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Problem Muon Decay

e We examined the decay of a Z particle into either electron/positron pair or muon/antimuon pair.
e The aim was to probe the precision of the measurements
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e Our aim was to analyse real data from the CMS detector, using Python as our programming language, and — standard deviation = 2 Gev/c muons with [nf < 0.9
Jupyter Notebook as an interface.

e We have been working on opendata files ([1] & [2]) describingZ — e /e orZ — u /u" decay.

e We plotted the histograms of the invariant mass of the decay pairs and focused on the region corresponding
to the mass of the Z boson, around 91.2 GeV/c? [3].

e From there, we studied the measurement precision of the CMS detector by dividing the sample in different

Electron Decay

sections based on the properties of decay particles.

e We sorted the muons based on their transverse momentum (pr) : for muons, ‘low pr’ 1s lower than 39
GeV/c, and ‘high pr’ 1s higher. For electrons, ‘low p1’ 1s lower than 40 GeV/c. We set both of these numbers
to obtain two samples (high pr. low pr) of the same size.

invariant masses of the dielectron pairs.

In order to examine the decay of Z bosons into e- / e+ pairs we imported the dielectron.csv dataset. From there we plotted the
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X = [random.gauss(91.3,2.4) for _ in range(800)]

In order to select a given range in the invariant mass, and t.o distinguish between high and bins = np.linspace(80,100,50)

low [n| values, or high and low p_ values, we used the following codes: 40GeV plt.xlabel('Invariant Mass [$GeV/c"2$]')

: . plt.ylabel( 'Number of events')

im, = dataset](dataset. M>82.5)&(dataset. M<100)&(dataset.pt1>10)&(dataset.pt2>10)] plt.title('[4] : Comparison of the invariant mass distributions for low $\eta$')

im, = dataset((dataset.M>82.5)&(dataset. M<100)&(dataset.cta | >10)&(dataset.cta?>10)] plt.hist(x, bins, alpha = 0.5,color = 'cyan', label = 'Gaussian fit')

Unfortunately, this selection is not comprehensive: as one may observe in the diagram to the Eit ' ?;ZZ;EETizzi?EEZ E][:_ 1;__11;;1 tl?_;ns=50 » range=(80,100),alpha=0.5, color = 'g', label='low §\eta$')
right, our selection leaves out a good portion of our data : when p_1 > 40 GeV/c and p.2 < plt : show( )

40 GeV/c, or when p_1 <40 GeV/c and p,2 > 40 GeV/e.
This means that, by having a more precise selection on high (or low) values, we i1gnore a part

[6] : Extract from code for plotting comparison with Gaussian random distribution
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of the experimental results. We tried other methods, which involved overlapping, but this 4076 p
one seems the most consistent. T2

Conclusion

As seen, Z bosons decaying into low p.. muons form a significantly narrower | Unlike muons, Z bosons decaying into high p_ electrons form a significantly
peak than Z decaying into high p.. muons. Muons in the low n region form a | narrower peak than the low p.. However, once again, electrons in the low n

narrower peak than the those 1n the high n region. region form a narrower peak than the those in the high n region.

— Which confirms our hypotheses — The mmproved measurement of Z mass confirms our knowledge of lepton

References:

1] http://opendata.cern.ch/record /304

2] http://opendata.cern.ch/record /545 /files/Zmumu.csv
3] The Particle Data Group, http://pdg.lbl.gov/

CERN

properties and the effect of electron and muon detection systems.


http://opendata.cern.ch/record/304

