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The paper



“Quantum Gravity”

• ‘Quantum Gravity’ in the title are not just buzzwords.
• We don’t know what quantum gravity theory is, and,

so far, we do not have any clear experimental signal
of quantum gravity origin.
• But we have some intuitions what might be possible

quantum gravity effects; for example, it is a basically
model independent prediction that spacetime
becomes non-commutative when QG effects are
relevant.
• We can consider specific models with spacetime

non-commutativity, find their prediction, and
hopefully confront them with experiments.
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Deformed symmetries

• As it happens, the spacetime non-commutativity is
sometimes not (naively) Lorentz-covariant.
• For example, in the model called κ-Minkowski we

have

[
x0, x i

]
=
ı

κ
x i , with κ w Planck energy

which does not look very much Lorentz-covariant.
• Surprisingly, there exists a deformation of Poincaré

symmetry (as opposed to LIV) which renders this
commutator perfectly covariant!



Deformed symmetries

• As it happens, the spacetime non-commutativity is
sometimes not (naively) Lorentz-covariant.
• For example, in the model called κ-Minkowski we

have

[
x0, x i

]
=
ı

κ
x i , with κ w Planck energy

which does not look very much Lorentz-covariant.
• Surprisingly, there exists a deformation of Poincaré
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Deformed minus

• In the standard case, the discrete symmetries action,
replaces particle with momentum p with (anti)
particle with momentum −p. This is OK, because the
mass shell relation is insensitive to this, and it follows,
that particles and antiparticles have the same rest
mass.
• In quantum deformed case the minus is replaced by

a nonlinear operation, called the antipode S(p).

S(E) = −E +
p2

κ
+ . . . , S(p) = −p

(
1− E

κ

)
+ . . .

• It preserves the mass-shell condition

E2 − p2 = m2 ⇐⇒ S(E)2 − S(p)2 = m2



Deformed minus

• In the standard case, the discrete symmetries action,
replaces particle with momentum p with (anti)
particle with momentum −p. This is OK, because the
mass shell relation is insensitive to this, and it follows,
that particles and antiparticles have the same rest
mass.
• In quantum deformed case the minus is replaced by

a nonlinear operation, called the antipode S(p).

S(E) = −E +
p2

κ
+ . . . , S(p) = −p

(
1− E

κ

)
+ . . .

• It preserves the mass-shell condition

E2 − p2 = m2 ⇐⇒ S(E)2 − S(p)2 = m2



Deformed minus

• In the standard case, the discrete symmetries action,
replaces particle with momentum p with (anti)
particle with momentum −p. This is OK, because the
mass shell relation is insensitive to this, and it follows,
that particles and antiparticles have the same rest
mass.
• In quantum deformed case the minus is replaced by

a nonlinear operation, called the antipode S(p).

S(E) = −E +
p2

κ
+ . . . , S(p) = −p

(
1− E

κ

)
+ . . .

• It preserves the mass-shell condition

E2 − p2 = m2 ⇐⇒ S(E)2 − S(p)2 = m2



Deformed minus
• As a result, in the deformed case, under the action of

CPT the particle particle with momentum p becomes
the anti-particle with momentum −S(p). It is an
important property of deformed theory that the
action of Lorentz boosts on particles and antiparticles
is not identical.



Decay probabilities

• It follows that although the decay rates of particles
and antiparticles (as measured in the rest frame) are
perfectly identical, for moving of particles and
antiparticles decay probabilities are slightly different.

Γpart = Γ
E
m

exp

(
−Γt

E
m

)
,

Γapart = Γ

(
E
m
− p2

κm

)
exp

(
−Γt

(
E
m
− p2

κm

))



Bounds

• In the case of LHC muons one obtains the following
bound on the parameter of deformation

κ & 4× 1014 GeV

• This is still five order of magnitudes less than the
expected Planck mass MPl ≈ 1.2× 1019 GeV, but it is
hoped that this bound can be improved with the help
of a more dedicated setup.


