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Introduction
“What are the possible geometric structures of space and time?”

Bacry + Lévy-Leblond (1968)

Classification of kinematical symmetries

Bacry + Nuyts (1986)

Classification of 4d kinematical Lie algebras

JMF (2017-18)  JMF + Andrzejewski (2018)

Classification of kinematical Lie algebras (any dimension)

JMF + Prohazka (2018)  JMF + Grassie + Prohazka (2019)

Classification of kinematical Klein geometries 
(simply-connected, spatially isotropic, homogeneous spacetimes)



Families of spacetimes

• lorentzian 


• galilean 

• carrollian 

• aristotelian



Non- and ultra-relativistic 
limits

lorentzian

aristotelian

galilean carrollian

¥



Why carrollian?

“My dear, here we must run as fast as we can, just to stay in place.” 

Dodgson (1865) 
Lévy-Leblond (1965)



Bargmann geometry
lorentzian

nowhere vanishing

bargmannian

galilean

null reduction

carrollian

null hypersurface

Duval + Burdet + Künzle + Perrin (1985) 
Duval + Gibbons + Horvathy + Zhang (2014)



Null reduction
Duval + Burdet + Künzle + Perrin (1985) 

Julia + Nicolai (1994)

one-dimensional connected Lie group isometrically

lorentzian

null Killing vector field

galilean



Null hypersurfaces
Duval + Gibbons + Horvathy + Zhang (2014) 

Hartong (2015)lorentzian

nowhere vanishing

Suppose

leaves of foliation are null hypersurfaces

carrollian

degenerate



G-structures

aristotelian

carrollian

galilean

lorentzian

bargmannian

What are the intrinsic torsion classes of these G-structures?



Intrinsic torsion
-structure

affine connection adapted to

torsion

another adapted affine connection

Spencer

intrinsic torsion



Lorentzian structures

There exists a unique torsion-free adapted connection

=

metric

(Fundamental theorem of riemannian geometry.)



Galilean structures

unique proper G-sub-bundle

torsionless Newton—Cartan

twistless torsional NC

torsional NC

Künzle (1972) 
Christensen + Hartong + Obers + Rollier (2013)

are special



Carrollian structures

totally geodesic

minimal

totally umbilical

generic

is special



Aristotelian structures

Sixteen classes



Bargmannian structures
Duval + Burdet + Künzle + Perrin (1985) 

Levi-Civita connection

27  classes

11  classes

47  classes



Null distributions

has a riemannian structure

which guarantees the existence of a null Weingarten map

In all but the generic case

line bundle spanned by 



Null distributions
and a null second fundamental form

is symmetric

is     totally geodesic if 

minimal if

totally umbilical if

generic otherwise.
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Outlook

• Are the inclusions strict?  (cf.        structures)


• Construct examples


• Higher invariants?


• Supersymmetric kinematical G-structures?



с Днем рожденья!


