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What is it? Where does 
it come 
from?

Why do 
we need 

it?

Is it observable?



The End of Space-Time (…as we know it!)

p

x

without gravity!

with gravity!
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Heisenberg uncertainty principle:

Schwarzschild radius:
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What if we carry on 
accelerating our 

probe?
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p + Gp

c3

[Doplicher, Fredenhagen, Roberts, 
Padmanabhan, Amelino-Camelia, Garay, 

Ng, Van Dam, Ahluwalia]  

  

…things get even worse!

QM GR



Doubly (deformed) Special Relativity

❖ The laws of physics take the same form in 
all inertial frames

❖ Time is absolute (simultaneity is absolute)

❖ Rest is relative

❖ Velocities compose linearly: 

…be radically conservative!! new spacetime properties 
have to be relativistic!

[Amelino-Camelia, Smolin, Magueijo, 
Kowalski-Glikman]  

  

  

  

⇡

From Galilean to Einsteinian relativity: From Einsteinian relativity to DSR:

❖ The laws of physics take the same form in all 
inertial frames

❖ The speed of light is absolute (locality is absolute)

❖ Simultaneity is relative 

❖ Velocities compose non-linearly: 

❖ The laws of physics take the same form in all 
inertial frames

❖ The speed of light is absolute (locality is absolute)

❖ Simultaneity is relative 

❖ Velocities compose non-linearly

❖ The laws of physics take the same form in all inertial frames

❖ The speed of light and the Planck length  are absolute (local 
locality is absolute/ phase space locality is absolute)

❖ Locality is relative 

❖ Momenta compose non-linearly:

p� q = p+ q + ↵LP qp+ �L2
P qp

2 + . . .u� v = u+ v + u2v
2c2 � uv2

c2 + . . .

u� v = u+ v



A possible mathematical description 

�G = G⌦ I+ I⌦G

Poincaré Lie algebra: 

Leibniz rule (co-algebra):

Mass Casimir:

κ-Poincaré Hopf algebra:  

Mass Casimir:

[Lukierski, Ruegg, Majid, Amelino-Camelia, Nowicki, Tolstoi, 
Zakrzewski, Oeckl, Sitarz, Freidel, Kowalski-Glikman, Smolin]  

  

  

  

Galilean Lie algebra: 

�G = G⌦ I+ I⌦G

Leibniz rule (co-algebra):

Mass Casimir:

Co-algebra:

�Pi = Pi ⌦ 1 + e��P0 ⌦ Pi



Non-commutativity: a quantum spacetime proposal
 the κ-Poincare symmetry algebra  acts covariantly on κ-Minkowski 

noncommutative spacetime!!

[cX0, cXj ] = i�cXj [cXl, cXk] = 0

Relevant regime: Planck-scale limit

..reflects into
non-linear composition of waves momenta non-trivial transformation parameters

Does it describe the 
limit of a known QG 

approach?

…so far results only in 3D quantum gravity have been achieved!

[ba0, bXµ] = 0 , [baj , bXi] = 0 ,

[baj , bX0] = �i�baj [Amelino-Camelia, Majid]
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Top-down VS Bottom-up
❖ Effective Quantum Gravity 

❖ DSR models

❖ Non-Commutative spacetimes 

❖ Modified theories of gravity 

❖ Non-local theories of gravity 

❖ Multifractal geometries 

Bottom-up approaches:Top-down approaches:
❖ Loop Quantum Gravity 

❖ String theory

❖ Causal Dynamical Triangulation

❖ Spin foam models

❖ Causal sets

❖ Group field theory 

❖ Asymptotic safety

???

❖ Complex mathematical formalism

❖ Subjected to ambiguities

❖ Notoriously difficult to extract 
predictions

❖ Simplified models

❖ There is phenomenology 

❖ Not always clear if are actually QG 
approaches 

More synergy is most welcome!! 



Hamiltonian General Relativity 
Spacetime 
foliation!

[Arnowitt, Deser, Misner]  

  

  

  

3+1 splitting GR as a fully constrained system!

Hamiltonian (scalar) constraint:
generates evolution in time!

Momentum (vector) constraint:
generates evolution in space!

Counting degrees of freedom:

6⇥2�2⇥4
2 = 2



Hypersurface deformation algebra 
The scalar and the vector constraints generate the hypersurface 
deformation algebra (HDA) or Dirac algebra! [Dirac, Hojman,  Kuchař, Teitelboim, Regge] 

  

  

  

Structure functions instead of structure 
constants: not a Lie algebra but a Lie 

algebroid!

