. General Problems
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What is the total energy of a proton whose kinetic energy
is 25 GeV? What is its wavelength?

Assume there are 5.0 % 10" protons at 1.0 TeV stored in
the 1.0-km-radius ring of the Tevatron. {a) How much
current (amperes) is carried by this beam? (b) How fast
would a 1500-kg car have to move to carry the same
kinetic energy as this beam?

Protons are injected into the 1.0-km-radius Fermilab
Tevatron with an energy of 150 GeV. If they are acceler-
ated by 25 MV cach revolution, how far do they travel
and approximately how long does it take for them to
reach 1.0 TeV?

(a) How much energy is released when an electron and a
positron annihilate each other? (b) How much energy is
released when a proton and an antiproton annihilate each
other? (All particles ke = 0.)

Which of the following reactions are possible, and by
what interaction could thev occur? For those forbidden,
explain why.

(a) m +p—> K"+ X

)7 " +p-o>K + =7

©7m +p—- A"+K + 7"

(d)ﬂ++p—>£"+n'“

(&) m+p—opte + 1

Which of the following reactions are possible. and by
what interaction could they occur? For those forbidden,
explain why.

(@) 7 +p—->K' +p+ 7"

(MK +p— A+ 7"

(¢) KT+ n— E++:rr”+'y

(K =7 +7"+7"

(e) 7" — e* + u,

. One decay mode foram is 7" — p' + v, . What would

be the equivalent decay for a # 7 Check conservation
rules.

. Symmetry breaking occurs in the electroweak theory at

about 10 " m. Show that this corresponds to an energy
that is on the order of the mass of the W=,

. The mass of a #° can be measured by observing the reac-

tion 7~ + p — 7 + n at very low incident 7 kinetic
energy (assume it is zero). The neutron is observed to be
emitted with a kinetic energy of 0.60 MeV. Use conserva-
tion of energy and momentum to determine the " mass.

i

b

53. Calculate the Q-value for each of the reactions. Eq. 32-4,

for producing a pion.

54. Calculate the Q-value for the reaction 7~ + p — A" + K",

when negative pions strike stationary protons. Estimate
the mimimum pion kinetic energy needed to produce
this reaction. [Hint: assume A" and K" move off with the
same velocity.]

How many fundamental fermions are there in a water
molecule?

A proton and an antiproton annihilate each other at rest
and produce two pions, 7~ and . What is the kinetic
energy of each pion?

(a) Show that the so-called unification distance of 107" m
in grand unified theory is equivalent to an energy of
about 10" GeV. Use the uncertainty principle. and also
de Broglie’s wavelength formula, and explain how they
apply. (b) Calculate the temperature corresponding to
10" GeV.

For the reaction p + p — 3p + p. where one of the
initial protons is at rest, use relativistic formulas to show
that the threshold energy is 6m,, ¢’. equal to three times
the magnitude of the Q-value of the reaction, where mp is
the proton mass, [Hint: assume all final particles have the
same veloeity. |

The lifetimes listed in Table 32-2 are in terms of proper
iime. measured in a reference frame where the particle is
at rest. If a tau lepton is created with a kinetic energy of
450 MeV, how long would its track be as measured in the
lab, on average, ignoring any collisions?

Identifv the missing particle in the following reactions.
(@p+p—=p+n+a"+7

Mp+?—=n+u’

Use the quark model to describe the reaction

p+tn—=a + 7

62. What fraction of the speed of light ¢ is the speed of a

7.0-TeV proton?

Answers to Exercises

Az 1.24 % 10 ¥ m,

B: su.
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