Ph 801 — Exercise 2 

1. An object emits a blob of material at speed v at an angle  to the line-of-sight of a distant observer. 

a) Show that the apparent traverse velocity inferred by the observer is
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b) [image: image6..pict]Show that vapp can exceed c; find the angle for which vapp is maximum and show that this maximum is vmax = v

2. Which of this reactions violates a conservation law and, in this case, which one?
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3. The muon neutrino mass is constrained using the charged pion decay: 
[image: image2.wmf]. To do this the muon momentum must be measured. Working in the rest frame of the pion, determine the relation between the neutrino mass and the pion momentum and explain why the precision on the muon momentum measurement must be very good to constrain the neutrino mass. As an example: if the muon neutrino mass varies between 0 and 250 keV, how much does the absolute value of the muon momentum vary? [Mass Data: m = 139.571 MeV, m = 105.658 MeV].

1. Suggested solution

a) the blob moves from 1 to 2 in t and since 2 is closer than 1 

to the observer the apparent time difference is given by this 

time interval minus the time in which light travels along d:
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The apparent distance moved by the blob 

for the observer is vtsin and hence the apparent 

[image: image8..pict]velocity is

and hence
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b) The angle at which the velocity is maximum can be found differentiating the velocity respect to the angle and setting it equal to zero:
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2. Suggested solution

Forbodden by muon/electron lepton number (and energy and momentum).

Forbidden by baryon number, strangeness, bottom, top.

Forbidden by charge conservation, bottom.

Allowed.

Forbidden for free protons due to energy conservation but allowed if protons are bound to nuclei.

Forbidden by conservation of muon/electron lepton number.

Forbidden by strangeness conservation since n and p are not strange particles and

K+ = us    (S = -1) and + = uus (S = 1).

3. Suggested solution

We make the hypothesis that the muon neutrino mass is not null. 

Energy conservation and momentum conservation:

[image: image4.wmf]
Hence
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Due to the fact that from the momentum of the muon the quadratic mass of the neutrino is obtained, small variations on the muon momentum produce large variations of the neutrino mass. 
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