
position space realization of the MS model, which we assume to be commutative, but

depends only on the deformed dispersion relation.

The result of our investigation is that the correct nonrelativistic limit is obtained.

However, the rest energy of the particle does not coincide with its inertial mass, but

contains corrections proportional to c2m/κ. Also, the MS model implies a breaking of

the time-reversal symmetry, resulting in a difference of the rest mass of particles and

antiparticles, again of order c2m/κ.

2. The MS model

The MS model [5] postulates a nonlinear action of the Poincaré group on momentum

space, such that, under a boost in the x direction, the components of the momentum

transform as

E′ =
E cosh ξ + c p1 sinh ξ

∆
, p′1 =

p1 cosh ξ + E sinh ξ/c

∆
,

p′2 =
p2

∆
, p′3 =

p3

∆
, (1)

where

∆ = 1 +
E(cosh ξ − 1) + c p1 sinh ξ

κ
, (2)

with ξ the rapidity parameter. We have denoted with E the energy, and with pi the

components of the 3-momentum p. According to (1)-(2), the energy E of a particle cannot

exceed the Planck energy κ in any reference frame. For κ → ∞, the transformations reduce

to the usual Lorentz transformations.

The transformations (1)-(2) leave invariant the quantity

E2 − c2p2

(1 − E/κ)2
= c4m2, (3)

where m is the so-called Casimir mass.

3. Classical nonrelativistic limit.

We recall that the nonrelativistic limit of special relativity kinematics for a free particle

is obtained [1] starting from the dispersion relation

E2 − c2p2 = c4m2, (4)
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