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Mini Masterclass
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►Analysis of real events using only 
 a calculator

 pen & sheets

 sticky notes

►Understanding the creation of a spectrum
 Visible “growth” of data

►Understanding selection of data
 Making a cut in a observable

►Reconstruction of Z peak with removing of W background



Preparation 
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►The following data was used:
 http://opendata.cern.ch/record/307

(Z Boson „Signal“)

 http://opendata.cern.ch/record/309
(W Boson „Background“)

 Using only data in mass range 70- 120 GeV/c²

►Modification of data
 Z Boson: 

Adding „Missing Transversal Energy MET„ using a random generator

 W Boson: 
Adding a 2. Muon (from Z data) to end up in invariant mass of Z peak

►Finding a good balance between signal and background 

►Creation of Excel sheets with data 
(signal and background events)

http://opendata.cern.ch/

http://opendata.cern.ch/record/307
http://opendata.cern.ch/record/309


Example
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Class Signal Backgound

70 0 0

72,5 0 6

75 0 5

77,5 0 9

80 0 8

82,5 0 11

85 0 22

87,5 0 19

90 14 19

92,5 21 4

95 1 2

97,5 4 4

100 0 2

102,5 0 4

105 0 5

Sum 40 120
Max 1900 Max 380

Data/TN

TN 20 8►Test with 20 high school teachers



Created Excel Sheets
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Exercice No 1. 
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►𝑀𝑖𝑛𝑣 = (𝐸𝜇1 + 𝐸𝜇2)
2−(𝑝𝜇1 + 𝑝𝜇2)

2

►Calculate the Invariant Mass of your first Events 

►Write the value in the Minv column

𝑝𝑥
𝑝𝑦
𝑝𝑧

∙

𝑝𝑥
𝑝𝑦
𝑝𝑧

= 𝑝𝑥 𝑝𝑥 + 𝑝𝑦 𝑝𝑦 + 𝑝𝑧 𝑝𝑧

Skalarproduct!



Exercice No 2.  
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►𝑀𝑖𝑛𝑣 = (𝐸𝜇1 + 𝐸𝜇2)
2−(𝑝𝜇1 + 𝑝𝜇2)

2

►Write the invariant mass & the respective missing transversal 
energy (MET) on a sticky note

𝑝𝑥
𝑝𝑦
𝑝𝑧

∙

𝑝𝑥
𝑝𝑦
𝑝𝑧

= 𝑝𝑥 𝑝𝑥 + 𝑝𝑦 𝑝𝑦 + 𝑝𝑧 𝑝𝑧

Skalarprodukt!

Minv = 91,2 GeV/c2

MET = 8,61 GeV/c2



Exercice No 3. 
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?



„Cuts“

1105.10.2018 Claudia Behnke - 16th IPPOG meeting - CERN

►„Cun“ on Events with MET > 20 GeV/c2

 Remove all sticky notes with MET > 20 GeV/c2



Signal & Background
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Outlook
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►Possible Variation
 Do not use scalar product, but give p┴ and angle 

 Only use signal entries

 Give invariant mass

►Create a real “real” CMS data set for this
 Including a manual how to use it 