❖ Diffeomorphisms as gauge 
transformations 

❖ Slicing independence

How can we recover 
Poincaré symmetries ?

❖ Take flat slices! 

❖ Restrict to linear diffeomorphisms!

hij ⌘ �ij

N

i(x) ⌘ a

i + ✏

ilm
'lxm , N(x) ⌘ a

0 + ⇠kx
k

[Regge, Teitelboim] 



Minkowski limit 
…let us make the example of rotations!

Rotations are tangential deformations: are generated by 
the vector constraint D with                              :

???

Let’s check it! it works!!

…with similar arguments:

we can regain the whole Poincaré algebra from the HDA!

Quantum HDA

Quantum Poincaré algebra (DSR)

Non-commutative spacetime 

?

?



DSR from Loop deformed HDA

Effective loop quantization:

Connection formulation of GR:

Deformed HDA:

Deformed Poincaré algebra:

Ka
i = Kijeaj

A ! f(A)

[Ashtekar, Rovelli, Thiemann, Smolin, Lewandowski, Bojowald, Gambini]

 

  

  

…just a change of variables!

[Bojowald, Reyes, Paily, Brahma, Gambini, Pullin, 
Campiglia, Olmedo] 

 

  

  

[Bojowald, Reyes, Paily, Brahma, Perez, Pranzetti] 

 

  

  
[Bojowald, Paily, Pranzetti, Kowalski-Glikman, Cianfrani, Rosati]

 

  

  

holonomy (quantum) corrections!
Why? Full quantum constraints not available yet!

H[A,E] ! HQ ⌘ H[f(A), E] requiring anomaly freedom!

Deformed covariance, but still 
covariance!

For spherically symmetric 
models:

[Br, P0] = iPr cos(�Pr) ,

[Br, Pr] = iP0 , [Pr, P0] = 0



Spacetime noncommutativity regime of LQG 
G. Amelino-Camelia, M. M. Da Silva, MR, L. Cesarini, O. M. Lecian

PRD 95, 024028 (2017)

[Br, P0] = iPr cos(�Pr) ,

[Br, Pr] = iP0 , [Pr, P0] = 0

Deformed Poincaré algebra from 
effective LQG corrections to the HDA! 

Does it describe the 
symmetries of a non-

commutative 
spacetime??

Make an ansatz for 
representations!

Check Jacobi id
entiti

es!

Map to bicrossproduct 
operators! Compatible with 

κ-Minkowski!!!

[ bX0, bXr] = i� bXr



On the UV dimensions of LQG
MR, Adv.High Energy Phys. 2016 (2016) 9897051

Spectral dimension:

Thermal dimension:

Hausdorff  dimension:

Start from loop deformed 
Poincaré algebra: with

They all coincide for 
LQG-inspired MDRs!

dS ⌘ dT ⌘ dH

…taking into account 
that first correction is 

second order:

d ' 2.5 > 2[Amelino-Camelia, Magueijo, Gubitosi, Arzano] 

[Ambjorn, Jurkiewicz, Loll, Carlip, Eichorn, Modesto, Calcagni] 

with

[Amelino-Camelia, Brighenti, Gubitosi, Santos] 

dT = 1 + 6
2+�

dµ(p) ! dµ(k)



Linking LQG quantization ambiguities with phenomenology 
S. Brahma, MR, G. Amelino-Camelia, A. Marcianò

PRD 95, 044005 (2017)
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Which is the right 
quantisation scheme?

SL
(2,

C)

SU(1, 1)

SR

SU(2)

Different choices 
give different 

MDR!

SU(1,1) holonomies:
SL(2,C) holonomies:

Generalised holonomies:

[Hojman, Kuchař, Teitelboim] 

Signature change? 
Spacetime turns 

Euclidean?



Other approaches to spacetime quantization

G. Calcagni, MR, PRD 95, 045001 (2017)

Hamiltonian non-commutative gravity: 

Multi-fractional geometries:

Non-metric spacetimes: …leaves invariant Einstein-Hilbert action!
[Pons, Julia, Silva, Dadhich] 

r↵gµ⌫ = �Q↵µ⌫

non-metricity!!

Rather common in modified 
f(R) gravity!

[Capozziello, Sotiriou, Olmo, Pani, 
Odintsov, Lobo, Visser, Liberati] 

Physical effects?

