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TasLE 1. Notation for Lie algebras

Notation Name Notation Name
a abelian p Poincaré
s static 50 orthogonal
ny (euclidean) Newton co orthogonal + dilatation
n_ (lorentzian) Newton g galilean
¢ euclidean ¢ Carroll

TabLE 2. Kinematical Lie algebrasin D =1

Bianchi Nonzero Lie brackets Comments | Metric?
I a(=s) v
I [H,B] =P g(=o)

I [H,P] =P

1\ H,B]=B+P [H,PI=P

\Y% [H,B] =B [H,P] =P

VI, [H,B] =—-B [H,P] =P n_(=p)

VI, [H,B] =vB [H,P] =P 0#vye(—1,1)

VI [H,B] =P [H,P] =—B n, (=e)

VI, H,Bl]=aB+P [H,P]=aP—B x>0

VIII [H,B] =P [H,P] = —B [B,P] = —H | s0(1,2) v
IX [H,B] =P [H,P] =-B [B,PI=H | s0(3) v



TabLE 3. Kinematical Lie algebras in D = 2 (complex form)

Nonzero Lie brackets Comments Metric?
5
H,B]=P g
[H,B]=B [H,P] =—P n_
[H,B] =1iB n,
[H,B]=B [H,Pl = (A+1i0)P Ae(—1,1,06 R
[H,B]=B [H,PI=B+P
¢ v
[H,B] =B [H,P] =—P 50(3,1) v
[H,P] =B v
[H,P] =-B p v
[H,B]=—P [H,P]=B B, B] = —2iR s0(4) v
[H,B]=—P [H,P]=B (B, B] = 2iR 50(2,2) v
B,B] =iH v
[H,B] =1iB B,B] =iH v
B,B] =iH
[H,B] =P [B,B] =iH
[H,B] = +iB B,B] =iH
Chom-Siomens



TabLE 4. Kinematical Lie algebras in D = 3

Nonzero Lie brackets Comments | Metric?
5
[H,B] =—P g
[H,B]=—-B H,P]=P n_
H,B] =P [H,P] =-B n,
[H,B] =vB H,P]=P vy e (—1,1)
[H,B] =B H,P] =P
H,B]=aB+P [HP =aP—B a>0
H,B]=B+P H,P] =P
[B,Pl=H ¢
H,B] =P [B,P]=H [B,B] =R e
[H,B] =—P [B,P]=H [B,B] = —R p
[H,B]=B [H,P] =—P [B,P]=H—-R s0(4,1) v
H,B] =P [H,P] =—-B [B,P]=H [B,B] =R [P,P]=R s50(5) v
[H,B] = —P [H,P] =B [B,P]=H (B,B]=—R [P,P]=-R 50(3,2) v
B,Bl=B [P,P]—B_R v
B,Bl=B [P,P]=R—B v
[B,B] =B v
[B,B] =P v
H,P]=P (B,B] =B
[H,B] =—P [B,B] =P
H,B] =B [H,P] =2P [B,B] =P



TasLE 5. Kinematical Lie algebras in D > 4
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TasLE 6. Deformations of §in D > 3

Nonzero Lie brackets Comments Metric?

B,Pl=2 5
B,Pl=2 [H,B] =B [H,P] =—P n_
B,Pl=2Z H,B] =P [H,P] =—-B i
B,Pl=2 [H,B] =—P g
B,Pl=H H,B] =P [B,B] =R edR
B,P]=H [H,B] =—P [B,B] = —R p®R
B,PJ=H+R [H,B]=B [H,P] = so D+ 1L, 1)®aR v
B,P]=H [H,B] =P [H,P] = [B,B]=R [P,PI=R |s0(D+2)®R v
B,Pl=H [H,B] =—P [H,P] = [B,B]=—R [P,P]=—R|s0(D,2)®R v

[H,B] =vB [H,P] = H,Z]=(y+1)Z vy e (=11

[H,B]=B H,P|=B+P H,Z] =27

[H,B]=a«B+P [H, P]——B+¢xP H,Z] =2aZ x>0

[Z,B] =P [H,P] = H,Z]=2 [B,B]=R co(D + 1) x RP+?

