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1. (a.) A resonance X0(1620) decays via the strong interaction to
the final states nπ0 and pπ− with branching ratios of approxi-
mately 16 and 8 %, respectively. What is its isospin? Explain
your reasoning.

(b.) The Σ0(1385) decays by the strong interaction to Σπ final
states with a branching ratio of 12%. What are the branching
ratios for the charged modes Σ+π−, Σ0π0, and Σ−π+ if the
Σ0(1385) is an isotriplet state?

2. Show that in a reaction of the form a+b→ c+d the Mandelstam
variables defined as

s = −(ka + kb)
2

t = (ka − kc)2

u = (kb − kc)2

where ki = (~pi, iEi), are connected by the relation s− t− u =
m2

a +m2
b +m2

c +m2
d.

3. (a.) Estimate the cross-section ratio R, defined by

R =
σ(e+e− → hadrons)

σ(e+e− → µ+µ−)
,

at total center-of-mass energies ECM = 2.8, 5 and 15 GeV,
assuming that there are no resonance peaks at these energies
and that

R = R0(1 + αs/π)

defined by Martin and Shaw remains approximately valid even
at energies as low as 2.8 GeV.

(b.) How would you expect R to change when the energy be-
comes large enough to produce tt pairs, where t is the top
quark?



4. (a.) Show that the scattering variable ν in `−+p→ `−+X(` =
e, µ), defined by

2Mν = W 2 +Q2 −M2,

where M is the proton mass, W is the invariant mass of the
hadron state X and Q2 is the squared energy-momentum trans-
fer from the initial to final lepton, Q2 = (p− p′)2 − (E − E ′)2,
reduces to ν = E − E ′ in the rest frame of the proton.

(b.) Show that the scaling variable x = Q2/2Mν lies in the
range 0 ≤ x ≤ 1 if the lepton masses are neglected.

5. Elastic lepton scattering

`− + p→ `− + p(` = e, µ),

can be regarded as special case of inelastic scattering

`− + p→ `− +X(` = e, µ),

in which the final hadronic state X is a single proton.

(a.) Find the corresponding value of the scaling variable x =
Q2/2Mν.

(b.) Show that in the rest frame of the proton, the initial (E)
and final (E ′) lepton energies are related by M(E − E ′) =
EE ′(1− cos θ), where θ is the lepton scattering angle, M is the
proton mass and lepton masses are assumed to be negligible
compared with their energies.

6. According to z = x = Q2/2Mν, the fraction z of the proton
momentum carried by the struck parton in the figure below
is equal to the scaling variable x if certain approximations are
made. These are: the proton momentum P is much larger than
its mass, i.e. |P| >> M ; the masses and transverse momenta
of the partons are negligible compared with |P| and Q2; and
Q2 >> M2. Verify this starting from the relation

ω2 − k2 = m̃2 ≈ 0,

where k is the final momentum of the struck parton, as shown
in the figure, and ω and m̃ are its energy and mass, respectively.



7. (a.) Use the quark distributions shown below to make a rough
estimate of the fraction of the proton momentum in a high-
momentum frame that is carried by its quark and antiquark
constituents.

(b.) To what would you ascribe the missing momentum?


