
56

8.1.2 Sideband method results452

3− 2− 1− 0 1 2 3
)/m(pp)j W

j
1 - m(W

1.5−

1−

0.5−

0

0.5

1

1.5) j
 W j

y(
pp

) -
 y

(W

0
2
4
6
8
10
12
14
16
18
20

-12016, L = 9.9 fb Preliminary  CMS
Normalization region

3− 2− 1− 0 1 2 3
)/m(pp)j W

j
1 - m(W

1.5−

1−

0.5−

0

0.5

1

1.5) j
 W j

y(
pp

) -
 y

(W

0
2
4
6
8
10
12
14
16
18
20

-12016, L = 9.9 fb Preliminary  CMS
anti-acoplanarity region

3− 2− 1− 0 1 2 3
)/m(pp)j W

j
1 - m(W

1.5−

1−

0.5−

0

0.5

1

1.5) j
 W j

y(
pp

) -
 y

(W

0
2
4
6
8
10
12
14
16
18
20

-12016, L = 9.9 fb Preliminary  CMS
 region21, DDTτanti-

3− 2− 1− 0 1 2 3
)/m(pp)j W

j
1 - m(W

1.5−

1−

0.5−

0

0.5

1

1.5) j
 W j

y(
pp

) -
 y

(W

0
2
4
6
8
10
12
14
16
18
20

-12016, L = 9.9 fb Preliminary  CMS
anti-pruned mass region

3− 2− 1− 0 1 2 3
)/m(pp)j W

j
1 - m(W

1.5−

1−

0.5−

0

0.5

1

1.5) j
 W j

y(
pp

) -
 y

(W

0
2
4
6
8
10
12
14
16
18
20

-12017, L = 37.2 fb Preliminary  CMS
Normalization region

3− 2− 1− 0 1 2 3
)/m(pp)j W

j
1 - m(W

1.5−

1−

0.5−

0

0.5

1

1.5) j
 W j

y(
pp

) -
 y

(W

0
2
4
6
8
10
12
14
16
18
20

-12017, L = 37.2 fb Preliminary  CMS
anti-acoplanarity region

3− 2− 1− 0 1 2 3
)/m(pp)j W

j
1 - m(W

1.5−

1−

0.5−

0

0.5

1

1.5) j
 W j

y(
pp

) -
 y

(W

0
2
4
6
8
10
12
14
16
18
20

-12017, L = 37.2 fb Preliminary  CMS
 region21, DDTτanti-

3− 2− 1− 0 1 2 3
)/m(pp)j W

j
1 - m(W

1.5−

1−

0.5−

0

0.5

1

1.5) j
 W j

y(
pp

) -
 y

(W

0
2
4
6
8
10
12
14
16
18
20

-12017, L = 37.2 fb Preliminary  CMS
anti-pruned mass region

3− 2− 1− 0 1 2 3
)/m(pp)j W

j
1 - m(W

1.5−

1−

0.5−

0

0.5

1

1.5) j
 W j

y(
pp

) -
 y

(W

0
2
4
6
8
10
12
14
16
18
20

-12018, L = 52.9 fb Preliminary  CMS
Normalization region

3− 2− 1− 0 1 2 3
)/m(pp)j W

j
1 - m(W

1.5−

1−

0.5−

0

0.5

1

1.5) j
 W j

y(
pp

) -
 y

(W

0
2
4
6
8
10
12
14
16
18
20

-12018, L = 52.9 fb Preliminary  CMS
anti-acoplanarity region

3− 2− 1− 0 1 2 3
)/m(pp)j W

j
1 - m(W

1.5−

1−

0.5−

0

0.5

1

1.5) j
 W j

y(
pp

) -
 y

(W

0
2
4
6
8
10
12
14
16
18
20

-12018, L = 52.9 fb Preliminary  CMS
 region21, DDTτanti-

3− 2− 1− 0 1 2 3
)/m(pp)j W

j
1 - m(W

1.5−

1−

0.5−

0

0.5

1

1.5) j
 W j

y(
pp

) -
 y

(W

0
2
4
6
8
10
12
14
16
18
20

-12018, L = 52.9 fb Preliminary  CMS
anti-pruned mass region

Figure 54: Illustration of sideband method for 2016 (top), 2017 (middle), and 2018 (bottom)
data. Left: Distribution of events passing all selection criteria in the normalization region
(not matching in mass and rapidity). Middle-left: Background shape obtained from the anti-
acoplanarity sideband sample, scaled to the normalization region. Middle-right: Background
shape obtained from the anti-t21 sideband sample, scaled to the normalization region. Left:
Background shape obtained from the anti-pruned mass sideband sample, scaled to the nor-
malization region. The matching in mass (1 � m(WjWj)/m(pp)) is plotted on the x-axis and
the matching in rapidity (y(pp) � y(WjWj)) is plotted on the y-axis. The solid box near 0,0
corresponds to signal region A (both protons correctly matched), and the solid diagonal lines
correspond to signal region B (one of the 2 protons correctly matched.

