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Energy scales in physics



High Energy Physics



Standard Model
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Experiments?

At very high energy collisions, we can probe the fundamental building blocks of nature.
We can verify whether these predictions are actually true.
We can also look for the “New Physics” in the collisions, which were proposed to solve some problems of the SM.
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175 m underground Circumference : 27 km 
 

Large Hadron Collider

*Pune for size comparison
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LHC Detectors
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Hadronic



Detector signatures of electrons & muons
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Search for new phenomena in 4 lepton final 
states with the full Run 2 dataset at ATLAS 

detector at LHC
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New phenomena



4 lepton final state
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4 lepton final state
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WHY?



Excess

● Significant excess when 
considering sub-channels split by 
lepton flavour.

● Mostly in eeeμ or eμμμ events.





Calculating signal events in run 2 
for different Z’ masses



Light Lepton multiplicity (N) for ll Pt cut >5 GeV







So What?



EXTRA SLIDES
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Large Hadron Collider



Why not hadronic?

Detector signatures of neutral & charged hadrons
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I Mainly worked on p p > 𝜏 μ Zp
Where Zp couples to 𝜏 & μ (violating Lepton flavour)





MC generation using MadGraph + Pythia
● First-ever Monte Carlo 

generation of the p p > 𝜏 μ Z 
process.

● Probing Z mass in the range 
of 10 GeV to 100 GeV as the 
cross-section of the process 
turns out 13.76 fb for mZ =10 
GeV whereas 0.25 fb for 
mZ = 100 GeV.



Comparing kinematics as a function of mZ ’



Comparing kinematics as a function of mZ ’



WORKFLOW

Conversion into flat ntupleGeneration of EVGEN.root Conversion into DAOD file



Interesting Problem





p p > mu±  ta∓  Zp , 4 lep final state Q = 0

Light Lepton multiplicity (N) for ll Pt cut >5 GeV

N = ε σ L

For MZp = 10 Gev, 30 GeV, 50 GeV, 70 GeV & 100 GeV
σ  = 35.28 fb, 31.21 fb, 8.763 fb, 1.132 fb & 0.3798 fb resp.
L  = 140 /fb

For e, μ, 𝜏 eta < 2.5, 𝜏 pt > 5 GeV



Light Lepton multiplicity (N) for ll Pt cut >5 GeV



MZp Pt > 5 GeV

10 39901.9

30 59251.2

50 4787.79

70 102.036

100 18.3794

Integrals of each histograms (w/o SS pairs condition)



SS pairs: Light Lepton multiplicity (N) for ll Pt cut >5 
GeV



MZp Pt > 5 GeV

10 24394.2

30 32765.6

50 2840.39

70 61.688

100 12.1317

Integrals of each histograms (SS pairs)