[Z,B] =—P [H,P] = H,z2] =2 [B,B] =—R co(D, 1) x RP:1
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TaBLE 6. Spacetimes for kinematical Lie algebras (D > 3)

!
B

l
3

ST# LA# Nonzero Lie brackets in addition to [J,J] =], [J,B] =B, [J,P] = P Comments
1 1 static
2 2 [H,B] =P galilean

2 2 [H,P] =B para-galilean
4y 3y [H,B] =vB [H,P]=P vy€e(=1,1)
5 3y [H,B] =B [H,P] =yP vye(—1,1)
ﬁ 3y [H,B] =P [H,P]=—yB+ (1+v)P Y€ (—1,1)
7 4 [H,B] =B [H,P] =P
8 [H,B] = —-B [H,P] =P

9 [H,B] =P [H,P] =B dS galilean

[H,B]=B+P [H,P]=P
11 [H,B] =B [H,P] =B+ P
[H,B]=6B+P [H,P]=0P—-B 0=>0

13 [H,B] =P [H,P] = —-B ads galilean
14 [B,P]=H Carroll
1547 [H,B] =P [B,B] =17 [B,P]=H euclidean
151 [H,B] = —P [B,B] =—J [B,P]=H Poincaré

16 1 [H,P] = —-B [B,P]=H P,P]=] para-euclidean
161 [H,P] =B [B,P]=H [P,P]=—J para-Poincaré
17 [H,B] =B [H,P] = —P [B,P]=H—]J

1811 [H,B] =P [H,P] =B [B,B] =] [B,P]=H [P,P] =—J hyperbolic
184 [H,B] = —P [H,P] = —B [B,B]=-J [B,P]=H P, P =] de Sitter
191 [H,B] =P [H,P] = —B [B,B] =] [B,P]=H P,P] =] sphere

194 [H,B] = —P [H,P] =B [B,B]=-J [B,P]=H [P,P]=—J | antide Sitter
= beosts ack ~\—'\Kv’\q\b = Nowhon- Carton NR = won-raducking




TaBLE 7. Spacetimes for kinematical Lie algebras unique to D =3

ST# | LA# | Nonzero Lie brackets in addition to [J,J] =7, [J,B] = B, [J, P] = P | Comments
20, | 13, [B,B]=B [P,P]=¢(B—-]) e==+1

21 14 [B,B] =B

22 | 14 [P,P]=P

23 | 15 [P,P]=B

24 |16 H,P]=P [B,B]=B

25 | 16 [H,B] =P P,P] =P

26 | 17 [H,P]=—-B [P,P] =B

27 | 18 H,B]=2B [H,P]=P [P,P] =B




Nonzero Lie brackets in addition to [J, B] = B, [J,P] = P

TasLE 8. Spacetimes for kinematical Lie algebras (D = 2)

Comments

(B, B] = 2i]
[B,B] = —2i]
(B,B] = —i]
(B,B] =1J
[B,B] = 2i]
[B,B] = —2iJ

[B,P]=H
[B,P] =2H
[B,P] =2H
[B,P] = 2H
[B,P] = 2H
[B,P] =2(] —iH)
[B,P]=H
(B,P]=H
[B,P] =2H
[B,P]=2H

static
galilean
para-galilean

A+i0 #£ +1
A+i0 #£ +1
A+i0#+1

Carroll
euclidean
Poincaré
para-euclidean
para-Poincaré

hyperbolic
de Sitter
sphere

anti de Sitter

[H,P]=P
[H,P]=B+P
[H,P]=P
[H,P]=—P
[H,P] =P

[H,P] =B

[H,P] = (A+1i0)P
[H,P]=P
[H,P]=P— (A\+i0)B
[H,P] =iP

[H,P] =B
[H,P]=-B
[H,P]=—P
[H,P] =B

[H,P] =B

[H,P] =B
[H,P]=—B
[H,P] =B

[H,P] =iP

[H,P] = —iP

[P,P] = 2i]
[P,P] = —2i]
P,P]=1i]
[P,P]=—i]
[P,P] =2i]
[P,P] = —2i]
[P,P]=1
[P,P]=iH
[P,P] =iH
[P,P] =iH




TaBLE 9. Spacetimes for kinematical Lie algebras (D = 1)

