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The latest triboson results in LHC proton-proton collisions at a center-of-mass energy of 13
TeV are presented. The full Run 2 data collected from 2016 to 2018 and recorded by the CMS
and ATLAS detectors corresponding to integrated luminosities of 137 and 139 fb−1 are used,
respectively. Triboson processes containing photons (V𝛾𝛾) and without any photons are included,
where V=W, Z. Exclusion limits on anomalous quartic gauge couplings based on the dimension
eight operators of the effective field theory are derived at 95% confidence level in measurements
of V𝛾𝛾 production.
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1. Introduction

The triboson production measurement is only feasible at the LHC with enough statistics to
perform a precise measurement. There are multiboson coupling vertices having both Standard
Model (SM) and Beyond SM theory predictions. Any deviations from the SM predictions would
provide hints for new physics at a higher energy scale which is presently inaccessible [1–6].
Moreover, the Higgs boson can also play a role in the production. These all make the corresponding
studies at the ATLAS and CMS experiments interesting.

2. Triboson measurements containing photons

The triboson production of a W or Z boson in association with two photons is measured by the
CMS experiment [7, 8]. The fully leptonic decays W→ ℓa and Z→ ℓℓ, where ℓ = e or `, are used to
select events of interest. At least two photons are required. Furthermore, the separation of the two
photons, and between photons and leptons, should satisfy Δ𝑅 > 0.4, where Δ𝑅 =

√
(Δ[)2 + (Δ𝜙)2.

The main backgrounds come from the misidentification of jets and electrons as photons.
Another contribution is from processes containing real photons from top quark production in
association with photons and the production of massive gauge boson plus photons, which has a
small contribution. The nonprompt photon background is estimated in a V𝛾 control region in which
two kinds of photons are defined as tight or loose by different requirements on isolation [9, 10].
Assuming 𝜖 and 𝑓 are probabilities of tight photon and jet calculated by the simulation and
data, the nonprompt photon contribution should follow Eq 1, where 𝛼 represents the number of
background events derived from data, and the subscript index represents the leading or trailing
photon. The correctness of this contribution is validated in the control region seen in Fig. 1
(right). The contribution of electrons misidentified as a photon is estimated by the fit in data
and simulation using an invariant mass of an electron and a photon in Z𝛾 events. A correction
factor defined as F (𝑝T, [) =

𝑁data
inv /𝑁data

Z
𝑁MC

inv /𝑁MC
Z

is then computed, where 𝑁
data (MC)
inv and 𝑁

data (MC)
Z in the

numerator (denominator) are the number of events derived from the fit using either signal shape or
double-sided Crystal-Ball function [11] in data (simulation).

𝑁
j→𝛾

TT =
∑︁

(𝑝T,[)𝛾1 (𝑝T,[)𝛾2
(𝜖1 𝑓2𝛼𝛾j + 𝑓1𝜖2𝛼j𝛾 + 𝑓1 𝑓2𝛼jj). (1)

The signal strength, significance, and limits on anomalous quartic gauge couplings are ex-
tracted in bins of 𝑝

𝛾𝛾

T via maximum likelihood fits [12]. After the fits, the observed (expected)
significance for the W𝛾𝛾 signal in the combined channels is 3.1 (4.5) 𝜎; for the Z𝛾𝛾 in the
muon channel is 5.4 (5.1) 𝜎 and 4.8 (5.8) 𝜎 in the combined channels. The signal strengths are
`WW𝛾 = 0.73 +0.10

−0.10 (stat) +0.22
−0.22 (syst) and `ZZ𝛾 = 0.91 +0.10

−0.09 (stat) +0.11
−0.12 (syst). The limits on the

dimension eight operators [13] M2−3, T0−2, and T5−7 based on the effective theory [14] for W𝛾𝛾

channel and the T0−2 and T5−9 operators for Z𝛾𝛾 are derived at 95% confidence level. The post-fit
distributions of 𝑝𝛾𝛾T and the yields in the presence of the anomalous coupling parameter 𝑓T0/Λ4 set
to be 10 TeV−4 are shown in Fig. 1 (left).
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Figure 1: Distributions of the transverse momentum of the diphoton system for the Z𝛾𝛾 muon channel in
the signal region (left) and a nonprompt photon control region (right). The blue line represents a nonzero
𝑓T0/Λ4 value enhancing the yields at high 𝑝

𝛾𝛾

T [8].

