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1. Introduction

It is well assumed that a three-dimensional (super)gravity the-
ory can be described by a Chern-Simons (CS) action as a gauge
theory offering us an interesting toy model to approach higher-
dimensional theories [1-11]. There has been a growing interest to
go beyond Poincaré and AdS (super)groups to describe (super)grav-
ity theories in order to study new models with different physical
content [12-26]. In a previous work [27], we presented a new class
of three-dimensional supergravity theories based on the Maxwell
and AdS-Lorentz superalgebras.

At the bosonic level, the Maxwell symmetry has been initially
introduced in [28-30] in order to describe a Minkowski space in
presence of a constant classical electromagnetic field background.
Its generalization has been useful to recover General Relativity
from CS and Born-Infeld (BI) gravity actions [31-33]. Recently,
there has been a particular interest in exploring CS gravity model
invariant under the Maxwell algebra [34-37]. In particular, the
presence of the additional gauge field influences the vacuum en-
ergy and the vacuum angular momentum of the stationary config-
uration [37].

On the other hand, the AdS-Lorentz symmetry was first intro-
duced in [13,38] and can be seen as a semi-simple enlargement of
the Poincaré symmetry. Recently, the AdS-Lorentz algebra and its
generalizations have been used to recover diverse (pure)Lovelock
Lagrangian from CS and BI ones [39-41]. More recently, it has been
showed that the asymptotic symmetry of a three-dimensional CS
gravity action invariant under the AdS-Lorentz group is given by a
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semi-simple enlargement of the bms3 symmetry which is isomor-
phic to three copies of the Virasoro algebra [25].

At the supersymmetric level, the Maxwell superalgebra has
been introduced to describe the presence of a constant abelian
supersymmetric gauge field background in a four-dimensional su-
perspace [42]. Interestingly, a pure supergravity action in four di-
mensions can be constructed based on the Maxwell superalgebra
using a geometric procedure [43,44]. Recently it has been shown
in [45] that the bosonic extra field and the additional Majorana
gauge field, appearing in the Maxwell superalgebra, are crucial to
recover supersymmetry invariance of flat supergravity on a man-
ifold with non-trivial boundary. Extensions and generalizations of
the supersymmetric version of the Maxwell symmetries have been
extensively studied by diverse authors [46-56].

In this paper we extend the results of [27] and present a new
class of A-extended CS supergravity theories in three spacetime
dimensions based on the central N -extended Maxwell superalge-
bra. We show that the Maxwell superalgebra has to be enlarged
with so (N) generators in order to have non-degenerate invariant
inner product. Interestingly, the Maxwell superalgebra allows us to
define an alternative supergravity model in absence of cosmolog-
ical constant term. The introduction of the cosmological constant
term is done by considering an enlarged superalgebra which cor-
responds to a A -extended AdS-Lorentz superalgebra. In order to
establish a well-defined Maxwell limit we extend the superalgebra
with so (N) internal symmetry algebra.

This work is organized as follows: In Section 2, we give a brief
review of the three-dimensional minimal Maxwell CS supergravity
theory. The section 3 is devoted to the construction of the CS su-
pergravity action invariant under the A/ = 2 Maxwell superalgebra.
In section 4, we present a new class of A-extended supergrav-
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ity models expressed as CS action for the A -extended Maxwell
superalgebra. The obtention of the N -extended Maxwell super-
gravity action through a Maxwell limit is explored in Section 5.
In Section 6, we give a brief discussion about future possible de-
velopments.

2. Minimal Maxwell Chern-Simons supergravity

In this section, following [27], we give a brief review of
the minimal Maxwell supergravity theory based on the CS for-
malism. The minimal supersymmetric extension of the Maxwell
algebra in three spacetime dimensions is spanned by the set
{Ja, Pa, Zg, Qq, X} Whose generators satisfy the following non-
vanishing (anti-)commutation relations:

[Ja, Py] = €apcP°,
[Pa, Pyl = €ancZ°,

[Ja> Jp] = €ancJ .
[Ja, Zp] =€apcZ°,

1
[Ja. Qul =5 (Fa)o Q.
T 8
[]a, Ea]zz (FH)OZE,BV (2-1)
1
[Pa. Qul= 5 (Ta)a 55
1
(Qu. Qs == (€175 .
1
{Qa. g} = =5 (CT)y5Za
where the Lorentz indices a,b,--- =0, 1, 2 are lowered and raised

with the Minkowski metric nq,. Here, C is the charge conjugation
matrix,

0 -1
Caﬁ=caﬁ=<1 0)’

and satisfies CT = —C and CI'* = (CF")T where I'® are the Dirac
matrices in three spacetime dimensions.

