
Physics 542 (Standard Model of Elementary Particle Physics) Spring 2013

Problem set 3

Due Mar. 1, 2013

1. For this problem, you will need to consult the Particle Data Group’s Baryon and Meson
Summary Tables to know the flavor quantum numbers, the quark content, and the masses
of various hadrons. You may also need to consult its review article on the quark model to
know how different hadron states are treated in the quark model.

The following spin-3
2

baryons form the lowest-lying decuplet of flavor SU(3): Ω− of mass
1672 MeV, (Ξ0,Ξ−) of mass 1530 MeV, (Σ+,Σ0,Σ−) of mass 1385 MeV, (∆++,∆+,∆0,∆−)
of mass 1232 MeV. According to the quark model, these hadrons differ fundamentally only
in their numbers of s quarks. Note that, of the baryons in this list, the Ξ and Σ are not the
lowest mass baryon states with these names.

Show that the Ω− is of low enough mass that it cannot have any decays that obey
the conservation laws of the strong interaction. Thus its only decay modes need the weak
interaction. In contrast all the other baryons in the multiplet have strong-interaction decays.
(Hint: examine masses of the lightest possible mesons and baryons with a given strangeness,
and find a simple way of finding possible relevant decay modes.)

Suppose that, in a different world, the pion were heavier than it is, but all the other
hadrons had their real-world masses. Approximately how heavy would the pion have to be
in order that all the baryons in the Ω, ...,∆ decuplet would have no strong interaction decays.

2. In the parton model approximation, compute the electromagnetic structure functions for
a scalar quark (i.e., for a spin-0 quark).

3. Formulation of the structure function method for scalar field exchange instead of vector
field: Suppose you wanted to investigate the consequences of a hypothetical theory with an
extra neutral scalar field φ that has Yukawa couplings to quarks and to leptons:

Lint = φ× (heēe+
∑
i

hiq̄iqi), (1)

where he and hi are the couplings to electrons and to quarks of flavor i. (a) What would be
an appropriate definition of structure function(s) in this problem? (b) What would be the
parton model formula?