3. Triboson measurements of three massive vector bosons

The measurement of triboson VVV production, V= W,Z, has been observed by both the CMS
[15] and ATLAS [16, 17] Collaborations. In the results of the ATLAS experiment, the WWW
process is measured and constitutes the first observation. In the results of the CMS experiment, the
WWW, WWZ, WZZ, and ZZZ channels are measured separately and then combined to give the first
observation of the VVV process. The main backgrounds in this VVV analysis are the lost-lepton
contribution from the diboson process, from jets misidentified as leptons[18], V𝛾 process where the
photon is misidentified as an electron, the lepton charge flip contribution, and other backgrounds
with small yields including the production of 𝑡𝑡 in association with a boson.

In the ATLAS W±W±W∓ measurement, the final states of ℓ±ℓ±jj𝑝miss
T and ℓ±ℓ±ℓ∓ are exploited,

where the former corresponds to the categories of e±e±, `±`±, and e±`±, but the latter corresponds to
the categories of e±e±`∓ and `±`±e∓ discarding the cases having pairs of opposite-sign same-flavor
(OSSF) leptons to decrease the contribution from Z bosons. To select the 2ℓ signal, the requirements
of 𝑚jj < 160 GeV, 𝑁j ≥ 2, |Δ[jj | < 1.5 are applied to reject the contribution from vector boson
scattering processes (VBS). The requirements of 40 < 𝑚ℓℓ < 400 GeV, 𝑚ee < (>)80 (100) GeV,
𝐸

significance
T > 3 [19] and no jets from b-quarks (b) are utilized to reduce nonprompt backgrounds.

In the 3ℓ signal region, no b-jets and sum of lepton charge requirements are applied. The dominant
background from the WZ process with 0-2 jets is normalized by data events in the corresponding
three WZ-enriched control regions. Besides, other control regions enriched in 𝑡𝑡, Z𝛾, and Z→
ee [18] are built to derive factors as event weights to the data-driven samples of nonpromt lepton,
misidentified photons, and charge flip. The boosted decision trees [20] (BDTs) are trained in signal
regions for the 2ℓ and 3ℓ categories to further separate the signal from backgrounds. Each BDT is
trained with 11 variables and the BDT distribution is then used to build the binned likelihood [12]
to extract the signal strength in a simultaneous fit of signal and WZ control regions shown in Fig. 2,
which displays event yields after the fit. The observed (expected) significance is 8.2 (5.4) standard
deviations (sd) corresponding to the 𝑝𝑝 → WWW cross section of 850 ± 100(stat) ± 80(syst) fb.

In the measurement of VVV from CMS, besides the WWW measurement, the WWZ, WZZ,
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Figure 2: Post-fit event yields for data, signal, and background in the four SRs and three WZ CRs [17].

and ZZZ are also measured. For the WWW analysis, 2ℓ and 3ℓ signals are used which is the
same as the ATLAS analysis, however, more cases are considered. In the 2ℓ [21] category, one
case of exactly one jet and two cases with two or more jets separated by the requirements of
|𝑚jj −𝑚W | > 15 GeV are included. Another two cases of 1 and 2 OSSF lepton pair(s) are added in
the 3ℓ category. In total, there are 9 bins in 2ℓ and 3 bins in 3ℓ. For other VVV production, only
the fully leptonic final states are considered. In the WWW analysis, instead of defining a signal
region by selecting directly on discriminating features, two BDTs are trained against instrumental
backgrounds [21] and real backgrounds. In the WWZ analysis, depending on the combination of W
boson decays, there are categories of ee/`` and e`. Two BDTs are trained to separate the e` signal
against the ZZ and 𝑡𝑡Z backgrounds. One BDT is trained for ee/`` against ZZ. In total, seven bins
are used. In the WZZ and ZZZ analysis, because of the small cross sections and branching ratio
of the fully leptonic decay, a BDT method is not used, and instead, a single selection is applied for
each process, resulting in one bin for each. Finally, the signal strength (`) is determined through
simultaneous fits in all 21 signal bins shown in Fig. 3 (right) with either four independent ` for the
four processes separately or one `comb for all VVV channels combined. Results are shown in Fig. 3
(left). The significance of the observation is 5.7 sd with 5.9 sd expected.

4. Conclusions

The most recent triboson results from the CMS and ATLAS experiments at the LHC are
discussed. The CMS Collaboration reports the first observation of the combined production of
three massive gauge bosons. Besides the VVV measurements, CMS also provides the results
of the V𝛾𝛾 measurement. The ATLAS Collaboration provides the first observation of WWW
production with the cross section of 850 ± 100(stat) ± 80(syst) fb which is approximately 2.6 sd
from the predicted cross section of 511 ± 18 fb calculated at NLO QCD and LO electroweak
accuracy [22–25].
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Figure 3: Comparison of the observed numbers of events to the predicted yields after fitting (left) and best-fit
values of the signal strengths (right) for the BDT-based analyses (blue solid circles) and the sequential-cut
analyses (black open circles) [15].
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