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Figure 1 (Color online) Standard model Higgs Boson decay branching
ratios and their uncertainties [8].
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Figure 2 (Color online) The combination of 7 and 8 TeV signal
strengths of individual decay modes and their uncertainties (black points
and red lines). The overall signal strength is 0.87+0.23 (the vertical black
line is center value and the green bands represent error bars), which is
consistent with SM within uncertainty [9]. Licensed under CC BY 4.0.
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Figure 3 Typical Feynman diagram of VBS process.
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Figure 4 (Color online) The total W*W™ scattering cross sections as
a function of the center of mass energy for different polarized states and
for different Higgs masses, including the limiting Higgsless case [25].
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Table 1 Results of three VBS channels using Run I data, while Zy is
the first observed 30 evidence of VBS process in CMS

FHIE T 2 1 R 55 2 HESLEE (b))
VBS ssWW 310 2.00 19.4
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Table 2 Results of five VBS channels using Run II data, while ssWW is

the first discovery of VBS process in LHC. The numbers in parentheses
are the results combining Run I and Run II data

FHRiE IR E L 2 R B S (b))
VBS ssWW 570 5.50 359
VBS WZ 2.50 220 359
VBS 77 1.60 270 359
VBS Zy 5.2(5.5)0 3.94. 7)o 35.9(55.6)
VBS Wy 4.6(4.8)0 4.9(5.3)0 35.9(55.6)
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Figure 5 mww distribution for my = 200, 500 GeV/c? and no-Higgs
scenarios [33]. Licensed under CC BY-NC 2.0.

0.012 T
L _,—I0 m
0.010 -~ _
i H, i
0.008 |- .
. i
3 0.006 - N
0.004 — —
0.002 — _
A NS 1]
40 20 0 20 40 60

log/A

B 6 VI — 1k #1Lh 4R 5% B EL 4 A, HoXt BiHiggs)it &
200 GeV, H, %} N HiggsB% t T INAFAE. 45 5 XF DL i FL 4y 2%
FEONG ab™!, R0 R AL E 14 TeV B3 GEILE AT IFBY-NC
2.0 #Z

Figure 6 Normalized loglikelihood ratio distributions for two hypothe-
ses, Hyp corresponds to my = 200 GeV, H; corresponds to no Higgs
Boson. Results correspond to an integral luminosity of 6 ab™! at /s =
14 TeV [33]. Licensed under CC BY-NC 2.0.
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Figure 7 (Color online) Distribution of invariant mass of two jets in
signal region, the hatched bars include statistical and systematic uncer-

tainties. The signal W*W=*jj includes EW, QCD and their interference
contributions [42]. Licensed under CC BY 3.0.
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under different my=+ scenarios. Theoretical cross sections for three val-
ues of the vacuum expectation value (vev) are overlaid [42]. Licensed
under CC BY 3.0.
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Figure 9 (Color online) p.‘r’v distributions with the combined electron
and muon channels. The last p¥“ bin has been extended to include
the overflow contribution with p?’ > 221.4 GeV. The red line depicts
a representative signal distribution with anomalous coupling parameter
fuo/A* = 44 TeV™ and pink line shows the same distribution corre-
sponding to the SM case. The grey bands represent the sum of statistical
and systematic uncertainties [44]. Licensed under CC BY 4.0.
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Figure 10 (Color online) The invariant mass distribution of the Zy sys-
tem. The highest mass bin includes events with mz, > 420 GeV. Error
bars represent the statistical uncertainty in the data, while the systematic

uncertainties in the AQGC signal and background estimate are shown as
hatched bands [30]. Licensed under CC BY 4.0.
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Figure 11 (Color online) The one-dimensional representation of the 2D
distributions in signal region in the electron + barrel photon region. The
m;j binning is (0.5, 0.8, 1.2, 1.7, infinite) TeV, the binning of myy is (30,
80, 130, infinite) TeV. The black points with error bars represent the data
and statistical uncertainties of data, the hatched bands represent the full
uncertainties of the predictions [32].
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Figure 12 (Color online) The one-dimensional representation of the 2D
distributions in signal region in the electron + barrel photon region. The
mjj binning is (0.5, 0.8, 1.2, 2.0, infinite) TeV, the binning of IAnjjl is
(2.5, 4.5, 6, infinite). The black points with error bars represent the data

and statistical uncertainties of data, the hatched bands represent the full
uncertainties of the predictions [48]. Licensed under CC BY 4.0.
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Figure 13 (Color online) The one-dimensional representation of the 2D
distribution of m;; and |An;| in signal region. The mj; binning is (0.5, 1.0,
1.5, 2.0, infinite) TeV, the binning of |An;| is (2.5, 4.0, 5.0, infinite). The
hatched bands represent the total and relative systematic uncertainties on
the predicted yields. The black points with error bars represent the data
and statistical uncertainties of data. The bottom panel shows the ratio of

the number of events measured in data to the total number of expected
events [49]. Licensed under CC BY 4.0.
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Figure 14 (Color online) Distribution of the BDT output of signal,
backgrounds and data in the signal region. Black points with error bar
represent the data and statistical uncertainties of data, filled histograms
are the expected signal and background contributions [50]. Licensed un-
der CC BY 4.0.
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Figure 15 Simplified structure of the particle-based DNN model. Inputs are features of each particle, gradually merging to the output layers [53].

Licensed under CC BY 4.0.
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Figure 16 (Color online) ROC curves of different methods. These
curves stand for methods of Agj;, pQ, BDT, DNN(dense) and particle-
based DNN, respectively. The X-axis showing signal efficiency of LL

component, and Y-axis the rejection rate of TT+TL components [53].
Licensed under CC BY 4.0.
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Figure 17 (Color online) Significance dependence on m;; selection,
through fitting p’Tl, Agjj, or the DNN discriminant. Greatly improved
performance is found with DNN [53]. Licensed under CC BY 4.0.
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Figure 18 (Color online) Two-dimensional histograms of PC1 and
PC2. (a)—(c) correspond to the LL, TL and qqZZ samples, respectively.
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Figure 20 (Color online) Distributions of the output score of the sig-
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ber of events observed in data to that of the total SM prediction. The gray
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Vector Boson scattering from the compact muon solenoid
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Triggered by the electroweak symmetry spontaneous breaking, the Higgs Boson provides mass to fundamental particles and
ensures the unitarity safety of the vector Boson scattering. This scattering is crucial for testing the Higgs mechanism, and
it can also be used to probe new physics beyond the standard model. In this paper, after a brief introduction of the standard
model Higgs theory, we present a detailed review of the research on the vector Boson scattering. This review includes an
early study on the two same-charged W Boson based on Monte Carlo samples, the searches for vector Boson scattering and
studies on beyond standard model physics using data collected by the compact muon solenoid (CMS) experiment during
Run I in 2012 and Run II in 2016-2018 as well as the recently achieved first measurement of polarized vector Boson
scattering.
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