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VBS selection
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Strategy overview
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g
ro
u
n
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    7
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h
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n
a
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e
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n
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R
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d
d
ititio
n
a
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n
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a
c
k
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u
n
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 c
o
n
tro
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>
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Z
jj-E
W
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    7
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 d
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n
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 S
R

>
 Lo
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u
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    7
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m
b
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e
d
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e
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o
o
d
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R
 +
 C
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)

>
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VBS selection splitting

>
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B
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 b
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R
         7
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, b
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 p
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 d
is
c
rim
in
a
n
t ju
s
tifie
d
 fu
rth
e
r

W
Z

jj-E
W

W
Z

jj-Q
C

D

M
is

id
.

Z
Z

-Q
C

D

tZ
j

ttV

Z
Z

-E
W

V
V

V

7
2

% 5
%

1
2
%

8
0
%

6
%

3
%

1
5
%

4
1
%

1
%

1
5
%

1
9

%
2

3
%

7
7

%

2
%

4
%

5
%

3
%

1
%

4
1
%

6
%

3
%

7
%



O
ctober 1, 2020

L.Portales (LAPP, U
SM
B)

22

Discrim
inative variables

>
 Jet-related
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>
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n
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in
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 d
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(        ) 

M
ultivariate discrim

inant – Definition &
 Perform

ance

>
 M
u
ltivariate d

iscrim
in
an
t

    –
 O
p
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e
d
 c
o
m
b
in
a
tio
n
 o
f v
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b
le
s
      

    –
 A
c
c
o
u
n
ts
 fo
r b
o
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 sin
g
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le          
       d
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atio
n
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n
d
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rrelatio

n
s     

>
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sin
g
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o
sted
 D
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n
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 c
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M
ultivariate discrim

inant – Inputs

>
 M
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o
d
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f B
D
T
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u
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 b
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    sen
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    –
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 b
e
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n
b
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d
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g

    –
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R
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o
s
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n
b
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d
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V
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o
d
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rrelatio

n
s

    –
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o
d
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g
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o
 c
h
e
c
k
e
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       7
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m
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o
m
p
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Likelihood fit

1
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R
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 c
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 C
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 m
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R
 a
n
d
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C
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R
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n
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Likelihood fit

2
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n
a
l-e
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c
tio
n
 fit

>
 C
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ed
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 m
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Sensitivity gains

>
 G
ain
 in
 sen
sitivity assessed

 fo
r all an

alysis step
s

>
 C
o
m
p
ared
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 b
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o
d
o
lo
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        –
 N
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a
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 d
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c
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a
n
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 c
o
u
n
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a
s
u
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m
e
n
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>
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p
tim
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n

>
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er b
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g
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u
n
d
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u
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n
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d
in
g
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n
d
 re
s
u
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u
b
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a
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Fit results – Param
eters constraints

>
 O
verall b

ackg
ro
u
n
d
 co
rrectio

n
 facto
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>
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o
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ated
 m
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e
g
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c
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h
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d
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o
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P
o
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o
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Fit results – Cross section m
easurem

ent

> B
ackg

ro
u
n
d
-o
n
ly h
yp
oth
esis rejected

 at 5.3 W

    '
 First o

b
servatio

n
 o
f W
Z
jj-E
W
 p
ro
d
u
ctio
n

     

Physics Letters B 793 (2019), 469-492
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 d
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    7
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 d
e
fin
itio
n
 

    7
 M
easu

rem
en
t w
ith
in
 2 W
 o
f M
C
 p
red
ictio
n
s

 2
 W
 in
terval 

 1
 W
 in
terval 

S
h
erp
a

M
ad
G
rap
h

B
est fit



O
ctober 1, 2020

L.Portales (LAPP, U
SM
B)

30

VBS prospects

>
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Z
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b
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p
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Content
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d
el an

d
 V
B
S

> Exp
erim
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b
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 p
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c
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Lum
inosity and Pileup
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Pileup jets 

>
 H
S
 jet
 (sig
n
al jets)

