
Discovery of ZZ Vector Boson Scattering 

at Compact Muon Solenoid experiment
𝑨𝒍𝒆𝒔𝒔𝒂𝒏𝒅𝒓𝒐 𝑻𝒂𝒎𝒊𝒈𝒊𝒐 𝟏,𝟐, 𝑀𝑎𝑟𝑖𝑜 𝑃𝑒𝑙𝑙𝑖𝑐𝑐𝑖𝑜𝑛𝑖 1,2, 𝐼𝑙𝑎𝑟𝑖𝑎 𝑉𝑎𝑖 1,2

On behalf of the CMS Pavia Group

1Department of Physics, University of Pavia, Italy
2Istituto Nazionale di Fisica Nucleare (INFN), Section of Pavia, Italy

Expectations and results

At the Large Hadron Collider (LHC) at CERN, VBS is initiated by quarks (𝑞) from
the colliding protons, each radiating a vector boson (𝑉 = 𝑊,𝑍), which then
interact to produce a variety of final states.

This analysis focuses on the 𝑍𝑍 channel, in
specifically on the fully leptonic final state,
where both 𝑍 bosons decay into a lepton–
antilepton pair. 𝑊
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One of the Feymann diagrams:
𝑞𝑞 → 𝑍𝑍 + 𝑗𝑗 → 4𝑙 + 𝑗𝑗

The final jets are the result of quarks
hadronization and they are emitted
back-to-back.

State of the art
𝑒 𝜇 𝜏

The analysis consists in identifying the
leptons and jets in the final state by applying
cuts on their invariant mass andmomentum.
Aim to reconstruct the invariant mass of the
scattering 𝑍𝑍 pairs.

Not all leptons are selected for the analysis

Cut examples:
• 𝑝𝑇 𝑙 > 20 𝐺𝑒𝑉
• 𝑚 4𝑙 > 180 𝐺𝑒𝑉
• Δ𝜂𝑗𝑗 ≫ 4.7

• 𝑚𝑗𝑗 ≃ 150 − 300 𝐺𝑒𝑉

• Probe the innermost structure of
electroweak interaction in the
Standard Model (SM).

A 2021 analysis using the full Run 2 dataset found evidence of this
process with a significance of 𝟒𝝈.

Varying the selection cuts, different
estimates of the number of VBS signal
events (S) and background events (B)
are obtained. The goal is to maximize
the significance.
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A significance larger than 5𝜎 is
considered evidence for a discovery!

Run 2 LHC and CMS parameters:
• Energy of proton-proton collision: 𝑆 = 13 𝑇𝑒𝑉
• Luminosity: 𝐿𝑖𝑛𝑡 = 137𝑓𝑏−1

C𝐫oss section obtained:

The dark blue histogram
corresponds to the VBS signal.
The others correspond to
processes that lead to the same
final state as the 𝑍𝑍 VBS channel
but do not involve boson
scattering.

A lot of background!

The study of the fully leptonic channel presents several challenges:
• The decay of the boson into a lepton–antilepton pair has a branching

ratio of only about 6%, and, since the 𝜏 channel is excluded, this results
in an extremely rare event!

• The cross section is very small:

• The background represents a significant obstacle for this channel.

Types of background:
• Irreducible background component arising from processes that produce

the same fully leptonic final state.

• Reducible background associated with particles that are misidentified
by the detectors.

𝑔𝑔 → 𝑍𝑍 𝑞 ത𝑞 → 𝑍𝑍

In 2026, Run 3 at the LHC will conclude, providing an integrated luminosity ≃ 300𝑓𝑏−1.
Since the number of observed events is directly proportional to the integrated luminosity,
according to the formula 𝑁 = 𝜎𝐿𝜀, where 𝜎 is the cross section and 𝜀 is the detector
efficiency, it is possible to estimate the expected significance achievable.

Run2 + Run3 expectations:
• Improving cross section measurements

reducing statistical uncertainty by 40%
• Expected significance ≃ 6𝜎
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𝑍𝑍 Vector Boson Scattering (VBS) Strategy

Goals and expected results
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Selected final states:

• 4𝑒 • 2𝑒2𝜇 • 4𝜇

o It is ≃ 107 times smaller than that one for single Z production.

o Dominated by statistical uncertainty.

≃ 300
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