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Problem 1. Scalar QED. Consider the theory of a complex scalar field ϕ interacting with
the electromagnetic field Aµ (problem 9.1 in Peskin&Schroeder). The Lagrangian density is

L = −1

4
F µνFµν + (Dµϕ)∗(Dµϕ) − m2ϕ∗ϕ, (1)

where Dµ ≡ ∂µ + ieAµ is the usual gauge-covariant derivative.

(a) Implement the Feynman rules of scalar QED in CompHEP.

(b) Compute the unpolarized differential cross-section for e+e− → ϕ+ϕ−. Find the asymp-
totic angular dependence (for ECM >> m) and total cross-section. Compare your results to the
case of e+e− → µ+µ−. Suppose you were an experimentalist who has just discovered pairs of
such heavy charged particles (they would look like heavy charged leptons) in an e+e− colliding
experiment. Can you tell the spin of the new particles based on this result?

(c) Investigate the threshold behavior of the total cross-section, i.e. the rise of the cross-
section as a function of β, the velocity of the final state particles, for CM energies just above
threshold (2m). Show that in the case of ϕ production, σ ∼ β3 while for µ+µ− production,
σ ∼ β. (Take ϕ and µ to have a common mass m.)

Problem 2. Z ′. Implement a new heavy neutral gauge boson (i.e. a Z ′) in CompHEP.
Take the Z ′ mass to be 1 TeV. Assume the Z ′ has SM-like couplings to the quarks and leptons,
but with a new coupling constant gnew which could be a free parameter. Consider the Drell-Yan
process at the LHC (pp → `+`−) and plot the invariant mass distribution of the lepton pair.
Do this for two (or three) very different values of the coupling gnew. Hint: Be careful not to

walk right into the trap in this problem.

Problem 3. FORTRAN exercise: Monte Carlo Integration. Calculate π by means
of Monte Carlo integration. To this end, consider a definite integral whose numerical value is
proportional to π, then calculate the integral by Monte Carlo methods. For example, we know
that the area of the unit circle is equal to π, hence the area of half a circle is π/2:
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and a convenient integral representation of π is
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∫
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1 − x2. (3)

Now write a simple program which integrates the right-hand side. Hint: In fortran the function

rand() generates a random number between 0 and 1. Notice that the largest value of the
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integrand is y = 1, so it is convenient to take “the box” encompassing the integrand to be
simply the unit square

0 ≤ x ≤ 1, 0 ≤ y ≤ 1

in which case we do not need to rescale the values returned by rand(). Investigate the numerical
precision of the Monte Carlo integration as a function of the number of tries N .

Problem 4. FORTRAN exercise: LHC Olympics. Write a simple fortran program
which reads in the LHC Olympics “data”, then counts and prints on the screen the number of
different objects (electrons, muons, photons, jets, b-jets, tau-jets) and the value of the measured
missing transverse energy in each event.
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