Such Maxwell superalgebra has been first introduced in [42] in
four spacetime dimensions and subsequently in three dimensions
[47]. Although the supersymmetrization of the Maxwell symmetry
is not unique [12,48,51,52], this is the minimal supersymmetric
extension providing us a consistent three-dimensional CS super-
gravity action [27]. Their (anti-)commutators differ from those of
the super Poincaré ones in the presence of the abelian genera-
tors Z, and the additional Majorana spinor generators X,. On the
other hand, the introduction of a second abelian spinors charges
has been first considered in the context of D = 11 supergravity
[57] and superstring theory [58]. Here, the second spinorial gener-
ator assure that the Jacobi identities hold.

A CS action,

k 2
Ics=— | (AdA+ ZA3),
cs 4n/< *3 >

M

invariant under the Maxwell superalgebra has been explicitly con-
structed in [27] using the gauge connection one-form A = A, dx"
and the corresponding invariant tensor. In particular, the connec-
tion one-form is given by

(2.2)

(2.3)

A=0"Jo+e"Pa+02Z,+¥Q +EX,

where w“ corresponds to the spin connection, e? is the vielbein,
o is the so-called gravitational Maxwell gauge field [37] while
and & are the respective fermionic gauge fields.

(2.4)

In order to construct the CS supergravity action we shall require
the following non-vanishing components of the invariant tensor
[27],

(PaPp) = 0t20ab ,
(JaPp) =a1may,  (QuQp)=1Cap, (2.5)
(JaZp) = 02Nap , <Qa2ﬂ>=a2caﬁ,

where g, @1 and «y are arbitrary constants. Then, using the con-
nection one-form (2.4) and the non-vanishing components of the
invariant tensor (2.5), the explicit form of the CS supergravity ac-
tion reads,

k 1
I=— /O{o @%dwg + = €gpe W’ @f
4T 3
+a1 (26°Ra — Y V) + a2 (2R, +eTa — Yy VE —EVY)
(2.6)

(JaJb) = toNap »

where the Lorentz curvature RY, the torsion T and the fermionic
curvatures are respectively given by

1
R*=dw® + Eeabca)ba)c,
T? =de? + €™ wpe,

1
Vi =dy + Ewarax//,

1 1
VS =d$ =+ ia)al_‘aé =+ ieal_‘aw.

The Maxwell gravitational field o and the additional Majorana
spinor field & have only contribution on the exotic part (c2) of the
CS action. This is due to the presence of the non-vanishing com-
ponent {J,Zp), (PqPp) and (Qa ):ﬁ) of the invariant tensor which
do not appear for the Poincaré superalgebra. Interestingly, as was
noticed at the bosonic level in [37], the vacuum energy and the
vacuum angular momentum of the stationary configuration are in-
fluenced by the presence of the gravitational Maxwell field of.
Here one can see that, for «y # 0, the field equations reduce to
the vanishing of the curvature two-forms,

R'=0, T°=0, F'=0,
VY =0, VE=0, (2.8)
where
1-
=T+ T, (29)
1 1-
F=do® + e wyo. + Eé”bcebec + 51//1"“5 ) (2.10)

The N -extension of generalized Maxwell superalgebras have
been already presented in [59,60]. Such N -extended superalgebras
contain not only internal symmetry generators but also require the
presence of additional bosonic generators different to the Maxwell
one. However, as we shall see in the next sections, the construc-
tion of a proper CS supergravity action based on a A -extended
Maxwell superalgebra will only require to introduce so (\') gener-
ators.

