Statistics and Error and Data Analysis for Particle and Nuclear Physics

2.3 Experimental errors

2.3.1 Scenario: Good results with bad data

Jane is preparing a hands-on exercise for physics students, and plans to make use of old
data collected in electron-positron annihilation at LEP-I. Searching in the archives, she
discovers that there are two data samples at her disposal: both come from leptonic Z-
boson decays, one containing absolute momenta of ¢, and another — of ¢". Unfortunately,
due to corruption of the old disk, only a small part of the ¢ sample can be recovered,
corresponding to just 4% of the e volume. Jane nevertheless decides to go ahead with the
exercise, and makes a trivial estimate of Z-boson mass value. To her satisfaction, she
finds that the spread of both distributions is about the same. With the small ¢ sample, she
obtains the positron momentum value of 43.0+10.0 GeV, and the larger ¢ sample gives
the corresponding momentum value of 45.0 GeV, with much smaller error. She
ultimately estimates the Z mass at 89.843.9 GeV. The students however come with a
different result: 88.0+10.2 GeV. Upon close inspection, Jane finds out that the students
did not really commit any mistake: they simply did not make use of theoretical
knowledge that would help reducing the error.
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2.3.3 Aims of the material

The goal of this material is to familiarize the students with the following aspects of error
analysis:

o The meaning of sigma

o Combining errors

o Combining results from different experiments
o Using the error matrix

While not all of the mentioned items are covered by the specific scenario, the students
will inevitably encounter them in the reference literature. It is a good idea to provide hints
for students as to what to pay attention to when reading the books. It is also useful to
mention that different sources may use different terminology, such as “uncertainty”
versus “error” etc. In general, literature on this subject is abundant, and the teacher may
chose to offer a different list.
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