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"
what are the possible kinematics ?

"

Bacry & Levy-Leblond (1968)
Bang & Nuyts (1986)

Their answer :

- definition and classification of kinematical tie groups
- observation that every such G acts transitively
on some 4-dimensional kinematical spacetime

- these include the maximally symmetric lorentzian
spacetimes :

• Minkowski 1M Poincare
• de sitter ds SOCdt 1, t )
. anti de sitter Ads sold , 2)

but much more in addition



Kinematicalhegroups
⑦ +2)(Dtl)kinematical lie algebra g real LA dim =-

2

(with D-dim
' l space isotropy) ←

D-dime vector hep .

g o se CD) g = ⇐CD) to 2 V ⑦ S
[ 1-dim'l scalar rep.

Basis :
Jab Ba Pa H

T T T t

SI LD) " boosts
"

"spatial timesLatin
" rotations

"

translations"

why the
" " ? The geometrical(physical interpretation depends

on the geometric realisation of 9 as vector
fields on some spacetime . A given KLG may
act on more than one spacetime .

The brackets [Jab
,
-] are fixed , but the other brackets are

only constrained by Jacobi ⇒ CD) - equivariance



Classifications

1898 Bianchi Every 3-dime LA is kinematical (D= I)

1968 Bacryt Levy-Leblond D=3 KLAS with parity & time- reversal

1986 Bacryt Nuyts D=3 KLAS

2017 TMF D33 KLAS

2018 Andrzejewski -1 TMF 13=2 KLAS

2019 TMF + Grass're D =3 N= I KLSAS

{ = Go ④ ST
J t (3) spinor rep.

D=3 KLA

Renard

D=2,3 richer due to CD)-equivariant ITV → S tab

IPV → V Eabc



Somreueeltkuoeonkhas ( generic 1332 )

SILD,2) 3- Poincare
'

→ Carroll→A → static
SI (Dt's 1)→Euclidean →Galilean#
SI (Dt2)#

+ Newton - Hooke
, .
. .

→ contractions

Galilean EH
,
Bal - Pa

Carroll ( Ba, Ro] = Sab H

D=3N=lKinematicalheseperalgebr

EPC"4)
g- Poincare

'

→ Carroll→ static→
Galilean#

1- many more



kinematicalspace.tn#
G a kinematical lie group (w/ D -dime space isotropy )

H c G a closed subgroup with lie algebra

b c g
11

SOLD) V

M = CYH ④+D -dime spatially- isotropic kinematical spacetime
theorem There is a l-l correspondence

{ simply-connected %¥ c→ { (9,4 ) / effective & walkable#
no ideals/
ofginy 7 Gtwith LA g
f s-t . connected

easy to check T H gen'd by b
not so

easy tocheck
is closed



Classification of kinematical spacetimes
-

TMF t Prohazka ' 18

Several classes :

Riemannian 8D"
,
IED"

,
KID"

Lorentzian IM
""

, dSD+ , , Ads,s+ ,

Camellian C
,
DSC

, Ads C t LC

Galilean G , dSGy , ADSGX
VEE' , I] XEL-0,00)

Aristotelian S
,

IRXSD
,
IRXIHD + TS

;
no boosts



Limits (1373)

Adsc
c.→ o Ads

oooo f-Oooo

O
→

"-
co.es/-Mo.4/a-.o
7 7 VADSGDEBO Orto o

fdse.co#so.a/.o.t/.f ,
v# Ex

TSOB-qqsdSG.io#IoradlsGe--AdsGa
BEBO Dito

112×5's IRXIHD



Limits (1373)

Adsc Ads
oooo f-BooCARROLL

)AN

a-
E.In

.