3. Chern-Simons formulation of A/ = 2 Maxwell supergravity

The N = 2 supersymmetric extension of the Maxwell algebra
is not unique and can be subdivided into two inequivalent cases:
the (1,1) and the (2,0) cases. Here we shall refer to the N =2
Maxwell theory as (2, 0) Maxwell supergravity theory.
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The extension to A > 2 of the Maxwell superalgebra al-
lows us to include a central charge Z to the usual Maxwell
generators { Jq, Pa, Zg, Q'} with i =1,...,NV. In particular the
(anti)-commutation relations of the A = 2 centrally extended
Maxwell superalgebra are given by

[Ja> Pyl = €anc PC,
[Pa, Pp] = €ancZ°,

[Ja> Jp] = €apcJC .
[Ja: Zp] = EachC

Jor Q4] =2 TohQh, [Jo ] =2 @bz, 6D
ICHES o %] =5

[P i) = 5 T}

{ g,Q;}=—EaU(cra)aﬂpa,
I

Nevertheless, such central extension of the A/ =2 Maxwell super-
algebra cannot reproduce a A/ =2 CS supergravity action in three
spacetime dimensions. The (2, 0) Maxwell superalgebra (3.1) does
not have an invariant non-degenerate inner product. Indeed the
central charge Z is orthogonal to the super Maxwell generators
and to itself. In order to have a non-degenerate invariant inner
product, it is necessary to enlarge the Maxwell superalgebra by
introducing so (2) internal symmetry generators. In particular, we
consider two internal symmetry generators T and B such that they
satisfy the following non-trivial commutation relations:

[Q(’;, T] =€lQ],
[Q;, B] —élis) (3.2)
[z;, T] —élis)

Furthermore, one can see that the Jacobi identity requires that the
anticommutator of the Majorana spinor generators Q' has the fol-
lowing form,

[l )= us
Remarkably, the N =2 Maxwell superalgebra endowed with a
central charge Z and two additional bosonic so (2) generators ad-

mits the following non-vanishing components of the invariant ten-
sor,

1 .. .
_ESU (CT), 4 Pa+ CapeB. (3.3)

(JaJb) =coNap,  (PaPp) =0c21ap,

UaPo) =i, (QhQJ)=enCapd?,

(UaZo) =amay,  (QiEh)=aaCapd?, (3.4)
(TB) =—oa1, (TZ) =—ay,

where «, a1 and oy are real constants. Well-defined invariant ten-
sor for a A/ =2 Maxwell superalgebra has also been presented in
[52]. Nevertheless, the bosonic field content is larger than our case
since the N =2 super Maxwell considered in [52] corresponds to
a supersymmetric extension of a generalized Maxwell algebra. In-
deed, such generalization contains an extra bosonic gauge field Zg,
in addition to the usual Maxwell gauge fields.

The gauge connection one-form for the N =2 super Maxwell
reads

A=0"Jo+ e Po+0°Za+ ¥ Q  + &S +aT +bB+cZ, (3.5)

which, in addition to the usual Maxwell fields and A = 2 gravitini,
contains three additional gauge fields given by a,b and c, respec-
tively.

The curvature two form F =dA + A? is given by

F=RJq+TPa+FZs+VyiQi+ VES + F(@)T
+F(b)B+F(c)Z, (3.6)
with
a a 1 abc
R =dw +§e wp ,
1_. )
Y P + Gabca)bec + Zwlral//' ,
1 1-; :
Fl=do® + e wyo. + Eeabcebec + 51&‘1‘“5’ , (3.7)
) | ) L
V\pl = dlﬂl + 5 (l)arallfl +CI€U'(//1 .

. 1 1 . L
VE =dE' + — ' T &' + 3 e Tayr' +aeVe! + beVvy/

2
and

F (a) = da,

F (b) =db — ely;y;, (3.8)

F (c) =dc — 2€' ;.

The CS supergravity form for the connection (3.5) constructed
with the invariant tensor (3.4) defines a gauge-invariant supergrav-
ity action for the A/ =2 Maxwell superalgebra which is given by

k 1
1= yr fao <a)"dwa + 3 eabca)"a)ba)c)
+an (ZeaRa —Jivyi— 2adb>
ta (2Raoa T, — Pivel —Elvyi - 2adc) , (3.9)

up to a boundary term. Here, T% = de® + €™ wye, is the usual
torsion two-form. Let us note that the term proportional to 1 co-
incides with the A = 2 Poincaré supergravity Lagrangian of [9].
The Maxwell gravitational field o and the additional Majorana
spinor field & appear only in the exotic term proportional to «5.
Thus, the A = 2 supergravity action (3.9) can be seen as a Maxwell
extension of the A/ =2 Poincaré supergravity action considered in

[9].
4. N -extended Maxwell Chern-Simons supergravity

In this section we present the three-dimensional A -extended
Maxwell supergravity theory based on the CS formulation. In par-
ticular, we shall focus on the generic N' = (N, 0) case. Neverthe-
less, our approach can be extended to the V' = (p, q) case.