The resulting distributions in the matching variables 1�m(WjWj)/m(pp) and y(pp)� y(WjWj)453

are shown in Fig. 54 for the anti-acoplanarity, anti-t21, and anti-pruned mass sideband samples454

in 2016, 2017, and 2018 data. Fig. 55 shows the equivalent plots for the ZZ channel.455

With the shape of the background from the anti-acoplanarity, anti-t21, and anti-pruned mass456

samples we obtain the normalization using a sample of events passing the acoplanarity and t21457

and pruned mass signal region cuts, but failing the proton-jet mass and rapidity matching cuts.458

The blinded region in 1 � m(jj)/m(pp) and y(pp) � y(jj) (�1 < 1 � m(jj)/m(pp) < 1 AND459

�0.5 < y(pp) � y(jj) < 0.5) is much larger than the eventual signal region, in order to contain460

any potential contamination from misreconstructed signal events. The remaining unblinded461

region is for the used to obtain the background normalization.462

In order to check for any bias in the shapes created by inverting the acoplanarity, t21, or pruned463

mass cuts, we also compare the shapes of the distributions in the non-blinded normalization464

region. The 1-D projections for the anti-acoplanarity sample, anti-t21 sample, anti-pruned mass465

sample, and data passing all central cuts are shown in Fig. 56 and 57. In general the cut inverted466

samples agree reasonably with the nominal sample in both the mass matching (K-S probabili-467

ties � 13% in all years, channels, and matching distributions) projections.468
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Figure 54: Illustration of sideband method for 2016 (top), 2017 (middle), and 2018 (bottom)
data. Left: Distribution of events passing all selection criteria in the normalization region
(not matching in mass and rapidity). Middle-left: Background shape obtained from the anti-
acoplanarity sideband sample, scaled to the normalization region. Middle-right: Background
shape obtained from the anti-t21 sideband sample, scaled to the normalization region. Left:
Background shape obtained from the anti-pruned mass sideband sample, scaled to the nor-
malization region. The matching in mass (1 � m(WjWj)/m(pp)) is plotted on the x-axis and
the matching in rapidity (y(pp) � y(WjWj)) is plotted on the y-axis. The solid box near 0,0
corresponds to signal region A (both protons correctly matched), and the solid diagonal lines
correspond to signal region B (one of the 2 protons correctly matched.

The resulting distributions in the matching variables 1�m(WjWj)/m(pp) and y(pp)� y(WjWj)453

are shown in Fig. 54 for the anti-acoplanarity, anti-t21, and anti-pruned mass sideband samples454

in 2016, 2017, and 2018 data. Fig. 55 shows the equivalent plots for the ZZ channel.455

With the shape of the background from the anti-acoplanarity, anti-t21, and anti-pruned mass456

samples we obtain the normalization using a sample of events passing the acoplanarity and t21457

and pruned mass signal region cuts, but failing the proton-jet mass and rapidity matching cuts.458

The blinded region in 1 � m(jj)/m(pp) and y(pp) � y(jj) (�1 < 1 � m(jj)/m(pp) < 1 AND459

�0.5 < y(pp) � y(jj) < 0.5) is much larger than the eventual signal region, in order to contain460

any potential contamination from misreconstructed signal events. The remaining unblinded461

region is for the used to obtain the background normalization.462

In order to check for any bias in the shapes created by inverting the acoplanarity, t21, or pruned463

mass cuts, we also compare the shapes of the distributions in the non-blinded normalization464

region. The 1-D projections for the anti-acoplanarity sample, anti-t21 sample, anti-pruned mass465

sample, and data passing all central cuts are shown in Fig. 56 and 57. In general the cut inverted466

samples agree reasonably with the nominal sample in both the mass matching (K-S probabili-467

ties � 13% in all years, channels, and matching distributions) projections.468


