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Problem 1 (6 points)

Supernova type IIa (core-collapse supernova) produces significant amounts of
detectable neutrinos and many people (including me!) are waiting for the next one
within the Milky Way. Here, the rate of type IIa supernova is predicted to be 3 per
century.

[1] Assuming a Poisson distribution, what is the probability of measuring 0, 1, 2 or 3
type IIa supernovae in the next 100 years? (4 points)

[2] Next, from the observation, people cannot find any type IIa supernova in 100
years observation. What is the upper limit of the rate of type IIa supernova
observation with a 90% confidence level? (2 points)

problem 2 (3 points)

During an experiment, an array of 50 independent counters are monitoring
background particles entering the detector to reject them (=veto counters). Each of
them has a 99% efficiency to detect background particles, or 1% chance to fail to
detect particles entering the detector. An experiment discards the data if 2 or more
counters fail to reject background particles. What percentage of data from this
experiment will be useful?

problem 3 (1 points)

There is a series of measurements about , where mean is  and variance is . The
sample mean (average) of  measurements is  and the sample variance is .

As expected, the expectation value of sample mean  is the mean .

Prove expectation value of sample variance  is the variance .
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