A centrally N -extended Maxwell superalgebra can be ob-
tained by considering A spinor generators Q(';l and 25),, with
i=1,...,/N, in addition to the usual Maxwell bosonic genera-
tors {Jq, Pa, Zg} and the A" (N — 1) /2 central charges Zi = —Z7Ji,
Then, an A -extended supersymmetric central extension of the
Maxwell algebra is given by the following non-vanishing (anti-
Jcommutation relations

[Ja> Pp] = €apc PC,
[Pa, Ppl = €apcZ°,

[Ja: Jp] = €apcJ .
[Ja> Zp] = €anc Z°,
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[J0-0i] =5 0}

(10 58] = 5 o s, (41)
[P i) =5 T}

(0l 0f} =347 (1), Pa.

[l =)} = —%aff (CT?) 4 Za + CapZ'.

Although such supersymmetrization is well-defined, it does not
allow to construct a CS supergravity action. Indeed, the superalge-
bra (4.1) does not have a non-degenerate invariant inner product.
This can be seen by noting that the Z! generator is orthogonal to
all generators of the A -extended Maxwell superalgebra and to it-
self. As in the A/ =2 super Maxwell case, we have to enlarge the
N -extended Maxwell superalgebra by adding so (N) generators. In
particular, we have to include the new generators T = —TJ! and

Bl = —BJt which satisfy the following non-trivial commutation re-
lations:

[ Tii Tkl] sllril _ gikpil _ gilpik 4 silpik

[ Tii Bkl] sikpil _ gikpil _ gilgik | silpik

[ Bii Bkl] sikzil _ sk zil _ sil 7ik 4 sil 7jk

[T” Zkl] sikzil _ sikzil _ sil 7ik o sil 7jk (42)
I:TU’ Ql ] <8]kQ1 (Sleg{) ,

[B ] ((sszl 5“‘2{,}) :

[ Tii Zk] - (5”‘):; — 3“‘2{,[) .

Additionally, the anticommutator of the Majorana spinors Q& is
modified as

) : 1 .. .
[ng, Qé] = — 587 (C1) s Pa + CapB. (4.3)

Let us note that such central A-extension of the Maxwell super-
algebra endowed with so (N\) internal symmetry algebra is the
three-dimensional version of the D = 4 N -extended Maxwell su-
peralgebras obtained in [59,60], without additional bosonic charges
{Zv. Z,.}. In particular, the present superalgebra can be seen as
a deformation and enlargement of the A -extended Poincaré su-
peralgebra discussed in [9]. Interestingly, the A/-extended Maxwell
superalgebra with central charge and so () internal symmetry
algebra can be alternatively obtained as a semigroup expansion
[61] of a N -extended Lorentz superalgebra following the proce-
dure used in [27].

The central N -extension of the Maxwell superalgebra en-
dowed with bosonic so (N') generators admits the following non-
vanishing components of the invariant tensor,

(JaJp) =0Map , (PaPp) = a2ngp ,
(JaPp) = ot1nap (Q&Qé>=a1ca58”,

(JaZp) = aznap , <Q('12]5> =
<Tikal> = ((Sik(glj _ (Silakj> ’ (4.4)

<Bikal> = ((SikSIj _ Sillskj> ’

C(zca/gsij ,

<Zikal> . (Sikalj _ 51‘18I<j) ’
<BijBkl> = oy <8ik81j _ 8i15I<j) ’

where «, o1 and o are real constants. Let us note that the central
charges ZU are orthogonal to the generators of the A -extended
Maxwell superalgebra. The presence of internal symmetries gen-
erators allows to achieve appropriately a non-degenerate invariant
inner product.