# | Bianchi Nonzero Lie brackets Comments
56 | 1 static
57 | II [P,H =B para-galilean
58 | II [B,H] =P galilean
59 | IV (B,Hl =B [P,H =B+P
60 | IV [B,H] =P [P,H] = 2P —B
61 |V B,H =B [P,H =P
62 | VI, [B,H] =—-B [P,H =P
63 | VI, [B,H] =P [P,H =B
64 | Vl.-o [B,H] =(c—1)B [P,H] = (1+c¢c)P
65 | V..o [B,H = (c+1)B [P,H] = (¢ —1)P
66 | Vl.-o [B,H =cB+P [P,H =cP+B
67 | VII, [B,H] =—P (B,Pl=H euclidean
68 | VII, [B,H] =—P [P,H =B
69 | VII..o | [B,H] =cB—P [P,H] =B +cP
70 | VIII [B,H] =-P [B,P]=—H [P,H =B (anti) de Sitter
71 | VIII [B,H] =—P [B,P] =H [P,H] =-B hyperbolic
72 | IX [B,H] =—P [B,Pl=H [P,H =B sphere
73 | IV [B,H =—P—H [B,P] = —P
74 |V [B,H] =—H [B,P] =—P
75 | Vo [B,H] = —H [B,P] =P Poincaré
76 | V=g B,H =—(1+c¢c)H [B,Pl=(1—c¢c)P
77 | V..o | [B,H] =—P—cH [B,P]=H—cP
NR—> (78 | VIII [B,H] =2P [B,P] =—B [P,H] = —H
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TabLE 2. Generalised Bargmann spacetimes (D > 3)

ST# | LA# Nonzero Lie brackets in addition to [J,J1 =], [J,B] =B, [J,P] = P Comments
1 (1 |BP=2Z

2 |1 |BPI=H

3 |2 |B,P=2 [H,B] =B [H,P] =—P

4 |2 |mB,PI=H (Z,B] =B Z,P] =P

5 |2 |[B,P=z [H,B] = P [H,P] =B

6 |3 |BP=2 [H,B] = P [H,P] =B

7 |4 |BP=2 [H,B] = —P

8 |4 |mBP=z [H,P] =B

9 |4 |B,P=H Z,P] =B

10 |5 |[B,PI=H+ [H,B] =B [H,P] = —P

11 |5 |[B,P=2- (Z,B] =B (Z,P] =P

12, |6, | [B,Pl=H [H,B] = ¢P [H,P] = —¢B [B,B] = ¢J pp—y
13, |7. | [B,Pl=H [H,B] = ¢P [B,B] = ¢J e=+1
14, | 7. | B,Pl=-H [H,P] = ¢B l—¢J | e=+1
15, | 7. |[B,Pl=-Z (Z,P] = ¢B J—¢ | e==+1
16; | 7. [B,P]=H—-Z [Z,P] = ¢B l=¢J | e==+1

17 |8 B,P| =Z [H,B] =B [H,P] =P H,Z] =2z

18 |8 [B,P] =H [Z,B] =B Z,P] =P (Z,H] = 2H

19, |9, |B,P=2 [H,B] =B [H,P] =P H,Z) = (1+y l<y<l
20, | 9, | [B,PI=H (Z,B] =B (Z,P] =P (Z,H] = (1+7 “1<y<1
21, |9, | B,Pl=-2Z [H,B] =B [H,P] =P H,Z] = (1+vy l<y<l
22, |9, | [B,Pl=-H (Z,B] =B (Z,P] =P ZH = (1+7y 1<y<l1
23 10 [B,Pl=2 H,B] =B [H,P]=B+P H,Z] =2Z

24 | 10 B,Pl=—-Z [H,B]=B+P [H,PI=P H,Z] =2Z

25 |10 | [B,P]=H (Z,B] =B Z,P]=B+P (Z,H] = 2H

26 | 110 | B,PI=2 [H,B]=0B+P [H,Pl=—B+0P [H,Z] —20Z 0>0

27, | 12, | B,P =2 [H,B] =B [Z,P] = ¢B H,Z2] =2 e=+1
28. | 12 [B,P]=H [H,B] = ¢P [Z,P]=P [Z,H]=H e==+1

29, | 12, [B,P] =—H [Z,B] =B [H,P] =¢B [Z,H]=H e==1



