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I have just read Peter Fisher’s nice book, ”What is Dark Matter?”; and I want
to offer a broader look at the question of what DM might be.

Most of the theories offered are based upon Newton’s theory of gravitation. I
want to start with Einstein’s theory of gravitation. To make things easy I’ll use the
linear approximation to General Relativity. The metric tensor gµν(x) is expanded in
powers of the gravitational constant G.

gµν = ηµν + hµν − 1/2 ηµνh+O(G2). (1)

Here ηµν is the Minkowski metric tensor (1, -1, -1, -1); and h is the contraction
hµµ = h00 − Σi=1,3 hii. The tensor hµν obeys a wave equation with Tµν , the energy-
momentum tensor, as its source. If we have a static situation (not interested in
gravitational radiation here), then we have,

hµν(x) = 4G

∫
d3x′ Tµν(x

′)/|x− x′|. (2)

This gives us the gravitational field, the metric gµν , in terms of the sources Tµν .
Now we need the geodesic equation to see how particles move in this field.

ξ̈µ = −Γµαβ ξ̇
α ξ̇β, (3)

where ξµ(τ) is the trajectory of the particle in spacetime, the dot means d/dτ , and
Γ is the connection, given in terms of derivatives of the metric gµν .

1 Slow Matter

Let’s first ask about the motion of non-relativistic masses in this gravitational field
- motion of stars in galaxies or clustering of galaxies. We start by approximating
the right hand side of Eq.(3): ξ̇α = (1, 0, 0, 0). Then the geodesic equation becomes
simply,

d2x/dt2 = −1/2 ∇g00, (4)
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which we recognize as Newton’s second law of motion (F=ma).
We usually write the F/m as the negative gradient of a potential, V. So we have,

V (x) = −G
∫
d3x′S(x′)/|x− x′|, (5)

S = 2T00 − [T00 − Σi Tii) = ρ+ p. (6)

Here we introduce the familiar terms ρ (energy density or rest mass) and p (pressure)
for the two major parts of the energy momentum tensor.

If you forget about p, then you have Newtonian gravity. What could give you a
large pressure? Low energy Tachyons; neutrinos present in large numbers throughout
the universe. And they look just like a Newtonian source of gravity in the equation
above; but they are physically different.

2 Light

Now we look at gravitational lensing - the deflection of light passing through a given
gravitational field. Here we start the geodesic equation (3) with the input velocity
4-vector ξ̇α = (1, 0, 0, 1), for the light beam traveling initially in the z-direction. The
equation of motion in the transverse directions is then,

ẍi = −Γi00 − Γi33 = −1/2 ∂i[g00 + g33], i = 1, 2. (7)

This leads to an effective potential, as seen above, with the source,

S = 2[T00 − 1/2T + T33 + 1/2T ] = 2(ρ+ p/3), (8)

assuming that the pressure is isotropic. This again shows how tachyon-neutrinos can
mimic (through their ”pressure”) the effects of Newtonian gravity.

A word about the word ”pressure”. This usually invokes the image of many
molecules, moving rapidly and undergoing many random collisions in any short pe-
riod of time. That image does not fit our notion of neutrinos - whether or not they
are tachyons - because at low energies they have extremely little interaction with
one another or with any other matter. Yet, the word ”pressure” is traditionally used
to refer to the space components of the energy-momentum tensor. I might suggest
a somewhat different nomenclature: T00 is called the energy density; T0i is called
the energy flow (or perhaps the momentum density); and Tij is called the flow (or
perhaps the momentum flow). However, mostly I will stay with the word ”pressure”.
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