    –
 O
rig
in
a
te
s
 fro
m
 th
e
 m
a
in
 in
te
ra
c
tio
n
 v
e
rte
x

        7
 H
S
 v
e
rte
x

    –
  N
a
tu
re
 d
e
p
e
n
d
s
 o
n
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e
 ta
rg
e
te
d
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ra
c
tio
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d
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d
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t o
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>
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C
D
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U

    –
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e
ll d
e
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e
d
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a
d
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n
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t

    –
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a
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s
 fro
m
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U
 v
e
rte
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>
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    –
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e
t c
o
m
p
o
s
e
d
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o
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 c
o
m
p
o
n
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The Jet-Vertex-Taggers – JVT 

>
 P
ileu
p
-jet su

p
p
ressio

n
 strateg

y

    –
 M
a
tc
h
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ts
 to
 th
e
 in
te
ra
c
tio
n
 v
e
rtic
e
s

    –
 R
e
m
o
v
e
 je
ts
 o
rig
in
a
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g
 fro
m
 P
U
 v
e
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e
s
 

>
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h
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�
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n
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 d
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t
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~
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2
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S
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n
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The Jet-Vertex-Taggers – fJVT

(n
ot to

 scale)

−
p

T
,i

m
iss=

12
(k

∑
tra

cks∈
P
V

i

p
T tra

ck+
∑jets∈

P
V

i

p
T jet)

fJV
T

i =
−

p
T

,i

m
iss.

p
T jet

p
T jet.

p
T jet

“
T

ig
h

t”
 o

p
e

ra
tin

g
 p

o
in

t
  →

 7
7
%

 H
S

 e
ffic

ie
n

c
y

 
  →

 6
6
%

 P
U

 re
je

c
tio

n
       (in

te
g

ra
te

d
 o

v
e
r p

T )

>
 O
u
tsid
e tracker accep

tan
ce (|U

|>2.5) '
 fJV
T

    –
 M
a
tc
h
 fo
r
w
a
rd
 je
ts
 to
 v
e
rtic
e
s
 w
ith
                               

        to
p
o
lo
g
ical in

fo
rm
atio
n



O
ctober 1, 2020

L.Portales (LAPP, U
SM
B)

36

Im
proving the fJVT

>
 fJV
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 c
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M
ultiVariate fJVT
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O
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v
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 m
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The M
VfJVT – Perform

ance

>
 P
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The M
VfJVT – Pileup M

odelling
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Forw
ard taggers e@

iciency correction

>
 D
ata/M

C
 d
iscrep

an
cy tran

slates to
 th
e tag

g
in
g e&
icien

cy

>
 T
h
is e&

icien
cy m

u
st b
e m
easu

red
 in
 d
ata an

d
 co
rrected

 in
 M
C

   –
 E
�
ic
ie
n
c
y
 m
e
a
s
u
re
d
 in
 H
S
-C
R

        '
 E
n
h
an
ced
 H
S
 p
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p
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E@
iciency scale factors

>
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 d
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>
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 d
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p
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p
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> Stu
d
ies o
n
 p
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p
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itigatio

n
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 p
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 d
e
v
e
lo
p
e
d

         –
 T
h
e
 ta
g
g
e
r y
ie
ld
s
 u
p
-to
 2
5
%
 h
ig
h
e
r p
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c
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 d
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 d
a
ta
s
e
t

         –
 M
V
fJ
V
T
 a
n
d
 s
c
a
le
 fa
c
to
rs
 a
v
a
ila
b
le
 fo
r th
e
 A
T
L
A
S
 c
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Z
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W
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d
u
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n

–
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g
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Q
⁻
 p
a
rtia
l d
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 d
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 d
e
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u
n
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e
v
e
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la
te
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n
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b
s
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a
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n
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3
7
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f d
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⁻

              7
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Z
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b
s
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a
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T
L
A
S
 (1
3
9
 fb
Q o
f d
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 d
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c
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)

Conclusion

Physics Letters B 793 (2019), 469-492
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O
ngoing w

ork and prospects
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Backup Slides
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&
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Jet reconstruction
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The Jet-Vertex-Tagger
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The forw
ard Jet-Vertex-Tagger
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M
V m
ethod choice
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M
VfJVT binned training
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M
ultiVariate fJVT – 2.5<|C|<3.2
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M
ultiVariate fJVT – 3.2<|C|<4.5
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(M
V)fJVT calibration 
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Forw
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Forw
ard taggers e@

iciency correction
>
 D
a
ta
/M
C
 d
is
c
re
p
a
n
c
y
 im
p
a
c
ts
 th
e
 ta
g
g
in
g
 e
�
ic
ie
n
c
y

