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Maxwell algebra [Schrader, Bacry 1977]

Schrader, The Mazrwell group and the quantum theory of particles in classical homogeneous electromagnetic fields, Fortsch. Phys. 20 (1972) 701

Maxwell algebra, corresponds to the symmetry of fields in
the constant electromagnetic background in the flat Minkowski spacetime.

" [Jab: Jedl = Nbc Jad + Nad Jbe — Nac Jbd — Mbd Jac, )
[Jabs Pcl=1bcPa — NacPp;  |[Pa, Pyl = Zap,

Uabs Zeal = MbeZad + Nad Zbe — NacZbd — Mbd Zac;
[Zap, Pc]=0;  [Zap, Zcql = 0.

Semisimple extension of Poincare [SorokaA2]

D. V. Soroka and V. A. Soroka, “Tensor extension of the Poincaré’ algebra,” Phys. Lett. B 607, 302 (2005) [hep-th/0410012]

([Jabalcd]=77bc1ad+77adlbc—naclbd—nbdlac, ) L { "
A= —-wJyp+ -e*P, + -k Z
[ Jabs Pc]l = MbcPa — Nac Pp; [Pa, Ppl = Zgp, H Qw‘“ b E?E‘“ 9 H Tab
LJab: Zcdl = NbcZad + NadZbc — NacZbd — Mbd Zac» ) Fuy = O Ay = 0y Ay + [Ay, Ay

[Zab» Pc] = e Pa — Nac Py, Cosmological constant term due to the

new generator
[Zab, Zcd] = NbcZad + NadZbec — NacZbd — Nbd Zac- 1

g—Qezeﬁ[Pa, Pb] — Zab

J. A. de Azcarraga, K. Kamimura and J. Lukierski, “Generalized cosmological term from Maxwell
symmetries,” Phys. Rev. D 83, 124036 (2011) [arXiv:1012.4402 [hep-th]].



Soroka/\2 algebra as a direct sum of AdS @ Lorentz

Change of basis

T B Lab — Zab
M LG(D+1) — Pa,

Nap = (Jab— Zap)

[Jab, Jed] = Nbe Jad + Nad Jbe — Mac Jbd — Nbd Jac
[Jabs Pc] = nbcPa — NacPp;  [Pa, Ppl = Zap,
[Jabs Zcd]l = NbcZad + NadZbe — NacZbd — Mbd Zac
[Zab, Pc] = Nbc Pa — Nac P,

[Zabs Zea]l = NbcZad + Nad Zbe — NacZbd — Nbd Zac-

{Jab: Paa Zab}

so(D —1,2) @ so(D — 1,1)

v
AdS {Z,, P,} @ Lorentz {(J — Z)u}

D.V. Soroka, V.A. Soroka, Tensor extension of the Poincaré algebra, Phys. Lett. B 607

(2005) 302 arXiv:hep-th/0410012.

D.V. Soroka, V.A. Soroka, Semi-simple extension of the (super)Poincare algebra, Adv.
High Energy Phys. 2009 (2009) 34147 [hep-th/0605251].

[Paa Pb] — Jab_ Zab

AdS{(J — Z)w, P, } & Lorentz {Z,}

R. Durka, J. Kowalski-Glikman, M. Szczachor, Gauged AdS-Mazwell algebra and grauvity,
Mod. Phys. Lett. A 26 (2011) 2689. arXiv:1107.4728 |[hep-th].



Generalized contractions --> semigroup expansion

INnGNU-Wigner contfraction ~ = 1 D D] —
[Pa,apb]:']ab ~ [Paupb]:ﬁ ab [Pa"Pb]_O
Pa % E.Pa ¢ — 0o : 4
AdS Poincaré
Generators {Jab, Pa, Zab, Za}
Jap = Ao ® jab’ The Seﬂmigroup elements {)\0,)\1,)\2,)\3,)\4} are not real
~ numbers and they are dimensionless. In this particular
Za,b — AQ ® Jab: . . .
: case, they obey the multiplication law
P,=)\ ® P,
! v \ vo — J Aass when a8 <4,
Z, = A3 ® P,. a TN, when o + (3 > 4.
1 0 0 0 0 0 0 0 0 0 0 O 0 0 0 O 0O 0 0 O
01 0 0 10 0 00 11 0 0 0 0 0 0 O 0O 0 0 0
M=l o 10| =100 0 M=o 1 0 0 M=o o000l M=o o0 o
0 0 0 1 0O 1 0 0 0 01 0 1 0 0 O 0O 0 0 O
4 3
1 1 1 1 (JachdPe> — gg Q1Eqabedes
A= Ew“bJab + 7€ Py + §k“bZab + 7h"Za, 1
<JachdZe> = §£3a35abcdea
1 1 1 1 1
F=_-R®J,, +-TP, + = (Dwk“b + —e“eb) Zap+ — (Duh® + k%e") Z,. 4
2 ¢ 2 e ¢ (JachdPe> — §£3a35abcdea