The other crucial ingredient for the construction of a CS action
is the connection one-form which, for our case, reads

P [ 1 ..
Azwa]a+eapa+0aza+¢lQl+§'2'+§al]Tij+§buBif
1 ..
+§CUZU’ (4.5)

where the coefficients in front of the generators are the gauge po-
tential one-forms. In particular, the theory contains A gravitini.
The corresponding curvature two-form is given by

. 1
F=R“Ja+7*1Pa+f“Za+V¢’Q’+V.§’E’+§F’J(a)ﬂj
1 . 1 .
+§F” (b) B,’j + EFU (©) Z,‘j s (4.6)
where

1
R =dw® + Eeabcwbwc,

1_. )
T =de + € wpe. + Zw'r“yf‘ , (4.7)

are the Lorentz and supertorsion curvature, respectively. On the
other hand, we have

1 1-; :
]_—a:daa_I_Eabcwbo_c_‘_ieabcebeC_Fszrasl,

vyl =dy' + % @ Tay' +alyd

Vel = det + % W TaE + % e Tay’ +agl + by,
FU (a) = da¥ + a™*d¥ (4.8)
FU (b) = dbY + a™*p¥ + pikaki — iy |
FU (c) =dc" + a*c¥ + c*ak  pikpk — 24T .
Then, using the non-vanishing components of the invariant tensor

(4.4) and the connection one-form (4.5) in the explicit form of the
CS action (2.3) we find,

k 1
I=— /ozo @dwg + = €gpe’ W’
4 3

_1 aijda]1+2azl<ak]aji
2 3

+oq [ZeaRa — ¥yl 4 bIFU (a)] (4.9)
tas [2R”oa 46T — Ve —Evyl 4 cJiFU (g)
+ b1 )]

where

FU by =dbl + a™*b¥ + bkahl. (4.10)

It is interesting to note that the CS terms proportional to og
and « is analogous to the centrally A-extended Poincaré super-
gravity Lagrangian. A subtle difference appears in the nature of
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the b field which in the Poincaré case is related to the central
charge meanwhile here b is a so(N) gauge field. The gravita-
tional Maxwell gauge field o, and the additional Majorana spinor
charge &' appear on the exotic sector ay. This is quite different
to the minimal four-dimensional Maxwell supergravity theory in
which the extra fields o, and & appear only on the boundary term
without modifying the dynamics of flat supergravity [45]. As was
discussed in [45], such extra field were crucial to restore super-
symmetry of the theory on a manifold with boundary. Here, the
supergravity action (4.9) is invariant under the following super-
symmetry transformation laws

s =0,
1-. .
el = —zipayl,
5% 14
80,(1 — 1Eil—wa§i + 1@il—wawi
2 2 ’

. | . o
Syl =d¢t + Ew“rag‘ +av¢d, (4.11)

. 1 S R
8¢' =do' + —w'I'yo' +aYo! + Eeal"ag' +bY¢!

2
sai =0,

shi = —Zlﬁ[i {j] ,

scli— 2 (1/-,[1@11 +§[i§11) ,

where ¢! and o' are the fermionic gauge parameters related to Q'
and i, respectively.

The equations of motion derived from the supergravity action
(4.9) reduce to the vanishing of the curvatures, for a; # 0,

Fr=0,
Fi(a)=0

RY=0, T=0,
v_w':o, vgizo
Fi()=0, Fi()=0

It is interesting to note that the vanishing of F¢ is analogue to
the constancy of an abelian SUSY field strength background. Al-
though o appears only on the exotic part, one could expect that
its presence would influence the boundary dynamics. In particu-
lar, one could argue that the asymptotic symmetries of the N =2
Maxwell supergravity are spanned by a deformation and enlarge-
ment of the A/ =2 super bmss algebra presented in [62,63] as
occurs in the bosonic sector [37,64].

The centrally N -extended Maxwell supergravity enlarged with
50 (N) gauge fields allows us to define an alternative supergravity
model. It is interesting to note that we do not introduce a cosmo-
logical constant term although we have enlarged the field content.
Similarly to the minimal case [27], one could recover our result as
a flat limit of a particular supergravity theory. Indeed, as we shall
see, one can add a length scale by modifying the superalgebra and
the supergravity action from which a Maxwell limit can be prop-
erly applied.

