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\Canale ZZ totalmente leptonico: stati finali e selezione
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Quarks emit bosons (W and Z) which interact with each other giving different 

possible final states

\

Vector Boson Scattering (VBS) process

What VBS is

𝑞𝑞 → 𝑍𝑍𝑗𝑗 → 𝑙 ҧ𝑙𝑙 ҧ𝑙𝑗𝑗
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𝑞𝑞 → 𝑊+𝑊−𝑗𝑗 → 𝑙𝜈𝑙𝜈𝑗𝑗
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Vector Boson Scattering (VBS) process

Endcap Barrel Endcap

𝜂

Where
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Vector Boson Scattering (VBS) process

Investigate EW structure and the role of the Higgs boson in the Standard Model

Why
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𝜎(𝑊𝑊 → 𝑊𝑊)
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Fully leptonic ZZ VBS channel: final states

6

High purity

Low statistics
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Fully leptonic ZZ VBS channel: final states

4𝜇 2𝑒2𝜇 4𝑒

Final states Extremely rare decay

𝐵𝑅(𝑍 → 𝑙 ҧ𝑙) ≃ 3%
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High purity

Low statistics

Alessandro Tamigio



\

\
\

Fully leptonic ZZ VBS channel: selections
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Datasets

Years Luminosity (/fb)

Run 2 2016 - 2018 137

Run 3 2022 - 2026 312

Run 2: published analysis

Run 3: my Phd project
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Fully leptonic ZZ VBS channel: selections
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Datasets Run 2 selections

Years Luminosity (/fb)

Run 2 2016 - 2018 137

Run 3 2022 - 2026 312

Run 2: published analysis

Run 3: my Phd project

𝜃

𝜂 = −ln(tan
𝜃

2
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State of the art

CMS Collaboration, ‘Evidence for electroweak production of
four charged leptons and two jets in proton-proton collisions
at 𝑆 = 13 𝑇𝑒𝑉′. Physics Letters B 812 (2021) 135992
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𝐸𝑊 𝑍𝑍𝑗𝑗

Signal
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Run 2

Backgrounds

𝑞𝑞 → 𝑍𝑍

𝑔𝑔 → 𝑍𝑍

𝑍 + 𝑗𝑒𝑡𝑠

𝑝𝑝 → 𝑡 ҧ𝑡𝑍 + 𝑗𝑒𝑡𝑠
𝑝𝑝 → 𝑉𝑉𝑍 + 𝑗𝑒𝑡𝑠
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State of the art
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𝐸𝑊 𝑍𝑍𝑗𝑗

Signal
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Run 2

𝐾𝐷 =
𝑃𝐸𝑊𝐾

𝑃𝐸𝑊𝐾 + 𝑃𝑄𝐶𝐷

CMS Collaboration, ‘Evidence for electroweak production of
four charged leptons and two jets in proton-proton collisions
at 𝑆 = 13 𝑇𝑒𝑉′. Physics Letters B 812 (2021) 135992
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State of the art: cross section and significance

𝜎𝐸𝑊 = 0.33−0.10
+0.11 𝑠𝑡𝑎𝑡 −0.03

+0.04 𝑠𝑖𝑠𝑡  𝑓𝑏

Cross section measured
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Significance ~
𝑆

𝐵
≅ 4𝜎

Run 2

CMS Collaboration, ‘Evidence for electroweak production of
four charged leptons and two jets in proton-proton collisions
at 𝑆 = 13 𝑇𝑒𝑉′. Physics Letters B 812 (2021) 135992
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My work with Run 3
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|Δ𝜂𝑗𝑗|𝑝𝑇(𝑙1)

Run 3 (2022 -

2026) plots

𝑚𝑍1

Run 3
Run 3
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My work with Run 3
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|Δ𝜂𝑗𝑗|

Run 3 (2022 -

2026) plots

𝑛 𝑗𝑒𝑡𝑠

Run 3 Run 3

PrivatePrivate

𝜂𝑗1
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Triple GEM detectors in CMS

15Alessandro Tamigio

Triple GEM detector 

disposition in the endcaps 

Endcap

Endcap

Barrel



\

\
\

Triple GEM detector in CMS
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Triple GEM detector: short circuits problem
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Defect

Dust

Deposit
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Triple GEM detector: Long Shutdown 3 (LS3)
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Long shutdown 3 (2026 – 2030)

• No beam for 4 years

• GEM detectors will be removed and repaired

Which chambers 

should be prioritized?
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Triple GEM detector: efficiency and performance

19Alessandro Tamigio

First step: identify shorts from data

Blue line is shorted HV sectors 
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Triple GEM detector: efficiency and performance
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First step: identify shorts from data

Blue strip is shorted HV sectors 

Second step: performance evaluation

Efficiency plot
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Triple GEM detector: efficiency and performance

21Alessandro Tamigio

First step: identify shorts from data

Second step: performance evaluation

Efficiency plot

Third step: performance evaluation        

over time
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Conclusions

22Alessandro Tamigio

VBS Analysis Detector performance

• Improve selection

• Improve the cross-section by 

reducing statistical uncertainty 

• Improve significance

• Refine the short-circuit detection algorithm

• Automate the algorithm to monitor performance over time

• Prioritize chamber repairing during LS3
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