Einstein-Hilbert action from 5D Chern-Simons

Chern-Simons theory is characterized by the action

' 1 21 11
Sé_i;?) — H:/ d5.’13 (ZRabRcdee 1 56—.3}?&58860{86 1 gﬁeaebecedee) € abede

By

2
Los = a1 apede R R e® + 3= apede (gRabecede%zﬁ%abRche + szabRcdhe)

when o vanishes,and 7% = 0 is imposed , and
solution is without matter (k%° = 0, h* = 0)

5Lé58) — 20038 gpede RO eCe0e + agl?e ypege R RSN

5abcdeRabeced =

k gzgabcdeRabRCd — 0

This action in the critic limit £ =0 leads to GR.
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ﬁh“hbhchdee + ?Dk“bRc‘*h"‘ + EDk“ka“dee +

2 2 2
_Dkabecedee[_'_ _Rabhcedee} ﬁDkabhchdee)

Pure Lovelock from 5D Chern -Simons

Pure Lovelock action
(.

1 Se
1 , 1 , bped | * a boe.d) _
S = /&lfabcde (?R_abRadec + @Gaﬁbecﬁdﬁe) — Eabede (Ra Rf + 54 E:”O’E (—:Ce ) =)

EabrﬂeRche =0 g“‘)ﬂb

2

1 1
/ V1€ gbede (—R“bRCdee + —etebetede + B hehbecetet

[ 513
2

abyeypdye
2 RUhhh

308 3

2 ab_c _d_e 1abcde 2abcdc
3€ abede (@R e‘e’e” + E_f‘h e'e“e’e” + ﬁh h’hfe’e
ih,'“J’i_.b'h,"ﬂ':zdh‘:‘ + sza‘”h,cedee +
51° P 3 without matter (k‘“‘f‘ = h" =0) is considered,

[%Rabh_chdee + %Rabﬂodhe + %Dkabﬂmfﬂe + %DkakaCd}!F)

9 When the constant as vanishes and a solution
— DE®hepdpe

1
Eabede (RﬁbRﬂd <+ Fﬁﬂﬁbﬁcﬁd) = U'_I Sc’o”‘

[ EabcdeRabeﬂﬁﬂ - U, S "\*
EabrdeRCﬂTe - U‘.l S,‘qu
EudeEEﬂEdTE = (). S Ke“"

Interesting overconstraining of the solutions



Semigroup expansion and two algebraic families

Generators Type B, Type €,

Ja,b; Pa %3 —=Poincaré @3 =AdS

Jabs Pus Zap B, =Maxwell ¢4 =AdS@Lorentz
Jabs Pas Zab, Ra B C5
JabaPa:Zab:Ra:Zab %6 €6

N
s = gV S ={rq, @ =0,...,N)

Aatp fa+B<N+1
ANy ifa+B>N+1

Automatic building blocks for the actions

e Connection

arp { arp {)\.a_hﬁ_z[%] if ¢ +pB >N,

Curvature forms Invariant tensors

* Born-Infeld theory in even dimensions
* Chern-Simons theory in odd dimensions

1 AdS
LZIAl = k(n+1) / ot (A (tdA + tQAQ)”> (Juvay p _ 2
0

a2n—102n C"f2'n.+1> _ Eﬂrlarz'"ﬁ‘-an
n+1



New type of algebras

[Pa: Pb ab ’
[Jaba P = 77bc 77ach )
[Jab, Jed) = Mbedad + MadTbe — NacIbd — MbdJac »

| =
el =
| =
[Jab, Zed] = MbeZad + NadZbe — NacZbd — Mbd Lac »
e =
Re] =

[Zab; nbc 7//a,c}%b )
[ abs = 77bc nacRb .
‘B
[Ra: Rb] =0 3
[ abs ] - 07
[Zaba d] =0 ) P, = nP,, Zapy = 12 2y and Ry, — 11° R,
[Ra, Py = 0.

