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1 - The ATLAS experiment at the LHC
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1 - The ATLAS experiment at the LHC

★ Large Hadron Collider (LHC) 

❖ Proton collider (and heavy ion)
➢ √s = 13.6 TeV
➢ Collision rate = 40 MHz 

❖ Localisation : Geneva 
➢ 4 collision points 

■ LHCb, Alice, CMS et ATLAS!
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1 - The ATLAS experiment at the LHC

★ A Toroidal LHC ApparatuS (ATLAS)

❖ General purpose detector
❖ Composed of layers of sub-dectectors :

➢ Tracker : position, charge, momentum
➢ Calorimeter (electromagnetic and hadronic) : energy, position
➢ Muon spectrometer : Momentum, position

● weakly interactive particle like neutrinos are 
not directly detected
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2 - Analysis : Search for a new leptonically decaying neutral vector boson in association 
with missing transverse energy

Standard Model (SM) is working very 
well

But... some questions remain...

dark matter, dark energy, gravity…

Need to look beyond !
direct searches

New resonances

Indirect searches

Precision measurement of SM 
processes

My interest in final state with two leptons

e.g. 
Higgs boson 

discovery
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2 - Analysis : Search for a new leptonically decaying neutral vector boson in association 
with missing transverse energy

★ AIM 
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Discovery 

Precise measurements of resonance properties Exclusion

Validation of Theoretical Models Constraints Theoretical Models

Exploration of New Physics
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2 - Analysis : Search for a new leptonically decaying neutral vector boson in association 
with missing transverse energy

★ From inclusive to exclusive search

❖ Theoretical motivation :
➢ New Z’ gauge boson in BSM theories.

■ Additional SU(2) or U(1) gauge symmetry.
■ TeV scale.

7

 m_ee = 4.06 TeV

e+

e-



Tom Cavaliere - LAPP JRJC 24/10/2023

2 - Analysis : Search for a new leptonically decaying neutral vector boson in association 
with missing transverse energy

★ From inclusive to exclusive search

❖ Inclusive search : pp -> ℓℓ
➢ No discovery found by ATLAS and CMS.
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2 - Analysis : Search for a new leptonically decaying neutral vector boson in association 
with missing transverse energy

★ From inclusive to exclusive search

❖ My focus : Exclusive search : pp -> ℓℓ + X
➢ Reduce SM backgrounds + better sensitivity
➢ Channels investigated at LAPP : 

■ X = dark matter particles (Z’+MET channel)
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2 - Analysis : Search for a new leptonically decaying neutral vector boson in association 
with missing transverse energy

★ From inclusive to exclusive search

❖ My focus : Exclusive search : pp -> ℓℓ + X
➢ Reduce SM backgrounds + better sensitivity
➢ Channels investigated at LAPP : 

■ X = dark matter particles (Z’+MET channel)
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2 - Analysis : Search for a new leptonically decaying neutral vector boson in association 
with missing transverse energy

★ From inclusive to exclusive search

❖ My focus : Exclusive search : pp -> ℓℓ + X
➢ Reduce SM backgrounds + better sensitivity
➢ Channels investigated at LAPP : 

■ X = dark matter particles (Z’+MET channel)
■ X = 2 back-to-back jets (VBF channel)
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2 - Analysis : Search for a new leptonically decaying neutral vector boson in association 
with missing transverse energy

★ Z’+MET benchmark signal models

❖ 2 signal models

❖ 6 parameters per model :
➢ 3 couplings: gq, gl and gD 
➢ 3 masses

❖ Z’ mass: 200 - 1000 GeV

❖ Dark sector particles masses : 
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2 - Analysis : Search for a new leptonically decaying neutral vector boson in association 
with missing transverse energy

★ Analysis strategy

Search in the dilepton invariant mass spectrum resonances with the run 2 dataset

❖ Selections to look for interesting events :
➢ 2 identified oppositely charged leptons (electrons or muons)
➢ Large missing transverse energy ( > 55 GeV)
➢ b-jet veto
➢ …
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2 - Analysis : Search for a new leptonically decaying neutral vector boson in association 
with missing transverse energy

★ Analysis strategy

Search in the dilepton invariant mass spectrum resonances with the run 2 dataset

❖ Test compatibility between SM processes and data
➢ Identified the dominant backgrounds 
➢ Same task as trying to find all the ingredients of a special Préfou
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★ Special Préfou
○ Cooked during 2015-2018
○ at 180°C
○ stable oven condition

