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(a) (b)

Figure 1.5: Feynman diagrams for (a) the decay Λ◦ → pπ− and (b) the reaction K−p →
K◦K+Ω−.

the collision of a negative kaon and a proton, giving rise to a neutral and a pos-
itive kaon and an omega minus. In both diagrams, the interaction is drawn as a
“blob” to indicate that the exact mechanism remains to be explored. In the follow-
ing chapters we shall use Feynman diagrams often and explain more details as we
need them.

1.4 References

Special relativity is treated in many books, and every teacher and reader has his
favorites. Good first introductions can be found in the Feynman Lectures, Vol. I,
Chapters 15–17. A concise and complete exposition is given in Jackson, Chapters 11
and 12. These two chapters form an excellent base for all applications to subatomic
physics. Some more recent useful references are W Rindler, Introduction to Special
Relativity, 2nd Ed., Clarendon Press, Oxford, 1991; R.P. Feynman, Six Not-so-Easy
Pieces, Addison Wesley, Reading, MA, 1997; J.B. Kogut, Introduction to Relativity,
Harcourt/Academic Press, San Diego 2001; W.S.C. Williams, Introductory Special
Relativity, Taylor and Francis, London, 2002.

Books on quantum mechanics have already been listed at the end of the Preface.
However, a few additional remarks concerning Feynman diagrams are in order here.
There is no place where Feynman diagrams can be learned without effort. Relatively
gentle introductions can be found in

R.P. Feynman, Theory of Fundamental Processes, Benjamin, Reading, Mass., 1962.

F. Mandl, Introduction to Quantum Field Theory, Wiley-Interscience, New York,
1959.

J.M. Ziman, Elements of Advanced Quantum Theory, Cambridge University Press,
Cambridge, 1969.

K. Gottfried and V.F. Weisskopf, Concepts in Particle Physics, Oxford University
Press, New York, Vol. I, 1984, Vol. II, 1986.
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Problems

1.1. ∗ Use what information you can find to get a number characterizing the
strength of each of the four basic interactions. Justify your numbers.

1.2. Discuss the range of each of the four basic interactions.

1.3. List a few important processes for which the electromagnetic interaction is
essential.

1.4. For what cosmological and astrophysical phenomena is the weak interaction
essential?

1.5. It is known that the muon (the heavy electron, with a mass of about
100 MeV/c2) has a radius that is smaller than 0.1 fm. Compute the min-
imum density of the muon. Where would the muon lie in Fig. 1.3? What
problems does this crude calculation raise?

1.6. Verify Eq. (1.8).

1.7. Verify Eq. (1.9).

1.8. Consider a pion with a kinetic energy of 200 MeV. Find its momentum in
MeV/c.

1.9. A proton is observed to have a momentum of 5 MeV/c. Compute its kinetic
energy in MeV.

1.10. For a certain experiment, kaons with a kinetic energy of 1 GeV are needed.
They are selected with a magnet. What momentum does the magnet have to
select?

1.11. Find two examples where special relativity is essential in subatomic physics.

1.12. How far does a beam of muons with kinetic energy of

(a) 1 MeV,

(b) 100 GeV

travel in empty space before its intensity is reduced to one half of its initial
value?

1.13. Repeat Problem 1.12 for charged and for neutral pions. Also repeat for an
intensity reduction to one half of its initial value.

1.14. Which subatomic phenomena exhibit quantum mechanical interference
effects?
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1.15. If the strong and weak forces are assumed to be approximately constant over
1 fm, find the order of magnitudes for

Fh : Fem : Fweak : Fgravit

for two protons that are 1 fm apart. Use any physical knowledge or arguments
at your disposal to obtain the desired ratios.


