10

10

-lIII|IIII|IlIl|lI[IIIlII|IlIl|IIlIIIlII

N
Vm

flav(b1

i

102

10

o
NN
N

NN
o |-

ok

N
vm

flav(b1
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106§_ _

105 .

104;_ //r"

10° =

102 = bl

10 - b2

EI | | ul | | | | l | | | | l | | | | I | | | | l | | | | l | | | |
03 04 05 07 08 09 1
10°
data

10°
10%

Il IIIIII|

[ IIIIIII

J1
j2
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[ VBFH(125)->bb ]

VBF FS
generated
HFOR
PV

F LAr error
trigger (w)
S EOR
jvf
4J50
Btag
DPhiBB
VBFhm
SR

VBF AF
generated
HFOR
PV

A LAr error

trigger (w)
F EOR

jvf

4J50

Btag

DPhiBB

VBFhm

SR

99999
99999
99979
99979
5285
5174
4567
1463
1231
1010
484
452

cut eff

1,000
1,000
1,000
0,053
0,979
0,883
0,320
0,841
0,820
0,479
0,934

+/- error

0,000
0,000
0,000
0,001
0,002
0,004
0,007
0,010
0,011
0,016
0,011

tot eff

1,0000
0,9998
0,9998
0,0529
0,0517
0,0457
0,0146
0,0123
0,0101
0,0048
0,0045

0,0000
0,0000
0,0000
0,0000
0,0000
0,0000
0,0000
0,0000
0,0000
0,0000
0,0000

+/- err

0,0000
0,0000
0,0000
0,0007
0,0007
0,0007
0,0004
0,0003
0,0003
0,0002
0,0002

0,0000
0,0000
0,0000
0,0000
0,0000
0,0000
0,0000
0,0000
0,0000
0,0000
0,0000

[ ggH(125) inclusive ]

gg FS
generated
HFOR
PV
LAr error
|trigger (w) |
EOR
jvf
{4450 |
Btag
DPhiBB
[vBFhm |
SR

gg AF
generated
HFOR
PV
LAr error
trigger (w)
EOR
jvf
4J50
Btag
DPhiBB
VBFhm
SR

99900
99900
99866
99866
620
612
559
156
129
110
15

13

cut eff

1,000
1,000
1,000
0,006
0,987
0,913
0,279
0,827
0,853
0,136
0,867

+/- error

0,000
0,000
0,000
0,000
0,005
0,011
0,019
0,030
0,031
0,033
0,088

tot eff

9,99E-01
9,99E-01
9,99E-01
6,20E-03
6,12E-03
5,59E-03
1,56E-03
1,29E-03
1,10E-03
1,50E-04
1,30E-04

0,00E+00
0,00E+00
0,00E+00
0,00E+00
0,00E+00
0,00E+00
0,00E+00
0,00E+00
0,00E+00
0,00E+00
0,00E+00

+/- err

9,95E-05
1,15E-04
1,15E-04
2,48E-04
2,47E-04
2,36E-04
1,25E-04
1,14E-04
1,05E-04
3,87E-05
3,61E-05

0,00E+00
0,00E+00
0,00E+00
0,00E+00
0,00E+00
0,00E+00
0,00E+00
0,00E+00
0,00E+00
0,00E+00
0,00E+00
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