Special ingredient ? 
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2 - Analysis : Search for a new leptonically decaying neutral vector boson in association 
with missing transverse energy

★ Analysis strategy

Search in the dilepton invariant mass spectrum resonances with the run 2 dataset

❖ Test compatibility between SM processes and data
➢ Identified the dominant backgrounds 
➢ Same task as trying to find all the ingredients of a special Préfou
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★ Signal-like sample
○ Collect during 2015-2018 (Run2)
○ at √s=13 TeV 
○ stable beam condition Signal-like 

sample

Top 

Z->ll

Diboson

BSM process ? 



Tom Cavaliere - LAPP JRJC 24/10/2023

2 - Analysis : Search for a new leptonically decaying neutral vector boson in association 
with missing transverse energy

★ Analysis strategy

❖ Generated signal samples for Z’ mass spreading from 200 GeV to 1 TeV. 
➢ Add selection on m_ll > 180 GeV
➢ Using MC samples every 100 GeV + morphed samples to have a continuous scan 
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2 - Analysis : Search for a new leptonically decaying neutral vector boson in association 
with missing transverse energy

★ Analysis strategy

❖ Signal Region (SR) :
➢ Signal enriched region

■ search for an excess over the SM backgrounds.

❖ Control Region (CR) : 
➢ Region use to improve the modeling of a background.

■ SR-like selection
■ Pure

 

❖ Validation Region (VRs) : 
➢ Regions use to validate the background estimation

■ SR-like selection
■ Pure

 → difficult task !
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2 - Analysis : Search for a new leptonically decaying neutral vector boson in association 
with missing transverse energy

★ Statistical Model 

❖ Profile Likelihood function
➢ Use to estimate the parameter of interests while taking into account uncertainty introduced by 

nuisance parameters.

data

Nuisance 
parameters
(systematics)

Parameter of interest (strength of the signal, scale 
factors of each background)

Poisson distribution

Number of events in bin i.

Prediction of signal events in bin i

Prediction of background events in the bin i.

Gaussian function 
uses to propagate 
the NP i  in the 
model.
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2 - Analysis : Search for a new leptonically decaying neutral vector boson in association 
with missing transverse energy

★ Results

❖ Background modeling : 
➢ Z->ll CR and VR post fit result in the electron channel
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2 - Analysis : Search for a new leptonically decaying neutral vector boson in association 
with missing transverse energy

★ Results

❖ Signal region post fit : 
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2 - Analysis : Search for a new leptonically decaying neutral vector boson in association 
with missing transverse energy

★ Results

❖ Signal region fit : 

Very good agreement with 
the Standard Model
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2 - Analysis : Search for a new leptonically decaying neutral vector boson in association 
with missing transverse energy

★ Results

❖ Signal region fit : 

Very good agreement with 
the Standard Model
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2 - Analysis : Search for a new leptonically decaying neutral vector boson in association 
with missing transverse energy

★ Results

❖ Local significance

No excess above 3𝛔
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2 - Analysis : Search for a new leptonically decaying neutral vector boson in association 
with missing transverse energy

★ Results

❖ Limits on the Z’ cross-section as a function of mZ’

None of the simulated signal points using 
a Z’ll coupling of gl = 0.01 are excluded

Lepton coupling limits 
extracted from the 
cross-section limits
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3 - Conclusion
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3 - Conclusion

❖ A search for a new leptonically decaying neutral vector boson in association with missing 
transverse energy in proton–proton collisions at √s=13 TeV with the ATLAS detector has 
been presented.

❖ No excess found over the SM backgrounds 
➢ New limits set (cross-section and coupling)

■ An order of magnitude better than the inclusive search! 
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SR SELECTION
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SR BKGS ESTIMATIONS
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BINNING
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30

σL is the longitudinal component of 
the total transverse momentum 
resolution for all objects in
the even

 ρLT is the correlation factor 
between the parallel and 
perpendicular components of the
transverse momentum resolution 
for each object
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CONTROL REGION SELECTION

31



Tom Cavaliere - LAPP JRJC 24/10/2023

CONTROL REGION PURITY
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VALIDATION REGION SELECTION
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