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Plotting the invariant mass histogram

In this excercise, we learn how to plot the histogram of invariant masses with Python. Let us use the data
collected by the CMS detector in 2011 [1]. Events with specific critenia [2] have been selected in the C5V

file Ymumu_Run2011A.csv, which we are using.

Explore the different code cells below and run the code. Note that normally the code would not be
commented as much as this. Here, the reason for these comments is to explain in detail what the code is
doing.

[1] CMS collaboration (2016). DoubleMu primary dataset in AOD format from RunA of 2011
(/DoubleMu/Run2011A-120ct2013-v1/AOD). CERN Open Data Portal. DOI:
10.7483/0OPENDATA.CMS RZ34. QREM.

[2] Thomas McCauley (2016). Ymumu. Jupyter Notebook file.
https://github.com/tpmeccauley/cmsopendata-jupyter/blob/hst-0.1/Ymumu.ipynb.

1) Start

# Import the needed modules. Pandas is for the datg-analysis

# and matpletlib.pyplot for making plots. Modules are named as pd and plt.
import pandas as pd

import matplotlib.pyplot as plt

# Jupyter Motebook uses "magic functions”. With this function it is possible to plot
# the histogram straight to notebook.
#matplotlib inline

2) Getting the data

# Create a new DataFrame structure from the file "Ymumu_Run2@11A.csv”
dataset = pd.read_csv('../../Data/¥Ymumu_Run2@11A.csv’)

# Create a Series structure (basically a list) and name it "invariant_mass”.
# Save the column "M" from the “dataset™ to the variable "invariant_mass”.
invariant_mass = dataset['M"]

o9

I h(EESSAEHA!

3) Plotting the histogram

Now we can create and plot the histogram of the values of the invariant masses. The histogram shows for
how many events the invariant mass of the muon pair is in a certain value range. Note that we will use
total 500 bins in the histogram, so you will not spot the separate bins because there are so many of

them.

# Plot the histogram with the function hist() of the matplotlib.pyplot module:

# (http://matplotlib.org/api/pyplot_api.html?highlight=matplotlib.pyplot.hist#matplotlib.pyplot
# 'Bins' determines the number of bins used.

plt.hist(invariant_mass, bins=500)

# Name the axises and give a title.

plt.xlabel("Invariant mass [GeV]')

plt.ylabel('Humber of events')

plt.title( 'The histogram of the invariant masses of two muons \n') # \n creates a new Lline for

# Show the plot.
plt.show()

The histogram of the invariant masses of two muons

Number of events

B0 85 9.0 95 100 105 10 15 120
Invariant mass [GeV]

4) Analysis

* What does the histogram tell us?

+ What happens around the mass 9.5 GeV?

Previous Next
Calculating the invariant mass Advanced
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# Valmistellaan kuva, tehddin kuvasta suuri ja asetetaan taustavdriksi sininen
fig, ax = plt.subplots(1l, figsize=(5@,20), facecolor="lightblue")

# Piirretddn taustaksi kaikki maat ja tdytetddn ne viivoilla.
# Tdlldin ne maat, joista el ole dataa, erottuvat helpommin. ~
world.plot(ax=ax, color='darkgrey', alpha=e.8, hatch= "///") n6

# Piirretadn data taustan paalle
data.plot(
column="2614 [YR2814]', # Maddritetddn piirrettdvd sarake
ax=ax, Piirretddn kuva samalle akselille kuin tausta
cmap="Greens’, kdytetddn vihredd vdrikarttaa
legend=True, Lisdatddn selite
legend kwds={

'fontsize': 25, Asetetaan selitteen fonttikoko

E R

‘loc': 'center left' # Asetetaan selitteen sijainti . R 7 ]
scheme="quantiles’, Jaetaan datan vdrit samankokoisiin osiin "
k=6 valitaan osien lukumddrdksi 6

)

# Lisdtddn kuvalle otsikko
plt.title('Hiilidioksidipadstét henkilda kohden (tonnia vuodessa)',fontsize = 4@)

# Poistetaan akselit kuvan reunoilta
ax.axis('off")

# ndytetddn kuva
plt.show()

Hiilidioksidipaastot henkiléa kohden (tonnia vuodessa)
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