
Identify the decaying particles through ATLAS

data analysis
—— leptons and photons in Z path

10.07.2019

Supervisor: Ana DUMITRIU (CPPM)

Reporters: Mingya DUAN (GXU) 
Jumin  YUAN (Meng WANG, SDU)



Outline

1. The standard model of particle physics

2. ATLAS detector

3. Identification of particles

4. Result

210/7/2019

5. Summary and outlook



1. The standard model of particle physics
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In such extreme conditions as a supernova explosion, 
Z bosons are produced as an “everyday” particle

The standard model
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2. ATLAS detector 

➢ 7000 tons
➢ 46 m long
➢ 25 m height
➢ 3000 km of cables 
➢ 100M of readout channels

10/7/2019 4



10/7/2019 5

2.1 The principle of identifying particles

According to different kinds of particles have different  kinds of interactions with 

the mediums in the detectors.



A Data sample: the data sample of many thousand events is 
divided into smaller packages with 50 events each. 

Tool: HYPATIA

Purposes:

• Z boson, by hunting for an electron-
positron pair or a muon-antimuon pair
(Z→l+l-)

• Higgs boson by hunting for a photon-
photon pair(H →γ γ)

• Higgs boson by hunting for 2 lepton-
pairs (H → l+l- l+l-)
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3. Identification of particles 
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3.1 case1: Z→e+e-

Z→e+e-
Steps to identify
• Two footprints in innermost detector from the vertex detector
• Two clusters in the electromagnetic calorimeter
• Sum of electrical charge is 0 
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3.2 case 2: Z→μ+μ-

Z→μ+μ-
Steps to identify
• Two  footprints from the vertex detector to 

muon spectrometer
• Sum of electrical charge is 0 
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3.3 case 3: H→ γ γ

H→ γ γ
Steps to identify
• Two clusters in the electromagnetic calorimeter
• Two tracks in the muon spectrometer
• Two peaks



10/7/2019 10

3.4 case 4: H→ e+e-e+e-

H→ e+e-e+e-

Steps to identify
• Four tracks in the tracking chamber

• Four clusters in the electromagnetic 
calorimeter

• Sum of electrical charge is 0 
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3.5 case 5: H→ e+e-μ+μ-

H→ e+e-μ+μ-
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Steps to identify
• Two tracks in the tracking chamber

• Two clusters in the electromagnetic 
calorimeter

• Two tracks in the muon spectrometer

• Sum of electrical charge is 0 
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4. Result 

• Not see the Higgs boson (lack of data)

• See Z boson (Gaussian)
Mean of mass is 90.46±0.39 GeV
Sigma is 3.555±0.611 GeV

M(ll)[GeV]

M(4l)[GeV]

M(γ γ)[GeV]

Z→l+l-

H → l+l- l+l-

H →γ γ
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5. Summary and outlook 

•Learn more details about the SM, Higgs boson, Z boson and particle
physics

•Study ATLAS detector and the principle to identify particles

•Learn about how to use the HYPATIA to identify particles

•Plan to identify particles in batch mode



Thank You！
Merci !
谢谢！