Direct Maxwell algebra
s =AdSPPoincaré

P. K. Concha, R. Durka, N. Merino and E. K. Rodrguez, New family of Mazwell like algebras,
Phys. Lett. B 759, 507 (2016) doi:10.1016/j.physletb.2016.06.016 [arXiv:1601.06443 [hep-th]].

Generators
Jab, /Da, Zab, Ra,

s

[Raa Rb] - a,b 3
[Zaba R ] nbc nach ’

(Zab, Zcd] = Mbedad + NadIbe —
[Raa Pb] ab s

[Rav Rb] — Zab )
[Zaby Rc] — nbcRa - 77acRb ;

[Zab,ch] - nchad + nadec -

[Ra, Py = Z

NacIbd — MbdJac ;

nachd - nbdZac )



Direct Maxwell algebra

D = AdS & B,

INONU-Wigner contraction

Pa_>'ﬂ’Pa-a Zab_'\’ﬂ’zb and R_>MR

:D —}- <— Q: (the same limit)
Maxwell-like familes

m | Generators Type B, Type &€, Type Dy,

3 Jab: Pa %3 =Poincaré @3 =AdS -

4 | Jup. Py, Zap B4 =Maxwell ¢4 = AdSé@Lorentz -

D Jabs Pos Zap, R B (U D5 =AdS®Poincaré

6 Jabs Pas Zap, Ra, Zap B (S D¢ =AdSEMaxwell

m | Jup, Pa. Zy , RS B, Chn Dy =AdSEB,,




What is thr freedom in closing the semigroup
multiplication tables?

85 /\[) /\1 Ag A3
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[jab: jcd] = NbeJad — nacjbd - nbdjac + nadjbc — R = duw® + w9 A wcb \

[jab: ﬁc] — nbcﬁa - nacﬁb — T = de® + wab A eb .

Lorentz Jup = Jap(0) = Ao Jab [Jaba ch] and [Jaba Pc]

AoAo = Ao )\0)\1 - )\1

translation Po = Py = M P,




Semigroup expansion

In the S-expansion method [2 3] new algebras are derived from the AdS by using a particular
choice of the abelian semigroup. The procedure starts from the decomposition of the original
algebra g into subspaces,

s0(D—1,2) Vo is spanned by the Lorentz generator T
g=s0(D—-12)=s0(D-11)& so(D—1,1) =Veh, V1 by the AdS translation generator P,
The subspace structure Vo, Vol € Vo, Vo, V1] C V1, Vi,Vi] C W

If we define S = {Ag, A1,...} as an abelian semigroup with the multiplication law being

* associative: (ab)c=a(bc)
* commutative: ab=ba

then the Lie algebra/® = S X glis called S-expanded algebra of g

F. Izaurieta, E. Rodriguez and P. Salgado, “Expanding Lie (super)algebras through Abelian semi-
groups,” J. Math. Phys. 47, 123512 (2006) [hep-th/0606215].

P. Salgado and S. Salgado, “so(D —1,1) ® so(D — 1, 2) algebras and gravity,” Phys. Lett. B 728, 5
(2014).

J. Diaz, O. Fierro, F. Izaurieta, N. Merino, E. Rodriguez, P. Salgado and O. Valdivia, “A generalized
action for (2 + 1)-dimensional Chern-Simons gravity,” J. Phys. A 45, 255207 (2012) [arXiv:1311.2215
[gr-qc]].



Semigroup expansion

If we define S = {Ag, A1,...} as an abelian semigroup with the multiplication law being

* associative: (ab)c=a(bc)
 commutative: ab=ba

then the Lie algebra & = S x g is called S-expanded algebra of g

Resonant decomposition
S() = {)\Q?;} and 81 = {A2j+1} for i,j = 0, 1,2, cee
resonant subset decomposition S = 50 U S

This decomposition satisfies So-S,C Sy, So-5,C S, S,-5, C Sy
[Vo, Vo] € Vo, Vo, V1] C Vi, Vi, Vi] C Vo

Generators of new algebra

new algebra will be spanned by the {Jab’(z—), Pa’(j)}} where the new generators are related to
original so (D — 1,2) ones through - -
Jab,(i) = AQ;’J(LE, and Pa,(j) = )\2j+1Pa .

Invariant tensors

- - . on
<(A2k1 e /\an)\an+1+1)Ja1a2 e JaﬂnleQnPa2n+l> =9 n—HEalaQ---a2n+1

\ arbitrary dimensionless constant o,, depending on the algebra,
(83

A2ky * A2k A2k i 41 =

through its index introduces specific components of the invariant tensor



Multiplication table

So and S; describing, respectively, elements later associated with the Lorentz-like and translation-like generators.