[Calcagni, Horava, Polyakov, Reuter, Oriti, Saueressig] 
spacetime dimensions change with the probed scale!

..works with Calcagni, Olmo, Marcianò, Brahma, Delhom I Latorre 

{G[N ], G[M ]} = G[ 1
v(x) , N,M ]theory with q-derivatives:

theory with weighted derivatives:  no modifications of the HDA!Simplest recipe: 
modify the integration 

measure!

covariant non-commutative gravity has been developed..  
What about Hamiltonian formulation? No results available! [Wess, Aschieri, Meyer, Chamseddine, Schupp, 

Dimitrijevic, Moffat, Chaichian, Tureanu, Majid] 
To work out Hamiltonian formalism on 

nocommutative spaces put a star (Moyal) 
product!

modified HDA?
H[N ? h ? h,N ? h ? ⇡, N ? ⇡ ? ⇡]

D[
�!
N ? h ? h,

�!
N ? h ? ⇡,

�!
N ? ⇡ ? ⇡]
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In-vacuo dispersion: quantum gravity with Fermi LAT
Tininess problem: the Planck 

length is too small!

Possible approach: let’s look for 
experiments that are sensitive to 
the collectivity of many minute 

QG effects! The physical effect:

Best messengers:
GRBs!!!

[Amelino-Camelia, Ellis, 
Mavromatos, 

Nanopoulos, Sarkar, 
Piran, Guetta, Fiore, 
Puccetti, Vasileiou, 

Granot, Rosati, Barcaroli, 
Loret, D’Amico]

 

  

   [Amelino-Camelia, D’Amico, 
Rosati, Loret]

 

�t = ⌘�E
EP

D(z)± ⇠�E
EP

D(z)

short duration!

high redshift!

high energies!
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Summary of results

❖ Different gauge choices correspond to different physical predictions (Brahma, MR, 
Amelino-Camelia, Marcianò, PRD 95)

❖ Anomalous scaling of dimensions from LQG deformations of the HDA ( MR, 
Adv.High Energy Phys. 2016)

❖ Comparison between non-commutative and multi-fractional spacetimes both at the 
level of calculus and symmetries (Calcagni, MR, PRD 95 )

❖ Deformations of the HDA in multi-fractional gravity (Calcagni, MR, PRD 95 )

❖ Shed some light on the Minkowski limit of LQG and 
derived non-commutativity from a QG approach 
(Amelino-Camelia, Da Silva, MR, Cesarini, Lecian, PRD 
95 )

❖ κ-Minkowski non-commutative spacetime from the flat 
limit of effective LQG (Amelino-Camelia, Da Silva, MR, 
Cesarini, Lecian, PRD 95 )

❖ Dynamical derivation of modified dispersion in LQG 
(Brahma, MR, Amelino-Camelia, Marcianò, PRD 95)



Objectives 

❖ Statistical significance of in-vacuo dispersion features with Fermi LAT data [with Amelino-Camelia, D’Amico]

❖ Black hole solutions in multi-fractional theories of gravity [with Calcagni, Rodríguez Fernández]

❖ Spinor fields in non-metric manifolds and physical effects [with Delhom I Latorre, Olmo]

❖ Non-commutative canonical gravity in Hamiltonian formulation and deformations of the HDA [with Brahma, Marcianò, 
Amelino-Camelia]

❖ Position operator in LQG [with Marcianò, Brahma]

❖ Old and new issues in DSR and non commutative spacetimes: soccer-ball problem, mixing coproducts [with Palmisano, Amelino-
Camelia]

❖ Study the non-relativistic limit of effective LQG and its relation with non-commutativity [with Amelino-Camelia, Orozco-
Borunda]

❖ Diffeomorphisms on non-commutative manifolds and deformations of the 
HDA [with Bojowald, Brahma, Amelino-Camelia]

❖ Derive quantum modifications of the HDA in other QG approaches [with 
Amelino-Camelia, Bojowald, Calcagni]

❖ Analysis of quasi-local as well as asymptotic Poincaré charges in presence of 
quantum corrections [with Brahma, Amelino-Camelia]

❖ Understand the role of coproducts in LQG [with Amelino-Camelia, Da Silva]

❖ Full characterisation of dimensional flow due to modified HDA, focusing on 
effects of higher spin representations and the choice of regularisation 
scheme [with Brahma]

https://inspirehep.net/author/profile/Orozco-Borunda%2C%20Daniel%20H.?recid=1435040&ln=en


Thanks for your attention!!