¥

7 7 VADSGDEBO Drt o

fdseo.cl/-dso./qo.t/.f.v#/exTSB-qqsdSG.,ooodsG±=AdSG•
GALILEAN

BEBO BEBO

112×5's IRXIHD

ARISTOTELIAN



Limits (13--2)

Adsc Ads
oooo f-Oooo

-c-
c⑧€M•# /
7 7 VADSGDEBO Dito o

fdse.cl/-ds.
v# Ex

TS → Boos DSG oYrgodlsG±=AdSG•
- f

-l

Hei's%)
refill

Dito Dito

112×5's IRXIHD



Geowetricalpvopeurties (Generic D)

• All bot LC are reductive

• Flat symmetric : IM, IE, G , C, Static
• Non-flat symmetric : DS, Ads, $ , IH , ADSG , DSG , Adsc, DSC, 112×5? IRXIHD

• Reductive torsional : dSGrc.fi, a] , AdSG×> o ,
TS

• Except for riemannian ( E , $ , 1H ) and aristotelian (static,TS, lRx$D, RXIHD)
boosts are non- compact (generically )

Invariants
Riemannian / Lorentzian : metric g

Galilean : clock one -form a spatial cosmetic 8 Vce, -3=0

Carnelian : canollian vector field K spatial metric h hck
,
- g -- o

Aristotelian : e
,
K
,
V
,
he

All but LC have invariant connections



Example

IH
""

,
DS
,z+, ,

LCD -11 all share of = CDTbi)



Example

IM 4 Ads C share g
-
- Poincare

ads
+,
T

att' spacelike hyperplanes in IMD
-11

IH

"
:÷:±÷÷"⇒ ÷÷:*.

-
- -
-

--

wt
timelike
live



Example

FL & DSC share g
-
- Euclidean

Wh Grassmann'san of
normal affine hyperplanes

9
+

dgctst ' → Graff

ti t .✓
SD → IRPD

+ W

hyperplane

*
-ywt, = (affine hyperplanesparallel to W }



Symmetries
GIH has symmetry G but the G -invariant structure might have

additional symmetries : often co-dimensional .

e.g. , conformal symmetries of the carrotlian structure on LC define
an D -dim'l LA isomorphic for D=2 with the BMS algebra .

Duval+ Gibbons t Horrathy ' 14

This persists in D33 giving a possible definition of higher- dimensional
BMS algebras; although link with asymptotic symmetries of AF
spacetimes is unclear .

TMF t Grassiest Prohazka '19



①=3 (ti) N-- I

Kinematicalsuperspacetirues TMF t Grassie ' 19

Kinematical lie supergroups te kinematical super Harish-Chandra pairs
( G, s )
I ↳ lie soperalgelora

kinematical g = So ⑦Et
lie group 11g [ g-rep Jing

M = G)it is '' supervised
" toaspwtsupermauifold.toG-nep

M simply-connected : take G simply- connected and H connected .

The g - rep Ei lifts to a G-rep which restricts to an H- rep .

Let E = G x# St .
The sections of AE→ M are the

" svperfnctious
"

of a split supermanifold M , supervising M .

The infinitesimal description of M is a super pair ( E , b ) .

Reaeisabiuty of (5,4 ) is nealisabiwty of ( 9,4 ) , but

(5,4 ) can be effective , even if (9,4 ) is not ⇒ R-symmetry



①=3 (ti) N-- I

kinematicalsuperspacet.im# Theft Grassie ' 19
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①=3 (ti) N-- I

kinematical superspacetimes
-

TMF t Grassier ' 19

LIAN LOREN
PRO
"
Adsc Ads aCF •-s• 2

E.
'"

i.an £-44
g.
& I /

.
God÷¥¥÷i÷÷⑧.¥

a
,

"

•§
--€.

Iyo GALILEAN
TELIAT



Futuredinections

•• Are there BMS- superalgebras associated to the D=3 N'- I kinematical
superspaces ? We would hope to recover the super- BMS algebra in
Awadat Gibbons + Shaw ('85) as Carnelian superconformal symmetries .

•• The kinematical (super) spaces are homogeneous and play the role of
Klein geometries in what could be called a " kinematical Erlangen
programme

"
.

It would be interesting to explore the associated Cartan geometries .

• The representation theory of most kinematical lie (super)groups is still
largely unexplored . This would appear to be a pre-requisite to a
full study of the natural field theories which can exist on a

kinematical (super) spacetime .

is


