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Quantum spacetime

• Motivated by several quantum gravity proposals, it is an effective description 

of spacetime at “small” distances

• The commutator is proportional to some UV scale. Generally, relativistic 

symmetries are deformed.

• Novel physics effects present not only in the UV, but also in the IR

𝑥𝜇 , 𝑥𝜈 ≠ 0
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IR/UV mixing 

• Mechanism first appeared in studies of non-commutative field theories on Moyal non-

commutative space-time

• In 𝜙4 theories in 𝑑 = 4, corrections to the propagator yield contributions of the type

• In the Λ ≫ ෤𝑝 −1 limit, 

• The UV cutoff scale introduces a dependence of the integral on 
1

| ෤𝑝|
, which yields divergence 

when | ෤𝑝| → 0, in the IR regime. Example of dynamical IR/UV mixing. 

𝑥𝜇 , 𝑥𝜈 = 𝜃𝜇𝜈
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𝜅-lightlike Minkowski spacetime

• The coordinate noncommutativity is expressed by

• Deformation of relativistic symmetries described by a Hopf Algebra.

• Ordinary spatial isotropy is spoiled. The model is still relativistic, but 

with a deformed notion of spatial isotropy (interpretation?) 

𝑥0, 𝑥1 = 𝑖ℓ 𝑥1 − 𝑥0 𝑥0, 𝑥𝑖 = 𝑖ℓ𝑥𝑖 𝑥1, 𝑥𝑖 = 𝑖ℓ𝑥𝑖 𝑖 = 2,3

Blaut,Daszkiewicz,Kowalski-Glikman – Mod.Phys.Lett. A 18 (2003)
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𝜅-lightlike Minkowski kinematics

• The coproduct inspired composition laws, at first order in ℓ, are given 

by

• The mass-shell relation inspired by the Casimir element, at first order 

reads 

𝑝 ⊕ 𝑘 0 = 𝑝0 + 𝑘0 −
ℓ

2
(𝑝0 + 𝑝1)(𝑘0 + 𝑘1)

𝑝 ⊕ 𝑘 1 = 𝑝1 + 𝑘1 +
ℓ

2
(𝑝0 + 𝑝1)(𝑘0 + 𝑘1)

𝑝 ⊕ 𝑘 𝑖 = 𝑝𝑖 + 𝑘𝑖(1 − ℓ(𝑝0 + 𝑝1))

𝑚2 = 𝑝0 − 𝑝1
2 1 +

ℓ 𝑝0 + 𝑝1

2
− p2

2 + p3
2 1 + ℓ 𝑝0 + 𝑝1
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Kinematical IR/UV mixing

• On-shell relation in the limit 𝑝 ≪ 𝑚

• The UV scale ℓ entails a correction to the energy-momentum 

dispersion relation which has a term ∝ ℓ𝒎𝒑𝟏 that is dominant in the IR 

regime, when 𝑝1 → 0. 

• This is an example of kinematical IR/UV mixing since it does not 

depend on any dynamical model based on quantum-spacetime 

corrections
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Cold atoms phenomenology

• Recoil of an atom in a two photon Raman transition: in cold-atom experiments it is possible to 

impart momentum to an atom by absorption of a photon of frequency 𝜈 and stimulated 

emission of a photon of frequency 𝜈′. 
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Cold atoms phenomenology

• By employing standard energy-momentum conservation, and taking into 

account  the resonance frequency for the atom, one can estimate the ratio 
ℎ

𝑚

 with Δ𝜈 = 𝜈 − 𝜈′ and 𝑝 is the modulus of the atom’s initial momentum

• Laser frequencies are well controlled in lab experiments, leading to very 

precise determinations of the ratio 
ℎ

𝑚
. 

• Opportunity to implement quantum spacetime inspired corrections to the 
ℎ

𝑚
 

formula. 
 

Δ𝜈

2𝜈∗ 𝜈∗ +
𝑝
ℎ

=
ℎ

𝑚
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Cold atoms phenomenology: deformation

• Working at first order in ℓ allows for a simple parametrization of the 

corrections

• 𝛼 is an unknown function possibly depending on the mass of the atoms, the 

laser frequencies and the atom’s initial momentum.

• We model the process as an interaction where in the initial state we have an 

atom and the photon that is to be absorbed and in the final state we have the 

accelerated atom and the emitted photon

Δ𝜈

2𝜈∗ 𝜈∗ +
𝑝
ℎ

1 + ℓ𝛼 =
ℎ

𝑚
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Results

• Leading order corrections depending on the ordering in the interaction process

𝐴 + 𝛾 → 𝐴′ + 𝛾′

𝛾 + 𝐴 → 𝛾′ + 𝐴′

𝛾 + 𝐴 → 𝐴′ + 𝛾′

𝐴 + 𝛾 → 𝛾′ + 𝐴′

ℓ𝛼 ≈ −
3

4
ℓ𝑚

𝑚

𝑝 + ℎ𝜈∗
cos 𝜙 sin(𝜃)

ℓ𝛼 ≈
1

4
ℓ𝑚

𝑚

𝑝 + ℎ𝜈∗
cos 𝜙 sin(𝜃)

ℓ𝛼 ≈ −
1

4
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cos 𝜙 sin(𝜃)
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Amplification 

• Correction terms of the type

• Amplification factor stemming from kinematical IR/UV mixing term in the 

dispersion relation 

• First DSR result with such an amplification factor 

ℓ𝛼𝑖 ≈ 𝑘𝑖 ℓ𝑚
𝑚

𝑝 + ℎ𝜈∗
cos 𝜙 sin(𝜃)

Amelino-Camelia,Lammerzahl,Mercati,Tino, Phys. Rev. Lett.103 (2009) Arzano, Kowalski-Glikman, EPL 90 (2010)
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Interpretation 

• We have no well-established dynamical framework to weigh the various 

channels of the interaction in the total correction

• The correction depends on the direction of the atom

• Average over channels and angles

• Variance 

ℓ 𝛼 ≈
1

16𝜋
න

𝑆2
𝑑Ω ෍
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Conclusions 

• Encouragement in developing models with IR/UV mixing for 

phenomenological opportunities in table-top experiments

• Possibility of obtaining independent constraints on the deformation 

scale, by probing both IR and UV phenomena
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THANKS FOR THE ATTENTION
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