
because the momentum transfer (squared) Q2 carried by the W is very small. Thus

the decay rate will be proportional to

ffiffiffiffiffiffiffi
�W

p ffiffiffiffiffiffiffi
�W

p

M2
W


 �2

¼ �2
W

M4
W

:

In the case of the neutral pion, there are two vertices of strength
ffiffiffiffiffiffiffiffi
�em

p
, but no

propagator. Thus the decay rate will be proportional to �2
em and since �em � �W, the

decay rate for the charged pion will be much smaller than that for the neutral decay,

i.e. the lifetime of the �0 will be much shorter.

6.9 The two Feynman diagrams are:

Using lepton–quark symmetry and the Cabibbo hypothesis, the two hadron vertices

are given by gudW ¼ gW cos �C and gusW ¼ gW sin �C. So, if we ignore kinematic

differences and spin effects, we would expect the ratio of decay rates is given by

R ¼ Rate ðK� ! 	� þ ���	Þ
Rate ð�� ! 	� þ ���	Þ

/ g2
usW

g2
udW

¼ tan2 �C � 0:05

The measured ratio is actually about 1.3, which shows the importance of the

neglected effects. For example, the Q-value for the kaon decay is almost 20 times

that for pion decay.

6.10 To a first approximation the difference in the two decay rates is due to two effects.

First, �� ! n þ e� þ ���e has �Sj j ¼ 1 and hence is proportional to sin2 �C, where

�C is the Cabbibo angle, whereas �� ! �þ e� þ ���e has �Sj j ¼ 0 and is propor-

tional to cos2 �C. Secondly, the Q-values are different for the two reactions. Thus,

using Sargent’s Rule,

R � sin2 �C

cos2 �C

Q�n

Q��


 �5

� 0:053
257
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 �5

¼ 17:0:

(The experimental value is 17.8.) Whereas, �� ! n þ e� þ ���e is a first-order weak

interaction, no Feynman diagram with a single W-boson exchanged can be drawn for

�þ ! n þ eþ þ �e (try it), i.e. it is higher-order and hence very heavily suppressed –

in practice not seen.

380 APPENDIX D: SOLUTIONS TO PROBLEMS

oem student
Highlight


