
Homework #2

1. A free neutron decays via the weak interaction, n→ pe−ν̄. Please explain why the
neutron inside atoms is stable.

2. Consider the scattering process of A+B → R→ C+D+· · · . The Lorentz invariant
form of the cross section is
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where s denotes the c.m. energy of the system, k labels the wave number of the
incoming particle, Si and Ci is the spin and color of particle i, respectively. mR (ΓR)
is the mass (width) of the resonance R. Γ(R → XY ) represents the partial decay
width of the decay channel R → XY . The resonance R contributes maximally to
the cross section in the vicinity of s ≈ m2

R. Please show the cross section in the
limit of ΓR � mR. Explain your results.

3. Use CalcHEP to calculate the top-quark decay t → be+νe and the µ-lepton decay
µ+ → e+ν̄µ + νe. Draw Feynman diagrams of each process. Are they identical if we
ignore the color of quarks? Please plot the correlation between mbe+ and me+νe in
the top-quark decay and the correlation between mν̄µe+ and me+νe in the µ+-decay.
The correlation figures are often called as Dalitz plots. Do you see resonances in
both plots? Explain why? Note that: mt = 172 GeV, mb = 4.7 GeV, mµ =

4. Consider a process in which one proton (p) is at rest and the other collides with it.
As a result of collision a particle of rest mass M is produced, in addition to the two
protons,

p+ p→M + p+ p. (1)

(a) Find the minimum energy the moving proton must have in order to make this
reaction possible.

(b) What could be the corresponding energy if both the protons are moving.

5. The kaon and pion are spineless. Is the decay K+ → π+γ allowed? Why so? See
PDG 2014 for detailed information of both particles, if needed.

6. Consider the decay π0 → γγ.

(a) Show that its is a p-wave decay.

(b) Show that the decay amplitude can only have the form:

F = e2Fπ0γγ
~k · (ελ × ελ′) (2)

where Fπ0γγ is a form factor (you can treat it as a real number), ~k the 3-
momentum of a photon in the rest frame of π0, ελ the polarization vector of



photon where λ denotes the polarization state. Show that in the rest frame of
π0 the decay width

Γ(π0 → γγ) = 2πα2F 2
π0γγ

|~k|2

mπ0

=
πα2

4
F 2
π0γγmπ0 . (3)

Find Fγ0γγ, using the experimental value of τπ0 given in PDG 2014.

7. The figure below shows the Dalitz plot for a process in pp̄ annihilation at rest into
π+π−π0, i.e.

pp̄→ π+π−π0

from A. Abele, et al., Phys. Lett. B469, 270 (1999). Resonance are apparent.
Identify the three resonances as specific hadrons. (Hint: reading the PLB paper
might help. Use http://www.gfsoso.com or inspires-hep website to find the journal
paper.)

( )A. Abele et al.rPhysics Letters B 469 1999 270–275272

a small background. A fit to the distributions gives a
mass resolution of s s8 MeV and a v mass ofmass
780.75 MeV. The mass differs from the nominal v
mass by 1.2 MeV. The difference could be due to a
wrong magnetic field calibration and could effect the
mass of the r 0 and of the r" differently. We take
the mass difference between our measured v mass
and the accepted value as an estimate of our system-
atic error and correct masses in this mass range by
Ž .q1.2"1.2 MeV.
In Fig. 1 we present the Dalitz plot of reaction

Ž .1 , in Fig. 2 the three r decay angular distributions.
The Dalitz plot with 725 000 events is dominated by
production of r mesons in all three charge states;
the partial wave analysis assigns 81% to the three r
’s. The decay angular distributions show a sin2Q
behaviour – as expected for annihilation from the 3S1
initial state – above a small constant distribution
which reflects contributions from 1S and P-state0
annihilation. The two peaks in the decay angular
distribution of one r originate from the reflection of
the other two r charge states. These are sometimes

w xcalled Bouchiat horns 8 . The slightly higher intensi-
ties of the rq and ry reflections in the decay
angular distribution are due to a small contribution

Fig. 1. pqpyp 0 Dalitz-plot for antiprotons stopping in a liquid
H target.2

Fig. 2. Decay angular distributions of the three r charge states.
1 q y. . .The r ’s are defined by a m " G mass cut. a r ; b r ; cr r2

r 0 decay angular distribution.

from isovector initial states, likely from the 1S0
initial state. Careful inspection of the intensity at
small pqpy invariant masses which is larger on the
diagonal of the Dalitz plot suggests interference con-
tributions from the higher mass r X states even though
the effect is hardly visible. We also expect the r 0

line shape to be distorted by r-v interference since
the v has a small decay probability into pqpy. The
Ž .f 1270 is evident in the data. A further tensor state,2

Ž . q ythe f 1565 is hidden in the r -r interference2
region in the lower left corner of the Dalitz plot.
Fits to Dalitz plots with more than 700 000 events

require binning of the data. For technical reasons,
this binning is too coarse to allow a study of r-v
interference directly on the Dalitz plot. Therefore we
present here only a discussion of the r line shapes

w xand refer the reader to 9 where full account will be
given of the analysis of the pqpyp 0, pyp 0p 0 and
pypypq Dalitz plots. From that analysis we use
here only the branching ratio

0 0BR pp r p s 1.58"0.12 % . 2Ž . Ž .Ž .
The r line shapes are distorted in the three corners
of the Dalitz plot by r-r interference. Therefore we
restrict the line shape analysis to an angular range to
which r-r interference does not contribute. The

BONUS:

The gluon was discovered in the so-called ’three-jet event’ in the TASSO experiment at
the Deutsches Elektronen-Synchrotron (DESY) in 1979. The scattering process is

e−(p1) + e+(p2)→ q̄(k1) + q(k2) + g(k3).

Define s = (p1 + p2)2 = q2, q = p1 + p2 = k1 + k2 + k3,

xi =
2ki · q
q2

.



Show that the phase space integral is∫
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∫
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Textbook: ”Particles and Fundamental Interactions: An Introduction to Particle Physics”,
by Braibant, Giacomeeli and Spurio.