(412)

5. N\ -extended Maxwell supergravity theory as a flat limit

The incorporation of a cosmological constant term in a N > 2
supergravity theory can be done by considering an extension of
the (p, q) AdS supergravity by an so (p) @ so (q) automorphism al-
gebra allowing a well-defined flat limit [9]. Here we propose an
alternative approach to incorporate a cosmological constant to a
N -extended supergravity by considering an enlarged superalgebra
such that the flat limit leads us to the N -extended Maxwell the-
ory.

A length parameter ¢ can be introduced to the set of generators
{Ja, Pa. Za, Q', =1, TY, BU, ZU} by considering a supersymmetric
N -extension of the AdS-Lorentz symmetry. Such generators satisfy
not only the non-vanishing (anti-)commutators of the N -extended
Maxwell superalgebra (4.1)-(4.3) but also

1
[Za,Zb]— 6ach s

1
[Pa, Zp] = E_eabcpc,

i B
|2 Qd] =5 ez o)y Q).
[Pazi] =53 Lo Q) (5.1)
20
2050 ] = 5 Tofe =),
. 1 1 .
[zh. 2} === 87(CT) . Pat -5 CapBY.
20 V4
[BU, Zkl] _ 2_2 ((SjkBil _ sikgil _ gil gik +8iIZBjk) ’
[Zij’ Zkl] _ ;_2 ((Sjkzil _ sikzil _ gil 7ik +8ilek> 7
y 1
I:Bl]7 EI&] z (5]/{Ql Blea) (5.2)
: 1
ij k jk i lk
z ,Qa] = (5 Qi —s

y 1/ . .
[z”, zg] = (8=, sz g)
)-

The superalgebra given by (4.1)-(4.3) and (5.1)-(5.2) corresponds
to a supersymmetric extension of the so called AdS-Lorentz algebra
enlarged with so (V) generators. Although its supersymmetriza-
tion is not unique and have been explored with different purposes
[24,65-67], this is the smallest one with 2/ spinor charges. Let us
note that the so () generators, which satisfy (5.2), are required in
order to relate the A -extended AdS-Lorentz superalgebra with the
centrally NV -extended Maxwell algebra endowed with so (V) inter-
nal symmetry. Naurally, the Maxwell limit £ — oo can be applied
properly leading to the AN -extended Maxwell superalgebra with
central charge and so (V) algebra. It is interesting to point out
that the ZU generator becomes a central charge after the flat limit.
As we shall see, such enlargement allows us to relate the non-
degenerate invariant inner product to the Maxwell ones through
the Maxwell limit.

The N -extended AdS-Lorentz superalgebra with so (V') genera-
tors admits the following non-vanishing components of the invari-
ant tensor,

(JaJp)=aoNap.  (PaPp) =21ap (QéQé>=a1CaﬂSU,

o1 L ..
(aPo) =0 (PaZs) = Z3Mab- (Q:,,zjg)=azcaﬂau,

(0%) : i
UaZo) =amas.  (ZoZo) = 3. (EhSh) = T3 Capd,
(5.3)
< 1]Tkl> ao (581 _8i151<j) , <Bikal>:a] (aikslj _ailakj) ,

(
< uTkl> s (Szkslj _ 8i15kj> 7 <BijBkl> = o (5ik51j _ Silakj) 7

<Buzkl> -2 (Sikalj _ 8i15kj) 7 <Zijzkl> _ “_22 ((Sikslj _ (Silakj) _
(5.4)
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One can see that the limit £ — oo reproduces the invariant tensor
of the NV -extended Maxwell superalgebra with central charges and
so0 (N) generators.

Although the connection one-form A is analogous to the
Maxwell one,

U 1 ..
A=0"Ja+ePa+0°Za+ ' Q"+ &' + 50Ty + SbYByj
1 ..
+5¢0Zij, (5.5)

the corresponding curvature two-form is subtle different due to
the new commutators. Indeed, we have

. 1 .
F=R'Ja+TPa+F'Za+Vy'Q' + VEE + o FY @Ty
1 .. 1 ..
+§F” (b) Bjj + EFU (©) Zij, (5.6)
where
1
R*=dw® + Ee“bca)ba)c,

1 1-. i
T =de® + €™ wpec + K—ze”bcabec + ZI[TIFGI/II ,

1 1
fa = dO'a =+ Eabca)bo}; + ﬁeabcobac —+ EeabCE‘bec
1., .
AL U7 ,
5 (/28 B3
FU (a) = da" + a™*a" (5.7)