    –
 D
e
fin
e
 M
V
fJ
V
T
 o
p
e
ra
tin
g
 p
o
in
ts
 to
 g
e
t sam

e P
U
                  

         rejectio
n
 as fJV

T
     –
 D
e
riv
e
 scale-facto

rs in
 (pT,J

) b
in
s
 

>
 T
w
o
 P
U
 s
u
b
tra
c
tio
n
 m
e
th
o
d
s
 c
o
m
p
a
re
d

     –
 E
x
tra
p
o
la
tio
n
 fro
m
 P
U
-C
R
 (C
R
 s
u
b
.)

7
 E
x
a
c
t s
a
m
e
 e
v
e
n
t s
e
le
c
tio
n
 a
s
 H
S

7
 Im
p
a
c
te
d
 b
y
 e
v
e
n
t s
ta
tis
tic
s
 a
n
d
 H
S
 m
o
d
e
llin
g

     

     –
 Z
e
ro
b
ia
s
 s
u
b
s
tra
c
tio
n
 (z
b
 s
u
b
.)

7
 M
o
d
e
l in
d
e
p
e
n
d
e
n
t a
n
d
 la
rg
e
 P
U
 s
ta
tis
tic
s
 

7
 S
lig
h
t b
ia
s
 a
s
 n
o
 H
S
 v
e
rte
x
 re
m
o
v
e
d

      –
 G
o
o
d
 o
v
e
ra
ll a
g
re
e
m
e
n
t

P
U
-C
R

H
S
-C
R

ε
H
S =

N
p
a
ss−

N
P
U

p
a
ss

N
−

N
P
U

,
S
F
=

ε
H
S

d
a
ta

ε
H
S

M
C

N
P
U

(Δ
ϕ
>
2
.8

)=
π
−

2
.8

1
.2

(N
(Δ

ϕ
<
1
.2

)−
N

H
S

(Δ
ϕ
<
1
.2

))



O
ctober 1, 2020

L.Portales (LAPP, U
SM
B)

56

Forw
ard taggers for Pflow
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Pileup M
odelling
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M
VfJVT – Q

uark/Gluon dependence
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Event selection – Leptons 
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Theory uncertainties uncertainties
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 observation: System
atic uncertainties
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Fit results – N
egative Log. Likelihood
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 observation: Phase space
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 observation: Signal cross-section
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 observation: fit cross-checks
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W
Zjj-EW

 observation: fit cross-checks

>
 Fit strateg

y assu
m
es asym

p
totic     

   regim
e

>
 C
ro
ss-ch

ecked
 u
sin
g
 to
y exp

erim
en
ts

    7
 
1
 M
 to
y
s
 fo
r N
u
ll h
y
p
o
th
e
s
is

    7
 5
0
0
k
 to
y
s
 fo
r te
s
te
d
 h
y
p
o
th
e
s
is

    7
 A
llo
w
 to
 v
a
lid
a
te
 >
 3
 M
 s
e
n
s
itiv
ity

       (
 p
-v
a
lu
e
 ~
 1
0
c
) 

↔
⁻

A
s
y
m

p
to

tic

T
o

y
s



O
ctober 1, 2020

L.Portales (LAPP, U
SM
B)

71

W
Zjj-EW

 observation: Strategy com
parison w

ith CM
S

>
 A
n
a
ly
s
is
 re
s
u
lts
 c
o
m
p
a
re
d
 w
ith
 C
M
S
 

>
 R
e
p
ro
d
u
c
e
d
 e
v
e
n
t s
e
le
c
tio
n
 &
 fit s
tra
te
g
y

>
 H
ig
h
e
r s
e
n
s
itiv
ity
 m
a
in
ly
 d
u
e
 to
 B
D
T
 u
s
e



O
ctober 1, 2020

L.Portales (LAPP, U
SM
B)

72

E@
ective Field Theory interpretations
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Polarised VBS
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