
MP-01, WS 12/13, 24.10.2011

Exercise 1

1. A 1 GeV/c electron beam hits a proton target. Calculate: (2 points)

(a) The velocity of the CMS

(b) The momentum of the proton in the CMS

(c) The available energy

2. Find the names, masses, quark content, dominant decay channel and spec-
troscopic notation (2S+1

LJ) for the following N=1 mesons containing only
light (u,d,s) quarks: (Hint: Check PDG book(let) for decays; Find all
mesons if there is more than one! Remark: C parity (in J

PC) is not
needed or not de�ned, thus I removed it from the exercise) (3 points)

(a) J
P
= 1

−, I=1, positive charge

(b) J
P
= 0

−, I=1/2, uncharged

(c) J
P
= 0

−, I=0

Homework

1. Explain in your own words an experiment, with which you can measure
the form factor of a proton. What beam and target do you use? Where
do you place your detector? What exactly do you measure and on which
varying variables is it depending on? (3 points)

2. Explain in detail and in your own words two methods for measuring the
magnetic moment of an hyperon. (2 points)
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MP-01, WS 12/13, 8.11.2011

Exercises 2.1&2.2 / Homework 2.3&2.4

1. A η meson undergoes a Dalitz decay into e
+
e
−

γ. Consider the special
case that both the electron and positron get the same kinetic energy. (2 points)

(a) Consider the η beeing at rest and the gamma having a momentum
of 200MeV/c. How large is the opening angle between the electron
and position?

(b) Calculate the invariant mass of the electron-positron pair.

2. Explain (in your own words) Vector Meson Dominance. (2 points)

(a) Where does it play a role?

(b) What particles are (or can be) involved?

(c) Sketch a feynmann graph to support your arguments.

3. What are the main di�erences (in terms of physics) in doing DIS with
neutrinos compared to electrons? (2 points)

4. In deep-inelastic scattering (DIS) a proton beam of 800 GeV energy col-
lides with an electron beam of 25 GeV energy. You might use reasonable
assumptions and simpli�cations in the following calculations. (6 points)

(a) What CM energy does this correspond to?

(b) What electron energy would a you need for the same reaction on a
�xed proton target?

(c) What is the �spatial� resolution you have on the proton?

(d) In what kinematics do you have the maximum Q
2 and how large is

it?

(e) What is measured in Bjorken x?

(f) What is Bjorken scaling? What do you learn from scaling violations?

1













MP-01, WS 12/13, 20.11.2011

Exercises 3/ Homework 3

See the PDG for properties of crystals, gases and formulas.

1. Gamma detection is done by means of electromagnetic calorimeters. They
are build out of di�erent type of scintillating crystals. Two materials which
are used are barium-�uoride BaF2 and lead-tungstate PbWO4. In the
following, a crystal length of 30 cm BaF2 and 20 cm PbWO4 is assumed.

(a) From the radiation length of the crystals, calculate the fraction of
energy a 500MeV and 1GeV gamma deposit in the crystal. (2 points)

(b) How large is the propability of the same photons to pass the crystal
without starting an electromagnetic shower? (1 points)

(c) How many electron/positrons (order) are created in every shower? (1 points)

(d) What optimal lateral size of the crystals would you suggest for an
experiment where position resolution is needed? Give a good reason
for your answere. (1 points)

2. Most detector types depend on energy loss described by the Bethe-Bloch
formula.

(a) Estimate the total energy loss for charged particles (protons, pions,
muons) with βγ = 3 and the same particles with a momentum of
3 GeV/c in the STAR drift chamber, assuming the particles traverse
the chamber 90

◦ to the beam direction. Assume further that the
bending in the �eld can be neglected. (3 points)

(b) For the three particles above, calculate the bending radius in the
magnetic �eld (with βγ = 3 and with �xed momentum). (2 points)

(c) What can you conclude from the above result in terms of particle
identi�cation? (1 points)

Gas:10%/90% of CH4/Ar at normal atmosphere; size: outer/inner diam-
eter 4m/1m; magnetic �eld: 0.5 T
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MP-01, WS 12/13, 29.11.2011

Exercises 4/ Homework 4

1. For high energy experiments, it is convinient to measure particles mo-
menta in terms of rapidity, de�ned as y =

1

2
ln

E+pL

E−pL

. In most cases, it is

experimentally less challenging to use the pseudo-rapidity η = − ln tan
ϑ

2
.

(a) Explain why it is �easier� to measure the the pseudo-rapidity com-
pared to the rapidity in an high energy experiment. (1 points)

(b) One feature of rapidities is, that they can be added up (as long as the
reference axis is the same). Prove that a particle, which has rapidity
a in the CM frame traveling at rapidity b in lab frame, travels with
rapidity c = a+ b in the lab frame. (2 points)

(c) Compare y and η for protons, (charged) kaons and (charged) pions
of 2GeV/c momentum for η = 1, 2 and 5. (2 points)

(d) Prove that η = y for large momenta. (2 points)

Homework:

1. Under the assumption of no mixing with other pseudoscalar state, for |η >

and |η′ > states the following is requiered:

X
2
η + Y

2
η = X

2
η′ + Y

2
η′ = 1

From that, derive these two formulas:

Xη = Yη′ =

√

1

3
cos θp −

√

2

3
sin θp

Yη = −Xη′ = −

√

2

3
cos θp −

√

1

3
sin θp

(3 points)
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MP-01, WS 12/13, 12.12.2011

Homework 5

1. Exotic quantum numbers: Prove that the quantum numbers 0
+−, 1−+

and 2
+− are not allowed for mesons (quark-antiquark). Hint: Start with

the allowed cases for the spin and then, for a �xed spin, check the cases
for J. (5 points)

2. Which of the following decays meson are allowed in strong interaction?
Check the known rules (parity, isospin, ...) and state which are violated
in the decay. (5 points)

(a) ρ→ π
+
π
− and ω → π

+
π
−

(b) ρ→ π
0
π
0 and ω → π

0
π
0

(c) ρ→ ηπ
0 and ω → ηπ

0

(d) ρ+ → ηπ
+

(e) J/ψ → π
0
π
0 and J/ψ → π

+
π
−
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