
and expanding it for p2 ! c2m2. This yields

E =
√

c2p2 + c4m2 ∼ c2m +
p2

2m
+ . . . (5)

The first term on the right hand side corresponds to the rest energy, while the second

reproduces the nonrelativistic kinetic energy.

In the MS model, one assumes instead the deformed dispersion relation (3). Notice

that, contrary to special relativity , the dispersion relation is not invariant for E → −E.

Solving (3) for the energy, one obtains

E =
− c4m2

κ
±

√

(

1 − c4m2

κ2

)

c2p2 + c4m2

1 − c4m2/κ2
. (6)

The correct sign for a positive-energy particle is the upper one. Expanding as above, yields

E ∼
c2m

1 + c2m
κ

+
p2

2m
+ . . . (7)

It results that the classical nonrelativistic limit of the MS model coincides with that of

special relativity, except that the rest energy is given by

m+ =
m

1 + c2m
κ

, (8)

and differs from the inertial mass m. The effect of the deformed dispersion relation (3) in

this limit is therefore simply a renormalization of the rest energy of the particle. It is also

interesting to note that the Casimir mass m, whose physical significance was not clear in

the earlier literature, can be identified with the inertial mass.

If one considers the lower sign in (6), one has at first order,

E ∼ −

(

c2m

1 − c2m
κ

+
p2

2m
+ . . .

)

. (9)

The mass m− = −m/(1 − c2m/κ) will be identified with the rest mass of the negative

energy states in the Klein-Gordon equation.
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