There is also possibility of absorbing element, for which OgAr = At0g = 0g, —> 0gT); =0

VR ISO A\ A AdS Ao A

[Taby Jed] and [Jup, P oM o oo
AO)\O _ )\0 )\0 )\0 )\1 )\0 )\D /\1 )\0 /\() )\1
)\0)\1 = )\1 /\1 /\1 A1)\1 )\1 )\1 OS >\1 Al )\0
[Pa, P} = MiA[Fa, Py] = MiArJap [Py, Py = 0 and [Pa, Py] = Jup

M € Sp = {0g, o}

That is not the only choice!

A1 A1 multiplication could be closed by another element| Ao |€ Sy

Ao A1 A9 Ao A1 Ao
Ao Ao AL g Ao Ao AL Ag
AMoA | A AMAL A2 AtAg
Ao Ay A2 Az Az Ag)g

AoA2 = Ao(A1A1) = (AoA) AL = Ao multiplication of AjAy = Ao A = )\?



Maxwell-like algelbras

Ao A Ao By Ao A1 Ao s Ao A1 Ag
)\0 AO )\1 /\2 )\0 /\0 )\1 )\2 )\0 )\0 Al )\2
AMAL e | A A1 A1 Ay Og A1 AL A A
Ao A2 AT D A Ao 0Og Og Ao A A1 Ao
A? Og and A} = A\
[Jab, Ted] = 20N (Mbedad — NacTbd + NadToe — MoaTac) = MbeTad — NacTod + NadTbe — MdJac »
[Jabs Zed] = MoA2(Mbedad — NacTbd + NadToe — MbaJac) = MbeZad — NacZbd + NadZbe — ModZac
(Zab, Zed) = Mo Xa(bedud — NacTod + Nadoe — MoaJac) =0, Lorenty I ; W,
[Jaba Pc] = )\Oxl(n ]5 nach) - nbc nach ) Ojen_ “ ab = ab(0) — )\O ,_ab
[Zaba Pc] — /\2)\1(77 P nach) =0, translation Fa = Pa,,(O) B llfa
P, Py = N = Zor new generator Zgp = Jop (1) = A2Jap
Ba Ao A1 A ., ] J. P Z.
Ao Ao A1 A J. o B Z.
semigroup <+ algebra
At A1 A Os P P Z. 0
(X, X ], [X.,X]and [X,6X]
A2 A2 0s Os 0sTprr =0 Z. Z. 0 0



Maxwell-like algelbras

new element Az € 5 new translational-like genera’gor R, = Pa’(l) = )\3]5a,
)\0 )\1 )\2 /\3 %5 )\0 )\1 )\2 )\3 9:5 )\0 )\1 )\2 Ag @5 /\\0 )\1 /\2 )\3
)\0 }‘() )\1 /\2 /\3 )\0 )\0 )\1 )\2 )\3 )\0 )\0 )\1 )\2 )\3 )\0 )\o )\1 /\2 )\3
)\1 Al )\2 )\3 /\1)\3 )\1 )\1 )\2 )\3 05' )\1 /\1 )\2 )\3 )\0 )\1 )\1 )\2 )\3 )\2
)\2 )\2 )\3 )\2)\2 )\2)\3 )\2 )\2 )\3 0,5' 05 )\2 )\2 )\3 /\0 )\1 )\2 )\2 )\3 )\2 Ag
)\3 )\3 )\SAI )\3)\2 /\3)\3 )\3 )\3 OS OS OS )\3 )\3 )\0 )\1 )\2 Ag )\3 )\2 )\3 )\Q
A1A3 € {0s, Ao, A2} all zeros, anti-diagonal pattern, chesshoard pattern

Algebra B5: relation between Chern-Simons (CS) gravity and Einstein-Hilbert action
(later the same in even dimensions for Born-Infeld (BI) gravity and GR)

J. D. Edelstein, M. Hassaine, R. Troncoso and J. Zanelli, “Lie-algebra expansions, Chern-Simons
theories and the Einstein-Hilbert Lagrangian,” Phys. Lett. B 640, 278 (2006) [hep-th/0605174].

F. Izaurieta, E. Rodriguez, P. Minning, P. Salgado and A. Perez, “Standard General Relativity from
Chern-Simons Gravity,” Phys. Lett. B 678, 213 (2009) [arXiv:0905.2187 [hep-th]].

