PHYS 526 Homework #0

Due: optional (but recommended)

1. Natural Units

)

What is one second in GeV units?
What is one meter in GeV units?

The LHC is trying to create new particles with masses M on the order of a
TeV. On dimensional grounds, we expect the production cross section for such
particles to go like 0 ~ 1/M?. What does this correspond to in femptobarns
(1fb = 107"°Db).

The mass scale that corresponds to Newton’s constant Gy = 6.67 x 1071* m? /kg s
is called the Planck mass. What is its value in GeV units?

The age of the Universe is about 13.7 billion years. Express this in GeV units
and compare it to the Planck mass you found above.

2. Matrices and Indices

a)
b)
)
Q)

)

Show that for any two n x n matrices, (M N)! = N*M".
Show that ¢;; (i,j = 1,...,n) is the n x n identity matrix.
Prove the cyclicity of the trace: tr(AB) = tr(BA).

Show that ¢, is cyclic:
€ijk = €jki = €kij - (1)

Use this to show that the triple product (n = 3) is also cyclic in the sense a-(bxc) =
c-(axb)=>b-(cxa).

For M = o' (the Pauli matrix) and v* = (1, 1), evaluate 3, Mv; and 3, Mj;v;.

3. Relativistic Indices

a)

b)
c)

Show that 7, A"\ A”, = n\, implies that A leaves invariant the dot product of
any pair of 4-vectors.

Prove nan*® AA = AF = (A7)~ .

v
Objects with more than one Lorentz index are called tensors. Like vectors, we
raise and lower their indices with n (e.g. T* = p**T\* = n**n**T).). Under
Lorentz transformations, each index gets a power of A (e.g. T — A*, AYT™%).
i) Show that if we treat it as a tensor, n** — n*” under Lorentz transformations.

ii) A pair of tensor indices are said to be antisymmetric if A* = —A"*. Show
that if A is antisymmetric, A*”v,v, = 0 for any vector v,,.

iii) Show that 7" u,v, is Lorentz invariant for any tensor 7" and vectors u, v.



4. Suppose we have the decay A — B + C' for particles with masses m,, my, and m..
Compute the momenta of the decay products in the rest frame of the decaying particle.

5. Evaluate the integral

I = /d3 /d3 4)(P—pb—pc),
where P = (M,0), p) = Ey = /m2 + p2, and 10 = E, = \/m2 + p2.