FU (b) =db" + a™*b¥ + pkak + ;—2 (b”‘c"j + c”‘b"j) — iy
—Eizé"sf :

FU(c) =dc + akch + ckgki 4 pikphi ;—Zci"c"f — 2yl

Here the covariant derivative acting on spinors read

vyl =dy' + %warawi +alyd + ;—2 (b“é‘j + c“W) :

) 1 1 . B
VE = di' + 2 o Tot + 5 e Tay! +ael 40Tyl + S clel,
(5.8)

The CS supergravity action based on the AN -extended AdS-
Lorentz superalgebra with so () generators and the invariant ten-
sor (5.3)-(5.4) reads, up to boundary terms

k 1
1= yrs fao [a)“da)a + 3 €apc W’ "
_% <aijdaji + %aikakjaji>i|
a 1 a,b,c 2 a T i 1 £i i
+a1|26°Ra+ s ze'e e + —e"Fo— ¢ Vy ——25 %3
3¢ L 14
+bI FU (@) + pb"f” (c)] (5.9)
2 1 o
+ay [2Raoa +e'Tat 5 F 00+ emce’o e — Ve
—&'Vy' +c'FY (@) + b7 f(b) + E—ZC”f” (C)} ,

where we have defined

1
F'=do® + €™ wyo. + ﬁe“bcabac ,

£ 0 = db' +a*bY + b + (b’kc"J + c”‘b"’) . (510)

£ (¢) = dc + ai*chi 4 ik + pikpi 4+ E]_zcikckj.

The A -extended AdS-Lorentz symmetry offer us an alternative
procedure to introduce a cosmological constant term to a three-
dimensional CS supergravity action. In particular, the inclusion of
s0 (N) gauge fields allows to establish a well-defined flat limit
£ — oo leading to the central A -extension Maxwell supergravity
action enlarged with so (N') CS terms. A particular difference with
the Maxwell theory is the explicit presence of the o and &! field
on the term proportional to «1. Such presence allows us to recover
the vanishing of the AdS-Lorentz curvature two forms (5.7) as field
equations when o # 0. Naturally, the Maxwell limit applied to the
equations of motions reproduces the field equations (4.12) of the
N -extended Maxwell supergravity theory with central charges and
s0 (N) gauge fields.

6. Discussion

We have presented a new class of three-dimensional A/ -ex-
tended CS supergravity theories based on the centrally N -extended
Maxwell superalgebra enlarged with so()N) internal symmetry
algebra. The construction of the supergravity action requires to in-
troduce so(N') generators which are essential to the obtention of
non-degenerate invariant inner product. The new theories corre-
spond to a N -extension of the minimal Maxwell supergravity the-
ory presented in [27] and can be seen as alternative N -extended
supergravity theories without cosmological constant. Let us note
that the CS supergravity action is characterized by three coupling
constants o, o1 and . Interestingly, the term proportional to
o and o7 is the usual NV -extended Poincaré action with so (N)
gauge fields. On the other hand, the gravitational Maxwell field o,
and the additional Majorana spinor field & appear only on the o>
sector.

The introduction of a cosmological constant term to our model
is achieved by considering the A -extended AdS-Lorentz superal-
gebra enlarged with so(\) generators. The presence of the so(\N)
generators allows us to have a well-defined Maxwell limit £ — oo
in which the N-extended AdS-Lorentz theory reduces properly to
the N -extended Maxwell one.

A proper characteristic of the Maxwell symmetries is the pres-
ence of the gravitational Maxwell gauge field o, which is related
to the abelian generator Z;. Such generator modifies the asymp-
totic bms3 symmetry of standard Einstein gravity to a deformed
and enlarged bmss symmetry [37]. It would then be interesting
to extend the results of [37] to the minimal Maxwell supergrav-
ity presented in [27] and to the A -extended Maxwell supergravity
theories presented here [work in progress].

On the other hand, it was recently shown that the deformed
and enlarged bmss algebra can be obtained as a flat limit of three
copies of the Virasoro algebra [64]. Such asymptotic symmetry re-
sults to be the asymptotic structure of the AdS-Lorentz CS gravity
[25]. It would be interesting to study these relations at the super-
symmetric level.
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