Algebra €5 was discussed in the context of so called Pure Lovelock (PL) action, which instead of the
full Lanczos-Lovelock series contains only the cosmological constant term and single p power
polynomial term in the Riemann curvature (in 5D it can be either RRe or Re”3).

P. K. Concha, R. Durka, C. Inostroza, N. Merino and E. K. Rodriguez, “Pure Lovelock gravity and
Chern-Simons theory,” arXiv:1603.09424 [hep-th].

Algebra 95 admits direct sum of the AdS @ Poincaré which effectively makes the CS/BI action to be
expressed as a sum of two independent pieces.

P.K. Concha, R. Durka, N. Merino and E.K. Rodriguez, New family of Mazwell like algebras,
Phys. Lett. B 759 (2016) 507, arXiv:1601.06443 [hep-th].



Towards generalization

Algebras for m =7 with 6 generators

Bz Ao A1 A A3 A A5 (U Vi S ST, U, V- SR VIR V-

Total number of possible patterns for
A A A A A A A A A A . .
N EURTY - RORE 3 EURS - RORS arbitrary (m-1) types f generators is equal
A1 TAL A . A A5 Os AMTAL A . Ar A5 .

A2 Az . A A 0Os  Osg A2 Az . Ae A5 . A1 [m + 1 ]
A3 . As A5 0Os 0Os Os A3 . Ae s . Al A2 2

M A A5 0Os 0s 0s Os A A As . A1 A2 .

As A5 0Os 0Os 0s 0s Os As s . A1 A2 . A

Dr Ao A1 Az A3 A Xs (TS VD V. VR VO VIR V-1 [ Genera| |aW (exduding B_m fam”y) \

)\0.)\1 /\2./\4 As Ao.Al Aa.)\4 As A {)\a—i—ﬁa for a+p8<m-—2
aNG —

A A Az.)\4 A M Ao AL )\2.)\4 A5 A Ay s for a+p8>m—2

A2 A2 . Ar A5 A AXs A2 As . B e . -
o [ A e [ e [ W e s e Nl \’V—(Of+5—(m—l))mod((m_1)_p)+p/
A As

)\4 A5 )\4 A5 )\4 )\4 A5 )\2 . )\4 )\5

A4

As A5 A A A A5 A As A5 A2 . A A5 A2

B,, family is retrieved as Inonii-Wigner contraction of all these algebras in the limit of dimensionless
parameter p — oo scaling generators P, oy — uFy 0 5 Jap,1) = [.LQJab,(l) , Po(1y — u3Pa,(1),

R. Durka, Resonant algebras and gravity, arXiv:1605.00059/ [hep-th].



Poincare-like, AdS-like, Maxwell-like algebras

PV VW o M A N M A
Ao Ao AL Ag Ao Ao AL Ag Ao Ao A1 Ag

Generators
At A1 Og A AL Ao AL AL A Jab, Pa, Zab
Ao Ao Ao Ag Ao Ag

By X A A BCy A M A OBy Ao A1 A Cy Ao A Ao

)\0.)\1 A2 /\0.)\1 A2 )\0.)\1 A2 )\g.)\l A2

M A 0s O0s A1 A O0s 0s M A Os A A1 A 0s A

A2 A2 0g Og A2 A2 Os Ao A A2 A1 Og A2 A2 AL A

e none of the AdS-like algebra (associativity is not fulfilled in any configuration)

e 2x Maxwell-like algebras of type B, and ¢4 already introduced in a previous section:

By Ao A1 A s Ao AL A
Ao Al A2 Ao . Al A
Al AL A2 Os Al AL A2 A

A2 A2 0s Os A2 A2 A1 A



Further enlargement, coming with the new translational R, = F, ) = A3 P, generator, brings

Ge nera TO IS much richer collection of the algebras:
{Japs Pay Zap, Ro} e 17x Poincaré-like
ao as abs a

e Jx AdS-like of type Bj, C5, and Dy = AdS & AdS

5
4 | oF yRES

Bs A A A A3 Cs b PR PR P D: A A A
17 x Poincaré-like, . .. . . -. A2 . Yo .. Ao .
3x AdS-like, o R v B
10 x Maxwell-like d e [ 0s o » 2~

Ag . Az Og  Og . Az . Az

e 10x Maxwell-like: three of them B5, €5, D5 were already derived in a previous section

