Problem 1.1
(a) In the original frame, the energy momentum are

E
P, = Pcos#
P, = Psin¢
P.=0

Boosting in x direction by velocity g tranforms this to
(e) = (G D) (5)
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or

E’ ~vE + nP cosf
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(b) Using the above and 7% — % = 1,

E? - P? = (yE+4nPcosf)? — (nE + P cos0)? — P*sin® 0
= (V¥ =nHE*+ (n* —y*)P*cos* § — P?sin* 0
= E? — P?cos®f — P*sin*0
= E*—P?.
(c) Using (a) and Sy = P/E in tan¢' = P, /P,

Psin6 ~ Bosind
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or with v =1/y/1 — 82 and n = v,
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Problem 1.2
(a) The 4-momentum conservation P = P; + P, leads to

P-P =P — (P-P)=P2.
Expanding it and using P? = M? and P? = m?,
P?—2P-Pi+P!=P — M?’-2ME,+m]=m3,
where we have used P = (F,0) in the rest frame of the parent. Then F, is

M? —m2 +m?
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and its momentum p is
(M2 — m2 + m2)?
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Taking the square root gives the answer.
(b) Suppose the energy and momentum of daughter 1 in the rest frame of the
parent are e and p, repectively. Then, from (a), e = (M? — m3 + m?)/(2M) and

p= \/)\(M2, m3,m3)/(2M). The its energy in the lab frame E; is

Ey, =~vye+npcosh.
The maximum and minimum of E; corresponds to cosf = +1 and —1, respectively:

Elmax =ye+np, Elmin =e—=1np.

The decay is uniform in 47 steradian. The expression for the solid angle element
dw = 2mdcos 6 indicates that cosf will distribute uniformly from —1 to +1. Thus,
the energy will distribute uniformly from F1,i, to Eimax. Normalizing the distribution
in the range of Finax — Eimin = 29p,
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