Bs Ao A A A ¢; Ao Ae A Dy A M A Ag

Cs, corresponds to the Klein group Ao .. Ao . Mo .. A2 .
€5, correspond to the cyclic group Z4 M\ . As - g Ay . A2 ..
As As . 0s Og Ao Mg ... Az
S Oy e

but surprisingly there are five others with the Og (from them only one is being presented
below) and additional two without the zero elements

Ao

Al

 explicit tables for the algebras labeled
bym=3,4,5,6,

}‘U )‘1 AZ ",\3 D '}'1 )"2 )'HS D )\l ')‘2 3
o BT . B B . B B
W e o B B o B B

resonantalgebras.wordpress.com ! 2 s ! 2 2 ! 2 2
v Bl e o B B B B
Moo o ExEs o EE

* tool checking semigroup associativity




Gravity actions

Algebra-valued one-form connection Gauge parameter

1 . .
1 ! 0 = 5 AWy i) + 6V P, )

ab, (1 a,(J
A= SW ()Jab,(i) + 7€ (J)Pa,(j) 2

Infinitesimal gauge transformation

5@wab’(i)Jab,(i) _ (dAab,(i)Jab‘(i) + (wac,(t’)ACba(P) + wbc’(i)Aaé(p)))\Zz’)ijab)

1 . . i~
— E(eaa(J)gba(Q) — Gb’(‘?){a’(Q)))\23+1)\2q—{—1Jaba
L a0) a.(j) a ,(3) ¢b,(j) ;
5979 P ) = (dﬁ M) T W )\%/\2#131)
. 1 X -

+ A“b’(”')zebiﬂ,\%hjﬂfﬁa. Sowll = —DYA® + ..
1 a W ea 1 a b
Eﬁ@eﬂ = _Dp,g — EA be” + ...

Curvature two-form

F ==
2 (2

1 ; a (i ' >
- ( 060 Ng; 1 + e Db rg 0, +1) B,.

1 . : 1 ;
(dwab,(z))\% + wac,(z)wcb,(p)/\%)\zp + —ea’(‘?)eb’(Q))\Zj+1)\2q+l) Jab



2?’1

Invariant fensors A (Josas* Josssean Posnss) = 7

Chern-Simons in odd dimensions

n

Y PN ¥ c
<Ja:1a2,(k;1) ‘e Ja,2n—1a2na(kn)Pa2n+17(kn+1)> _[0-2-7+16k(k1,k2;---:kn+1]n _|_ 1€a1a2...a2n+1

arbitrary dimensionless constant|o,| depending on the algebra,

through its index introduces specific components of the invariant tensor

y N N on
<()\2k1 c e A2k A2k i1 4+1) Jaras T Jazn_lagnpazn+1> = ng—ﬂealaQ---GQn—l—l

|

A2kt A2k, A2k 1 +1 = Aa

Born-Infeld in even dimensions

N 2n—1
<(/\2k1 e "\an)Jalaz T Jazn—wzn) - JHTGG1G2---a2n



Gravity actions

Chern-Simons in odd dimensions

D CS Poincaré-like

terms m =4 and 5
RRe o1
Re? 0
e’ 0

Born-Infeld in even dimensions

4D BI Poincaré-like

terms m =4 and 5
RR (04}
Re? 0
e 0

Maxwell AdS-like

By, ¢ m=5H
o1 o1 o1
0 g1 g1
0 g1 g1

Maxwell AdS-like

534 @4 m=2>5
g0 g0 g0
g2 g2 ago
0 02 00

By
01
o3

0

B
o
o))

0

<5
g1
o3
o1

<5
00
02
0

s
01
o3
o3

D5
0
02
02

Maxwell-like

tables from (

27) rest with O

g1
g1
g1

Maxwell-like

o1
0
0

tables from ([27)) rest with Oy

go
T2
o2

g0
g2

0



-3 % . Conclusions

L ) o n
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Shidve i R
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Imposing specific conditions on the wide class of the S-expanded algebras not
only assured us consisted grounds for many valuable and interesting algebras,
but it also limited overwhelming vastness of an algebraic examples.

Expansions for the abelian semigroups with the zero and identity, simultaneously
obeying the resonant decomposition, are well defined and straightforwardly
applicable in the gravity context.

Non-trivial extension to the construction of gauge gravity theories.

Finding all known Maxwell families of diferent types and generalize their
description to the new examples.

Certainly, there is still a lot of work required to find satisfactory interpretation of
the extended field content, description of the new symmetries and understand
well their consequences...



